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Preface 
Lƴ WǳƴŜ нлмоΣ ǘƘǊƻǳƎƘ ǘƘŜ tǊŜǎƛŘŜƴǘΩǎ ά/ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴέ ŀƴŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŀ нлмм ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ 
ōȅ ǘƘŜ tǊŜǎƛŘŜƴǘΩǎ /ƻǳƴŎƛƭ ƻŦ !ŘǾƛǎƻǊǎ ƻƴ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ tǊŜǎƛŘŜƴǘ hōŀƳŀ ƛƴƛǘƛŀǘŜŘ ŀ 
ǉǳŀŘǊŜƴƴƛŀƭ ŎȅŎƭŜ ƻŦ ŜƴŜǊƎȅ ǊŜǾƛŜǿǎ ǘƻ ǇǊƻǾƛŘŜ ŀ ƳǳƭǘƛπȅŜŀǊ ǊƻŀŘƳŀǇ ŦƻǊ ¦Φ{Φ ŜƴŜǊƎȅ ǇƻƭƛŎȅΦ Lƴ ŀ 
tǊŜǎƛŘŜƴǘƛŀƭ aŜƳƻǊŀƴŘǳƳ ǊŜƭŜŀǎŜŘ ƻƴ WŀƴǳŀǊȅ фΣ нлмп όǎŜŜ ǇŀƎŜ ƛƛƛ ŦƻǊ Ŧǳƭƭ ǘŜȄǘύΣ tǊŜǎƛŘŜƴǘ hōŀƳŀ 
ŘƛǊŜŎǘŜŘ Ƙƛǎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ǘƻ ŎƻƴŘǳŎǘ ŀ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ όv9wύ,м ŀƴŘ ŀƴƴƻǳƴŎŜŘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ 
ƻŦ ŀ ²ƘƛǘŜ IƻǳǎŜ ¢ŀǎƪ CƻǊŎŜτŎƻπŎƘŀƛǊŜŘ ōȅ ǘƘŜ 5ƛǊŜŎǘƻǊ ƻŦ ǘƘŜ hŦŦƛŎŜ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ tƻƭƛŎȅ 
ŀƴŘ ǘƘŜ {ǇŜŎƛŀƭ !ǎǎƛǎǘŀƴǘ ǘƻ ǘƘŜ tǊŜǎƛŘŜƴǘ ŦƻǊ 9ƴŜǊƎȅ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŦǊƻƳ ǘƘŜ 5ƻƳŜǎǘƛŎ tƻƭƛŎȅ /ƻǳƴŎƛƭ 
ŀƴŘ ŎƻƳǇǊƛǎƛƴƎ нн CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǿƛǘƘ ŜǉǳƛǘƛŜǎ ƛƴ ŜƴŜǊƎȅτǘƻ ŘŜǾŜƭƻǇ ǘƘŜ v9wΦ ¢ƘŜ ¢ŀǎƪ CƻǊŎŜ ƛǎ 
ŘƛǊŜŎǘŜŘ ǘƻ ŘŜƭƛǾŜǊ ŀ ǊŜǇƻǊǘ ǘƻ ǘƘŜ tǊŜǎƛŘŜƴǘ ǘƘŀǘ ŘƻŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

 tǊƻǾƛŘŜǎ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǾƛŜǿ ƻŦΣ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊΣ CŜŘŜǊŀƭ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ
ŜŎƻƴƻƳƛŎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ƻŎŎǳǇŀǘƛƻƴŀƭΣ ǎŜŎǳǊƛǘȅΣ ŀƴŘ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ ǇǊƛƻǊƛǘƛŜǎΣ ǿƛǘƘ ŀǘǘŜƴǘƛƻƴ
ƛƴ ǘƘŜ ŦƛǊǎǘ ǊŜǇƻǊǘ ƎƛǾŜƴ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ ǘƘŜ bŀǘƛƻƴΩǎ ŜƴŜǊƎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ

 wŜǾƛŜǿǎ ǘƘŜ ŀŘŜǉǳŀŎȅ ƻŦ ŜȄƛǎǘƛƴƎ ŜȄŜŎǳǘƛǾŜ ŀƴŘ ƭŜƎƛǎƭŀǘƛǾŜ ŀŎǘƛƻƴǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘǎ ŀŘŘƛǘƛƻƴŀƭ
ŜȄŜŎǳǘƛǾŜ ŀƴŘ ƭŜƎƛǎƭŀǘƛǾŜ ŀŎǘƛƻƴǎ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜ

 !ǎǎŜǎǎŜǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘǎ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƎǊŀƳǎ ǘƻ
ǎǳǇǇƻǊǘ ƪŜȅ ŜƴŜǊƎȅ ƛƴƴƻǾŀǘƛƻƴ Ǝƻŀƭǎ

 LŘŜƴǘƛŦƛŜǎ ŀƴŀƭȅǘƛŎŀƭ ǘƻƻƭǎ ŀƴŘ Řŀǘŀ ƴŜŜŘŜŘ ǘƻ ǎǳǇǇƻǊǘ ŦǳǊǘƘŜǊ ǇƻƭƛŎȅ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ

¢ƘŜ tǊŜǎƛŘŜƴǘ ŦǳǊǘƘŜǊ ŘƛǊŜŎǘŜŘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ό5h9ύ ǘƻ ǇǊƻǾƛŘŜ ŀƴŀƭȅǘƛŎŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ v9w 
ŀƴŘ ǘƻ ƘŜƭǇ ƳŀƴŀƎŜ ǘƘŜ ƛƴǘŜǊŀƎŜƴŎȅ ǇǊƻŎŜǎǎ ǘƘǊƻǳƎƘ ŀ ǎŜŎǊŜǘŀǊƛŀǘ ŀǘ 5h9Φ ¢Ƙƛǎ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 5h9Ωǎ 
Ƴƛǎǎƛƻƴǎ ŀƴŘ ǎǘŀǘǳǘƻǊȅ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎΦ 5h9 Ƙŀǎ ǳƴŘŜǊǘŀƪŜƴ ǇŜǊƛƻŘƛŎ ǊŜǾƛŜǿǎ ŀƴŘ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ŜƴŜǊƎȅ 
ǎŜŎǘƻǊ όƛƴŎƭǳŘƛƴƎ ƛƴ ǘƘŜ άbŀǘƛƻƴŀƭ 9ƴŜǊƎȅ {ǘǊŀǘŜƎȅέ ƻŦ мффм ŀƴŘ ǘƘŜ ά/ƻƳǇǊŜƘŜƴǎƛǾŜ 9ƴŜǊƎȅ {ǘǊŀǘŜƎȅέ ƻŦ 
мффуύ ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǿƻǊƪ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ 9ƴŜǊƎȅ tƻƭƛŎȅ 5ŜǾŜƭƻǇƳŜƴǘ DǊƻǳǇ ƭŜŘ ōȅ ǘƘŜ ±ƛŎŜ 
tǊŜǎƛŘŜƴǘ ƛƴ нллмΣ ōǳǘ ǘƘŜ ƭŀǎǘ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ǊŜǇƻǊǘ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƴŜŀǊƭȅ мп ȅŜŀǊǎ ŀƎƻΣ ŀƴŘ ǘƘŜ 
¦Φ{Φ ŜƴŜǊƎȅ ǎȅǎǘŜƳ Ƙŀǎ ŎƘŀƴƎŜŘ ǾŜǊȅ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƻǾŜǊ ǘƘŀǘ ǇŜǊƛƻŘΦ ¢ƘŜ tǊŜǎƛŘŜƴǘƛŀƭ aŜƳƻǊŀƴŘǳƳ ƻƴ ǘƘŜ 
v9w ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŀǘ ǎǳŎƘ ŀ ǊŜǾƛŜǿ ƛǎ ƻǾŜǊŘǳŜ ŀƴŘ ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ ƘƛƎƘ ǾŀƭǳŜ ƻŦ ǘƘŜ ²ƘƛǘŜ IƻǳǎŜ ŀǎ ǘƘŜ 
ŎƻƴǾŜƴŜǊ ƻŦ ǎǳŎƘ ŀƴ ŜŦŦƻǊǘΦ Lǘ ŀƭǎƻ ǊŜƛƴŦƻǊŎŜǎ ǘƘŜ ŜǉǳƛǘƛŜǎ ǘƘŀǘ ƳǳƭǘƛǇƭŜ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ƛƴ CŜŘŜǊŀƭ ŜƴŜǊƎȅ 
ǇƻƭƛŎȅΦ  

!ǎ ŘƛǊŜŎǘŜŘ ōȅ ǘƘŜ tǊŜǎƛŘŜƴǘΣ ǘƘŜ v9w ƛǎ ŜƴǾƛǎƛƻƴŜŘ ŀǎ ŀ ŦƻŎǳǎŜŘΣ ŀŎǘƛƻƴŀōƭŜ ŘƻŎǳƳŜƴǘ ŘŜǎƛƎƴŜŘ ǘƻ ǇǊƻǾƛŘŜ 
ǇƻƭƛŎȅƳŀƪŜǊǎΣ ƛƴŘǳǎǘǊȅΣ ƛƴǾŜǎǘƻǊǎΣ ŀƴŘ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎ ǿƛǘƘ ǳƴōƛŀǎŜŘ Řŀǘŀ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻƴ ŜƴŜǊƎȅ 
ŎƘŀƭƭŜƴƎŜǎΣ ƴŜŜŘǎΣ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƴŘ ōŀǊǊƛŜǊǎ ǘƘŀǘ ǿƛƭƭ ƛƴŦƻǊƳ ŀ ǊŀƴƎŜ ƻŦ ǇƻƭƛŎȅ ƻǇǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ 
ƭŜƎƛǎƭŀǘƛƻƴΦ 9ŀŎƘ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ v9w ǿƛƭƭ ŀƴŀƭȅȊŜ ŀƴŘ ƳŀƪŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ŀ ƪŜȅ ŎƻƳǇƻƴŜƴǘ ƻŦ 
ǘƘŜ ŜƴŜǊƎȅ ǾŀƭǳŜ ŎƘŀƛƴΦ 

hƴ CŜōǊǳŀǊȅ пΣ нлмсΣ ǘƘŜ ¢ŀǎƪ CƻǊŎŜ ŎƻƴǾŜƴŜŘ ŀ ǇǳōƭƛŎ ƳŜŜǘƛƴƎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ǘƻǇƛŎ ƻŦ ǘƘŜ ǎŜŎƻƴŘ 
ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ v9w όv9w мΦнύΣ !ƴ LƴǘŜƎǊŀǘŜŘ {ǘǳŘȅ ƻŦ ǘƘŜ ¦Φ{Φ 9ƭŜŎǘǊƛŎƛǘȅ {ȅǎǘŜƳΦн ¢Ƙƛǎ ƛƴǎǘŀƭƭƳŜƴǘ 
ŀƴŀƭȅȊŜǎ ǘǊŜƴŘǎ ŀƴŘ ƛǎǎǳŜǎ ŎƻƴŦǊƻƴǘƛƴƎ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƻǳǘ ǘƻ нлплΣ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ŜƴǘƛǊŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ŎƘŀƛƴ ŦǊƻƳ ƎŜƴŜǊŀǘƛƻƴ ǘƻ ŜƴŘ ǳǎŜΣ ŀƴŘ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘǊŜŜ ƻǾŜǊŀǊŎƘƛƴƎ ƴŀǘƛƻƴŀƭ 
Ǝƻŀƭǎ ǘƻΥ όмύ ŜƴƘŀƴŎŜ ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΤ όнύ ǇǊƻƳƻǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΤ ŀƴŘ όоύ 
ǇǊƻǾƛŘŜ ŦƻǊ ǘƘŜ bŀǘƛƻƴΩǎ ǎŜŎǳǊƛǘȅΦ 
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м ¢ƘŜ ²ƘƛǘŜ IƻǳǎŜΣ ϦtǊŜǎƛŘŜƴǘƛŀƭ aŜƳƻǊŀƴŘǳƳ ππ 9ǎǘŀōƭƛǎƘƛƴƎ ŀ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿΣϦ ¢ƘŜ ²ƘƛǘŜ IƻǳǎŜΣ hŦŦƛŎŜ ƻŦ ǘƘŜ 
tǊŜǎǎ {ŜŎǊŜǘŀǊȅΣ WŀƴǳŀǊȅ фΣ нлмпΣ ƘǘǘǇǎΥκκǿǿǿΦǿƘƛǘŜƘƻǳǎŜΦƎƻǾκǘƘŜπǇǊŜǎǎπƻŦŦƛŎŜκнлмпκлмκлфκǇǊŜǎƛŘŜƴǘƛŀƭπƳŜƳƻǊŀƴŘǳƳπ
ŜǎǘŀōƭƛǎƘƛƴƎπǉǳŀŘǊŜƴƴƛŀƭπŜƴŜǊƎȅπǊŜǾƛŜǿΦ  
н vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿΤ bƻǘƛŎŜ ƻŦ tǳōƭƛŎ aŜŜǘƛƴƎΣ ум CŜŘΦ wŜƎΦ плнр όWŀƴǳŀǊȅ нрΣ нлмсύΣ 
ƘǘǘǇǎΥκκǿǿǿΦŦŜŘŜǊŀƭǊŜƎƛǎǘŜǊΦƎƻǾκŘƻŎǳƳŜƴǘǎκнлмсκлмκнрκнлмсπлмотнκǉǳŀŘǊŜƴƴƛŀƭπŜƴŜǊƎȅπǊŜǾƛŜǿπƴƻǘƛŎŜπƻŦπǇǳōƭƛŎπ
ƳŜŜǘƛƴƎΚǳǘƳψŎƻƴǘŜƴǘҐϧǳǘƳψƳŜŘƛǳƳҐŜƳŀƛƭϧǳǘƳψƴŀƳŜҐϧǳǘƳψǎƻǳǊŎŜҐƎƻǾŘŜƭƛǾŜǊȅϧǳǘƳψǘŜǊƳҐΦ 
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Presidential Memorandum 
The White House 

WŀƴǳŀǊȅ лфΣ нлмп  

Presidential Memorandum -- Establishing a Quadrennial Energy Review 

a9ahw!b5¦a Chw ¢I9 I9!5{ hC 9·9/¦¢L±9 59t!w¢a9b¢{ !b5 !D9b/L9{ 

!ŦŦƻǊŘŀōƭŜΣ ŎƭŜŀƴΣ ŀƴŘ ǎŜŎǳǊŜ ŜƴŜǊƎȅ ŀƴŘ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ¦Φ{Φ ŜŎƻƴƻƳƛŎ 
ǇǊƻŘǳŎǘƛǾƛǘȅΣ ŜƴƘŀƴŎƛƴƎ ƻǳǊ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΣ ǇǊƻǘŜŎǘƛƴƎ ƻǳǊ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ŜƴǎǳǊƛƴƎ ƻǳǊ bŀǘƛƻƴΩǎ ǎŜŎǳǊƛǘȅΦ 
!ŎƘƛŜǾƛƴƎ ǘƘŜǎŜ Ǝƻŀƭǎ ǊŜǉǳƛǊŜǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ ŜƴŜǊƎȅ ǎǘǊŀǘŜƎȅ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ 
ƛƴǘŜǊŀƎŜƴŎȅ ŘƛŀƭƻƎǳŜ ŀƴŘ ŀŎǘƛǾŜ ŜƴƎŀƎŜƳŜƴǘ ƻŦ ŜȄǘŜǊƴŀƭ ǎǘŀƪŜƘƻƭŘŜǊǎΦ ¢ƻ ƘŜƭǇ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ 
ōŜǘǘŜǊ ƳŜŜǘ ǘƘƛǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ L ŀƳ ŘƛǊŜŎǘƛƴƎ ǘƘŜ ǳƴŘŜǊǘŀƪƛƴƎ ƻŦ ŀ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿΦ  

¢ƘŜ ƛƴƛǘƛŀƭ ŦƻŎǳǎ ŦƻǊ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ ǿƛƭƭ ōŜ ƻǳǊ bŀǘƛƻƴΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ ǘǊŀƴǎǇƻǊǘƛƴƎΣ 
ǘǊŀƴǎƳƛǘǘƛƴƎΣ ŀƴŘ ŘŜƭƛǾŜǊƛƴƎ ŜƴŜǊƎȅΦ hǳǊ ŎǳǊǊŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƘŀƭƭŜƴƎŜŘ ōȅ 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ƛƴ ŜƴŜǊƎȅ ǎǳǇǇƭȅΣ ƳŀǊƪŜǘǎΣ ŀƴŘ ǇŀǘǘŜǊƴǎ ƻŦ ŜƴŘ ǳǎŜΤ ƛǎǎǳŜǎ ƻŦ ŀƎƛƴƎ ŀƴŘ ŎŀǇŀŎƛǘȅΤ ƛƳǇŀŎǘǎ 
ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΤ ŀƴŘ ŎȅōŜǊ ŀƴŘ ǇƘȅǎƛŎŀƭ ǘƘǊŜŀǘǎΦ !ƴȅ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƛƴ ǘƘƛǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ƴŀȅ ōŜ 
ŜȄŀŎŜǊōŀǘŜŘ ōȅ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ƻŦ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ǿƛǘƘ ǿŀǘŜǊΣ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ 
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŀƴŘ ŜƳŜǊƎŜƴŎȅ ǊŜǎǇƻƴǎŜ ǎȅǎǘŜƳǎΦ ¢ƘŜ ŦƛǊǎǘ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ wŜǇƻǊǘ ǿƛƭƭ ǎŜǊǾŜ 
ŀǎ ŀ ǊƻŀŘƳŀǇ ǘƻ ƘŜƭǇ ŀŘŘǊŜǎǎ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎΦ  

¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ Ƙŀǎ ŀ ōǊƻŀŘ ǊƻƭŜ ƛƴ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘƘŜ ƭŀǊƎŜǎǘ ǊƻƭŜ ƛƴ 
ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΩǎ ŜƴŜǊƎȅ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ǇƻǊǘŦƻƭƛƻΦ aŀƴȅ ƻǘƘŜǊ 
ŜȄŜŎǳǘƛǾŜ ŘŜǇŀǊǘƳŜƴǘǎ ŀƴŘ ŀƎŜƴŎƛŜǎ ŀƭǎƻ Ǉƭŀȅ ƪŜȅ ǊƻƭŜǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǇƻƭƛŎƛŜǎ 
ƎƻǾŜǊƴƛƴƎ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ŀǎǎƻŎƛŀǘŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ 
ƴƻƴπCŜŘŜǊŀƭ ŀŎǘƻǊǎ ŀǊŜ ŎǊǳŎƛŀƭ ŎƻƴǘǊƛōǳǘƻǊǎ ǘƻ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎΦ .ŜŎŀǳǎŜ Ƴƻǎǘ ŜƴŜǊƎȅ ŀƴŘ ǊŜƭŀǘŜŘ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƻǿƴŜŘ ōȅ ǇǊƛǾŀǘŜ ŜƴǘƛǘƛŜǎΣ ƛƴǾŜǎǘƳŜƴǘ ōȅ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƛǎ 
ƴŜŎŜǎǎŀǊȅ ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ŜŦŦŜŎǘƛǾŜ ǇƻƭƛŎƛŜǎΦ {ǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ǇƻƭƛŎƛŜǎΤ ǘƘŜ ǾƛŜǿǎ ƻŦ 
ƴƻƴƎƻǾŜǊƴƳŜƴǘŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ŦŀƛǘƘπōŀǎŜŘΣ ƭŀōƻǊΣ ŀƴŘ ƻǘƘŜǊ ǎƻŎƛŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴǎΤ ŀƴŘ ŎƻƴǘǊƛōǳǘƛƻƴǎ 
ŦǊƻƳ ǘƘŜ ŀŎŀŘŜƳƛŎ ŀƴŘ ƴƻƴπǇǊƻŦƛǘ ǎŜŎǘƻǊǎ ŀǊŜ ŀƭǎƻ ŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 
ŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎΦ  

!ƴ ƛƴǘŜǊŀƎŜƴŎȅ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ ¢ŀǎƪ CƻǊŎŜΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ƳŜƳōŜǊǎ ŦǊƻƳ ŀƭƭ ǊŜƭŜǾŀƴǘ 
ŜȄŜŎǳǘƛǾŜ ŘŜǇŀǊǘƳŜƴǘǎ ŀƴŘ ŀƎŜƴŎƛŜǎ όŀƎŜƴŎƛŜǎύΣ ǿƛƭƭ ŘŜǾŜƭƻǇ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǊŜǾƛŜǿ ƻŦ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ǘƘŀǘ 
ƛƴǘŜƎǊŀǘŜǎ ŀƭƭ ƻŦ ǘƘŜǎŜ ǇŜǊǎǇŜŎǘƛǾŜǎΦ Lǘ ǿƛƭƭ ōǳƛƭŘ ƻƴ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ƛƴ Ƴȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ 
.ƭǳŜǇǊƛƴǘ ŦƻǊ ŀ {ŜŎǳǊŜ 9ƴŜǊƎȅ CǳǘǳǊŜ ƻŦ aŀǊŎƘ олΣ нлммΣ ŀƴŘ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴ ǊŜƭŜŀǎŜŘ ƻƴ WǳƴŜ нрΣ 
нлмоΦ ¢ƘŜ ¢ŀǎƪ CƻǊŎŜ ǿƛƭƭ ƻŦŦŜǊ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƻƴ ǿƘŀǘ ŀŘŘƛǘƛƻƴŀƭ ŀŎǘƛƻƴǎ ƛǘ ōŜƭƛŜǾŜǎ ǿƻǳƭŘ ōŜ 
ŀǇǇǊƻǇǊƛŀǘŜΦ ¢ƘŜǎŜ Ƴŀȅ ƛƴŎƭǳŘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƻƴ ŀŘŘƛǘƛƻƴŀƭ ŜȄŜŎǳǘƛǾŜ ƻǊ ƭŜƎƛǎƭŀǘƛǾŜ ŀŎǘƛƻƴǎ ǘƻ ŀŘŘǊŜǎǎ 
ǘƘŜ ŜƴŜǊƎȅ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦŀŎƛƴƎ ǘƘŜ bŀǘƛƻƴΦ 

¢ƘŜǊŜŦƻǊŜΣ ōȅ ǘƘŜ ŀǳǘƘƻǊƛǘȅ ǾŜǎǘŜŘ ƛƴ ƳŜ ŀǎ tǊŜǎƛŘŜƴǘ ōȅ ǘƘŜ /ƻƴǎǘƛǘǳǘƛƻƴ ŀƴŘ ǘƘŜ ƭŀǿǎ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
ƻŦ !ƳŜǊƛŎŀΣ L ƘŜǊŜōȅ ŘƛǊŜŎǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ  
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Section 1. Establishing the Quadrennial Energy Review Task Force.  

όŀύ ¢ƘŜǊŜ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ ¢ŀǎƪ CƻǊŎŜ ό¢ŀǎƪ CƻǊŎŜύΣ ǘƻ ōŜ ŎƻπŎƘŀƛǊŜŘ ōȅ ǘƘŜ 
5ƛǊŜŎǘƻǊ ƻŦ ǘƘŜ hŦŦƛŎŜ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ tƻƭƛŎȅ ŀƴŘ ǘƘŜ 5ƛǊŜŎǘƻǊ ƻŦ ǘƘŜ 5ƻƳŜǎǘƛŎ tƻƭƛŎȅ /ƻǳƴŎƛƭΣ 
ǿƘƛŎƘ ǎƘŀƭƭ ƛƴŎƭǳŘŜ ǘƘŜ ƘŜŀŘǎ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ ƻǊ ǘƘŜƛǊ ŘŜǎƛƎƴŀǘŜŘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎΥ  

όƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ǘŀǘŜΤ  

όƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ ¢ǊŜŀǎǳǊȅΤ  

όƛƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜΤ  

όƛǾύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ LƴǘŜǊƛƻǊΤ  

όǾύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΤ  

όǾƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳŜǊŎŜΤ  

όǾƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ [ŀōƻǊΤ  

όǾƛƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ŀƴŘ IǳƳŀƴ {ŜǊǾƛŎŜǎΤ  

όƛȄύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻǳǎƛƴƎ ŀƴŘ ¦Ǌōŀƴ 5ŜǾŜƭƻǇƳŜƴǘΤ  

όȄύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΤ  

όȄƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΤ  

όȄƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ±ŜǘŜǊŀƴǎ !ŦŦŀƛǊǎΤ  

όȄƛƛƛύ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻƳŜƭŀƴŘ {ŜŎǳǊƛǘȅΤ  

όȄƛǾύ ǘƘŜ hŦŦƛŎŜ ƻŦ aŀƴŀƎŜƳŜƴǘ ŀƴŘ .ǳŘƎŜǘΤ  

όȄǾύ ǘƘŜ bŀǘƛƻƴŀƭ 9ŎƻƴƻƳƛŎ /ƻǳƴŎƛƭΤ  

όȄǾƛύ ǘƘŜ bŀǘƛƻƴŀƭ {ŜŎǳǊƛǘȅ {ǘŀŦŦΤ  

όȄǾƛƛύ ǘƘŜ /ƻǳƴŎƛƭ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛǘȅΤ  

όȄǾƛƛƛύ ǘƘŜ /ƻǳƴŎƛƭ ƻŦ 9ŎƻƴƻƳƛŎ !ŘǾƛǎŜǊǎΤ  

όȄƛȄύ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΤ 

όȄȄύ ǘƘŜ {Ƴŀƭƭ .ǳǎƛƴŜǎǎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΤ  

όȄȄƛύ ǘƘŜ !ǊƳȅ /ƻǊǇǎ ƻŦ 9ƴƎƛƴŜŜǊǎΤ 

όȄȄƛƛύ ǘƘŜ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ CƻǳƴŘŀǘƛƻƴΤ ŀƴŘ  

όȄȄƛƛƛύ ǎǳŎƘ ŀƎŜƴŎƛŜǎ ŀƴŘ ƻŦŦƛŎŜǎ ŀǎ ǘƘŜ tǊŜǎƛŘŜƴǘ Ƴŀȅ ŘŜǎƛƎƴŀǘŜΦ 

όōύ ¢ƘŜ /ƻπ/ƘŀƛǊǎ Ƴŀȅ ƛƴǾƛǘŜ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜƎǳƭŀǘƻǊȅ ŀƎŜƴŎƛŜǎ ǿƛǘƘ ŜƴŜǊƎȅπǊŜƭŀǘŜŘ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ CŜŘŜǊŀƭ 9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴ ŀƴŘ ǘƘŜ bǳŎƭŜŀǊ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴΣ ǘƻ 
ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǘƘŜ ¢ŀǎƪ CƻǊŎŜΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ŀǇǇǊƻǇǊƛŀǘŜ ōȅ ǘƘƻǎŜ ŀƎŜƴŎƛŜǎΦ  

όŎύ ¢ƘŜ /ƻπ/ƘŀƛǊǎ ǎƘŀƭƭ ǊŜƎǳƭŀǊƭȅ ŎƻƴǾŜƴŜ ŀƴŘ ǇǊŜǎƛŘŜ ŀǘ ƳŜŜǘƛƴƎǎ ƻŦ ǘƘŜ ¢ŀǎƪ CƻǊŎŜ ŀƴŘ ǎƘŀƭƭ ŘŜǘŜǊƳƛƴŜ 
ƛǘǎ ŀƎŜƴŘŀΦ ¦ƴŘŜǊ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ /ƻπ/ƘŀƛǊǎΣ ǘƘŜ ¢ŀǎƪ CƻǊŎŜ ǎƘŀƭƭΥ  

όƛύ ƎŀǘƘŜǊ ƛŘŜŀǎ ŀƴŘ ŀŘǾƛŎŜ ŦǊƻƳ {ǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎΣ ǘǊƛōŜǎΣ ƭŀǊƎŜ ŀƴŘ ǎƳŀƭƭ ōǳǎƛƴŜǎǎŜǎΣ 
ǳƴƛǾŜǊǎƛǘƛŜǎΣ ƴŀǘƛƻƴŀƭ ƭŀōƻǊŀǘƻǊƛŜǎΣ ƴƻƴƎƻǾŜǊƴƳŜƴǘŀƭ ŀƴŘ ƭŀōƻǊ ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ ŎƻƴǎǳƳŜǊǎΣ ŀƴŘ ƻǘƘŜǊ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ƛƴǘŜǊŜǎǘŜŘ ǇŀǊǘƛŜǎΤ ŀƴŘ  
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όƛƛύ ŎƻƻǊŘƛƴŀǘŜ ǘƘŜ ŜŦŦƻǊǘǎ ƻŦ ŀƎŜƴŎƛŜǎ ŀƴŘ ƻŦŦƛŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 
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Transforming the Nation’s Electricity System: 

The Second Installment of the Quadrennial Energy Review 

Summary for Policymakers 

The second installment of the Quadrennial Energy Review (QER 1.2) focuses on the electricity system and 
its role as the enabler for accomplishing three key national goals: improving the economy, protecting the 
environment, and increasing national security. As a critical and essential national asset, it is a strategic 
imperative to protect and enhance the value of the electricity system through modernization and 
transformation. Reliable and affordable electricity provides essential energy services for consumers, 
business, and national defense.  

The electricity system we have today was developed over more than a century and includes thousands of 
generating plants, hundreds of thousands of miles of transmission lines, distribution systems serving 
hundreds of millions of customers, a growing number of distributed energy resources, and billions of end-
use devices and appliances. These elements are connected together to form a complex system of systems. 
The electricity sector is, however, confronting a complex set of changes and challenges, including: aging 
infrastructure; a changing generation mix; growing penetration of variable generation; low and in some 
cases negative load growth; climate change; increased physical and cybersecurity risks; and in some 
regions widespread adoption of distributed energy resources (DER). How these changes are managed is 
critical and could fundamentally transform the electricity system’s structure, operations, customer base, 
and jurisdictional framework. 

QER 1.2 analyzes trends and issues confronting the Nation’s electricity sector out to 2040, examining the 
entire electricity supply chain from generation to end use, and within the context of three overarching 
national goals to: (1) enhance economic competitiveness; (2) promote environmental responsibility; and 
(3) provide for the nation’s security. The report builds on analysis and recommendations in the first 
installment of the QER (QER 1.1) on improving energy transmission, distribution, and storage 
infrastructures, and provides recommendations that must be implemented to optimize and modernize 
the electricity sector.  

Scope and Structure of the Second Installment of the 
QER 
In 2013, President Obama directed the Administration to conduct an interagency QER in order to 
“establish integrated guidance to strengthen U.S. energy policy”. The first installment of the QER (QER 
1.1), published in April 2015, focused “on infrastructure challenges, and identified the threats, risks, and 
opportunities for U.S. energy and climate security, enabling the Federal Government to translate policy 
goals into a set of analytically based, clearly articulated, sequenced and integrated actions, and proposed 
investments.”  
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QER 1.2 analyzes trends and issues confronting the Nation’s electricity sector, examining the entire 
electricity supply chain from generation to end use. It builds on analysis and recommendations in QER 1.1, 

which included electricity 
as part of an examination 
of energy transmission, 
distribution, and storage 
infrastructures. The 
scope of QER 1.2 includes 
generation, transmission, 
distribution, and end-use 
application in the 
electricity sector. It does 
not explore other energy-
related sectors, except 
where they directly affect 
the electricity system, 
such as the critical role of 
natural gas supply in 
generation and 
reliability. 

This summary follows the 
organization of the main 
report, starting with an 
introduction to electricity 
generation issues and the 
changing context, 
corresponding to the first 
chapter of the main 

report. The summary then highlights key findings based on deep analysis from several sections on the 
integrated objectives of the report.  

This summary also includes brief summaries of select recommendations to modernize and transform the 
electricity sector. Specific descriptions of and rationale for the 76 QER recommendations are in the 21st 
Century Electricity System chapter. The QER also includes an Appendix with an Electricity System 
Overview.  

The Electricity Sector and National Goals 
While respecting state, regional, and tribal prerogatives, the QER 1.2 supports development of consistent 
Federal strategy that accounts for the complex electricity sector context. The analysis conducted for the 
QER 1.2 identified three major integrated objectives that address the needs and challenges to enable the 
electricity sector of the 21st century. These objectives—discussed in detail in several QER 1.2 chapters—
include (1) Maximizing Economic Value and Consumer Equity, (2) Enabling a Clean Electricity Future, and 
(3) Ensuring System Reliability, Security and Resilience. In addition to these objectives, QER 1.2 also 
explores several cross-cutting issues and includes in-depth chapters on two of these: workforce issues and 
North American electricity system integration.  

The nation’s critical infrastructures depend on electricity. Electricity is at the center of key infrastructure 
systems that support these sectors, including transportation, oil and gas production, water, 

Figure S-1.  A comprehensive set of interactions and overlapping objectives 
and goals must be analyzed to inform policies that will enable the electricity 
sector of the 21st century.  Analysis in QER 1.2 is organized around a set 
of national goals, integrated objectives, and cross-cutting issues.  

Figure S-1.   Organization/Areas of Focus in QER. 1.2 
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communications and information, and finance.  These electricity-dependent critical infrastructures 
represent core lifeline networks that supports the American economy and society. These critical networks 
are increasingly converging, sharing resources and synergistic interactions via common architectures (see 
Figure S-2). 

Figure S-2.  Critical Infrastructure Interdependencies

Key critical infrastructure interdependencies represent the core underlying framework that supports the 
American economy and society. The financial services sector (not pictured) is also a critical infrastructure 
with interdependencies across other major sectors supporting the U.S. economy. 

Rapidly Evolving Context 
The QER 1.2 identifies a number of key trends that will shape the future electricity sector, including: the 
changing generation mix; low load growth; increasing vulnerabilities to severe weather/climate change; 
the proliferation of new technologies, services, and market entrants; increasing consumer choice; 
emerging cyber/physical threats; aging infrastructure and workforce; and the growing interdependence 
of regulatory jurisdictions. Each topic is introduced here and discussed in more detail in Chapter 1, 
Transforming the Nation’s Electricity Sector: The Second Installment of the QER. 

Increasing Importance of “Internet of Things” (IoT) and Digitization. IoT is “sensors and actuators 
embedded in physical objects—from roadways to pacemakers—[that] are linked through wired and 
wireless networks, often using the same Internet Protocol (IP) that connects the Internet.” The rapid 
growth of IoT is both a manifestation and key enabler of this major change in the economy. Electricity 
enables this information-intense economy, while at the same time gaining new value through digitization 
and interconnectedness.  
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Increased Productivity, Lower Load Growth. Since the 1950s, growth in U.S. electric consumption has 
gradually slowed each decade due to a number of factors, including moderating population growth, 
improvements in the energy efficiency of buildings and industry, market saturation of certain major 
appliances, and a shift in the broader economy to less energy-intensive industries.  Looking forward to 
2040, electricity use is projected to grow slowly. 

Decarbonizing the Electricity System. U.S. electricity system emissions declined since 2005 by 20 percent, 
largely due to a slowing of electricity demand growth and the accelerated deployment of lower-carbon 
generation.  Low natural gas prices have led to substantial substitutions of lower-emitting gas for high-
emitting coal. The electricity sector has been and—depending on the interplay of technology innovation, 
market forces, and policy—is likely to continue to be the first mover in economy-wide GHG emissions 
reductions. This is in part because the electricity sector has the broadest and most cost-effective 
abatement opportunities of any sector, including multiple zero-carbon and low-carbon generation 
options—such as nuclear, hydropower, solar, wind, geothermal, biomass, and fossil generation with 
carbon capture and storage—as well as many operational and end-use efficiency opportunities. It will also 
play a major role in the levels of decarbonization needed from other sectors such as transportation. 

National Security Vulnerability. Without access to reliable electricity, much of the economy and all 
electricity-enabled critical infrastructures are at risk. These include our national security and homeland 
defense networks, which depend on electricity to carry out their missions to ensure the safety and 
prosperity of the American people. As U.S. policies establish new pathways to enhance economic 
competitiveness and environmental objectives, it is also essential that these policies work in concert with 
national security objectives. 

Growing Importance of Back-up Generation. The loss of significant economic value from even short 
power outages places a very high premium on customer as opposed to system reliability and has helped 
to create a growing market for back-up generation to meet individual customer needs. Such back-up 
solutions sometimes have multiple components to ensure necessary redundancy. 

Information Technology and the Electricity System. Information and Communications Technology (ICT) 
as well as grid control technologies for electricity systems—both large and small scale—have evolved, 
enabling increased interconnection and capture of economies of scale and scope. The electricity industry’s 
early adoption of analytical and computer techniques to coordinate the generation and transmission of 
power facilitated increased interconnection and inter-utility power transfers. 

A Smarter Grid. The “smart grid” refers to an intelligent electricity grid—one that uses digital 
communications technology, information systems, and automation to detect and react to local changes 
in usage, improve system operating efficiency, and in turn reduce operating costs while maintaining high 
system reliability. Smart meter infrastructure, sensors, and communication-enabled devices and controls 
give electricity consumers and utilities new abilities to monitor electricity consumption and potentially 
lower usage in response to time, local distribution, or price constraints. Smart meters also provide a 
number of other benefits, including enhanced outage management and restoration, improved 
distribution system monitoring, and utility operational savings. 

Changing Generation Profile. The national generation mix has realigned over the past few decades and is 
likely to continue changing. The U.S. generation fleet is transitioning from one dominated by centralized 
generators with high inertia and dispatchability to one that is more “hybridized,” relying on a mixture of 
traditional, centralized generation, and variable utility-scale and distributed renewable generation. 

Aging Infrastructure. Like any infrastructure, the physical components of the electricity system are 
constantly aging. The continual maintenance and replacement of electricity system infrastructure 
components provides an important opportunity to modernize the electricity system.  
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Two-way Flows. For over 100 years, the electricity system has been operated through one-way flows of 
electricity and information. The generation and smart grid technology innovations described earlier can 
reduce grid costs and improve efficiency, as well as save time and effort. These technologies have also 
enabled an electricity system where two-way flows are possible and more common, and where 
digitization is a key enabler of a new range of services, including increased flexibility, higher system 
efficiency, reduced energy consumption, and increased consumer options and value. 

Customer Engagement, New Business Models, and the Emerging Role of Aggregators. Throughout the 
electricity industry’s development, the electricity customer was viewed as “load”—the aggregate 
accumulation of demand that utilities served, supported by a “ratepayer.” This view of customers as load 
and ratepayer, largely passive because there were no real alternative options to utility service, was 
operative through the early 1980s. Changes in the electricity sector starting in the mid-1980s, however, 
have prompted utilities and emerging competitors to slowly shift their “customer as load” views to a point 
of view that is more customer-centric. 

Workforce Challenges. Realizing the full potential of shifts in generation technologies, operations tools, 
and industry structure will require an electricity industry workforce capable of adapting and evolving to 
meet the needs of the 21st century electricity sector. A skilled workforce that can build, operate, and 
manage a modernized grid infrastructure is an essential component for realizing the full value of a 
modernized electricity sector. 

Extreme Weather. The increased severity of extreme weather events over time has been a principal 
contributor to an observed increase in the frequency and duration of U.S. power outages between 2000 
and 2012. Many weather-related threats to the electricity system are increasing in frequency and intensity 
and are also projected to worsen in the future due to climate change. 

The Electricity Sector: Maximizing Economic Value 
and Consumer Equity   
This chapter discusses the 
role of the electricity sector 
in creating economic value. 
The electricity sector has 
been an economic engine 
for the United States for 
over a century, providing 
reliable and competitively 
priced electricity that is 
critical for the United 
States’ productivity. The 
vast majority of American 
consumers—encompassing 
households, businesses, 
and institutions—enjoy 
reliable and affordable 
electricity that enables a 
modern economy and a high standard of living. Consumers can now both produce and consume power 
and increase efficiency through advanced distribution infrastructure, and increasingly can provide energy, 
capacity, and ancillary services. This changing relationship between consumers and the grid is further 

Figure S-3. Emerging 21st Century Electricity Two-Way Flow Supply
Chain  
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driving the convergence of systems, business models, services, policies, and new technologies in a 
development feedback loop.   

Key Findings 
 Advanced metering infrastructure has had a significant impact on the nature of interactions between

the electricity consumer and the electric system, allowing two-way flow of both electricity and
information and enabling the integration of assets behind the meter into the larger electric grid.

 Interconnection standards and interoperability are critical requirements for seamless integration of grid-
connected devices, appliances, and building energy management systems, without which grid
modernization and further energy efficiency gains may be hindered.

 Evolving consumer preferences for electricity services are creating new opportunities.

 The convergence of the electric grid with information and communications technology creates a
platform for value creation and the provision of new services beyond energy.

 There is enormous potential for electric end-use efficiency improvement based on (1) technical
analyses, and (2) the differences in energy efficiency performance between states and utilities with and
without ambitious electric end-use efficiency policies and programs.

 Tribal lands and American territories have the highest rates of un-electrified homes—more than half of
a million homes. The extreme rurality of some tribal communities coupled with high levels of poverty
present an economic challenge for the electric utilities trying to serve them.

 Optimization of behind-the-meter assets will require the design of coordination, communication, and
control frameworks that can manage the dispatch of these devices in a way that is both economical
and secure, while maintaining system reliability.

 Mobile, internet-connected devices foster new ways of consumer engagement, as well as enable
consumers to have more efficient and real-time management of their behind-the-meter assets.

 Consumers and third party merchants that produce electricity can provide economic, environmental,
and operational benefits.

 New grid services, modern technologies, and evolving system topologies and requirements are
straining traditional methods of valuation. Appropriate valuation of the grid services by various
technologies is technically and administratively challenging and may depend on spatial and temporal
variables unique to different utilities, states, and regions.

 Currently, about 90 percent of the residential electricity consumption, 60 percent of commercial, and
30 percent of industrial is used in appliances and equipment that are subject to Federal minimum
efficiency standards implemented, and periodically updated by, the Department of Energy. Between
2009 and 2030, these cost-effective standards are projected to save consumers more than $545 billion
in utility costs, reduce energy consumption by 40.8 quads, and reduce carbon dioxide emissions by
over 2.26 billion metric tons.

 Miscellaneous electric loads (MELs), devices that are often inadequately addressed by minimum
standards, labeling and other initiatives, are expected to represent an increasing share of total electricity
demand, particularly for the residential and commercial sectors.

 Connected devices and energy management control systems are decreasing in cost and improving in
functionality, although their market penetration is still low, particularly in residences and small–to-
medium-sized commercial buildings. These new technologies and systems, and the broader ‘Internet
of Things’ provide a wide range of options for consumers to manage their energy use, either passively
using automated controls, or through active monitoring and adjustment of key systems.

 Energy management control systems with communication capabilities are increasing opportunities for
demand response services in support of grid operations. Third-party aggregators and other business
models are facilitating the expanded use of demand response, but the regulatory environment remains
unsettled in many states.

 Lower-income households use less energy, but pay a considerably higher fraction of their after-tax
income for electricity services.

 Insufficient broadband access in rural areas could inhibit the deployment of grid modernization
technologies and the economic value these technologies can create.
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Building a Clean Electricity Future 
A clean electricity system reduces air and water pollution, lowers GHG emissions and limits the impacts 

to the ecosystem in areas such as 
water and land use. Addressing 
climate change will require the 
United States to greatly reduce 
our carbon emissions, while 
simultaneously addressing new 
grid management challenges that 
have arisen due to recent trends 
in electricity generation and 
demand, the changing climate, 
and the national security 
implications of grid dependency. 
Keeping this context in mind, this 
Chapter explores the essential 
elements of a clean electricity 
system, and identifies the policy, 
market and technology 
innovations needed to achieve it.  
In short, we have made 

substantial progress in reducing the environmental impact of the electricity system, but much work 
remains. 

Key Findings 
 A clean electricity system reduces air and water pollution, lowers GHG emissions and limits the impacts

to the ecosystem in areas such as water and land use.

 Deep decarbonization of the electricity system is essential for meeting climate goals; this has multiple
economic benefits beyond those of environmental responsibility.

 The United States is the largest producer and consumer of environmental technologies. In 2015, the
U.S. environmental technology and services industry employed 1.6 million people, had revenues of
$320 billion, and exported $51 billion worth of goods and services.

 Though the U.S. population and economy have grown, between 1970 and 2014, aggregate emissions
of common air pollutants from the electric power sector dropped 74 percent even as electricity
generation grew by 167 percent.

 U.S. carbon dioxide (CO2) emissions from the power sector have substantially declined.   Between
2006 and 2014, 61 percent of these reductions are attributed to switching from coal- to gas-fired power
generation and 39 percent to increases in zero-emissions generation.

 The increasing penetration of zero-carbon variable energy resources (VERs) and deployment of clean
distributed energy resources (DERs) (including energy efficiency) are critical components of a U.S.
decarbonization strategy.

 It is beneficial to a clean electricity system to have many options available as many of the characteristics
of clean electricity technologies complement each other.

 Currently, 29 states and D.C., have a Renewable Portfolio Standard and 23 states have active and
binding Energy Efficiency Resource Standards (EERSs) for electricity. States that have actively created
and implemented such electricity resource standards and other supporting regulatory policies have
seen the greatest growth in renewables and efficiency.

 The integration of variable renewables increases the need for system flexibility as the grid transitions
from controllable generation and variable load to more variable generation and the need and potential
for controllable load.  There are a number of flexibility options such as demand response (DR), fast
ramping natural gas generation, and storage.

Figure S-4. Trendlines in CO2 Emissions Drivers, 2005–2015 
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 Energy efficiency is a cost-effective component of a clean electricity sector. The average levelized cost
of saved electricity from energy efficiency programs in the United States is estimated at $46/MWh,
versus the levelized cost of electricity for natural gas combined-cycle generation, with its sensitivity to
fuel prices, at $52 to $78/MWh.

 Electricity will likely play a significant role in the decarbonization of other sectors of the U.S. economy
as electrification of transportation, heating, cooling, and industrial applications continues. In the context
of the Quadrennial Energy Review (QER), electrification includes both direct use of electricity in end
use applications as well as indirect use whereby electricity is used to make intermediate fuels such as
hydrogen.

 Realizing GHG emissions reductions and other environmental improvements from the electricity system
to achieve national goals will require additional policies combined with accelerated  technology
innovation

 Improving understanding of the electricity system and its dynamics through enhancements in data,
modeling, and analysis is needed to provide information to help meet clean objectives most cost-
effectively.

 Decades of federal, state, and industry innovation investments have significantly contributed to recent
cost reductions in renewable energy and energy efficiency technologies.

 Innovation in generation, distribution, efficiency, and demand response technologies is essential to a
low carbon future. Innovation combined with supportive policies can provide the signal needed to
accelerate deployment of clean energy technologies, providing a policy pull to complement technology
push.

 Nuclear power currently provides 60 percent of U.S. zero-carbon electricity, but existing nuclear
merchant plants are having difficulty competing in restructured electricity markets due to low natural
gas prices and flat or declining electricity demand. Since 2013, six nuclear power reactors have shut
down earlier than their licensed lifetime, and eleven1 others have announced plans to close in the next
decade. In 2016, two states, Illinois and New York, put policies in place to incentivize the continued
operation of existing nuclear plants.

 Enhanced oil recovery (EOR) operations in the United States are commercially demonstrated geologic
storage, and could provide a market pull for the deployment of carbon capture, utilization, and storage
(CCUS).

 Federal laws currently limit the ability of regulated utilities to utilize federal tax credits in the same
manner as private and unregulated developers. Publicly owned clean energy projects cannot benefit
from the clean energy tax credits because tax equity investors cannot partner directly with tax exempt
entities to monetize tax credits.

 Low-income and minority communities are disproportionately exposed to air quality and water quality
issues associated with electric power generation. Compared to the U.S. population overall, there is a
greater concentration of minorities living within a three-mile radius of coal- and oil-fired power plants.
In these same areas, the percentage of the population below the poverty line is also higher than the
national average.

 Some energy technologies that reduce greenhouse gas emissions, such as carbon capture, utilization,
and storage (CCUS), concentrated solar power, and geothermal generation, have the potential to
increase energy’s water intensity; others, such as wind and photovoltaic (PV) solar power, can lower it.
Dry cooling can reduce water intensity but may increase overall GHG emissions by decreasing
generation efficiency.  Though there can be a strong link between energy and water efficiency in energy
technologies, many research, development, demonstration, and deployment (RDD&D) funding criteria
do not incorporate water use or water performance metrics. Designing technologies and optimizing
operations for improved water performance can have both energy and water benefits.

 There is currently no centralized permanent-disposal facility for used nuclear fuel in the United States,
so this radioactive material is stored at reactor sites in 35 states awaiting development of consolidated
storage facilities and/or geologic repositories.

 Coal combustion residues, such as coal ash and scrubber slurry, are the second most abundant waste
material in the United States, after household waste.

1 Note that six of these reactors (the New York and Illinois reactors) are expected to remain open with the passage of Clean Energy 
Standards (CESs) in those states. 
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 There is a range of decommissioning needs for different types of power generation facilities.

Ensuring Electricity System Reliability, Security, and 
Resilience 
This chapter addresses a range of possible risks to the electricity system and the broader economy and 
suggests options to mitigate and prepare for these risks. Traditional electricity system operations are 
evolving in ways that could enable a more dynamic and integrated grid. The growing interconnectedness 
of the grid’s energy, communications and data flows creates enormous opportunities; at the same time, 
it creates the potential for a new set of risks and vulnerabilities. Also, the emerging threat environment, 
particularly with respect to cybersecurity and increases in the severity of extreme weather events, poses 
challenges for the reliability, security, and resilience of the electricity sector, as well as to its traditional 
governance and regulatory regimes. 

Figure S-5a. Time Scales of Traditional Grid Operations 

Figure S-5b. Changing Time Scales for Grid Operators Managing Two Way Electricity Flows 
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Key Findings 
 The reliability of the electric system underpins virtually every sector of the modern U.S. economy. 

Reliability of the grid is a growing and essential component of national security. Standard definitions of 
reliability have focused on the frequency, duration, and extent of power outages. With the advent of 
more two-way flows of information and electricity, communication across the entire system from 
generation to end use, controllable loads, more variable generation, and new technologies such as 
storage and advanced meters, reliability needs are changing, and reliability definitions and metrics must 
evolve accordingly. 

 The time scales of power balancing have shifted from daily to hourly, minute, or second-to-second to 
millisecond to millisecond at the distribution end of the supply chain; with the potential to impact system 
frequency and inertia and/or transmission congestion.  The demands of the modern electricity system 
has required, and will increasingly require, innovation in technologies (e.g., inverters), markets (e.g., 
capacity markets), and system operations (e.g., balancing authorities). 

 Electricity outages disproportionately stem from disruptions on the distribution system (over 90 percent 
of electric power interruptions), both in terms of the duration and frequency of outages; this is largely 
due to weather-related events. Damage to the transmission system, while infrequent, can result in more 
widespread major power outages that affect large numbers of customers with significant economic 
consequences. 

 As transmission and distribution system design and operations become more data-intensive, complex, 
and interconnected, the demand for visibility across the continuum of electricity delivery has expanded 
across temporal variations, price signals, new technology costs and performance characteristics, socio-
economic impacts, and others. However, deployment and dissemination of innovative visibility 
technologies face multiple barriers that can differ by the technology and the role each plays in the 
electricity delivery system. 

 Data analysis is an important aspect of today’s grid management, but the granularity, speed, and 
sophistication of operator analytics will need to increase, and distribution- and transmission-level 
planning will need to be integrated. 

 The leading cause of power outages in the United States is extreme weather, including heat waves, 
blizzards, thunderstorms, and hurricanes. Events with severe consequences are becoming more 
frequent and intense, due to climate change, and have been the principal contributors to an observed 
increase in the frequency and duration of power outages in the United States. 

 Grid owners and operators are required to manage risks from a broad and growing range of threats. 
These threats can impact almost any part of the grid (e.g., physical attacks), but some vary by 
geographic location and time of year. Near-term and long-term risk management is increasingly critical 
to the ongoing reliability of the electricity system. 

 The current cybersecurity landscape is characterized by rapidly evolving threats and vulnerabilities, 
juxtaposed against the slower-moving deployment of defense measures. Mitigation and response to 
cyber threats are hampered by inadequate information-sharing processes between government and 
industry, the lack of security-specific technological and workforce resources, and challenges associated 
with multi-jurisdictional threats and consequences. System planning must evolve to meet the need for 
rapid response to system disturbances. 

 Other risk factors stem from the increasing interdependency of electric and natural gas systems as 
natural gas–fired generation provides an increasing share of electricity. However, coordinated long-
term planning across natural gas and electricity can be challenging since the two industries are 
organized and regulated differently. 

 As distributed energy resources (DERs) become more prevalent and sophisticated—from rooftop solar 
installations to applications for managing building electricity usage—planners, system operators, and 
regulators must adapt to the need for an order of magnitude increase in the quantity and frequency of 
data to ensure the continuous balance of generation and load.  

 Demand response technologies and programs offer a particularly flexible grid resource that is capable 
of improving system reliability, reducing the need for capital investments to meet peak demand, 
reducing electricity market prices, and improving the integration of variable renewable energy 
resources. It can be used for load reduction, load shaping, and management of consumption to help 
grid operators mitigate the impact of variable and distributed generation on the transmission and 
distribution systems.  
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 Information and communications technologies are increasingly utilized throughout the electric system
and behind the meter. These technologies offer advantages in terms of efficient and resilient grid
operations and opportunities for consumers to interact with the electricity system in new ways. They
also expand the grid’s vulnerability to cyber attacks by offering new vectors for intrusions and attacks,
making cybersecurity a system-wide concern.

 There are no commonly used metrics for measuring grid resilience. Several resilience metrics and
measures have been proposed; however, there has been no coordinated industry or government
initiative to develop a consensus on or implement standardized resilience metrics.

 Low-income and minority communities are disproportionately impacted by disaster-related damage to
critical infrastructure. These communities with fewer resources may not have the means to mitigate or
adapt to natural disasters and disproportionately rely on public services, including community shelters,
during disasters.

This chapter was developed in conjunction with the closely-related and recently-published “Joint United 
States-Canada Electric Grid Security and Resilience Strategy.” 

The Electricity Workforce: Changing Needs, New 
Opportunities
This chapter provides an overview of current and projected employment in and related to the electricity 
sector, and it discusses options to assist workers and develop a workforce that has the skills to build, 
maintain, and operate the electricity system of the future. The broader changes in the electricity industry 
have created both new opportunities and new challenges for the electricity industry workforce, including 
new workforce opportunities in the renewable energy industry and information and communications 
technologies, and the 
challenges of the skills gap 
for deploying and operating 
new technologies, the shift 
in the geographic location of 
jobs, and the need to recruit 
and retain an inclusive 
workforce. The electricity 
industry is the dominant 
consumer of coal, natural 
gas, and renewable energy 
technologies, so changes in 
electricity industry demand 
for these resources can 
cause regional and sectoral 
dislocations in these 
industries. Each industry has 
distinctive workforce skills 
requirements and 
geographic concentrations, 
so employment gains in one 
industry do not always translate to opportunities for those workers affected by employment loss in other 
industries that may be geographically distant and require different skills. 

Figure S-6. Percentage of Employers Reporting Very High Hiring
Difficulty by Census Region and Subsector (Q4 2015)
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Key Findings 
 Over 1.9 million people are employed in jobs related to electric power generation and fuels, while 2.2 

million people are working in industries directly or partially related to energy efficiency.  

 Job growth in renewable energy is particularly strong. Employment in the solar industry has grown over 
20 percent annually from 2013 to 2015. From 2010 to 2015, the solar industry created 115,000 new 
jobs. In 2016, approximately 374,000 individuals worked, in whole or in part, for solar firms, with more 
than 260,000 of those employees spending most of their time on solar. There were an additional 
102,000 workers employed at wind firms across the Nation. The solar workforce increased by 25 
percent in 2016, while wind employment increased by 32 percent. 

 The oil and natural gas industry experienced a large net increase in jobs over the last several years, 
adding 80,000 jobs from 2004 to 2014. Unlike coal production, natural gas production is projected to 
increase over the coming decades under a business-as-usual scenario, sustaining natural gas industry 
employment. 

 Employment in the natural gas industry is regionally and temporally volatile; 28,000 jobs were lost 
between January 2015 and August 2016. Shifts in locations pose challenges for employees and the 
economies of the areas where they live and work.  

 Between 1985 and 2001, coal production increased 28 percent as industry employment fell by 59 
percent due to efficiencies gained by shifting production from Appalachia to the West.  In 2015, annual 
coal production was at its lowest level since 1986, and it is forecast to continue declining over the 
coming decades. 

 Aside from a minor employment increase from 2000 to 2011, 141,500 domestic coal jobs were lost 
between 1985 and 2016, and the industry shrank by 60 percent. Today, the coal mining industry 
employs about 53,000 people. 

 Despite ongoing economic challenges in the Appalachian region, the non-highway appropriated budget 
for the Appalachian Regional Commission (ARC), a federally-funded regional economic development 
agency, has fallen from roughly $600 million in the early 1970s to around $100 million in the 1980s and 
remained roughly constant until 2016. The ARC budget recently increased from $90 million in fiscal 
year 2015 to nearly $150 million in fiscal year 2016. 

 The Abandoned Mine Lands Reclamation Fund’s (AML Fund’s) inability to fully support the reclamation 
of lands disrupted by the coal mining industry has the potential to leave communities in regions with 
declining local revenues with polluted and unsafe lands and few means to repair the damage. The AML 
Fund’s increased ability to support coal mine reclamation would provide local employment opportunities 
and help coal communities transition to new industries.  

 The continued fiscal difficulties of coal miner pensions threaten the solvency of the Pension Benefit 
Guaranty Corporation, a Federal agency that insures private-sector pension funds and is funded out of 
insurance premiums paid by member funds.  

 Proliferation of information and communications technology and new technologies like distributed 
generation, smart home devices, and electric battery storage have led to new businesses and 
employment opportunities, which will require a wide array of new skills. 

 The electricity industry will need a cross-disciplinary power grid workforce that can comprehend, 
design, and mange cyber-physical systems; the industry will increasingly require a workforce adept in 
risk assessment, behavioral science, and familiarity with cyber hygiene. 

 A dip in the number of electricity industry workforce training programs in the 1980s contributed a 
shortage of middle and upper management positions in the sector today, creating a workforce gap as 
the large number of baby boomers retire.  

 Workforce retirements are a pressing challenge. Industry hiring managers often report that lack of 
candidate training, experience, or technical skills are major reasons why replacement personnel can 
be challenging to find—especially in electric power generation. 

 Electricity and related industries employ fewer women and minorities than the national average, but 
have a higher proportion of veterans.  Only 5 percent of the boards of utilities in the United States in 
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2015 include women, and approximately 13 percent of board members among the top 10 publicly 
owned utilities were African American or Latino.  Underrepresentation in or lack of access to science, 
technology, engineering, and mathematics educational opportunities and programs contribute to the 
underrepresentation of minorities and women within the electricity industry. 

 From 1995 to 2013, the number of injuries per 100 employee-years in the electricity utility industry
decreased from 4.7 to 1.3. However, line workers continue to experience hazardous working conditions.
In 2014, electrical power line installers and repairers suffered 25 fatal work injuries—a rate of 19 per
100,000 full-time equivalent workers, which is over five times the national work fatality rate.

 While data on energy sector workforce are improving, there are still major shortcomings in the data
availability, precision, and categorization of energy sector jobs.

Enhancing Electricity Integration in North America  
This chapter details the interconnectivity of the United States, Canada, and Mexican electric systems and 
opportunities for enhancing integration. The potential for electricity integration to provide economic 

benefits and support the development of more 
modern and resilient energy infrastructure has
been a longstanding theme for North American 
diplomacy.  Earlier this year at the North 
American Leaders’ Summit, President Barack 
Obama, President Enrique Peña Nieto and 
Prime Minister Justin Trudeau signed a 
statement agreeing to collaborate on cross-
border transmission projects in order to 
achieve the mutual goal of advancing clean and 
secure power. The extensive electricity 
integration that already exists between the 
United States and Canada, and the potential to 
increase existing integration between the 
United States and Mexico, suggests that North 
America has much to gain from collaborative 
planning, strategy, and cooperation in the 
power sector. 

Figure S-7. Border Crossings of Electric 

Transmission Lines 
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Key Findings 
 Integration of the power systems of Canada, Mexico, and the United States historically occurred by 

gradual, ad hoc, and regional adjustments implemented by an array of regional public and private 
stakeholders, reflecting the complex and fragmented jurisdictions in all countries. Many opportunities 
for enhanced integration have included a collection of stakeholders and were pursued on a sub-regional 
basis. 

 One model for shared power sector governance is demonstrated by the reliability planning under the 
North American Electric Reliability Corporation (NERC); however, this engagement has been limited to 
Canada, the United States, and the Baja California region of Mexico.  

 Canada, Mexico, and the United States governments have all made significant climate commitments 
and indicated a desire to shift towards greater renewable energy penetration.  Greater cross-border 
integration could be a tool to maximize gains from the deployment of clean energy generation, but the 
complexity and current asymmetry of national and subnational policy frameworks may impede 
implementation. 

 The design of domestic U.S. clean energy policies, both at the federal and state level, have implications 
for cross-border trade and continental emissions reductions.  Currently, there are significant disparities 
between U.S. states’ policies for recognition or exclusion of international clean energy imports. 

 Continued study of the context and levels of integration of each subregional cross-border 
interconnection will allow for a deeper understanding of which policies have shaped current levels of 
cross-border trade (Table 7-1). 

 Canada has additional hydropower resources which could be exported to the United States to provide 
a reliable source of firm, low-carbon energy.  There are concerns among stakeholders that increased 
imports of Canadian hydropower could reduce U.S. renewable energy competitiveness; however, there 
are examples of arrangements where Canadian hydropower decreases curtailments of U.S. renewable 
resources. 

 Trade has been increasing across the North American bulk power system, but cross border flows, 
especially between Canada and the United States, are now using the full capacity of existing 
transmission infrastructure. 

 Under a low carbon future scenario, current modeling results show that transmission with Canada 
becomes increasingly important for sustaining emissions reductions, and has a significant impact on 
the generation mix in border regions.   

 While many electricity system models exist for the United States (and in some cases, the United States 
and Canada), detailed modeling tools to explore the economic, social, and/or reliability impacts of 
electricity trade across all of North America are currently insufficient to inform opportunities for 
enhancing integration. 

 While extensive integration between the United States and Canada can inform the potential for 
increased future U.S.-Mexico integration, these situations are fundamentally dissimilar in four main 
ways: lack of a dominant exporting country on the U.S.-Mexican border, the different  regional 
approaches to integration on the U.S. side, the nascent regulatory framework in Mexico, and the lack 
of parity in open access transmission agreements and reliability coordination between the United States 
and Mexico.  The United States and Mexico agreed to a set of principles for electricity integration in 
early January 2017. 

 Mexico’s ongoing electricity utility industry reforms could have significant impacts on the future of cross-
border integration.  The reforms are focused on the overall goal of competitiveness, with the twin 
objectives of reducing electricity costs and developing more clean energy.  A transition in Mexico from 
oil to natural gas in electricity generation could have significant impacts in the manufacturing sector, 
reducing electricity prices, boosting manufacturing output and increasing overall GDP for Mexico.  

 Mexico’s increasing importation of U.S. natural gas could be an economic and environmental 
opportunity for both sides, by offsetting expensive and high-GHG-emitting diesel generation in Mexico 
and creating economic opportunities for U.S. exporters. The resulting reduction in electricity costs in 
Mexico could also boost overall North American competitiveness. 

 The Electric Reliability Council of Texas (ERCOT) could benefit from greater integration with Mexico, 
through access to enhanced imports or as a business opportunity for power exporters. 
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 California’s ambitious clean energy policy provides an opportunity for energy exporters in Mexico,
especially in the Baja California region, to supply clean energy, dispatchable power, or ancillary
services.

A 21st-Century Electricity System: Conclusions and 
Recommendations 
This chapter highlights many recommendations that are enablers of the modernization and 
transformation necessary. The recommendations build on the analysis and findings in earlier chapters. 
Many of the recommendations will provide the incremental building blocks for longer-term, planned 
changes and activities, undertaken in conjunction with state and local governments, policy-makers, 
industry and other stakeholders.  The policy, research and investment choices made today will establish 
critical pathways for decades. 

Recommendations in Brief 
QER 1.2 provides 76 recommendations divided into six sections. The first section addresses 
recommendations that are crosscutting, addressing all three high level goals national security, economic 
competitiveness and environmental responsibility.  Following this section in the QER, three sections make 
more specific recommendations that will help meet the strategic objectives: maximizing economic value 
and consumer equity; building a clean electricity future; and ensuring grid reliability, security, and 
resilience. There are also recommendation sections on the electricity sector workforce and on enhancing 
electricity integration in North America. These recommendations are summarized here, with full details 
in Chapter 7. 

Key Crosscutting Recommendations to Support the Security and 
Reliability of the Electricity System 

Protect the Electricity System as a National Security Asset.  The Federal Power Act provides a statutory 
foundation for an electricity reliability organization to develop reliability standards for the bulk power 
system. Pursuant to this authority, FERC has certified NERC as the Electric Reliability Organization. Under 
this arrangement, NERC and FERC have put into place a comprehensive set of binding reliability standards 
for the bulk power system over the past decade, including standards on cybersecurity and physical 
security. However, the Federal oversight authority is limited: FERC can approve or reject NERC-proposed 
reliability standards, but it cannot author or modify reliability standards. 

The nature of a national security threat, however, as articulated in the FAST Act, stands in stark contrast 
to other major reliability events that have caused regional blackouts and reliability failures in the past. In 
the current environment, the U.S. grid faces imminent danger from cyber attacks. Widespread disruption 
of electric service because of a transmission failure initiated by a cyber attack at various points of entry 
could undermine U.S. lifeline networks, critical defense infrastructure, and much of the economy; it could 
also endanger the health and safety of millions of citizens. Also, natural gas plays an increasingly important 
role as fuel for the Nation’s electricity system; a gas pipeline outage or malfunction due to a cyber attack 
could affect not only pipeline and related infrastructures, but also the reliability of the Nation’s electricity 
system.  

 Amend Federal Power Act authorities to reflect the national security importance of the Nation’s
electric grid. Grid security is a national security concern—the clear and exclusive purview of the
Federal Government. The Federal Power Act, as amended by the FAST Act, should be further
amended by Congress to clarify and affirm the Department of Energy’s (DOE’s) authority to
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develop preparation and response capabilities that will ensure it is able to issue a grid-security 
emergency order to protect critical electric infrastructure from cyber attacks, physical incidents, 
EMPs, or geomagnetic storms. In this regard, Federal authorities should include the ability to 
address two-way flows that create vulnerabilities across the entire system. DOE should be 
supported in its development of exercises and its facilitation of the penetration testing necessary 
to fulfill FAST Act emergency authorities. In the area of cybersecurity, Congress should provide 
FERC with authority to modify NERC-proposed reliability standards—or to promulgate new 
standards directly—if it finds that expeditious action is needed to protect national security in the 
face of fast-developing new threats to the grid. This narrow expansion of FERC’s authority would 
complement DOE’s national security authorities related to grid-security emergencies affecting 
critical electric infrastructure and defense-critical electricity infrastructure. This approach would 
maintain the productive NERC-FERC structure for developing and enforcing reliability standards, 
but would ensure that the Federal Government could act directly if necessary to address national 
security issues.  

 Collect information on security events to inform the President about emergency actions as well
as imminent dangers. DOE should collect targeted data on critical cyber, physical, EMP, and
geomagnetic disturbance events and threats to the electric grid to inform decision making in the
event of an emergency or to inform the anticipatory authorities in the FAST Act. DOE should
concurrently develop appropriate criteria, processes, and definitions for collecting these targeted
data using a dedicated information protection program to safeguard utility data consistent with
FERC rules. Reporting will be done on a confidential basis. Updating will be required to address
evolving threats. DOE will coordinate the development of analytical data-surveillance and data-
protection tools with the National Labs, states, universities, industry, Federal agencies, and other
organizations as appropriate.

 Adopt integrated electricity security planning and standards. FERC should, by rule, adopt
standards requiring integrated electricity security planning on a regional basis to the extent
consistent with its statutory authority. Such requirements would enhance DOE’s effectiveness in
carrying out its responsibilities and authorities to address national security imperatives and new
vulnerabilities created by (1) two-way flows of information and electricity and (2) the transactive
role of customers and key suppliers (such as those providing stored fuel for strategic generators).
Important national security considerations warrant careful consideration of how generation,
transmission, distribution, and end-user assets are protected from cybersecurity risks.
Vulnerabilities of distribution and behind-the-meter assets, which may provide an increasing
number of potential entry points for access to utility control systems, are threats that can
adversely affect the operation of the transmission system; for these vulnerabilities, a careful
review of protections is required. To adequately address and support the security requirements
of the FAST Act and DOE’s implementation of the FAST Act, this review should be performed on
an integrated basis, rather than separating the review into bulk power system and other assets.

To ensure that there are no unnecessary vulnerabilities associated with state-to-state or utility-
to-utility variations in protections, integrated electricity security planning should be undertaken
to cover the entire United States, including Alaska, Hawaii, and U.S. territories. FERC should
consider having existing regional organizations undertake such planning, as it deems
appropriate. FERC should evaluate whether the costs of implementing security measures
identified in the integrated electricity security plan are appropriate for regional cost allocation,
where such measures are found to enhance the security of the regional transmission electric
system.
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To the extent necessary, appropriate statutes should be amended to clearly authorize FERC to 
adopt such integrated electricity security planning requirements. However, FERC should 
immediately begin to advance this initiative to the maximum extent possible under its current 
authority by initiating a dialogue, including discussions with DOE and state authorities, and driving 
consensus on Integrated Electricity Security Plans.  

 Assess natural gas/electricity system infrastructure interdependencies for cybersecurity
protections. DOE, pursuant to FAST Act authorities and in coordination with FERC, should assess
current cybersecurity protections for U.S. natural gas pipelines and associated infrastructure to
determine whether additional or mandatory measures are needed to protect the electricity
system. If the assessment concludes that additional cybersecurity protections—including
mandatory cybersecurity protocols—for natural gas pipelines and associated infrastructure are
necessary to protect the electricity system, such measures and protocols should be developed
and implemented. This work should build on existing assessments, including those underway at
the Transportation Security Administration.

Increase Financing Options for Grid Modernization Estimates of total investment requirements necessary 
for grid modernization range from a low of about $350 billion to a high of about $500 billion. Grid 
modernization is the platform for the 21st-century electricity system, bringing significant value associated 
with lower electricity bills due to fuel and efficiency savings, more electricity choices, and fewer and 
shorter outages. The Federal Government currently plays a role in providing tax incentives for deployment 
of clean energy technologies, as well as Federal credit assistance to facilitate early deployment of 
innovative technologies.  

 Expand DOE’s loan guarantee program and make it more flexible to assist in the initial
deployment of innovative grid technologies and systems. The design of the current DOE loan
guarantee program is focused primarily on financing deployment of innovative generation
technologies. Most DOE loan guarantee recipients, for example, are structured as special project
entities that can raise equity outside of regulated business structures and can provide credit
security in the form of power purchase agreements. This financing model is not amenable to grid
modernization financing by regulated entities, especially in cases of some technological
uncertainty associated with initial commercial deployments. In addition, there will an ongoing
need for innovation in grid technologies beyond the likely availability of current DOE loan
guarantee authority. Also, the limitations of the loan program restrict the program to a very small
and ever-changing portion of new transmission capacity; more projects and innovation are
necessary to transform the grid.

Modifications to the current DOE Title XVII loan guarantee program are needed to (1) reduce
restrictions on numbers/types of projects and timeframes, e.g. in order to adequately address
innovative transmission capacity needs, and (2) provide clear statutory authority for lending to
other public or public/private entities that support transmission and other grid modernization
projects (e.g., state agencies, regional power pools) through on-lending or equity investing. By
their nature, transmission projects, especially big projects, involve many entities and jurisdictions.
Statutory clarification is needed on indirect lending authorities to such entities for multi-
jurisdictional projects.

Some of the benefits of grid modernization are realized over time, as the electricity system itself
is changed by technology and market innovations. Additional funding resources would bridge the
gap between investment costs and realization of benefits and would enable utilities to invest in
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grid modernization. A relatively low-cost permanent Federal financing system could be 
established by setting up a revolving loan fund with one-time seed capital. 

Increase Technology Demonstrations and Utility/Investor Confidence. The future electric grid will 
require that utilities deploy a wide range of new, capital-intensive technologies. Primary technologies are 
needed to support increased reliability, security, value creation, consumer preferences, and system 
optimization and integration at the distribution level. Demonstrating the technical readiness and 
economic viability of advanced technologies is needed to inspire the confidence of utilities and investors. 

 Significantly expand existing programs to demonstrate the integration and optimization of
distribution system technologies.  The complexity of the issues facing distribution systems—
including new technologies, the need for systems approaches, and geographical differences in
markets and regulatory structures—points to a significant need for multiple "solution sets" to
enable two-way electricity flows on distribution systems, enhance value, maximize clean energy
opportunities, optimize grid operations, and provide secure communications. Building on existing
demonstration programs and reflecting the Administration’s commitment to the doubling of
Federal clean energy innovation over 5 years as part of its Mission Innovation initiative, DOE
should develop a focused, cost-shared program for qualifying utilities to demonstrate advanced
distribution system technologies at the community scale, including advanced voltage
control/optimization systems; dynamic protection schemes to manage reverse power flows,
communications, sensors, storage, switching and smart-inverter networks; and advanced
distribution management systems, including automated substations.

Demonstrations supported by the cost-shared, cooperative agreement program would be
specifically designed to inform standards and regulations and increase regulatory and utility
confidence in key technologies or technology systems. Under this program, utilities would have
to make a positive business case for projects and obtain regulatory approvals for their proposed
demonstrations. Preference would be given to multi-utility partnerships with diverse customer
profiles and to projects that promote education and training in key academic disciplines that are
essential for distribution system transformation. Cybersecurity plans for all projects would be
required and supported by programmatic review of plans and deployments.

Existing DOE programs, including advanced distribution management systems, microgrids,
communications and sensors, storage, and cybersecurity, should be leveraged to provide
technical assistance regarding technological issues, planning and performance evaluation, and
institutional needs. A percentage of funding could be dedicated to small, publicly-owned utilities.
The program should be of sufficient size to have a material impact; it should start in fiscal year
(FY) 2018 and be ramped up over the time period identified in the Mission Innovation initiative.

Build Capacity at the Federal, State, and Local Levels. The 21st-century electricity system is becoming 
increasingly transactive, and properly valuing attributes is key to an efficient system. Application of 
lessons learned that pair economic and system analysis will lead to a power system that cost-effectively 
serves customers while providing nationally valued public goods, e.g., reliability, resilience, and 
acceptable environmental performance. 

Advances in electricity technologies (i.e., smart grid processes and solutions) require enhanced 
capabilities in human resources to ensure the cost-effective selection, deployment, and operations of key 
technologies.  

 Provide funding assistance to enhance analytical capabilities in state Public Utility Commissions
and improve access to training and expertise for small and municipal utilities. Federal support
should be provided to states and small utilities to enable them to better manage the increasing
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complexities in the electricity system, such as integrating variable energy resources; incorporating 
energy efficiency, demand response (DR), and storage into planning; developing competencies in 
various technologies; and making investment and security decisions within uncertain parameters. 
These issues are highly technical and require a new knowledge base and skillset often within the 
domain of computer sciences, economics, and cybernetics. At the same time, these entities are 
dealing with the workforce issues of outside recruitment or retirement across the electricity 
industry, which are referenced in the QER. DOE should build and cultivate much-needed analytical 
capacity at the state level over a limited period of time by allocating funding to state public utility 
commissions to allow them to hire new or train existing analysts with more sophisticated and 
advanced skills and build institutional knowledge. Eligibility for state and local funding should be 
contingent upon demonstration of consideration for Integrated System Planning, which is 
outlined in this chapter. DOE should support these analysts through an online interactive 
education and training platform with access to nationally recognized experts. This platform would 
also be available and tailored to the needs of small utilities. On a national scale, these actions will 
serve to sustain system reliability and security and bolster resilience. 

 Create a Center for Advanced Electric Power System Economics.  DOE should provide two years
of seed funding for the formation of a center designed to provide social science advice and
economic analysis on an increasingly transactive and dynamic 21st-century electricity system. The
center should be modeled after the National Bureau of Economic Research and be managed by a
university consortium. The consortium will establish and maintain a network of experts in
economics, the social sciences, and the electricity system; these experts should be from academia,
industry, nonprofit institutions, and the National Laboratories. The center will develop new
methods where appropriate, serve as advisor and consultant to stakeholders preparing germane
analyses, and foster the advancement of students and professionals who are developing expertise
in these disciplines. The focus of the center will include power systems evaluation (e.g., valuation,
benefit-cost, and competition analysis).

Inform Electricity System Governance in a Rapidly Changing Environment.  The rapid rate of change in 
the electricity sector today often exceeds the ability of institutions and governance structures to respond 
in a manner sufficient to meet critical national goals and objectives. This is particularly true in the 
resolution of jurisdictional disputes over responsible price formation and valuation. Clarification and 
harmonization of roles and responsibilities for developing pricing can reduce market uncertainty, facilitate 
the achievement of policy goals, and reduce costs to ratepayers.  

 Establish a Federal Advisory Committee on Alignment of Responsibilities for Rates and Resource
Adequacy.  DOE, in collaboration with the National Association of Regulatory Utility
Commissioners, should convene a Federal advisory committee that reports to the Secretary or
the Secretary’s designee to examine potential jurisdictional concerns and issues associated with
harmonizing wholesale and retail rates and tariffs. This advisory committee will evaluate and
make recommendations (where appropriate) on the way in which the organized markets reflect
state policy; pricing mechanisms for maintaining resource adequacy; state and Federal roles in
pricing and operation of distributed energy resources (DERs), storage, and microgrids; the role of
aggregators; and mechanisms for implementing consumer protection across the various markets
and jurisdictions. The advisory committee will represent a broad cross-section of industry and
stakeholders. An annual report will be prepared by this advisory committee for the Secretary that
identifies the impact of governance issues and recommends solutions.

In the remainder of this Summary, we highlight a few recommendations from a much more extensive set 
in the full report. 
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Maximize Economic Value and Consumer Equity 

Tailor and Increase Tools and Resources for States and Utilities to Effectively Address Transitions 
Underway in the Electricity System.  States and electric utilities are responsible for making critical 
decisions regarding how to improve the reliability, affordability and sustainability of the electric grid, and 
officials from state agencies and utilities provided comments as part of the QER Stakeholder process on 
the federal role in informing these decisions. Technical assistance, improved regional consideration in 
program offerings, and new analysis for decision-making, will allow the federal government to respond to 
the needs of states and utilities in ensuring consumer value and equity in the electricity system of the 21st 
Century.  Recommendations include: 

 Improve energy management and demand response in buildings and industry

 Increase Federal support for state efforts to quantitatively value and incorporate energy
efficiency, demand response, distributed storage, and distributed generation into resource
planning.

Expand Federal and State Financial Assistance to Ensure Electricity Access for Low-income and Under-
served Americans.  Analysis indicates that electricity costs represent a disproportionate share of total 
income for low-income Americans. Increased funding for proven, state-administered programs and 
enhanced data and tools for targeting assistance can reduce this “electricity burden.” Ensuring that the 
costs of the rapid transition of the electricity system are not disproportionately borne by low-income 
Americans is a top priority; low-income Americans should also be able to share in the benefits from an 
electricity system transition. Recommendations include: 

 Encourage public-private partnerships to underwrite and support clean energy access for low and
moderate income households.

 Provide assistance to address rural, islanded, and tribal community electricity needs.

Increase Electricity Access and Improve Electricity-related Economic Development on Tribal Lands. The 
interdependencies of electricity access, health, economic wellbeing and quality of life underscore the 
importance of universal access to electricity. While recent data on electricity access on Tribal Lands is 
limited, there are still areas that lack adequate access to electricity despite the nation’s commitment to 
full electrification dating back to the Rural Electrification Act of 1936. More recent anecdotal evidence 
suggests that the problem broadly persists. It is a moral imperative that the Federal Government support 
Tribal leadership and utility authorities to provide basic electricity service for the tens of thousands of 
Native Americans who currently lack access to electricity and to foster the associated economic 
development on tribal lands. Federal agencies should also support renewable energy acceleration and 
economic development opportunities through renewable energy incentives, workforce development, 
financing program improvements, and improved consultation with Tribes.  Recommendations include: 

 Support the achievement of full tribal land electrification.

 Support advanced technology acceleration and economic development opportunities for tribal
lands.

Strengthen Rural Electricity and Broadband Infrastructure. The Federal government has historically 
supported the expansion of access to affordable electricity and communications service in rural America, 
with major initiatives continuing today mainly through the USDA. The lack of access to broadband in rural 
areas means that these consumers lack access to demand response technologies, such as smart meters, 
smart thermostats, and other technologies can reduce pollution, help consumers save electricity, improve 
overall grid resilience and reliability, and enhance economic development. Broadband expansion into 
these regions would significantly advance grid modernization goals, while providing significant 
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communications, connectivity, and educational benefits to numerous regions of the country. Supporting 
broadband access in sparsely-populated rural areas, many of which are low-income, is not, however, 
profitable for the private sector. Federal support would help enhance security, environmental and 
economic development goals.  Recommendations include: 

 Leverage utility broadband build-out to expand public broadband access in rural areas.

 Increase opportunities for small and rural utilities to utilize USDA’s electricity financing programs

Enable a Clean Electricity Future 

Transform the Electricity System through Leadership in National Clean Electricity Technology 
Innovation.  Private sector investment in clean energy technology faces many barriers, e.g. prices do not 
reflect the costs and benefits of clean energy, investments are made in a highly-regulated environment, 
and there are high capital costs and the long time horizons for R&D and capital stock turnover in 
comparison to many other sectors (e.g. IT).  Increased investments in electricity technology innovation is 
essential for transformation of the electricity system. Federal investments have a history of success and 
have been leveraged by the private sector to create significant economic value; case studies on nuclear 
energy, shale gas, and solar PV, among many other electricity-related technologies, demonstrate the 
instrumental role of federal investment in early-stage R&D. Recommendations include: 

 Significantly increase federal investment in clean electricity RD&D.

 Implement Regional Clean Energy Innovation Partnerships.

Address Challenges to Large-scale, Centralized Clean Generation.  Regardless of the energy source, there 
are a number of challenges to deploying large centralized power generation facilities. Lower electricity 
prices, largely related to low-cost natural gas, are reducing the economic viability of other clean 
generation resources, especially nuclear energy.  Nuclear power currently provides 60 percent of zero-
carbon generation in the United States.  Hydropower is one of the oldest and most established forms of 
electricity generation, contributing 6 percent of the electricity generated in the U.S. in 2015 and 19 
percent of zero-carbon generation.  Non-hydropower renewables – including wind, solar, geothermal, and 
biomass – accounted for about 7 percent of electricity generated in the U.S. in 2015. Each of these 
technologies face a range of siting constraints, licensing and permitting processes, or environmental 
concerns, which can be broad and extensive; this can make new, large-scale deployments difficult,  in 
some cases, taking a decade or more to build.  A combination of federal coordination, licensing support, 
analysis of financing opportunities, and RD&D can help address these barriers.  Recommendations 
include: 

 Increase funding for the life-extension R&D program to ensure maximum benefits from existing
nuclear generation.

 Increase support for advanced nuclear technology licensing at NRC.

 Develop environmental mitigation technologies for hydropower.

Address Significant Energy-water Nexus Issues Affecting – and Affected by – the Electricity Sector.  
Electricity systems and water systems are in many cases interconnected. Water is a critical requirement 
for many electricity generation technologies. Two-thirds of total U.S. electricity generation—including 
many coal, natural gas, nuclear, concentrated solar power (CSP), and geothermal plants—requires water 
for cooling. In addition, carbon capture, utilization, and storage (CCUS) technologies have significant water 
demands. Electricity is also required for water and wastewater conveyance, treatment, and distribution. 
From a full-system perspective, the joint reliance of electricity and water systems can create 
vulnerabilities (e.g., drought impacts on thermoelectric generation and hydropower), but it can also 
create opportunities for each system to benefit from well-designed integration. Such challenges and 
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opportunities can be addressed through improved policy integration, data collection, modeling, analysis, 
RDD&D, and engagement with stakeholders. Recommendations include: 

 Launch an electricity-related Energy-Water Nexus Policy Partnership with Federal, state and local
partners.

Provide Federal Incentives for a Range of Electricity-related Technologies and Systems.  A package of 
tax incentives targeted at specific market segments can support an all-of-the-above energy strategy by 
helping to reduce the costs of deploying and using innovative, commercially available energy 
technologies.  The economies of scale and “learning by doing” promoted by such deployments support 
continued technology cost reductions and greater market competition. Recommendations include: 

 Expand the timeframe and the total capacity allowed under the PTC for nuclear generation.

 Provide tax credits for Carbon Capture, Utilization and Storage.

 Increase power purchasing authorities for the Federal Government from 10 to 20 years.

Address a Range of Power Plant Siting Issues. The land use requirements for different types of power 
generation reflect significant differences between the various types of infrastructure and their operational 
requirements. Recommendations include: 

 Evaluate and develop generation siting best practices.

 Modernize electricity transmission permitting procedures.

Grid Operations and Planning for Electricity System Reliability, 
Security and Resilience 

Support Industry, State, Local, and Federal Efforts to Enhance Grid Security and Resilience.  Some types 
of extreme weather events are projected to increase in frequency and intensity due to climate change. 
Cyber threats to the electricity system are increasing in sophistication, magnitude, and frequency. Physical 
threats remain a concern for industry. These challenges could be mitigated through a combination of cost-
benefit analyses, standards, and collaboration across industry, state, local, and federal stakeholders.  The 
recommendations build upon and extend current initiatives, such as DOE’s Grid Modernization Initiative 
and Partnership for Energy Sector Climate Resilience. Recommendations include: 

 Develop uniform methods for cost-benefit analysis of security and resilience investments for the
electricity system.

 Provide incentives for energy storage.

 Support grants for small utilities facing cyber, physical, and climate threats.

 Support mutual assistance for recovering from disruptions caused by cyber threats.

 Support the timely development of standards for grid-connected devices.

 Require states to consider the value of DER, funding for public purpose programs, energy and
efficiency resource standards, and emerging risks in integrated resource or reliability planning
under PURPA.

Improve Data for Grid Security and Resilience.  As the nation increasingly relies on electricity to power 
the economy and support consumer options and choices, the consequences of electricity outages are 
rising. The U.S. currently lacks sufficient data on all-hazard events and losses. Such data would help utility 
regulators, planners, and communities analyze and prioritize security and resilience investments. 
Recommendations include: 
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 Enhance coordination between Energy Sector Information Sharing and Analysis Centers (ES-ISACs)
and the intelligence communities to synthesize threat analysis and disseminate it to industry in a
timely and useful manner.

Encourage Cost-effective Use of Advanced Technologies that Improve Transmission Operations.  
Permitting and planning are necessary, but complex processes that can slow transmission development 
and increase costs.  Other barriers restrain the use of new technologies that can increase transmission 
system capacity utilization and improve reliability and security, and other planning priorities. 
Recommendations include: 

 Promote deployment of advanced technologies for new and existing transmission.

Improve EIA's Electricity Data, Modeling, and Analysis Capabilities. EIA provides all levels of 
stakeholders--government, companies and customers--with data to inform the evaluation and 
development of policies that affect the electricity grid. More timely and publicly accessible data on how 
system operations are changing and how efficiency and renewable energy are specifically affecting them 
would facilitate the development of federal and state policies and investments needed to ensure the 
reliability, resilience, and security of the grid. Substantially improved electricity transmission data and 
related analyses by EIA would support significant improvements in the effectiveness of a broad range of 
government policies and programs, including market design and transmission planning. 
Recommendations include: 

 Expand economic modeling capability for electricity.

 Expand EIA data collection on energy end-use.

 Support EIA’s collection of additional data on electricity and water flow for water and
wastewater.

Electric Workforce of the 21st Century 
Support the Electricity Sector Workforce. The electricity sector is undergoing a number of significant 
shifts in structure, energy sources, and applications as the industry modernizes and evolves.  The full 
potential of these shifts will, however, only be realized if the electricity sector workforce appropriately 
adapts and grows to meet the needs of the 21st century electricity system.  The federal government has 
both an interest in development of this workforce. Recommendations include: 

 Support Cyber Physical Systems (CPS) curriculum, training, and education for grid modernization
and cybersecurity.

 Support Federal and regional approaches to electricity workforce development and transition
assistance.

Meet Federal Commitments to Communities Affected by the Transformation of the Electricity Sector. 
To achieve the transition to the electricity sector of the 21st century smoothly, quickly, and fairly, the 
Federal government should offer a synthesized package of incentives that address the needs of the most 
important stakeholders both within and outside of the electricity sector.  Many of these needs are 
addressed through other recommendations on this list, including incentives to reduce the cost of flexible 
and clean assets, encourage the deployment of new and improved technologies throughout the electricity 
supply chain, and train workers for 21st century electricity jobs.  Recognizing that the shift to the 21st 
century electricity system can impact communities dependent on 20th century resources, the following 
recommendations provide transition assistance for communities affected by the multi-decadal decline in 
coal production. Recommendations include: 

 Meet the Federal commitment to appropriate sufficient funding to accomplish the mission of the
Abandoned Mine Lands Fund.
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Enhance Electricity Integration in North America 
Increase North American Cooperation on Electric Grid and Clean Energy Issues:  Electric reliability 
cooperation is needed to strengthen the security and resilience of an increasingly integrated cross-border 
electricity grid.  A clear understanding of the regulatory requirements at the federal and state levels for 
the permitting of cross-border transmission facilities, sharing of best practices, and exploration of 
potential future cooperation on grid security issues, will limit uncertainties and improve policy 
coordination at the multilateral and international levels. Recommendations include: 

 Increase U.S. and Mexican cooperation on reliability.

 Advance North American grid security.

 Modernize international cross-border transmission permitting processes.

Conclusion 
The electricity sector has been, and will continue to be, an indispensable tool to enable the United States 
to meet its linked National goals. Thanks to technology innovation and more than a century of 
development, the electricity system is already an extraordinary national asset. It has supported significant 
progress towards economic prosperity, equity, environmental responsibility, and security and resilience. 
The QER identifies many approaches that can build on this success to advance – and accelerate – the 
electricity system’s role in meeting these goals. 
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I    Transforming the Nationôs 
Electricity System: The Second 
Installment of the QER 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ŎƻƴǘŜȄǘ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ Ǉƭŀȅǎ ƛƴ ǘƘŜ bŀǘƛƻƴΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ŘƛƎƛǘƛȊŀǘƛƻƴ ƘŀǾŜ ŎǊŜŀǘŜŘ ǘƻ ŜƴƘŀƴŎŜ ŜŎƻƴƻƳƛŎ 
ǾŀƭǳŜΣ ǘƘŜ ƛƳǇŜǊŀǘƛǾŜ ǘƻ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ǘƻ ƳƛǘƛƎŀǘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƴŜǿ ƳŀƴŀƎŜƳŜƴǘ 
ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ǘƘŀǘ ƘŀǾŜ ŀǊƛǎŜƴ ŘǳŜ ǘƻ ǊŜŎŜƴǘ ǘǊŜƴŘǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŘŜƳŀƴŘΣ 
ŀƴŘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ƎǊƛŘ ŘŜǇŜƴŘŜƴŎȅΦ ¢ƘƻǳƎƘ ǘƘŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ŎƻƳǇƭŜȄΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ǿƛƭƭ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ƳŀƴŀƎƛƴƎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ 
ŀƴŘ ǘŀƪƛƴƎ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ƎǊƛŘ ǇǊŜǎŜƴǘǎΦ  
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Conceptual Framework for Electricity Sector Policy Considerations 
Thomas Edisonôs observation that electricity had the potential to ñreorganize the life of the worldò was 
prescient. Electricity is now foundational to modern life and has enabled enormous value creation over the 
last 130 yearsðfrom Edisonôs Pearl Street Station, to Insullôs grid, to the electrification of rural America, to 
the build-out of the Nationôs grid after World War II, to todayôs vast and complex interconnected power grid.1  

9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǘƘŜ bŀǘƛƻƴΩǎ ŎƻƴǎǳƳŜǊǎΣ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎΣ ǎƻŎƛŀƭ ŦŀōǊƛŎΣ ŀƴŘ 
ƴŀǘƛƻƴŀƭ ŘŜŦŜƴǎŜΦ ¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛǎΣ ƘƻǿŜǾŜǊΣ ŎƻƴŦǊƻƴǘƛƴƎ ŀ ŎƻƳǇƭŜȄ ǎŜǘ ƻŦ ŎƘŀƴƎŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ŀƎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΤ ŀ ŎƘŀƴƎƛƴƎ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄΤ ƎǊƻǿƛƴƎ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΤ ƭƻǿ 
ŀƴŘ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ƴŜƎŀǘƛǾŜ ƭƻŀŘ ƎǊƻǿǘƘΤ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΤ ƛƴŎǊŜŀǎŜŘ ǇƘȅǎƛŎŀƭ ŀƴŘ ŎȅōŜǊǎŜŎǳǊƛǘȅ ǊƛǎƪǎΤ ŀƴŘ 
ƛƴ ǎƻƳŜ ǊŜƎƛƻƴǎ ǿƛŘŜǎǇǊŜŀŘ ŀŘƻǇǘƛƻƴ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ό59wύΦ Iƻǿ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ŀǊŜ 
ƳŀƴŀƎŜŘ ƛǎ ŎǊƛǘƛŎŀƭ ŀƴŘ ŎƻǳƭŘ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΩǎ ǎǘǊǳŎǘǳǊŜΣ ƻǇŜǊŀǘƛƻƴǎΣ 
ŎǳǎǘƻƳŜǊ ōŀǎŜΣ ŀƴŘ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŦǊŀƳŜǿƻǊƪΦ The electricity system is the enabler for accomplishing three
key national goals: improving the economy, protecting the environment, and increasing national security. 
As a critical and essential national asset, it is a strategic imperative to protect and enhance the value of 
the electricity system through modernization and transformation.  

¢Ƙƛǎ ŎƘŀǇǘŜǊ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ŎƻƴǘŜȄǘ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ Ǉƭŀȅǎ ƛƴ ǘƘŜ bŀǘƛƻƴΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ŘƛƎƛǘƛȊŀǘƛƻƴ ƘŀǾŜ ŎǊŜŀǘŜŘ ǘƻ ŜƴƘŀƴŎŜ ŜŎƻƴƻƳƛŎ 
ǾŀƭǳŜΣ ǘƘŜ ƛƳǇŜǊŀǘƛǾŜ ǘƻ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ǘƻ ƳƛǘƛƎŀǘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƴŜǿ ƳŀƴŀƎŜƳŜƴǘ 
ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ǘƘŀǘ ƘŀǾŜ ŀǊƛǎŜƴ ŘǳŜ ǘƻ ǊŜŎŜƴǘ ǘǊŜƴŘǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŘŜƳŀƴŘΣ 
ŀƴŘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ƎǊƛŘ ŘŜǇŜƴŘŜƴŎȅΦ ¢ƘƻǳƎƘ ǘƘŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ŎƻƳǇƭŜȄΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ǿƛƭƭ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ƳŀƴŀƎƛƴƎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ 
ŀƴŘ ǘŀƪƛƴƎ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ƎǊƛŘ ǇǊŜǎŜƴǘǎΦ  

The U.S. Electricity System: Operating and Economic Statistics 
In the United States, there are around 7,700 operating power plants2 that generate electricity from a variety 
of primary energy sources; 707,000 miles of high-voltage transmission lines;3 more than 1 million rooftop 
solar installations;4 55,800 substations;5 6.5 million miles of local distribution lines;6 and 3,354 distribution 
utilities7 delivering electricity to 147 million customers.a, 8 The total amount of money paid by end users for 
electricity in 2015 was about $400 billion.9 This drives an $18.6 trillion U.S. gross domestic product and 
significantly influences global economic activity totaling roughly $80 trillion.10  

Electricity from Generation to End Use: 
Quadrennial Energy Review 1.2 

¢ƘŜ ǎŜŎƻƴŘ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ όv9w мΦнύ ŀƴŀƭȅȊŜǎ ǘǊŜƴŘǎ ŀƴŘ ƛǎǎǳŜǎ 
ŎƻƴŦǊƻƴǘƛƴƎ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΣ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ŜƴǘƛǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ŎƘŀƛƴ ŦǊƻƳ ƎŜƴŜǊŀǘƛƻƴ 
ǘƻ ŜƴŘ ǳǎŜΦ Lǘ ōǳƛƭŘǎ ƻƴ ŀƴŀƭȅǎƛǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛƴ ǘƘŜ ŦƛǊǎǘ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ 
wŜǾƛŜǿ όv9w мΦмύΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ŀǎ ǇŀǊǘ ƻŦ ŀ ōǊƻŀŘŜǊ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ǘǊŀƴǎƳƛǎǎƛƻƴΣ 
ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΦ  

v9w мΦм ƛŘŜƴǘƛŦƛŜŘ ƪŜȅ ǘǊŜƴŘǎ ǘƘŀǘ ǎǳƎƎŜǎǘŜŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ƎǊŜŀǘŜǊ ŀƴŀƭȅǎƛǎ ǘƻ ƛƴŦƻǊƳ ŀ ǎŜǘ ƻŦ 
ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ ǎŜǘ ŀ ǇŀǘƘǿŀȅ ŦƻǊ ƳƻŘŜǊƴƛȊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ŎŀǇŀōƭŜ ƻŦ ƳŜŜǘƛƴƎ ǘƘŜ 

ŀ ! άŎǳǎǘƻƳŜǊέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŀƴ Ŝƴǘƛǘȅ ǘƘŀǘ ƛǎ ŎƻƴǎǳƳƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ ƻƴŜ ŜƭŜŎǘǊƛŎ ƳŜǘŜǊΦ ¢ƘǳǎΣ ŀ ŎǳǎǘƻƳŜǊ Ƴŀȅ ōŜ ŀ ƭŀǊƎŜ 
ŦŀŎǘƻǊȅΣ ŀ ŎƻƳƳŜǊŎƛŀƭ ŜǎǘŀōƭƛǎƘƳŜƴǘΣ ƻǊ ŀ ǊŜǎƛŘŜƴŎŜΦ ! ǊƻǳƎƘ ǊǳƭŜ ƻŦ ǘƘǳƳō ƛǎ ǘƘŀǘ ŜŀŎƘ ǊŜǎƛŘŜƴǘƛŀƭ ŜƭŜŎǘǊƛŎ ƳŜǘŜǊ ǎŜǊǾŜǎ  
нΦр ǇŜƻǇƭŜΦ hŦ ǘƘŜ bŀǘƛƻƴΩǎ мпт Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎΣ мо Ƴƛƭƭƛƻƴ ƴƻǿ ǇǳǊŎƘŀǎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ƴƻƴπǳǘƛƭƛǘȅ ǊŜǘŀƛƭ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΣ 
ŎƻƳǇǊƛǎƛƴƎ нл ǇŜǊŎŜƴǘ ƻŦ ŀƭƭ ¦Φ{Φ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎ ǎŀƭŜǎ όƳŜƎŀǿŀǘǘπƘƻǳǊǎύ ŀƴŘ ŘŜƭƛǾŜǊŜŘ Ƴƻǎǘƭȅ ōȅ ƛƴǾŜǎǘƻǊπƻǿƴŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ 
ǳǘƛƭƛǘƛŜǎΣ ƛƴ ǘƘŜ мф ǎǘŀǘŜǎ ŀƴŘ 5ƛǎǘǊƛŎǘ ƻŦ /ƻƭǳƳōƛŀ ǘƘŀǘ ŀƭƭƻǿ ǊŜǘŀƛƭ ŎƻƳǇŜǘƛǘƛƻƴΦ 
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bŀǘƛƻƴΩǎ ƴŜŜŘǎ ƛƴ ŀ нмǎǘ ŎŜƴǘǳǊȅ ŜŎƻƴƻƳȅΦ ¢ǊŜƴŘǎ ŦƻǊ v9w мΦн ƛƴŎƭǳŘŜ ǘƘŜ ŎƘŀƴƎƛƴƎ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄΤ ƭƻǿ 
ƭƻŀŘ ƎǊƻǿǘƘΤ ƛƴŎǊŜŀǎƛƴƎ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ǘƻ ǎŜǾŜǊŜ ǿŜŀǘƘŜǊκŎƭƛƳŀǘŜ ŎƘŀƴƎŜΤ ǘƘŜ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ƳŀǊƪŜǘ ŜƴǘǊŀƴǘǎΤ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊ ŎƘƻƛŎŜΤ ŜƳŜǊƎƛƴƎ ŎȅōŜǊκǇƘȅǎƛŎŀƭ 
ǘƘǊŜŀǘǎΤ ŀƎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǿƻǊƪŦƻǊŎŜΤ ŀƴŘ ǘƘŜ ƎǊƻǿƛƴƎ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎŜ ƻŦ ǊŜƎǳƭŀǘƻǊȅ ƧǳǊƛǎŘƛŎǘƛƻƴǎΦ 
wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻŎǳǎ ƻƴ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ όwϧ5ύΣ ǎǘƻǊŀƎŜΣ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƭŀƴƴƛƴƎΣ {ǘŀǘŜ 
ŦƛƴŀƴŎƛŀƭ ŀǎǎƛǎǘŀƴŎŜΣ Ǿŀƭǳŀǘƛƻƴ ƻŦ ƴŜǿ ǎŜǊǾƛŎŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀƴŘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 
!ŘŘŜŘ ǘƻ ǘƘƛǎ ƳƛȄ ƛǎ ǘƘŜ ƎǊƻǿƛƴƎ ŀƴŘ ƴŜŀǊπŎƻƳǇƭŜǘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ƻƴ 
ŜƭŜŎǘǊƛŎƛǘȅΣ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊ ŎƘƻƛŎŜ ƻǇǘƛƻƴǎ ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ƴŜǿ ƘƛƎƘπǾŀƭǳŜ 
ƛƴŦƻǊƳŀǘƛƻƴκŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƛƴŘǳǎǘǊƛŜǎ ŀƴŘ ōǳǎƛƴŜǎǎŜǎΦ  

¦ƴŘŜǊƭȅƛƴƎ ǘƘƛǎ ƛǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜǾŜǊπƎǊŜŀǘŜǊ ǎȅǎǘŜƳ ǎŜŎǳǊƛǘȅΣ ŘǊƛǾŜƴ ōȅ ƎǊƻǿƛƴƎ ŎȅōŜǊ ŀƴŘ ǇƘȅǎƛŎŀƭ ǘƘǊŜŀǘǎΣ 
ŜȄǇŀƴŘƛƴƎ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘƴŜǎǎΣ ŀƴŘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ōŜŎŀǳǎŜ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 
¢Ƙƛǎ ŜǾƻƭǳǘƛƻƴ ƛǎ ŀƴŘ ǿƛƭƭ ōŜ άōǳƳǇȅέτǘƘŜ ŎƻǎǘǎκōŜƴŜŦƛǘǎ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƴŜŜŘŜŘ ǘƻ 
ŀŎŎƻƳƳƻŘŀǘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƎǊƛŘ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ŀǊŜ ŎƘŀƭƭŜƴƎƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ƛƴŘǳǎǘǊȅ ŀƴŘ ǊŜƎǳƭŀǘƻǊǎ ŀƭƛƪŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǎŎŀƭŜΣ ǎŎƻǇŜΣ ŀƴŘ ƻǇŜǊŀǘƛƴƎ ŎƘŀƴƎŜǎ ǊŜǉǳƛǊŜŘ ŀǎ ǘƘŜ ƎǊƛŘ ƎŜǘǎ 
ǎƳŀǊǘŜǊΣ ǿƛǘƘ ǘƘŜ {ǳǇǊŜƳŜ /ƻǳǊǘ ƴƻǿ ƛƴ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǊŜǎƻƭǾƛƴƎ ƪŜȅ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƛǎǎǳŜǎΦ  

National Goals for a 21st Century Electricity Sector 

²ƘƛƭŜ ǊŜǎǇŜŎǘƛƴƎ {ǘŀǘŜΣ ǊŜƎƛƻƴŀƭΣ ŀƴŘ ǘǊƛōŀƭ ǇǊŜǊƻƎŀǘƛǾŜǎΣ v9w мΦн ǎǳǇǇƻǊǘǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻƴǎƛǎǘŜƴǘ 
CŜŘŜǊŀƭ ǎǘǊŀǘŜƎȅ ǘƻ ǎǳǇǇƻǊǘ ŀ нмǎǘ ŎŜƴǘǳǊȅ ŜƴŜǊƎȅ ǎȅǎǘŜƳΦ 

v9w мΦн ǿƛƭƭ ŀƴŀƭȅȊŜ ǘƘŜǎŜ ƛǎǎǳŜǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘǊŜŜ ƻǾŜǊŀǊŎƘƛƴƎ ƴŀǘƛƻƴŀƭ Ǝƻŀƭǎ ǘƻ όмύ ŜƴƘŀƴŎŜ 
ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΣ όнύ ǇǊƻƳƻǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ŀƴŘ όоύ ǇǊƻǾƛŘŜ ŦƻǊ ǘƘŜ bŀǘƛƻƴΩǎ 
ǎŜŎǳǊƛǘȅΦ ¢ƘŜ ƻǾŜǊŀƭƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀƴŘ ƛǘǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ мπмΦ {ŜŎǳǊƛǘȅΣ 
ŜŎƻƴƻƳȅΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŀǊŜ ŀƭƭ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŀƴŘ ŎǊƻǎǎŎǳǘǘƛƴƎΦ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ Ƴǳǎǘ ŀŘŘǊŜǎǎ ŀƭƭ ǘƘǊŜŜ ƴŀǘƛƻƴŀƭ ƎƻŀƭǎΦ  
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Figure 1-1. Goals, Objectives, and Organization of QER 1.2 

 
The organization of QER 1.2 reflects the comprehensive set of interactions and overlapping goals and 
objectives for enabling the electricity system of the 21st century. 

!ƴŀƭȅǎŜǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ƘƛƎƘπƭŜǾŜƭ ƴŀǘƛƻƴŀƭ Ǝƻŀƭǎ ŀǎ ƎǳƛŘŜǇƻǎǘǎΥ όмύ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅΣ όнύ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ŀƴŘ όоύ ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ  /ŜƴǘǊŀƭ ǘƻ ǘƘŜ v9w мΦн ƛǎ ŀ ǎŜǘ ƻŦ ǘƘǊŜŜ 
ŀƴŀƭȅǘƛŎŀƭƭȅ ŘŜǊƛǾŜŘ ƻōƧŜŎǘƛǾŜǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ŜƴŀōƭƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƻŦ 
ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ǘƘǊƻǳƎƘ ǘƘŜǎŜ ƘƛƎƘπƭŜǾŜƭ ƎƻŀƭǎΦ ¢ƘŜǎŜ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ όмύ ŜƴǎǳǊƛƴƎ ǎŜŎǳǊƛǘȅΣ ǎȅǎǘŜƳ 
ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅΤ όнύ ŜƴŀōƭƛƴƎ ŀ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ŦǳǘǳǊŜΤ ŀƴŘ όоύ ƛƴŎǊŜŀǎƛƴƎ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ŀƴŘ 
ŜƴǎǳǊƛƴƎ ŎƻƴǎǳƳŜǊ ŜǉǳƛǘȅΦ  v9w мΦн ŀƭǎƻ ǇǊƻǾƛŘŜǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎȅǎǘŜƳ ŀƴŘ ŎƻǾŜǊǎ ǘƘŜ ƘƛǎǘƻǊȅ ŀƴŘ ƪŜȅ ǘǊŜƴŘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ όмύ ƎŜƴŜǊŀǘƛƻƴΣ 
όнύ ǘǊŀƴǎƳƛǎǎƛƻƴΣ όоύ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ όпύ ŜƴŘ ǳǎŜΦ 

Economic Competitiveness and the Electricity System 

! ƪŜȅ ŘǊƛǾŜǊ ŦƻǊ ¦Φ{Φ ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƭƛǾŜǊȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ƛǎ 
ŀŦŦƻǊŘŀōƭŜΣ ŀŎŎŜǎǎƛōƭŜΣ ŀƴŘ ǊŜƭƛŀōƭŜΦ ¢ƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘǎ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǇǊƻŘǳŎǘƛƻƴ 
ǇǊƻŎŜǎǎŜǎΣ ŜƴŀōƭƛƴƎ ǘƘŜ ŜŦŦƛŎƛŜƴǘκŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅ ǿƛǘƘƻǳǘ ŘƛǎǊǳǇǘƛƻƴΦ ²ƛǘƘ 
ǎƻƳŜ ƻŦ ǘƘŜ ƭƻǿŜǎǘ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ǿƻǊƭŘΣмм ǘƘŜ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǎǳǇǇƻǊǘǎ 
ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ¦Φ{Φ ƎƻƻŘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ƛƴ ōƻǘƘ ŘƻƳŜǎǘƛŎ ŀƴŘ Ǝƭƻōŀƭ ƳŀǊƪŜǘǎΦ 9ƴŜǊƎȅ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ǎƘƻǳƭŘ ŜƴŀōƭŜ ƴŜǿ ŀǊŎƘƛǘŜŎǘǳǊŜǎ ǘƻ ǎǘƛƳǳƭŀǘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ƴŜǿ ŜŎƻƴƻƳƛŎ 
ǘǊŀƴǎŀŎǘƛƻƴǎΣ ŀƴŘ ƴŜǿ ŎƻƴǎǳƳŜǊ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳτǘƘǊƻǳƎƘ ǘƘŜ 
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ƎǊƻǿǘƘ ƻŦ ŎƭŜŀƴΣ ǎƳŀǊǘΣ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ǎȅǎǘŜƳǎ ŀƴŘ ǎŜǊǾƛŎŜǎτǿƛƭƭ ŎǊŜŀǘŜ ŘŜƳŀƴŘ ŦƻǊ ŀƴ ŜƴƘŀƴŎŜŘ ǿƻǊƪŦƻǊŎŜ 
ǘƻ ŜƴŀōƭŜ ǘƘƛǎ ǘǊŀƴǎƛǘƛƻƴΦ  

Environmental Responsibility and the Electricity System 

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǎƘƻǳƭŘ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƳŀƴŀƎŜŘ ƛƴ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ǊŜǎǇƻƴǎƛōƭŜ ƳŀƴƴŜǊ ōȅΣ 
ƛƴ ǇŀǊǘΣ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŎŜƴǘǊŀƭ ŎƘŀƭƭŜƴƎŜ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƳƛǘƛƎŀǘƛƴƎ ƛǘǎ ƛƳǇŀŎǘǎΦ ¢ƘŜ ƴŀǘƛƻƴŀƭ 
ƻōƧŜŎǘƛǾŜ ƻŦ άŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴέ ōȅ ƳƛŘπŎŜƴǘǳǊȅ ǿƛƭƭ ŎƘŀƭƭŜƴƎŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛƴ Ƴŀƴȅ ǿŀȅǎΦ 
!ŎƘƛŜǾƛƴƎ ǘƘƛǎ ƪŜȅ ƻōƧŜŎǘƛǾŜ ǿƛƭƭ ƛƳǇǊƻǾŜ ǘƘŜ ƘŜŀƭǘƘ ƻŦ !ƳŜǊƛŎŀƴǎ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΣ 
ōƻǘƘ ƻŦ ǿƘƛŎƘ ŀǊŜ ǇƻǎƛǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƳŀǘǘŜǊǎ ƻŦ ŜŎƻƴƻƳƛŎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅΦ 
!ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǇƻƭƛŎȅƳŀƪŜǊǎΣ ƛƴǾŜǎǘƻǊǎΣ ŀƴŘ ƛƴŘǳǎǘǊȅ Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ŀƴŘ ŀŘŘǊŜǎǎ ǘƘŜ ƭƻƴƎǎǘŀƴŘƛƴƎ 
ƴŜŜŘǎ ƻŦ ǘƘŜ ǾǳƭƴŜǊŀōƭŜ ǎŜƎƳŜƴǘǎ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŀŘŘǊŜǎǎ ǘƘŜǎŜ ƛǎǎǳŜǎ ŀǎ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ǘǊŀƴǎŦƻǊƳŜŘΦ  

hǘƘŜǊ ŎǊƛǘƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎ ƛƴŎƭǳŘŜ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴΤ ŦǳǊǘƘŜǊ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ǇƻƭƭǳǘŀƴǘǎΤ ŀŘŜǉǳŀǘŜƭȅ ŀƴŀƭȅȊƛƴƎΣ ŀŘŘǊŜǎǎƛƴƎΣ ŀƴŘ ƳŀƴŀƎƛƴƎ ǘƘŜ ŜƴŜǊƎȅπǿŀǘŜǊ ƴŜȄǳǎΤ ǊŜŘǳŎƛƴƎ ƭŀƴŘπǳǎŜ 
ŀƴŘ ƻǘƘŜǊ ƛƳǇŀŎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΤ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƭƛŦŜŎȅŎƭŜ 
ƳŀƴŀƎŜƳŜƴǘΦ  

National Security and the Electricity System 

9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǎǳǇǇƻǊǘƛƴƎ ŀƴŘ ǎǳǎǘŀƛƴƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ƻǳǘǇǳǘΣ ƎƻǾŜǊƴƳŜƴǘΣ ŜƳŜǊƎŜƴŎȅ ǎŜǊǾƛŎŜǎΣ 
ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ ƭƛŦŜƭƛƴŜ ƴŜǘǿƻǊƪǎΣ ŀƴŘ ǘƘŜ ¦Φ{Φ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ŀǇǇŀǊŀǘǳǎΦ [ƛŦŜƭƛƴŜ ƴŜǘǿƻǊƪǎ ƛƴŎƭǳŘŜ 
ǇƘȅǎƛŎŀƭ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŀƴŘ ŀƭƳƻǎǘ 
ŜǾŜǊȅ ƻǘƘŜǊ ŜƭŜƳŜƴǘ ƻŦ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ŀŎǘƛǾƛǘȅΦ 9ǾŜƴ ǘƘƻǳƎƘ ƛǘ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ǘƘŜ ŜŎƻƴƻƳȅΣ ƭƛŦŜƭƛƴŜ 
ƴŜǘǿƻǊƪǎΣ ŜƳŜǊƎŜƴŎƛŜǎΣ ŀƴŘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ŀǇǇŀǊŀǘǳǎΣ ŜƭŜŎǘǊƛŎƛǘȅτǳƴƭƛƪŜ ƻƛƭτŎŀƴƴƻǘ ōŜ ǎǘƻǊŜŘ ŀǘ 
ǎŎŀƭŜΦ ¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǎƘƻǳƭŘ ōŜ ŀ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŀƴŘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŀǘƛƻƴŀƭ 
ǎŜŎǳǊƛǘȅ ŘƻŎǘǊƛƴŜΣ ǇƻƭƛŎƛŜǎΣ ŀƴŘ ǇƭŀƴǎΦ ! Ŏƻƴǘƛƴǳƻǳǎ ŜŦŦƻǊǘ ǘƻ Ƴŀƛƴǘŀƛƴ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭƛŜǎ ƛƴ ǘƘŜ 
ŦŀŎŜ ƻŦ ŀ ƎǊƻǿƛƴƎ ƴǳƳōŜǊ ƻŦ ǇƻǘŜƴǘƛŀƭ ǘƘǊŜŀǘǎ όŎȅōŜǊΣ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǇǳƭǎŜΣ ǘŜǊǊƻǊƛǎǘ ŀǘǘŀŎƪǎΣ ŀƴŘ ƴŀǘǳǊŀƭ 
ŘƛǎŀǎǘŜǊǎύ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ƴŀǘƛƻƴŀƭ ŘŜŦŜƴǎŜΣ Ŏƻƴǘƛƴǳƛǘȅ ƻŦ ƎƻǾŜǊƴƳŜƴǘΣ ŜŎƻƴƻƳƛŎ ǇǊƻǎǇŜǊƛǘȅΣ ŀƴŘ ǉǳŀƭƛǘȅ 
ƻŦ ƭƛŦŜ ƴŀǘƛƻƴǿƛŘŜΦ  

Turning National Goals into Actionable Priorities for 
Electricity System Transformation: Integrated Objectives for 
QER 1.2 

¢ƘŜ ŀƴŀƭȅǎƛǎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ǘƘŜ v9w мΦн ƛŘŜƴǘƛŦƛŜŘ ǘƘǊŜŜ ƳŀƧƻǊ integrated objectives ǘƘŀǘ ŀŘŘǊŜǎǎ ǘƘŜ ƴŜŜŘǎ 
ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ŜƴŀōƭŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƻŦ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅΦ ¢ƘŜǎŜ ƻōƧŜŎǘƛǾŜǎτŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ 
ƛƴ ǎŜǾŜǊŀƭ v9w мΦн ŎƘŀǇǘŜǊǎΦ 

Maximize Economic Value and Consumer Equity 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿπŎƻǎǘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ŀ ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳ 
όǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴύΦ tƻǿŜǊ ƛǎ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ōƻǘƘ ŎŜƴǘǊŀƭ ŀƴŘ ƻƴǎƛǘŜ ǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ 
ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ ŀƴŘ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴǎΦ ¢ƘŜ ǎǳƳ ƻŦ ǘƘŜǎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ƛǎ ŀ ǇƭŀǘŦƻǊƳ 
ƻƴ ǿƘƛŎƘ ŀ ǾƛōǊŀƴǘ Ǝƭƻōŀƭƭȅ ŎƻƳǇŜǘƛǘƛǾŜ ŜŎƻƴƻƳȅ ǘƘǊƛǾŜǎΦ  

!ƭǘƘƻǳƎƘ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŀƴ ŜƴŜǊƎȅ ŎŀǊǊƛŜǊ ŀƴŘ ƴƻǘ ŀ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǎƻǳǊŎŜΣ ŜƭŜŎǘǊƛŎƛǘȅ ŜȄƘƛōƛǘǎ ǘƘŜ 
ƛƴǘŜǊŎƘŀƴƎŜŀōƭŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŀ ŎƻƳƳƻŘƛǘȅτŀ ƪƛƭƻǿŀǘǘπƘƻǳǊ ƎŜƴŜǊŀǘŜŘ ōȅ ŀƴȅ ǊŜǎƻǳǊŎŜ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ 
ǳǎŜŘ ōȅ ŀƴȅ ǘȅǇŜ ƻŦ ŎǳǎǘƻƳŜǊΦ 9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ǳƴƛǉǳŜ ŀǎ ŀ ŎƻƳƳƻŘƛǘȅΣ ƘƻǿŜǾŜǊΣ ōŜŎŀǳǎŜ ƛǘ ǊŜǉǳƛǊŜǎ ǊŜŀƭπ
ǘƛƳŜ ōŀƭŀƴŎƛƴƎ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ όƭƻŎŀǘƛƻƴπǎǇŜŎƛŦƛŎ ǇǳƳǇŜŘ ƘȅŘǊƻ ƛǎ ŀƴ 
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ŜȄŎŜǇǘƛƻƴύΦ ¢Ƙƛǎ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ƛƳƳŜŘƛŀǘŜ ƳŀǘŎƘƛƴƎ ƻŦ ŘŜƳŀƴŘ ŀƴŘ ǎǳǇǇƭȅ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǇǊƛŎŜǎ ǘƘŀǘ ǾŀǊȅ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦǊƻƳ ƳƛƴǳǘŜ ǘƻ ƳƛƴǳǘŜ ƻǊ ǎŜŀǎƻƴ ǘƻ ǎŜŀǎƻƴΦ  

.ŜŎŀǳǎŜ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳτƛƴŎƭǳŘƛƴƎ wϧ5 ƛƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŜƳƛǎǎƛƻƴǎ ƳƛǘƛƎŀǘƛƻƴΣ 
ŀƴŘ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅτŀǊŜ ǇǳōƭƛŎ ƎƻƻŘǎ ŀƴŘ ǿƛƭƭ ōŜ ǳƴŘŜǊǇǊƻǾƛŘŜŘ ōȅ ǇǊƛǾŀǘŜ ƛƴŘǳǎǘǊȅΣ ǘƘŜ ¦Φ{Φ ƎƻǾŜǊƴƳŜƴǘ 
Ƙŀǎ ǇƭŀȅŜŘ ŀ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŀ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ŜŎƻƴƻƳȅ ŀƴŘ ƳŀƪƛƴƎ ǎǳǊŜ ǘƘŀǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎǳǇǇƭȅ Ƙŀǎ ŎƻƴǘƛƴǳŜŘ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜΣ ŀŦŦƻǊŘŀōƭŜΣ ŀƴŘ ǊŜƭƛŀōƭŜ ǘƻ ¦Φ{Φ ƛƴŘǳǎǘǊȅ ŀƴŘ ŎƛǘƛȊŜƴǎΦ  

IƛǎǘƻǊƛŎŀƭƭȅΣ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎǘ όD5tύ ƘŀǾŜ ǘŜƴŘŜŘ ǘƻ ƳƻǾŜ ƛƴ ǘŀƴŘŜƳτ
ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ Ƙŀǎ ǘŜƴŘŜŘ ǘƻ ǊƛǎŜ ŘǳǊƛƴƎ ŜŎƻƴƻƳƛŎ ŜȄǇŀƴǎƛƻƴǎ ŀƴŘ Ŧŀƭƭ ŘǳǊƛƴƎ ǊŜŎŜǎǎƛƻƴǎ 
όōŜǘǿŜŜƴ мфрл ŀƴŘ нлмоΣ ǘƘŜǊŜ ǿŀǎ ŀ сс ǇŜǊŎŜƴǘ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ D5t ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜύΦмн hǾŜǊ ǘƘŜ 
ƭŀǎǘ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎΣ ƘƻǿŜǾŜǊΣ ƎǊƻǿǘƘ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ Ƙŀǎ ōŜŜƴ ƭƻǿŜǊ ǘƘŀƴ ƎǊƻǿǘƘ ƛƴ D5tΦ ¢Ƙƛǎ ƛǎ ŘǳŜ ƛƴ 
ǇŀǊǘ ǘƻ ŀ ǊŜǎǘǊǳŎǘǳǊƛƴƎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅΤ ŀƭǎƻΣ ŀŎǊƻǎǎ ŀƭƭ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ Ƙŀǎ ōŜŜƴ 
ǊŜƳŀǊƪŀōƭȅ ǎǳŎŎŜǎǎŦǳƭ ƻǾŜǊ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎ ƛƴ ƘŜƭǇƛƴƎ ŎƻƴǘǊƻƭ Ŏƻǎǘǎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ 
ǇǊƻŘǳŎǘƛǾƛǘȅΦ  

Enable a Clean Electricity Future 

aǳŎƘ ƻŦ ǘƘŜ ¦Φ{Φ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ǿŀǎ ōǳƛƭǘ ƻǳǘ ōŜŦƻǊŜ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƘŀŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƳǇƭŜƳŜƴǘ ƻŦ 
ƳƻŘŜǊƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƭŀǿǎΣ ŀƴŘ ǿƛǘƘƻǳǘ ǘƘŜ ǊŀƴƎŜ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŀƴŘ 
ŘŜǇƭƻȅŜŘ ǘƻ ǊŜŘǳŎŜ ŀƛǊ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƻǘƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ 
ŀƴŘ ǳǎŜΦ  

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǘƻŘŀȅ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ¦Φ{Φ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΣ ǇŀǊǘƛŎǳƭŀǘŜ 
ƳŀǘǘŜǊΣ ŀƴŘ ŀŎƛŘ ǇǊŜŎƛǇƛǘŀǘƛƻƴΤ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ǳǎŜǊǎ ƻŦ ŦǊŜǎƘ ǿŀǘŜǊΤ ŀ ƳŀƧƻǊ ŎŀǳǎŜ ƻŦ ƭŀƴŘ ŀƴŘ 
ŜŎƻǎȅǎǘŜƳǎ ƛƳǇŀŎǘΤ ŀƴŘ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ǎƻǳǊŎŜ ƻŦ ǊŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜΦ !ŘŘǊŜǎǎƛƴƎ ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŎƻƴŎŜǊƴǎ Ƴŀȅ ǊŜǉǳƛǊŜ ŀ ǊŀƴƎŜ ƻŦ ƴŜǿ ǇƻƭƛŎƛŜǎΣ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴΣ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ 
ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΦ !ǎ ƴƻǘŜŘΣ ǘƘŜ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ŘŜŜǇƭȅ ƭƛƴƪŜŘ 
ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅΤ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇƻƭƛŎƛŜǎ Ƴǳǎǘ ōŜ ŎŀǊŜŦǳƭƭȅ ŀƴŘ ǇǳǊǇƻǎŜŦǳƭƭȅ ōŀƭŀƴŎŜŘ ǿƛǘƘ ƻǘƘŜǊ 
ƻōƧŜŎǘƛǾŜǎΦ Lƴ ŀŘŘǊŜǎǎƛƴƎ ŀǎǎƻŎƛŀǘŜŘ ƛǎǎǳŜǎΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǎƘƻǳƭŘ ōǳƛƭŘ ƻƴ Ǉŀǎǘ ǎǳŎŎŜǎǎŜǎ ƛƴ ǊŜŘǳŎƛƴƎ 
ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ ŀ Ƴǳǘǳŀƭƭȅ ǊŜƛƴŦƻǊŎƛƴƎ 
ŎȅŎƭŜ ƻŦ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƴŘ ǇƻƭƛŎƛŜǎΦ  

9ǉǳƛǘȅ ƛǎ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƻƴŎŜǊƴ ǿƘŜƴ ŀŘŘǊŜǎǎƛƴƎ Ǉƻƭƭǳǘƛƻƴ ŦǊƻƳ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ 
ŘƛǎǘǊƛōǳǘƛƻƴΦ tƻǿŜǊ Ǉƭŀƴǘǎ ŀƴŘ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎƛǘȅπǊŜƭŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǊŜ ƻŦǘŜƴ ƭƻŎŀǘŜŘ ƛƴ ƻǊ ƴŜŀǊ ƭƻǿπ
ƛƴŎƻƳŜ ŀƴŘ ƳƛƴƻǊƛǘȅ ŎƻƳƳǳƴƛǘƛŜǎΣ ŎǊŜŀǘƛƴƎ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜǎŜ ǇƻǇǳƭŀǘƛƻƴǎΦ !ƭǎƻΣ ŎƭƛƳŀǘŜ 
ŎƘŀƴƎŜ ƛƳǇŀŎǘǎτǎǳŎƘ ŀǎ ƘŜŀǘ ǿŀǾŜǎΣ ŘŜƎǊŀŘŜŘ ŀƛǊΣ ŀƴŘ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊτǿƛƭƭ ŀŘŘ ŀŘŘƛǘƛƻƴŀƭ ǎǘǊŜǎǎƻǊǎ 
ǘƘŀǘ ǿƛƭƭ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ ŀŦŦŜŎǘ ƭƻǿπƛƴŎƻƳŜ ŎƻƳƳǳƴƛǘƛŜǎΦ  

Ensure Electricity Reliability, Security, and System Resilience 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŦŀŎŜǎ ŎƻƳǇƭƛŎŀǘŜŘ ŀƴŘ ŜǾƻƭǾƛƴƎ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ŀŦŦŜŎǘ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅΣ ǎŜŎǳǊƛǘȅΣ ŀƴŘ 
ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ hǇŜǊŀǘƻǊǎ ƻŦ ǘƘŜ ƎǊƛŘ Ƴǳǎǘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƳŜŜǘ ŜȄƛǎǘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ 
ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǎȅǎǘŜƳ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀŘŘǊŜǎǎ ŀ ǊŀǇƛŘƭȅ ŜǾƻƭǾƛƴƎ ǎȅǎǘŜƳΦ ¢ƘŜǎŜ ŎƘŀƴƎŜǎ ǎǘǊŜǎǎ 
ǘƘŜ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ ƛƴǎǘƛǘǳǘƛƻƴǎ ŎǊŜŀǘŜŘ ǘƻ ǎǳǇǇƻǊǘ ŀ ƭŜƎŀŎȅ ǇŀǊŀŘƛƎƳ ŜǎǘŀōƭƛǎƘŜŘ ƻǾŜǊ ǘƘŜ ƭŀǎǘ млл ȅŜŀǊǎ 
ƻǊ ƳƻǊŜΦ ¢ƘŜ ǘƘǊŜŀǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ŀƭǎƻ ŎƘŀƴƎƛƴƎτŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ Ƴǳǎǘ ƳŀƪŜ ǘƘŜ ŎŀǎŜ ŦƻǊ ƛƴǾŜǎǘƳŜƴǘǎ 
ǘƘŀǘ ƳƛǘƛƎŀǘŜ ŎŀǘŀǎǘǊƻǇƘƛŎΣ ƘƛƎƘπƛƳǇŀŎǘΣ ƭƻǿπǇǊƻōŀōƛƭƛǘȅ ŜǾŜƴǘǎΦмо !ƭǎƻΣ ƴƻǘ ŀƭƭ ƘŀȊŀǊŘǎ Ŏŀƴ ōŜ ǇǊŜǾŜƴǘŜŘΤ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ŀǊŜ ƴŜŜŘŜŘ ƛƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎ ōȅ ǿƘƛŎƘ ǘƘŜ ƎǊƛŘ Ŏŀƴ Ŧŀƛƭ ŜƭŜƎŀƴǘƭȅΣ ǊŜŎƻǾŜǊ 
ǉǳƛŎƪƭȅΣ ŀƴŘ ōŜŎƻƳŜ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ƻǾŜǊ ǘƛƳŜΦ 

Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ Ǿƛǘŀƭ ǘƻ ǘƘŜ bŀǘƛƻƴΩǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘΣ ŘƛƎƛǘŀƭƭȅ ŘŜǇŜƴŘŜƴǘ 
ŜŎƻƴƻƳȅ ŀƴŘ ǎƻŎƛŜǘȅΦ ²ƛǘƘƻǳǘ ŀŎŎŜǎǎ ǘƻ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ŀƴŘ ŀƭƭ ŜƭŜŎǘǊƛŎƛǘȅπ
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ŜƴŀōƭŜŘ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀǊŜ Ǉǳǘ ŀǘ ǊƛǎƪΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ŀƴŘ ƘƻƳŜƭŀƴŘ ŘŜŦŜƴǎŜ 
ƴŜǘǿƻǊƪǎ ǘƘŀǘ ŘŜǇŜƴŘ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƘŜƭǇ ŜƴǎǳǊŜ ǘƘŜ ǎŀŦŜǘȅ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅ ƻŦ ǘƘŜ !ƳŜǊƛŎŀƴ ǇŜƻǇƭŜΦ 

Addressing Climate Change Is an Environmental, Economic, and 
National Security Imperative  
The accumulated evidence of decades of climate science clearly shows that humans are impacting the 
climate system in new and damaging ways, primarily through the emissions of greenhouse gases (GHGs). 
Since the widespread adoption of fossil fuels during the Industrial Revolution, human activities have been 
emitting carbon dioxide (CO2) faster than the Earth has been removing and storing it. The 17 warmest years 
on record have occurred in the last 18 years,14 with 2015 being the warmest year on record and 2016 will 
likely set yet another record.15, 16  

Humans experience the climate system not as global, annual averages, but through the climate effects on 
local weather. Localized impacts can make dry places dryer; wet places wetter; and areas exposed to 
tropical storms more at risk for high winds, heavy rain, and flooding. What were once rare extreme heat 
events are already becoming commonplace. Sea-level rise and coastal erosion, coupled with more powerful 
storms, have destroyed infrastructure and damaged tourism along the East Coast of the United States. 
Flooding of inland rivers has damaged Midwestern and Northeastern cities. Also, the Arctic, which has been 
warming at more than twice the rate of lower latitudes,17 is experiencing infrastructure damage from thawing 
permafrost; shrinking sea ice (with impacts on coastal erosion and subsistence hunting); and a longer, more 
destructive wildfire season. 

The electricity supply system is a major contributor to U.S. GHG emissions and creates other stresses on 
the environment as well. Minimizing impacts on the climate, air, water, land, ecosystems, and worker and 
public safety must be priorities for the electric system, including power plant construction, operation, and 
decommissioning, as well as transmission and distribution of the electricity, no matter its source. These 
topics are covered in Chapter III, Building a Clean Electricity Future. 

The long residence time of CO2 in the atmosphere establishes an urgent need to act to mitigate the impacts 
of climate change; even if all CO2 emissions stopped immediately, the global mean surface temperature 
would continue to rise and the associated impacts would be felt around the globe for decades to come. In 
the electric sector, increasing temperatures can increase demand for cooling and warmer water supplies 
can challenge water-cooled electric generation facilities. Resilience and adaptation are the means by which 
the United States can reduce these harms, and the electric sector will need to become more resilient and 
adapt to a changing climate. A discussion of adaptation and resilience are further discussed in Chapter IV,  
Ensuring Electricity System Reliability, Security, and Resilience. 
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Figure 1-2. Critical Infrastructure Interdependencies21 

 
Key critical infrastructure interdependencies represent the core underlying framework that supports the 
American economy and society. The financial services sector (not pictured) is also a critical infrastructure 
with interdependencies across other major sectors supporting the U.S. economy.  
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tƭŀƴέ ƴƻǘŜŘ ǘƘŀǘΣ άaƻǎǘ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ƪŜȅ ǎŜǊǾƛŎŜǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ǘƘǊƻǳƎƘ ƻǊ ŎƻƴŘǳŎǘŜŘ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ 
ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅ ǇƭŀǘŦƻǊƳǎΣ ƳŀƪƛƴƎ ŎȅōŜǊǎŜŎǳǊƛǘȅ ŜǎǇŜŎƛŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘƘŜ ǎŜŎǘƻǊΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ǘƘŜ ǎŜŎǘƻǊ ŦŀŎŜǎ ƻƴƎƻƛƴƎ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 
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ǿƘŜǊŜ ƴŀǘǳǊŀƭ Ǝŀǎ ǿŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ǇǊƛƳŀǊȅ ŦǳŜƭ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ ¢ƘŜ 
ƛƴŎǊŜŀǎŜŘ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŎƻƳǇƭƛŎŀǘƛƻƴǎ ŀƴŘ 
ŘƛǎǊǳǇǘƛƻƴǎΣ ŀƴŘ ƛǘ ƘŀǎΣ ƛƴ ŦŀŎǘΣ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ŦǳǘǳǊŜǎ ƳŀǊƪŜǘ ƳŜǘǊƛŎ ŎŀƭƭŜŘ ǘƘŜ άǎǇŀǊƪ ǎǇǊŜŀŘέ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ 
ƳŀǊƪŜǘǎ ŀōƻǳǘ ǘƘŜ ƎŀǎκŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ǊŜƭŀǘƛƻƴǎƘƛǇΦ ¢ƘŜ Ǝŀǎ ǎŜŎǘƻǊ ŀƭǎƻ ǊŜƭƛŜǎ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǎŜƎƳŜƴǘǎ 
ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ŎƘŀƛƴΣ ƛƴŎƭǳŘƛƴƎ ǳǎŜ ŦƻǊ ŦƛŜƭŘπƎŀǘƘŜǊƛƴƎ ǇǳƳǇǎΣ ǎŜƭŜŎǘŜŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƛǇŜƭƛƴŜǎΣ ŀƴŘ Ǝŀǎπ
ǇǊƻŎŜǎǎƛƴƎ ǎǘŀǘƛƻƴǎΦ  

¢ƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ƻŦ ƪŜȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ǊƻƭŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀǊŜ ƛƭƭǳǎǘǊŀǘŜŘ ōȅ ǊŜŎŜƴǘ 
ǿŜŀǘƘŜǊ ŜƳŜǊƎŜƴŎƛŜǎΦ 9ȄǘǊŜƳŜƭȅ ŎƻƭŘ ǿŜŀǘƘŜǊ ƛƴ bŜǿ aŜȄƛŎƻ ƛƴ нлмм ǊŜǎǳƭǘŜŘ ƛƴ ōƻǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ 
ŜƭŜŎǘǊƛŎƛǘȅ ƻǳǘŀƎŜǎΤ ƭƻǎǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜŘ Ǝŀǎ ǇǊƻŘǳŎǘƛƻƴ ŀǎ ŦƛŜƭŘπƎŀǘƘŜǊƛƴƎ ǇǳƳǇǎ ƭƻǎǘ 
ǇƻǿŜǊΦнп !ƴƻǘƘŜǊ ŜȄŀƳǇƭŜ ƛǎ ŀŦǘŜǊ {ǳǇŜǊǎǘƻǊƳ {ŀƴŘȅ ƛƴ нлмн ǿƘŜƴ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ ǇǳōƭƛŎ ŜȄǇŜǊƛŜƴŎŜŘ 
ƳŀǎǎƛǾŜ ǇƻǿŜǊ ƻǳǘŀƎŜǎ ƛƴ ǘƘŜ bƻǊǘƘŜŀǎǘΦ wŜŎƻǾŜǊȅ ŎǊŜǿǎ ǿŜǊŜ ƘŀƳǇŜǊŜŘ ōȅ ǎƛƳǳƭǘŀƴŜƻǳǎ ŦŀƛƭǳǊŜǎ ƻŦ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎȅǎǘŜƳǎ ǘƘŀǘ ŀǊŜ ŀƭƳƻǎǘ ŜƴǘƛǊŜƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ όōŀŎƪπǳǇ ǎȅǎǘŜƳǎ ƎŜƴŜǊŀƭƭȅ 
ǇǊƻǾƛŘŜ тнςфс ƘƻǳǊǎ ƻŦ ǇƻǿŜǊύΦ  

 Electricity-Connected Systems and Digitization 
Create Significant Economic Value 

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǎǳǇǇƻǊǘǎ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ŀƭƭ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅΦ !ǘ ǘƘŜ ǎŀƳŜ 
ǘƛƳŜΣ ŀƭƳƻǎǘ ŜǾŜǊȅ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊ ƴƻǿ ǊŜƭƛŜǎΣ ƛƴ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎΣ ƻƴ ƘƛƎƘƭȅ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘΣ ŘŀǘŀπŘǊƛǾŜƴΣ 
ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅπŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳǎ ǘƻ ƳŀƴŀƎŜ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ǇǊƻǾƛŘŜ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ ŜǾƻƭǾƛƴƎ electricity-
information nexus ǎǳǇǇƻǊǘǎ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ŀƴŘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŜǾŜƴ ƎǊŜŀǘŜǊ 
ǾŀƭǳŜ ŎǊŜŀǘƛƻƴΦ Lǘ ǎǳǇǇƻǊǘǎ ƴŜǿ ƛƴŦƻǊƳŀǘƛƻƴπŘǊƛǾŜƴ ŜƴǘŜǊǇǊƛǎŜǎΣ ƘŜƭǇǎ ƭƻǿŜǊ ƛƴƛǘƛŀƭ ŀƴŘ ƻƴƎƻƛƴƎ ŎƻǎǘǎΣ 
ƛƳǇǊƻǾŜǎ ŎƻƴǘǊƻƭ ƻŦ ǊƛǎƪǎΣ ǎŀǾŜǎ ǘƛƳŜ ŀƴŘ ŜŦŦƻǊǘΣ ŜƴƘŀƴŎŜǎ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ŀƴŘ Ŏŀƴ ŎǊŜŀǘŜ ƴŜǿ ƳŀǊƪŜǘ 
ŎŀǘŜƎƻǊƛŜǎΦ ¢ƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƴƻǿ ŀƴŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜτŘŜǎŎǊƛōŜŘ ƛƴ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅ 
ŀǎ ǘƘŜ άŎŜƴǘǊŀƭ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳ ƻŦ ŀ ŘŀǘŀπŘǊƛǾŜƴ ŜŎƻƴƻƳȅέτŎŀƴƴƻǘ ōŜ Ŧǳƭƭȅ ŀǇǇǊŜŎƛŀǘŜŘ ǿƛǘƘƻǳǘ ŀ 
ŘƛǎŎǳǎǎƛƻƴ ŀōƻǳǘ Ƙƻǿ ŘƛƎƛǘƛȊŀǘƛƻƴ Ƙŀǎ ŜƴŀōƭŜŘ ǘƘŜ LƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎ όLƻ¢ύΦнр   

 Value of the Electricity-Dependent “Internet of Things” 

¢ƘŜ Lƻ¢ ƛǎ ŘŜŦƛƴŜŘ ŀǎ “ǎŜƴǎƻǊǎ ŀƴŘ ŀŎǘǳŀǘƻǊǎ ŜƳōŜŘŘŜŘ ƛƴ ǇƘȅǎƛŎŀƭ ƻōƧŜŎǘǎτŦǊƻƳ ǊƻŀŘǿŀȅǎ ǘƻ 
ǇŀŎŜƳŀƪŜǊǎτώǘƘŀǘϐ ŀǊŜ ƭƛƴƪŜŘ ǘƘǊƻǳƎƘ ǿƛǊŜŘ ŀƴŘ ǿƛǊŜƭŜǎǎ ƴŜǘǿƻǊƪǎΣ ƻŦǘŜƴ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ LƴǘŜǊƴŜǘ 
tǊƻǘƻŎƻƭ όLtύ ǘƘŀǘ ŎƻƴƴŜŎǘǎ ǘƘŜ LƴǘŜǊƴŜǘΦέнс ¢ƘŜ ǊŀǇƛŘ ƎǊƻǿǘƘ ƻŦ ǘƘŜ Lƻ¢ ƛǎ ōƻǘƘ ŀ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ŀƴŘ ƪŜȅ 
ŜƴŀōƭŜǊ ƻŦ ǘƘƛǎ ƳŀƧƻǊ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅΦ 9ƭŜŎǘǊƛŎƛǘȅ ǇǊƻǾƛŘŜǎ ŦƻǳƴŘŀǘƛƻƴŀƭ ǎǳǇǇƻǊǘ ǘƻ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎƭȅ 
ƛƴŦƻǊƳŀǘƛƻƴπƛƴǘŜƴǎŜ ¦Φ{Φ ŜŎƻƴƻƳȅΦ  

5ƛƎƛǘƛȊŀǘƛƻƴ ŀƴŘ L/¢ ƘŀǾŜ ŜƴŀōƭŜŘ ǾƛǊǘǳŀƭƭȅ ƛƴǎǘŀƴǘŀƴŜƻǳǎ Ǝƭƻōŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴΦ ¢ƘŜǎŜ ƴŜǘǿƻǊƪǎ ŀƴŘ ǘƘŜƛǊ 
ŀǎǎƻŎƛŀǘŜŘ ŘŜǾƛŎŜǎ ŀǊŜ ƭŀǊƎŜ ŀƴŘ ƎǊƻǿƛƴƎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ŀ CŜŘŜǊŀƭ ¢ǊŀŘŜ /ƻƳƳƛǎǎƛƻƴ ǊŜǇƻǊǘ ƛǎǎǳŜŘ ƛƴ 
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WŀƴǳŀǊȅ нлмрΣ ά{ƛȄ ȅŜŀǊǎ ŀƎƻΣ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ΨǘƘƛƴƎǎΩ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ώƎƭƻōŀƭϐ LƴǘŜǊƴŜǘ 
ǎǳǊǇŀǎǎŜŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜΧ9ȄǇŜǊǘǎ ŜǎǘƛƳŀǘŜ ǘƘŀǘΣ ŀǎ ƻŦ ǘƘƛǎ ȅŜŀǊΣ ǘƘŜǊŜ ǿƛƭƭ ōŜ нр ōƛƭƭƛƻƴ ŎƻƴƴŜŎǘŜŘ 
ŘŜǾƛŎŜǎΣ ŀƴŘ ōȅ нлнлΣ рл ōƛƭƭƛƻƴΦέнт ¢ƘŜ ƳŀƴƛŦŜǎǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ƎǊƻǿƛƴƎ ŘƛƎƛǘƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅ ƛǎ 
ǎǘǳƴƴƛƴƎΥ уф ǇŜǊŎŜƴǘ ƻŦ !ƳŜǊƛŎŀƴǎ ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ƘƛƎƘπǎǇŜŜŘ ōǊƻŀŘōŀƴŘ ǎŜǊǾƛŎŜǎ ƻŦ нр ƳŜƎŀōƛǘǎ ǇŜǊ 
ǎŜŎƻƴŘ ŦƻǊ ŘƻǿƴƭƻŀŘǎ ŀƴŘ о ƳŜƎŀōƛǘǎ ǇŜǊ ǎŜŎƻƴŘ ŦƻǊ ǳǇƭƻŀŘǎΤну то ǇŜǊŎŜƴǘ ƻŦ !ƳŜǊƛŎŀƴ ƘƻǳǎŜƘƻƭŘǎ ǳǎŜ 
ŀ ŎƻƳǇǳǘŜǊ ǿƛǘƘ ƘƛƎƘπǎǇŜŜŘ LƴǘŜǊƴŜǘ ŀǘ ƘƻƳŜΤнф фр ǇŜǊŎŜƴǘ ƻŦ ŎƻƭƭŜƎŜ ŜŘǳŎŀǘŜŘ ŀŘǳƭǘǎ ǳǎŜ ǘƘŜ LƴǘŜǊƴŜǘΤ 
ут ǇŜǊŎŜƴǘ ƻŦ ǘŀȄ ǊŜǘǳǊƴǎ ŀǊŜ ŜπŦƛƭŜŘΤол ŀƴŘ сп ǇŜǊŎŜƴǘ ƻŦ ŀŘǳƭǘǎ ǳǎŜ ǎƳŀǊǘǇƘƻƴŜǎΦом   

bƻǘ ǎǳǊǇǊƛǎƛƴƎƭȅΣ ŘŀǘŀπΣ ƛƴŦƻǊƳŀǘƛƻƴπΣ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎπŎŜƴǘǊƛŎ ƛƴŘǳǎǘǊƛŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜƛǊ ǾŀƭǳŜ ǘƻ 
ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅ ǘƘǊƻǳƎƘ ŘƛƎƛǘƛȊŀǘƛƻƴΦ LƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻƳǇǊƛǎŜŘ ǊƻǳƎƘƭȅ 
р ǇŜǊŎŜƴǘ ƻŦ D5tΣ ōŀǎŜŘ ƻƴ нлмп ƳŜǘǊƛŎǎΣон ŀƴŘ ǘŜŎƘƴƻƭƻƎȅπŘǊƛǾŜƴ ǇǊƛŎŜ ŘŜŎƭƛƴŜǎ ŀǊŜ ƳŀƪƛƴƎ L/¢ ŜǾŜƴ 
ƳƻǊŜ ŀǘǘǊŀŎǘƛǾŜ ŦƻǊ ōǳǎƛƴŜǎǎŜǎΦ Lǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘǊŜŜ ŀǊŜŀǎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ŀƭƻƴŜτƻƴƭƛƴŜ ǘŀƭŜƴǘ 
ǇƭŀǘŦƻǊƳǎΣ ōƛƎπŘŀǘŀ ŀƴŀƭȅǘƛŎǎΣ ŀƴŘ ǘƘŜ Lƻ¢τŎƻǳƭŘ ƛƴŎǊŜŀǎŜ D5t ōȅ ŀǎ ƳǳŎƘ ŀǎ ϷнΦн ǘǊƛƭƭƛƻƴ ƛƴ нлнрΦоо  

¢ƘŜ Lƻ¢ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ōȅ ŎǊƛǘƛŎŀƭ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅΦ ¢ƘŜ ƘŜŀƭǘƘŎŀǊŜ ƛƴŘǳǎǘǊȅΣ ŦƻǊ ŜȄŀƳǇƭŜΣ 
ƛǎ ǊŜǾƻƭǳǘƛƻƴƛȊƛƴƎ ŎŀǊŜ ƻǇŜǊŀǘƛƻƴǎ ǘƘǊƻǳƎƘ ŘƛƎƛǘŀƭ ǊŜŎƻǊŘǎΣ ƛƳǇǊƻǾƛƴƎ ǇŀǘƛŜƴǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ŎŀǊŜ ōȅ ǎƘŀǊƛƴƎ 
ǇŀǘƛŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ōŜǘǿŜŜƴ ƘƻǎǇƛǘŀƭǎΦ ¢ƘŜ ŀǳǘƻƳƻǘƛǾŜ ƛƴŘǳǎǘǊȅ ƛǎ ǇƛƻƴŜŜǊƛƴƎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ǘŜŎƘƴƻƭƻƎȅ 
ŦƻǊ ǳǎŜ ƛƴ ƘŜŀǾȅ ŜǉǳƛǇƳŜƴǘΣ ƭƻƴƎπƘŀǳƭ ŀǳȄƛƭƛŀǊȅ ǇƻǿŜǊ ǳƴƛǘǎ ŀƴŘ ǘǊǳŎƪ ǎǘƻǇǎΣ ƭƻŎŀƭƛȊŜŘ ǎŜǊǾƛŎŜ ŦƭŜŜǘǎΣ ŀƴŘ 
ǇŜǊǎƻƴŀƭ ǾŜƘƛŎƭŜǎΦ /ƛǘƛŜǎ ŀǊŜ ƛƴǘŜƎǊŀǘƛƴƎ ΨǎƳŀǊǘŜǊΩτƛƴƘŜǊŜƴǘƭȅ ƳƻǊŜ ŜƭŜŎǘǊƛŎƛǘȅπƛƴǘŜƴǎƛǾŜτŎŀǊǎ ǘƻ ƛƳǇǊƻǾŜ 
ǇŀǎǎŜƴƎŜǊ ǎŀŦŜǘȅΦ ¦Ǌōŀƴ ŀǊŜŀǎ ǿƛǘƘ ƎǊŜŀǘŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ Lƻ¢ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ L/¢ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ 
Ǌǳƴ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘƭȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƭȅΦ ! ǎǘǳŘȅ ōȅ ¢ŜȄŀǎ !ϧa ¦ƴƛǾŜǊǎƛǘȅ ŦƻǳƴŘ ǘƘŀǘ ǘǊŀŦŦƛŎ ǇǊƻōƭŜƳǎ ŀƴŘ 
ŎƻƴƎŜǎǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƭƻƴŜ Ŏƻǎǘǎ ƳƻǊŜ ǘƘŀƴ Ϸмнл ōƛƭƭƛƻƴ ŀƴƴǳŀƭƭȅоп ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ 
ŀŘŘƛǘƛƻƴŀƭ ŜŦŦŜŎǘǎ ŦǊƻƳ ƛƴŎǊŜŀǎŜŘ ǇƻƭƭǳǘƛƻƴΣ ŘŜŎǊŜŀǎŜŘ ǿƻǊƪ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ƻǊ ŘŜƭŀȅŜŘ ŘŜƭƛǾŜǊȅ ŜŦŦŜŎǘǎΦ ¢ƘŜ 
ŀōƛƭƛǘȅ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ǾŀǊƛƻǳǎ ǳǊōŀƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ όŜΦƎΦΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳύ ǘƘŀǘ Ŏŀƴ ŀǇǇƭȅ Řŀǘŀ ƛƴǘŜƭƭƛƎŜƴǘƭȅ ǿƻǳƭŘ ƘŜƭǇ ƛƳǇǊƻǾŜ ƻǇŜǊŀǘƛƻƴŀƭ ŜŦŦƛŎƛŜƴŎȅΣ ƛƴŎǊŜŀǎŜ 
ǎŀŦŜǘȅΣ ƭƻǿŜǊ ŎƻǎǘǎΣ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎȅǎǘŜƳ ǎǘŀōƛƭƛǘȅΦ  

¢ƘŜ Lƻ¢ ƴƻǘ ƻƴƭȅ ŀŦŦŜŎǘǎ ƛƴŦƻǊƳŀǘƛƻƴ Ŧƭƻǿǎ ƻƴ ƭŀǊƎŜ ǎȅǎǘŜƳǎΣ ƛǘ ƛǎ ŀƭǎƻ ŀŦŦŜŎǘƛƴƎ Ƙƻǿ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜǊǎ 
ƛƴǘŜǊŀŎǘ ŀƴŘ ŎƻƴǘǊƻƭ ǘƘŜƛǊ ƘƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎΦ !ŘǾŀƴŎŜŘ ǘƘŜǊƳƻǎǘŀǘ ŘŜǾƛŎŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀǳǘƻƳŀǘŜ 
ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭΣ ǿƘƛƭŜ ƭŜŀǊƴƛƴƎ ǎƻŦǘǿŀǊŜ ŜƳōŜŘŘŜŘ ƛƴ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƛƴǘŜƎǊŀǘŜǎ ǇǊŜǇǊƻƎǊŀƳƳŜŘ 
ǎŜǘǘƛƴƎǎ ōȅ ǘƘŜ ǳǎŜǊ ǿƛǘƘ ȊƛǇ ŎƻŘŜ ƭƻŎŀǘƛƻƴ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǊŜŀƭπǘƛƳŜ ǿŜŀǘƘŜǊτǘǿƻ ƛƴǇǳǘǎ ǘƘŀǘ ǘƘŜ ŘŜǾƛŎŜǎ 
ǳǎŜ ǘƻ ǎŜƭŦπŀŘƧǳǎǘΦ ¢Ƙƛǎ ŀƴŘ ƻǘƘŜǊ ƘƻƳŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ŎƘƻǊŜ ŀǳǘƻƳŀǘƛƻƴ ŀƴŘ ǊŜƳƻǘŜƭȅ ŎƻƴǘǊƻƭƭŜŘ 
ǎŜŎǳǊƛǘȅ ǎȅǎǘŜƳǎΣ ŀǊŜ ŀƭƭ ǇŀǊǘ ƻŦ ŀ ƴŜǿ ŜǊŀ ƛƴ ǿƘƛŎƘ ǘƘŜ Lƻ¢ ƛǎ ǳǘƛƭƛȊŜŘ ǘƻ ǇǊƻǾƛŘŜ ƎǊŜŀǘŜǊ ŎƻƳŦƻǊǘΣ ŜŦŦƛŎƛŜƴŎȅΣ 
ǎŜŎǳǊƛǘȅΣ ŦƭŜȄƛōƛƭƛǘȅΣ ŀƴŘ ǎŀǾƛƴƎǎΦ wŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ƻŦ ƘƻƳŜ ŀǳǘƻƳŀǘƛƻƴ 
ŀƴŘ ōŜǘǘŜǊ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ Lƻ¢ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻǳƭŘ ōŜ ŀǎ ƘƛƎƘ ŀǎ Ϸорл ōƛƭƭƛƻƴ ŦƻǊ ǘƘŜ ¦Φ{Φ ƳŀǊƪŜǘ ŀƭƻƴŜΦор   

!ƭƭ ǎŜŎǘƻǊǎ ǘƘŀǘ ǊŜƭȅ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƻƴƭƛƴŜ ŀŎǘƛǾƛǘȅτƛƴŎƭǳŘƛƴƎ ŜƳŀƛƭΣ ǎƻŎƛŀƭ ƳŜŘƛŀΣ ŀƴŘ LƴǘŜǊƴŜǘπ
ŎƻƴƴŜŎǘŜŘ ōǳǎƛƴŜǎǎτŀǊŜ ǎǳǇǇƻǊǘŜŘ ōȅ Řŀǘŀ ŎŜƴǘŜǊǎΦос ¢ƘŜǎŜ Řŀǘŀ ŎŜƴǘŜǊǎ ƘŀǾŜ ōŜŜƴ ŎŀƭƭŜŘ άǘƘŜ ōŀŎƪōƻƴŜ 
ƻŦ ǘƻŘŀȅΩǎ ŘƛƎƛǘŀƭ ŜŎƻƴƻƳȅΣέ ǇƻǿŜǊƛƴƎ ōǳǎƛƴŜǎǎŜǎΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ŀƴŘ ƻƴƭƛƴŜ ŎƻƴǎǳƳŜǊ ǎŜǊǾƛŎŜǎ ŀƴŘ 
ƘŜƭǇƛƴƎ ǘƻ ƳŀƪŜ ǎƻŎƛŜǘȅ ƳƻǊŜ ǇǊƻŘǳŎǘƛǾŜ ŀƴŘ ŜŦŦƛŎƛŜƴǘΦ ¢ƘŜǎŜ ŎŜƴǘŜǊǎ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ ŀŎǊƻǎǎ ǘƘŜ ŎƻǳƴǘǊȅΣ 
ƘƻǳǎŜ ǊƻǳƎƘƭȅ мп Ƴƛƭƭƛƻƴ ŎƻƳǇǳǘŜǊ ǎŜǊǾŜǊǎΣ ŀƴŘ ǇǊƻǾƛŘŜ ōƻǘƘ ŘƻƳŜǎǘƛŎ ŀƴŘ Ǝƭƻōŀƭ ǎŜǊǾƛŎŜǎΦ 5ŀǘŀ ŎŜƴǘŜǊǎ 
ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ ŦŀǎǘŜǎǘπƎǊƻǿƛƴƎ ǎƻǳǊŎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ aƻǊŜ ǘƘŀƴ о Ƴƛƭƭƛƻƴ Řŀǘŀ ŎŜƴǘŜǊǎ ƛƴ ǘƘŜ 
¦ƴƛǘŜŘ {ǘŀǘŜǎ όƻŦ ŀƭƭ ǎƛȊŜǎύ ƴƻǿ ǳǎŜ ǊƻǳƎƘƭȅ тл ōƛƭƭƛƻƴ ƪƛƭƻǿŀǘǘπƘƻǳǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴƴǳŀƭƭȅΦот ¢Ƙƛǎ ƛǎ ŀōƻǳǘ 
мΦу ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƴŀǘƛƻƴŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴΣоу ǿƘƛŎƘ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ нр ƭŀǊƎŜ 
όрлл ƳŜƎŀǿŀǘǘύ ŎƻŀƭπŦƛǊŜŘ ǇƻǿŜǊ ǇƭŀƴǘǎΦоф ¢ŀōƭŜ мπм ƛƴŎƭǳŘŜǎ Řŀǘŀ ŦƻǊ ƭŀǊƎŜ Řŀǘŀ ŎŜƴǘŜǊǎ όҔнл ǘƘƻǳǎŀƴŘ 
ǎǉǳŀǊŜ ŦŜŜǘύΣ ǿƘƛŎƘ ŎǳǊǊŜƴǘƭȅ ŀŎŎƻǳƴǘ ŦƻǊ ŀōƻǳǘ ƘŀƭŦ ƻŦ ǘƻǘŀƭ Řŀǘŀ ŎŜƴǘŜǊ ŜƴŜǊƎȅ ǳǎŜΦ 
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Table 1-1. National Data Centers Are Electricity Dependent40 

Large Data Centers  
(>20K square feet) 

 Nationwide 

Number 9,500 
Size ~320 million square feet 
Server count 8 million 
Power load 4 gigawatts 
Storage  160 million terabytes 
Energy consumption 37 billion kilowatt-hours 
Back-up power description 
(Tier III+ only) 

 ñRedundant and maintainableò 
 Fully redundant power path to all equipment (2N substation to server)  
 Dual utility power feed 
 Vendor-owned substation 
 10s of back-up gensets (diesel, natural gas) 
 Generally designed for 72-hour outage 

Commercial data centers are an important economic segment that supports much of the internet, business 
activity, and e-commerce activity.  These data centers also require available and reliable electricity service 
and invest significant money in on-site generation and back-up systems to ensure power availability. 
 
!ƭƭ ǘƘŜ ǾŀƭǳŜ ŦǊƻƳ ŘŀǘŀπŘǊƛǾŜƴΣ ŘƛƎƛǘƛȊŜŘ ŜƴǘŜǊǇǊƛǎŜǎ ƛǎ ŜƴŀōƭŜŘ ōȅ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘΣ ōȅ ŎǳǊǊŜƴǘ ǎǘŀƴŘŀǊŘǎΣ ƛǎ 
ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜΦ bŀǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŜǊŀƎŜ ŎǳǎǘƻƳŜǊ ŜȄǇŜǊƛŜƴŎŜǎ ŀ ƭƛǘǘƭŜ ƻǾŜǊ о ƘƻǳǊǎ ƻŦ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ 
ǳƴŀǾŀƛƭŀōƛƭƛǘȅ ǇŜǊ ȅŜŀǊΦпм ō .ǳǘ ŜǾŜƴ ŀ ǎƘƻǊǘ ŘƛǎǊǳǇǘƛƻƴ ƛƴ ǇƻǿŜǊ Ŏŀƴ ŎŀǳǎŜ ǎŜǊƛƻǳǎ ƛƳǇŀŎǘǎ ƻƴ Řŀƛƭȅ ƭƛŦŜ ŀƴŘ 
ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƴƻƳƛŎ ƭƻǎǎŜǎ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴπŘŜǇŜƴŘŜƴǘ ōǳǎƛƴŜǎǎŜǎΦ CƛƎǳǊŜ мπо ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ƭŀǊƎŜ 
ǎǳǊǾŜȅ ƻŦ Řŀǘŀ ŎŜƴǘŜǊ ǇǊƻŦŜǎǎƛƻƴŀƭǎ ǿƘƻ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ŀ ǇƻǿŜǊ ƻǳǘŀƎŜ ǊŜǎǳƭǘǎ ƛƴ ƛƳƳŜŘƛŀǘŜ ŜŎƻƴƻƳƛŎ 
ƭƻǎǎŜǎ ŦƻǊ мт ǇŜǊŎŜƴǘ ƻŦ ǘƘƻǎŜ ǎǳǊǾŜȅŜŘΤ пр ǇŜǊŎŜƴǘ ŜȄǇŜǊƛŜƴŎŜ ǎƛƎƴƛŦƛŎŀƴǘ ƭƻǎǎŜǎτŦǊƻƳ ϷнллΣллл ǘƻ Ϸм 
Ƴƛƭƭƛƻƴ ŀƴ ƘƻǳǊпнτǿƛǘƘƛƴ мр ƳƛƴǳǘŜǎΦпо  

                                                           
ō .ŀǎŜŘ ƻƴ ǇǊŜƭƛƳƛƴŀǊȅ нлмр 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ŘŀǘŀΦ LƴŦƻǊƳŀǘƛƻƴ ǊŜǇƻǊǘŜŘ ǘƻ ǘƘŜ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ 
!ŘƳƛƴƛǎǘǊŀǘƛƻƴ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ŎƻǾŜǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тлςул ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎΦ 
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Figure 1-3. Company Survey: Approximately How Many Minutes of IT Downtime Can Occur before 
Business Is Negatively Impacted?44 

   
When the grid goes down, data centers face significant risks as backup power does not always work. The 
key is to try to minimize the likelihood of grid power outages. Local power grid reliability should be a factor 
considered when choosing data center locations. 

¢Ƙƛǎ ƭƻǎǎ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ŦǊƻƳ ŜǾŜƴ ǎƘƻǊǘ ǇƻǿŜǊ ƻǳǘŀƎŜǎ ǇƭŀŎŜǎ ŀ ǾŜǊȅ ƘƛƎƘ ǇǊŜƳƛǳƳ ƻƴ 
customer as opposed to system reliability ŀƴŘ Ƙŀǎ ƘŜƭǇŜŘ ǘƻ ŎǊŜŀǘŜ ŀ ƎǊƻǿƛƴƎ ƳŀǊƪŜǘ ŦƻǊ ōŀŎƪπǳǇ 
ƎŜƴŜǊŀǘƛƻƴ ǘƻ ƳŜŜǘ ƛƴŘƛǾƛŘǳŀƭ ŎǳǎǘƻƳŜǊ ƴŜŜŘǎΦ {ǳŎƘ ōŀŎƪπǳǇ ǎƻƭǳǘƛƻƴǎ ǎƻƳŜǘƛƳŜǎ ƘŀǾŜ ƳǳƭǘƛǇƭŜ 
ŎƻƳǇƻƴŜƴǘǎ ǘƻ ŜƴǎǳǊŜ ƴŜŎŜǎǎŀǊȅ ǊŜŘǳƴŘŀƴŎȅΦ [ŀǊƎŜǊ ¢ƛŜǊ LLLҌ Řŀǘŀ ŎŜƴǘŜǊǎŎ ƘŀǾŜ ǘƘŜ Ƴƻǎǘ ŜȄǘŜƴǎƛǾŜ 
ŀƭǘŜǊƴŀǘƛǾŜ ǇƻǿŜǊ ŀǊǊŀƴƎŜƳŜƴǘǎ ǿƛǘƘ ǊŜŘǳƴŘŀƴǘ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ŀƴŘ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴΤ ǘƘŜǎŜ ŀǊŜ ƭƛƳƛǘŜŘΣ 
ƘƻǿŜǾŜǊΣ ōȅ ŀǾŀƛƭŀōƭŜ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅΣ ƻƴǎƛǘŜ ŦǳŜƭ ǎǘƻǊŀƎŜ όтнςфс ƘƻǳǊǎύΣпр ŀƴŘ ƭƛǉǳƛŘ ŦǳŜƭ 
ǊŜǎǳǇǇƭȅ ŀƎǊŜŜƳŜƴǘǎΦпс  

Lƴ нлмпΣ ¦Φ{Φ ŎǳǎǘƻƳŜǊǎ ǎǇŜƴǘ ƴŜŀǊƭȅ ϷнΦр ōƛƭƭƛƻƴ ƛƴ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ǘƻ ǇǳǊŎƘŀǎŜ ŀƴŘ ƛƴǎǘŀƭƭ ōŀŎƪπǳǇ ŀƭǘŜǊƴŀǘƛƴƎ 
ŎǳǊǊŜƴǘ ƎŜƴŜǊŀǘƛƻƴпт ŀƴŘ ϷоΦн ōƛƭƭƛƻƴ ŦƻǊ ǳƴƛƴǘŜǊǊǳǇǘƛōƭŜ ǇƻǿŜǊ ǎǳǇǇƭƛŜǎΦпу Lǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘƛǎ ōŀŎƪπ
ǳǇ ƎŜƴŜǊŀǘƛƻƴ ǊŜǇǊŜǎŜƴǘǎ ǊƻǳƎƘƭȅ нлл ƎƛƎŀǿŀǘǘǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭпф όƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ŀ ǇǊƛƳŀǊȅ 
ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻŦ мΣмлл ƎƛƎŀǿŀǘǘǎύΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜǎŜ ōŀŎƪπǳǇ ǎȅǎǘŜƳǎ ŎƻƳŜ ŀǘ ŀ ŎŀǇŀŎƛǘȅ Ŏƻǎǘ ƻŦ Ϸнллς
Ϸслл ǇŜǊ ƪƛƭƻǿŀǘǘΣ ōǳǘ ǘƘƛǎ Ŏƻǎǘ ǇǊƻŦƛƭŜ ƛǎ ŦƻǊ ŀ ƴŀǊǊƻǿ ǎŜǘ ƻŦ ŀ ƳǳŎƘ ǿƛŘŜǊ ǳƴƛǾŜǊǎŜ ƻŦ ŀǎǎŜǘ ǘȅǇŜǎ ǘƘŀǘ 
ƛƴŎƭǳŘŜ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊΣ ƴŀǘǳǊŀƭ ƎŀǎπŦƛǊŜŘ ǳƴƛǘǎ ƻŦ ǾŀǊȅƛƴƎ ǎƛȊŜǎΣ ŦǳŜƭ ŎŜƭƭǎΣ ŀƴŘ ǾŀǊƛƻǳǎ ǎǘƻǊŀƎŜ 
ǎƻƭǳǘƛƻƴǎΦрл  

.ǳǎƛƴŜǎǎŜǎ ōǳƛƭŘ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ōŜŎŀǳǎŜ ǘƘŜȅ ŦŀŎŜ ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƴƻƳƛŎ ƭƻǎǎŜǎ ŦǊƻƳ ŀ ƳƻƳŜƴǘŀǊȅ ƭƻǎǎ 
ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƻǊ ǎƭƛƎƘǘ ǾŀǊƛŀǘƛƻƴ ƛƴ ŦǊŜǉǳŜƴŎȅΦ ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƻǳǊŎŜ ƻŦ ƭƻǎǘ ǊŜǾŜƴǳŜ ŦƻǊ ǳǘƛƭƛǘƛŜǎτŀ ŦƻǊƳ 
ƻŦ άŘŜŦŜŎǘƛƻƴΤέ ƛǘ ŎƻǳƭŘ ŀƭǎƻ ǇǊŜǎŜƴǘ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ǘƻ ǇǊƻǾƛŘŜ ƘƛƎƘŜǊπǉǳŀƭƛǘȅ ǎŜǊǾƛŎŜǎ ǘƘŀƴ 

                                                           
Ŏ 5ŀǘŀ ŎŜƴǘŜǊǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ōȅ ǳǎŜ ƻŦ ŀ ŦƻǳǊ ǘƛŜǊ ǎȅǎǘŜƳ ŜǎǘŀōƭƛǎƘŜŘ ōȅ ǘƘŜ ¢ŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎ LƴŘǳǎǘǊȅ !ǎǎƻŎƛŀǘƛƻƴΦ ¢ƛŜǊ L ƛǎ ǘƘŜ 
ǎƛƳǇƭŜǎǘ ƭŜǾŜƭΣ ǿƘƛƭŜ ¢ƛŜǊ L± ƛǎ ǘƘŜ Ƴƻǎǘ ǎǘǊƛƴƎŜƴǘ ƭŜǾŜƭ ŘŜǎƛƎƴŜŘ ǘƻ Ƙƻǎǘ Ƴƛǎǎƛƻƴ ŎǊƛǘƛŎŀƭ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳǎΦ ¢ƛŜǊ LLLҌ Řŀǘŀ ŎŜƴǘŜǊǎ 
ŀǊŜ ŀǾŀƛƭŀōƭŜ ŀǘ ƭŜŀǎǘ ффΦфун ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǘƛƳŜΦ  
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ǘƘƻǎŜ ǊŜǉǳƛǊŜŘ ōȅ ǘƘŜ ǘȅǇƛŎŀƭ ŎǳǎǘƻƳŜǊΦ 9ǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǎƻƳŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎ ŀǊŜ ǿƛƭƭƛƴƎ ǘƻ 
Ǉŀȅ ǾŜǊȅ ƘƛƎƘ ǇǊƛŎŜǎ ŦƻǊ ǘƘŜ ƛƴŎǊŜƳŜƴǘŀƭ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ƳŜŀǎǳǊŜ ƻŦ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǿƘŀǘ 
ǘƘŜȅ ǊŜǉǳƛǊŜ ŦƻǊ ǘƘŜƛǊ ōǳǎƛƴŜǎǎΦрм 

¦ǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎ ǘƘŀǘ ƛƴǎǘŀƭƭ ōŀŎƪπǳǇ ǎȅǎǘŜƳǎ ŀƴŘκƻǊ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜΣ ǳƴŘŜǊǎǘŀƴŘŀōƭȅΣ ƘŜŘƎƛƴƎ ǘƘŜ 
Ǌƛǎƪǎ ǘƻ ǘƘŜƛǊ ōǳǎƛƴŜǎǎŜǎ ǿƛǘƘƻǳǘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳΦ ¢Ƙƛǎ ǊŀƛǎŜǎ ŀ ǊŀƴƎŜ ƻŦ 
ŎƻƴŎŜǊƴǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǇƻǎǎƛōƭŜ ƴŜŜŘ ŦƻǊ ƴŜǿ ǎǘŀƴŘŀǊŘǎ ƻŦ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ǇƻƭƛŎȅ ǇŀǊŀƳŜǘŜǊǎΤ 
ǘƘŜ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ƻŦ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƛƻƴ ŀǎ ǇŀǊǘ ƻŦ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘΤ ǇƻǎǎƛōƭŜ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ 
ƻƴǎƛǘŜ ŀƴŘ ōŀŎƪπǳǇ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΤ ŀƴŘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ƴŜŜŘǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎΦ  

!ƴ ŀƎƎǊŜƎŀǘŜ ŀǾŜǊŀƎŜ Ŏƻǎǘ ŦƻǊ ŀƭƭ ǘȅǇŜǎ ƻŦ ƛƴǎǘŀƭƭŜŘ ōŀŎƪπǳǇ ǇƻǿŜǊ ƛǎ ƴƻǘ ƳŀƛƴǘŀƛƴŜŘ ōȅ ƛƴŘǳǎǘǊȅ ƻǊ 
ƎƻǾŜǊƴƳŜƴǘΣ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ƛƴǎǘŀƭƭŜŘ ōŀǎŜ ƻŦ ŀŎŎŜǎǎƛōƭȅ ƻǇŜǊŀǘƛƻƴŀƭ ōŀŎƪπǳǇ ǇƻǿŜǊ ƴŀǘƛƻƴǿƛŘŜ ƛǎ ƴƻǘ 
ƪƴƻǿƴΤ ǘƘŜǊŜ ƛǎ ƴƻ CŜŘŜǊŀƭ ƻǊ ƻǘƘŜǊ ŘŀǘŀōŀǎŜ ǘƘŀǘ ǘǊŀŎƪǎ ŀƭƭ ƛƴǎǘŀƭƭŜŘ ŀǎǎŜǘǎΣ ǘƘŜƛǊ ǎŎŀƭŜΣ ŦǳŜƭ ǎƻǳǊŎŜǎΣ 
ǘȅǇƛŎŀƭ ŀƴƴǳŀƭ Ǌǳƴ ǘƛƳŜǎΣ ŎǳƳǳƭŀǘƛǾŜ ŜƳƛǎǎƛƻƴǎ ŜŦŦŜŎǘǎΣ ƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǎǳŎƘ ŀǎ Ƙƻǿ ƻŦǘŜƴ 
ǘƘŜȅ Ŧŀƛƭ ǿƘŜƴ ŎŀƭƭŜŘ ƛƴǘƻ ƻǇŜǊŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀƴȅ ŜȄǇƭƛŎƛǘ 
ƎƻǾŜǊƴƳŜƴǘπǿƛŘŜ ōŀŎƪπǳǇ ǇƻǿŜǊ ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ŎƻƴŎŜǊƴ operational ǊŜǉǳƛǊŜƳŜƴǘǎΤ ŀƭǘƘƻǳƎƘ Ƴŀƴȅ ǎǘŀǘŜǎ 
ƘŀǾŜ ŜƳƛǎǎƛƻƴǎ ŎƻƴǘǊƻƭ ǎǘŀƴŘŀǊŘǎ ƻǊ ōǳƛƭŘƛƴƎ ŎƻŘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀǘ ƛƳǇŀŎǘ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƛƻƴΦ  

 Information and the Electricity Sector 

L/¢ ŀƴŘ ƎǊƛŘ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎτōƻǘƘ ƭŀǊƎŜ ŀƴŘ ǎƳŀƭƭ ǎŎŀƭŜτƘŀǾŜ ŜǾƻƭǾŜŘΣ 
ŜƴŀōƭƛƴƎ ƛƴŎǊŜŀǎŜŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ŀƴŘ ŎŀǇǘǳǊŜ ƻŦ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜ ŀƴŘ ǎŎƻǇŜΦ ¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅΩǎ 
ŜŀǊƭȅ ŀŘƻǇǘƛƻƴ ƻŦ ŀƴŀƭȅǘƛŎŀƭ ŀƴŘ ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ 
ǇƻǿŜǊ ŦŀŎƛƭƛǘŀǘŜŘ ƛƴŎǊŜŀǎŜŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ŀƴŘ ƛƴǘŜǊπǳǘƛƭƛǘȅ ǇƻǿŜǊ ǘǊŀƴǎŦŜǊǎΦ  

¢ƘŜ ǳǎŜ ƻŦ ǎǳǇŜǊǾƛǎƻǊȅ ŎƻƴǘǊƻƭ ŀƴŘ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ό{/!5!ύ ǎȅǎǘŜƳǎ ōȅ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅ Ƙŀǎ 
ŜǾƻƭǾŜŘ ƻǾŜǊ ǘƘŜ ƭŀǎǘ фл ȅŜŀǊǎ ŀƭƻƴƎǎƛŘŜ ŀŘǾŀƴŎŜǎ ƛƴ ƎǊƛŘ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƻƳǇǳǘƛƴƎ 
ŀƴŘ ƴŜǘǿƻǊƪƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎΦ 9ŀǊƭȅ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ мфнлǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ǳǘƛƭƛǘȅ 
ǇŜǊǎƻƴƴŜƭ ǘƻ ǎǘŀŦŦ ǎǳōǎǘŀǘƛƻƴǎ нпκтΦ LƴǘŜǊπǳǘƛƭƛǘȅ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴǎΣ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǿŀǊ ŜŦŦƻǊǘ ƛƴ 
²ƻǊƭŘ ²ŀǊ LLΣ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ƛƴǘŜǊπǳǘƛƭƛǘȅ ǘǊŀƴǎŀŎǘƛƻƴǎ ŀƴŘ ǎǇǳǊǊŜŘ ǘƘŜƛǊ ŀŘƻǇǘƛƻƴΦ .ȅ 
ǘƘŜ мфрлǎΣ ŀƴŀƭƻƎ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳǎ ǿŜǊŜ ŀŘƻǇǘŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ƳƻƴƛǘƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŦƭƻǿǎΦ ¢Ƙƛǎ ƘŜƭǇŜŘ 
ŜƴŀōƭŜ ŦŀǎǘŜǊ ŀƴŘ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇǊƻŎŜǎǎƛƴƎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΣ ǿƘƛŎƘΣ ƛƴ ǘǳǊƴΣ ǎǳǇǇƻǊǘŜŘ ƛƳǇǊƻǾŜŘ 
ƻǇŜǊŀǘƛƻƴǎΣ ǇƭŀƴƴƛƴƎΣ ŀƴŘ ƻǾŜǊŀƭƭ ŜƴǘŜǊǇǊƛǎŜ ƳŀƴŀƎŜƳŜƴǘΦ 

¢ƘŜ DǊŜŀǘ bƻǊǘƘŜŀǎǘ .ƭŀŎƪƻǳǘ ƻŦ мфсрΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ол Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ ƛƴ ŀƴ улΣллл ǎǉǳŀǊŜ ƳƛƭŜ ŀǊŜŀ ƻŦ 
ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ /ŀƴŀŘŀ ǿŜǊŜ ƭŜŦǘ ƛƴ ǘƘŜ ŘŀǊƪΣ ǳƴŘŜǊǎŎƻǊŜŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ƛƴŎǊŜŀǎŜŘ ƛƴŦƻǊƳŀǘƛƻƴ 
ŎƻƻǊŘƛƴŀǘƛƻƴ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ŀ ŘȅƴŀƳƛŎ ƎǊƛŘΦ Lƴǎǘƛǘǳǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜǎτǇƻǿŜǊ Ǉƻƻƭǎ ŀƴŘ 
ǊŜƭƛŀōƛƭƛǘȅ ŎƻǳƴŎƛƭǎτǿŜǊŜ ƛƳǇǊƻǾŜŘ ŀƴŘ ŜƴƘŀƴŎŜŘ ŀŦǘŜǊ ǘƘŜ ōƭŀŎƪƻǳǘΦ .ȅ ǘƘŜ ƭŀǘŜ мфслǎ ŀƴŘ мфтлǎΣ ǘƘŜ 
ŀŘǾŜƴǘ ƻŦ ŘƛƎƛǘŀƭ ŎƻƳǇǳǘŜǊǎ ŀƴŘ ǘƘŜ ǊƛǎŜ ƻŦ ƳƛŎǊƻǇǊƻŎŜǎǎƻǊǎ ŀƴŘ ǇǊƻƎǊŀƳƳŀōƭŜ ƭƻƎƛŎ ŎƻƴǘǊƻƭƭŜǊǎ ŀƭƭƻǿŜŘ 
ŦƻǊ ƎǊŜŀǘŜǊ ŎƻƴǘǊƻƭ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŀǳǘƻƳŀǘŜŘ ǳǘƛƭƛǘȅ ǇǊƻŎŜǎǎŜǎΦ  

¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƭƻŎŀƭ ŀǊŜŀ ƴŜǘǿƻǊƪǎ ƛƴ ǘƘŜ мффлǎ ŜƴŀōƭŜŘ ŦƻǊƳŜǊƭȅ ƛǎƻƭŀǘŜŘ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴǘ {/!5! 
ǎȅǎǘŜƳǎ ǘƻ ŎƻƴƴŜŎǘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦ !ǊƻǳƴŘ ǘƘŀǘ ǎŀƳŜ ǘƛƳŜΣ ǊŜǎǘǊǳŎǘǳǊƛƴƎ ƻŦ ǘƘŜ ǇƻǿŜǊ ƛƴŘǳǎǘǊȅ ŀƴŘ ƴŜǿ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŎǊƻǎǎπōƻǊŘŜǊ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴǎ ƘŀŘ ƳŀƧƻǊ ƛƳǇŀŎǘǎ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ǎǘǊǳŎǘǳǊŜ ŀƴŘ 
ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΦ ²ƘƛƭŜ ǳǘƛƭƛǘƛŜǎ ƛƴ ǎƻƳŜ ǊŜƎƛƻƴǎ ōŜƎŀƴ ǎǇŜŎƛŀƭƛȊƛƴƎ ƛƴ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ƻǊ 
ŘƛǎǘǊƛōǳǘƛƻƴΣ ǘƘŜǊŜ ǿŜǊŜ ŀƭǎƻ ƛƴŎǊŜŀǎƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŜƴǘƛǘƛŜǎ ǎǳŎƘ ŀǎ ǊŜƎƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ 
ƻǊƎŀƴƛȊŀǘƛƻƴǎ όw¢hǎύ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊǎ όL{hǎύ ǘƻ ƳƻƴƛǘƻǊ ŀƴŘ ƎŀǘƘŜǊ ŜƭŜŎǘǊƛŎƛǘȅ Řŀǘŀ 
ŀŎǊƻǎǎ ƭŀǊƎŜ ǊŜƎƛƻƴǎ ŀƴŘ ƳǳƭǘƛǇƭŜ ǎǘŀǘŜǎΦ .ƻǘƘ ǘǊŜƴŘǎ ǊŜǉǳƛǊŜŘ ƎǊŜŀǘŜǊ ƴŜǘǿƻǊƪ ƳŀƴŀƎŜƳŜƴǘΣ ǿƛǘƘ 
ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ƛƴ Řŀǘŀ Ŧƭƻǿǎ ǊŜƭŀǘŜŘ ǘƻ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ǊŜŀƭπǘƛƳŜ ǎȅǎǘŜƳ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴ ǘǳǊƴ 
ƳŀƪƛƴƎ {/!5! ǎȅǎǘŜƳǎ ŎǊƛǘƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘΦрнΣ ро CƛƎǳǊŜ мπп ǾƛǎǳŀƭƛȊŜǎ ǘƘŜ ŘǊŀƳŀǘƛŎ 
ŎƘŀƴƎŜ ǎŜŜƴ ƛƴ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΦ  
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Figure 1-4. Electric Utility Control Systems Past to Present54 

 
The image on the left depicts an early electricity control system. The image on the right shows a typical 
control system today.  

Digitization Creates Value for the Electricity Sector 

5ƛƎƛǘƛȊŀǘƛƻƴ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƛƳǇǊƻǾŜŘ ŜŦŦƛŎƛŜƴŎƛŜǎ ŀŎǊƻǎǎ ŀ ǳǘƛƭƛǘȅΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ƻǇǘƛƳƛȊŜŘ ƎŜƴŜǊŀǘƛƻƴΣ 
ƛƳǇǊƻǾŜŘ ǿƻǊƪŦƻǊŎŜ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ōŜǘǘŜǊ Ǿƛǎƛōƛƭƛǘȅ ƛƴǘƻ ŎǳǎǘƻƳŜǊ ōŜƘŀǾƛƻǊΣ ŀƴŘ ŦŀǎǘŜǊ ŘƛŀƎƴƻǎǘƛŎǎτŀƭƭ ƻŦ 
ǿƘƛŎƘ Ŏŀƴ ƛƳǇǊƻǾŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜŘǳŎŜ Ŏƻǎǘǎ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅ ŀƴŘ ŎǳǎǘƻƳŜǊΦ 5ŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ό5wύ ŀƴŘ 
ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ό5Dύ Ŏŀƴ ōŜ ƳƻǊŜ Ŧǳƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ŀƴŘ ƳŀƴŀƎŜŘ ōȅ ǳǘƛƭƛǘƛŜǎ ǘƘǊƻǳƎƘ ŘƛƎƛǘƛȊŀǘƛƻƴΣ 
ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘǊƻǳƎƘ ǎƳŀǊǘ ƳŜǘŜǊǎΦ 9ǎǘƛƳŀǘŜǎ ŘƻƴŜ ŦƻǊ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ ό5h9Ωǎύ DǊƛŘ 
aƻŘŜǊƴƛȊŀǘƛƻƴ LƴƛǘƛŀǘƛǾŜ όDaLύ ǎǳƎƎŜǎǘ ǘƘŀǘ ƛŦ ŜǾŜǊȅ ¦Φ{Φ ǊŜǘŀƛƭ ǎŜƭƭŜǊ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜǇƭƻȅŜŘ ƎǊƛŘ 
ƳƻŘŜǊƴƛȊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŀǾŜǊŀƎŜ ǇƭŀƴƴƛƴƎ ǊŜǎŜǊǾŜ ƳŀǊƎƛƴ ŦǊƻƳ мо ǇŜǊŎŜƴǘ ǘƻ  
мл ǇŜǊŎŜƴǘΣ ƛǘ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ Ϸн ōƛƭƭƛƻƴ ŀƴƴǳŀƭ ǎŀǾƛƴƎǎ ǘƻ ǘƘŜ ŜŎƻƴƻƳȅΦрр Lǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜ ŘƛƎƛǘƛȊŀǘƛƻƴ 
ƻŦ ǳǘƛƭƛǘȅ ǇǊƻŎŜǎǎŜǎτŦǊƻƳ ǎƳŀǊǘ ƎǊƛŘΣ ǘƻ ǿƻǊƪŦƻǊŎŜ ǘƻƻƭǎΣ ǘƻ ŀǳǘƻƳŀǘƛƻƴ ƻŦ ōǳǎƛƴŜǎǎ ƳŀƴŀƎŜƳŜƴǘ 
ǇǊƻŎŜǎǎŜǎτŎŀƴ ōƻƻǎǘ ǇǊƻŦƛǘŀōƛƭƛǘȅ нлςол ǇŜǊŎŜƴǘΦрс ¦ǘƛƭƛǘȅ ŀƴŀƭȅǘƛŎǎ ƛǎ ŀƴ ŜƳŜǊƎƛƴƎ ōǳǎƛƴŜǎǎ ƎǊƻǿǘƘ ŀǊŜŀ 
ŜǎǘƛƳŀǘŜŘ ǘƻ ƎǊƻǿ ŀǘ ŀ ǊŀǘŜ ƻŦ моΦр ǇŜǊŎŜƴǘ ǇŜǊ ȅŜŀǊ όŦǊƻƳ ϷмΦу ōƛƭƭƛƻƴ ƛƴ нлмс ǘƻ ϷоΦп ōƛƭƭƛƻƴ ƛƴ нлнмύΣ ǿƛǘƘ 
Ƴƻǎǘ ƎǊƻǿǘƘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦрт 5ƛƎƛǘƛȊŀǘƛƻƴ ŀƭǎƻ ŎǊŜŀǘŜǎ ƴŜǿ ōǳǎƛƴŜǎǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎΣ ǎǳŎƘ 
ŀǎ ǊŜƳƻǘŜ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǎŜǊǾƛŎŜǎΦ  

DǊƛŘ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ǿƛƭƭ ōŜ ŜƴƘŀƴŎŜŘ ōȅ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƻǇŜǊŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅ όh¢ ǎȅǎǘŜƳǎ ŀƴŘ 
ƛƴŦƻǊƳŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ όL¢ύ ǎȅǎǘŜƳǎΣ ǘƘŀǘ ŎǳǊǊŜƴǘƭȅ ǘŜƴŘ ǘƻ ǎŜǊǾŜ ƛƳǇƻǊǘŀƴǘ ōǳǘ ŘƛǎǘƛƴŎǘ ǳǘƛƭƛǘȅ ŦǳƴŎǘƛƻƴǎΦ 
h¢ ǇǊƻǾƛŘŜǎ ǘƘŜ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ǘƘŀǘ ŜȄŜŎǳǘŜǎ ŀƴŘ ƳƻƴƛǘƻǊǎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ŀƛƳƛƴƎ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ 
ƴŜǘǿƻǊƪΣ ǇǊŜǾŜƴǘ ŜƭŜŎǘǊƛŎ ƻǳǘŀƎŜǎ ƻǊ ōƭŀŎƪƻǳǘǎΣ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ƻǇŜǊŀǘƛƻƴǎΦ h¢ ǇǊƻǾƛŘŜǎ ƻǾŜǊǎƛƎƘǘ 
ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎ ǘƘŀǘ ŎǊŜŀǘŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛƴ ǊŜŀƭ ǘƛƳŜτŦǊƻƳ ƎŜƴŜǊŀǘƻǊǎΣ 
ǎǳōǎǘŀǘƛƻƴǎΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƴŜǘǿƻǊƪǎ ǘƻ ƳŜǘŜǊǎ ŀǘ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǳǎŜΦ {ȅǎǘŜƳǎ ǘƘŀǘ ŀǊŜ ƛƴ ǘƘŜ ǊŜŀƭƳ ƻŦ h¢ 
ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴŎƭǳŘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎΣ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎΣ ƎŜƻƎǊŀǇƘƛŎŀƭ 
ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎΣ ŀƴŘ {/!5! ǎȅǎǘŜƳǎΦ  

L¢Σ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǎ ƎŜƴŜǊŀƭƭȅ ǳǎŜŘ ŦƻǊ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ƻƴ ǘƘŜ ŜƴǘŜǊǇǊƛǎŜ ƭŜǾŜƭΦ ¢Ƙƛǎ ǳǎǳŀƭƭȅ ƛƴǾƻƭǾŜǎ 
ŀ ǾŀǊƛŜǘȅ ƻŦ ǘŜŀƳǎ ǘƘŀǘ Ƴǳǎǘ ōŜ ŎƭƻǎŜƭȅ ǎȅƴŎƘǊƻƴƛȊŜŘ ǘƻ ǇǊƻǾƛŘŜ ŎƻƴǎƛǎǘŜƴǘ ƻǇŜǊŀǘƛƻƴΣ ǎǇŀƴƴƛƴƎ ŀǊŜŀǎ ǎǳŎƘ 
ŀǎ ōǳǎƛƴŜǎǎ ǇǊƻŎŜǎǎŜǎ ƳŀƴŀƎŜƳŜƴǘΣ ǊŜǎƻǳǊŎŜ ŀƴŘ ŀǎǎŜǘ ŀƭƭƻŎŀǘƛƻƴΣ ǿƻǊƪŦƭƻǿ ŎƻƻǊŘƛƴŀǘƛƻƴΣ ŀƴŘ ŜƴŜǊƎȅ 
ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ǇƭŀƴƴƛƴƎΦ L¢ ǎƻŦǘǿŀǊŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴŎƭǳŘŜ ŜƴŜǊƎȅ ǇƻǊǘŦƻƭƛƻ ƳŀƴŀƎŜƳŜƴǘΣ ŎǳǎǘƻƳŜǊ 
ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎΣ ŀŘǾŀƴŎŜŘ ƳŜǘŜǊƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ό!aLύΣ 5w ƳŀƴŀƎŜƳŜƴǘΣ ŀƴŘ ƳƻōƛƭŜ ǿƻǊƪŦƻǊŎŜ 
ƳŀƴŀƎŜƳŜƴǘΦру  

!ǎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōŜŎƻƳŜǎ ƳƻǊŜ ŘƛƎƛǘƛȊŜŘΣ ŎƻƴƴŜŎǘŜŘΣ ŀƴŘ ŎƻƳǇƭŜȄΣ ƛƴŎǊŜŀǎŜŘ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ L¢ ŀƴŘ 
h¢ ǎȅǎǘŜƳǎ ŎƻǳƭŘ ŜƴƘŀƴŎŜ ƻǇŜǊŀǘƛƻƴŀƭ ŜŦŦƛŎƛŜƴŎȅΤ ƳƛƴƛƳƛȊŜ ŘǳǇƭƛŎŀǘƛƻƴ ƻŦ ǎȅǎǘŜƳǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎΤ ǊŜŘǳŎŜ 
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ŎƻǎǘǎΤ ƛƳǇǊƻǾŜ ŀǎǎŜǘ ƳŀƴŀƎŜƳŜƴǘΤ ŀƴŘ ƛƴǘŜƎǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅΣ ŘŀǘŀΣ ŀƴŘ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎȅǎǘŜƳǎΦрф   

 A “Smarter Grid” Is Essential for Grid Modernization and 
Transformation 

¢ƘŜ άǎƳŀǊǘ ƎǊƛŘέ ǊŜŦŜǊǎ ǘƻ ŀƴ ƛƴǘŜƭƭƛƎŜƴǘ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘτƻƴŜ ǘƘŀǘ ǳǎŜǎ ŘƛƎƛǘŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅΣ 
ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎΣ ŀƴŘ ŀǳǘƻƳŀǘƛƻƴ ǘƻ ŘŜǘŜŎǘ ŀƴŘ ǊŜŀŎǘ ǘƻ ƭƻŎŀƭ ŎƘŀƴƎŜǎ ƛƴ ǳǎŀƎŜΣ ƛƳǇǊƻǾŜ ǎȅǎǘŜƳ 
ƻǇŜǊŀǘƛƴƎ ŜŦŦƛŎƛŜƴŎȅΣ ŀƴŘ ƛƴ ǘǳǊƴ ǊŜŘǳŎŜ ƻǇŜǊŀǘƛƴƎ Ŏƻǎǘǎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ƘƛƎƘ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅΦ  

{ƳŀǊǘ ƳŜǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎŜƴǎƻǊǎΣ ŀƴŘ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴπŜƴŀōƭŜŘ ŘŜǾƛŎŜǎ ŀƴŘ ŎƻƴǘǊƻƭǎ 
ƎƛǾŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ƴŜǿ 
ŀōƛƭƛǘƛŜǎ ǘƻ ƳƻƴƛǘƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ 
ǇƻǘŜƴǘƛŀƭƭȅ ƭƻǿŜǊ ǳǎŀƎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƛƳŜΣ ƭƻŎŀƭ 
ŘƛǎǘǊƛōǳǘƛƻƴΣ ƻǊ ǇǊƛŎŜ ŎƻƴǎǘǊŀƛƴǘǎΦ {ƳŀǊǘ ƳŜǘŜǊǎ 
ŀƭǎƻ ǇǊƻǾƛŘŜ ŀ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ōŜƴŜŦƛǘǎΣ 
ƛƴŎƭǳŘƛƴƎ ŜƴƘŀƴŎŜŘ ƻǳǘŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ 
ǊŜǎǘƻǊŀǘƛƻƴΣ ƛƳǇǊƻǾŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ 
ƳƻƴƛǘƻǊƛƴƎΣ ŀƴŘ ǳǘƛƭƛǘȅ ƻǇŜǊŀǘƛƻƴŀƭ ǎŀǾƛƴƎǎΦсл !ǎ 
ƻŦ нлмрΣ по ǇŜǊŎŜƴǘ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
ŎǳǎǘƻƳŜǊǎ ŀǊŜ ǎŜǊǾƛŎŜŘ ǘƘǊƻǳƎƘ ǎƳŀǊǘ ƳŜǘŜǊǎΣ 
ŀƴŘ ŀ ǎƳŀƭƭ ōǳǘ ƎǊƻǿƛƴƎ ƴǳƳōŜǊ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ 
ŎǳǎǘƻƳŜǊǎ ŀǊŜ ƻƴ ŘȅƴŀƳƛŎ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎƛƴƎ 
ǘŀǊƛŦŦǎΦŘΣ см aƛŎǊƻƎǊƛŘǎ ŀǊŜ ŀƭǎƻ ōŜŎƻƳƛƴƎ ƳƻǊŜ 
ǇǊŜǾŀƭŜƴǘ ŀǎ 5DΣ ǎǘƻǊŀƎŜΣ ŀƴŘ ŘŜƳŀƴŘ 
ƳŀƴŀƎŜƳŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ŘŜŎǊŜŀǎŜŘ ƛƴ 
ǇǊƛŎŜ ŀƴŘ ǘƘŜ ǇǳōƭƛŎ ōŜƎƛƴǎ ǘƻ ǇƭŀŎŜ ƎǊŜŀǘŜǊ 
ŜƳǇƘŀǎƛǎ ƻƴ ŜƴǎǳǊƛƴƎ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅ ŘǳǊƛƴƎ 
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IT-OT Integration Opportunity: 
Smart Metering 

Smart metering has traditionally been part of the 
operational technology (OT) world. Automated meter 
reading and automated meter management solutions 
originated in OT and are now connected to the 
information technology (IT) world. Billing, on the other 
hand, is typically an IT solution. With integrated 
systems, end-to-end smart metering (meter-to-bill) 
bills can be based on exact readings and no longer 
on estimates.  

Customer relationship management, also part of the 
IT world, plays a vital role in this scenario. With end-
to-end smart metering, when a customer contacts a 
call center to complain about quality of service (e.g., 
overvoltage), the operator can contact the customerôs 
smart meter in real time to check the historical data 
stored locally. In addition, new contracts can modify 
tariffs in the meter in near-real time. 

 

Source: Atos Report 
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ǘƛƳŜ ŜȄǇŜǊƛŜƴŎŜŘ ōȅ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎΦсс 
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Department of Energy Grid Modernization Initiative 
The Grid Modernization Initiative (GMI) is a crosscutting Department of Energy (DOE) effort through which 
the Department works with public and private partners to develop concepts, tools, and technologies needed 
to modernize the Nationôs grid infrastructure. This work leverages DOEôs core capabilities in modeling, 
computation, systems integration, cybersecurity, and energy storage to help improve system reliability, 
integrate diverse sources of electricity, advance energy technologies, and provide a critical platform for 
U.S. competitiveness and innovation in the global economy. In January 2016, the Grid Modernization 
Laboratory Consortium (GMLC) started 29 regional projects that foster local approaches to grid 
modernization while contributing to a diverse and balanced national grid. 

Figure 1-5.  Grid Modernization Laboratory Consortium Locations and Regional Projects71 

 
Thirteen DOE National Laboratories collaborate with regional partners on national grid modernization goals throughout 
the U.S. Projects vary widely, with some of these projects displayed in the figure above and detailed further in Table 
1.2 below. 

Table 1-2. Sample Grid Modernization Initiative Projects72 

Project Summary Partners 

Kentucky Industrial 
Microgrid Analysis 
and Design for 
Energy Security and 
Resiliency 
Oak Ridge National 
Laboratories, Sandia 
National Laboratories 

LƴǾŜǎǘƛƎŀǘƛƻƴΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊƛǎƪǎΣ 
ŎƻǎǘǎΣ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ ŀ ƳƛŎǊƻƎǊƛŘ ǳǘƛƭƛȊƛƴƎ ǊŜƴŜǿŀōƭŜ 
ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ŀǘ ǘƘŜ ¦t{ ²ƻǊƭŘtƻǊǘ ŀƴŘ /ŜƴǘŜƴƴƛŀƭ 
Iǳō ŦŀŎƛƭƛǘƛŜǎΦ 5ŜǾŜƭƻǇ ǊƻŀŘƳŀǇ ǘƻ ƘŜƭǇ ƛƴŘǳǎǘǊƛŜǎ 
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ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŎƘŀƭƭŜƴƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭπōŀǎŜŘ ǊŜǎƛƭƛŜƴǘ ǎȅǎǘŜƳǎΦ 

¦ƴƛǘŜŘ tŀǊŎŜƭ {ŜǊǾƛŎŜΣ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘΣ 
.ǳǊƴǎ ϧ aŎ5ƻƴƴŜƭƭΣ IŀǊǎƘŀǿ ¢ǊŀƴŜΣ [ƻǳƛǎǾƛƭƭŜ 
Dŀǎ ŀƴŘ 9ƭŜŎǘǊƛŎΣ {ǘŀǘŜ ƻŦ YŜƴǘǳŎƪȅ 
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Project Summary Partners 

Midwest 
Interconnection 
Seams Study  
National Renewable 
Energy Laboratory, 
Pacific Northwest 
National Laboratory, 
Argonne National 
Laboratory, Oak 
Ridge National 
Laboratory 

/ƻƴǾŜƴŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ŀŎŀŘŜƳƛŎ ŜȄǇŜǊǘǎ ƛƴ ǇƻǿŜǊ 
ǎȅǎǘŜƳǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ƘƛƎƘπǾƻƭǘŀƎŜΣ ŘƛǊŜŎǘ ŎǳǊǊŜƴǘ 
ŀƴŘ ŀƭǘŜǊƴŀǘƛƴƎ ŎǳǊǊŜƴǘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎŜŀƳǎ ōŜǘǿŜŜƴ 
ǘƘŜ ¦Φ{Φ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴǎ ŀƴŘ ǇǊƻǇƻǎŜ ǳǇƎǊŀŘŜǎ ǘƻ 
ŜȄƛǎǘƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ǊŜŘǳŎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ƳƻŘŜǊƴƛȊƛƴƎ 
ǘƘŜ bŀǘƛƻƴΩǎ ǇƻǿŜǊ ǎȅǎǘŜƳΦ 

{ƻǳǘƘǿŜǎǘ tƻǿŜǊ tƻƻƭΣ aƛŘŎƻƴǘƛƴŜƴǘ 
LƴŘŜǇŜƴŘŜƴǘ {ȅǎǘŜƳ hǇŜǊŀǘƻǊΣ ²ŜǎǘŜǊƴ !ǊŜŀ 
tƻǿŜǊ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ {ƻƭŀǊ 9ƴŜǊƎȅ LƴŘǳǎǘǊƛŜǎ 
!ǎǎƻŎƛŀǘƛƻƴΣ aƛƴƴŜǎƻǘŀ tƻǿŜǊΣ ·ŎŜƭ 9ƴŜǊƎȅΣ 
¢ŜǘǊŀ ¢ŜŎƘΣ ¢ǊŀƴǎƎǊƛŘ {ƻƭǳǘƛƻƴǎΣ ¦ǘƛƭƛǘȅ 
±ŀǊƛŀōƭŜDŜƴŜǊŀǘƛƻƴ LƴǘŜƎǊŀǘƛƻƴ DǊƻǳǇΣ .ǊȅƴŘŀƴ 
!ǎǎƻŎƛŀǘŜǎ 

Grid Analysis and 
Design for Resiliency 
in New Orleans  
Sandia National 
Laboratories, Los 
Alamos National 
Laboratories 

/ƻƴŘǳŎǘ ǘŜŎƘƴƛŎŀƭ ŜǾŀƭǳŀǘƛƻƴǎ ǘƻ ŀǎǎŜǎǎ ŜƴŜǊƎȅ ŀƴŘ 
ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ 
ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ƻǇǘƛƻƴǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǊŜǎƛƭƛŜƴŎȅ ƻŦ ōƻǘƘ 
ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦ 

/ƛǘȅ ƻŦ bŜǿ hǊƭŜŀƴǎΣ wƻŎƪŜŦŜƭƭŜǊ LƴǎǘƛǘǳǘŜΣ 
9ƴǘŜǊƎȅΣ ¦Φ{Φ !ǊƳȅ /ƻǊǇǎ ƻŦ 9ƴƎƛƴŜŜǊǎ 

Grid modernization projects vary widely in scope and region. Three of these projects are summarized 
above.  
 
¢ƘŜǊŜ ƛǎ ŀ ƴŜǿ ǎŜǘ ƻŦ ŘŜƳŀƴŘǎ ƻƴ ƎǊƛŘ ŦǳƴŎǘƛƻƴ ŀƴŘ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ǿŀǎ ƴƻǘ Ŧǳƭƭȅ ŀǇǇǊŜŎƛŀǘŜŘ т ȅŜŀǊǎ ŀƎƻ 
ǿƘŜƴ !ww! ŦǳƴŘǎ ǿŜǊŜ ƳŀŘŜ ŀǾŀƛƭŀōƭŜΦ !ǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛƴǘŜƎǊŀǘŜŘΣ ƛƴǘŜƭƭƛƎŜƴǘ ŀǎǎŜǘǎ ƛƴŎǊŜŀǎŜǎΣ ǘƘŜ 
ǎǇŜŜŘ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ŎƻƻǊŘƛƴŀǘƛƻƴΣ ŀƴŘ ŎƻƴǘǊƻƭ ǿƛƭƭ ǊŜǉǳƛǊŜ ƳƻǊŜ ŘƛǎǘǊƛōǳǘŜŘΣ ŀǳǘƻƳŀǘŜŘ όƳŀŎƘƛƴŜ ǘƻ 
ƳŀŎƘƛƴŜύ ƛƴǘŜƭƭƛƎŜƴŎŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ǎǳōπǎŜŎƻƴŘ ŘŜŎƛǎƛƻƴǎ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ƳŀƴŀƎŜŘ ōȅ ƘǳƳŀƴ ƻǇŜǊŀǘƻǊǎ ƛƴ 
ǊŜŀƭ ǘƛƳŜΦ ¢ƘŜ ǎŎƻǇŜ ƻŦ άǎƳŀǊǘέ Ƴǳǎǘ ŜǾƻƭǾŜ ǘƻ ƛƴŎƭǳŘŜ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ŎƻπƻǇǘƛƳƛȊŀǘƛƻƴ 
ƻŦ ǎȅǎǘŜƳǎ ŀƴŘ ǎǳōǎȅǎǘŜƳǎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅ ŀǎ ƳƻǊŜ 59w ŀǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ƎǊƛŘ 
ƻǇŜǊŀǘƛƻƴǎΦ  

¢ƘŜ ƪŜȅ ƛƴƎǊŜŘƛŜƴǘ ǘƻ ŜƴŀōƭƛƴƎ ǘƘƛǎ ŎŀǇŀōƛƭƛǘȅ ŀǊŜ L/¢ ƴŜǘǿƻǊƪǎ ǘƘŀǘ ƴƻǘ ƻƴƭȅ ǎǳǇǇƻǊǘ ƎǊƛŘ ƻǇŜǊŀǘƛƻƴǎΣ ōǳǘ 
ŀƭǎƻ ǇŜǊƳƛǘΣ ǿƘŜǊŜ ŀǇǇǊƻǇǊƛŀǘŜΣ ƛǘǎ ŎƻƴǾŜǊƎŜƴŎŜ ǿƛǘƘ ƻǘƘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΣ ƛƴŎƭǳŘƛƴƎ ōǳƛƭŘƛƴƎǎΣ 
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ǿŀǘŜǊΣ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΦ Lǘ ƛǎ ŜƴǾƛǎƛƻƴŜŘ ǘƘŀǘ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƛƴǘŜƭƭƛƎŜƴǘ 
ŀǎǎŜǘǎ ŀŎǊƻǎǎ ǘƘŜǎŜ ǎȅǎǘŜƳǎ ǿƛƭƭ ǇǊƻǾƛŘŜ ŜƴƘŀƴŎŜŘ ƭŜǾŜƭǎ ƻŦ ŜŦŦƛŎƛŜƴŎȅΣ ŀǎǎŜǘ ǳǘƛƭƛȊŀǘƛƻƴΣ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴΦ 
{ǇŜŜŘ ŀƴŘ ǇǊŜŎƛǎƛƻƴ ǿƛƭƭ ōŜ ŜǎǎŜƴǘƛŀƭ ŜƭŜƳŜƴǘǎ ŦƻǊ ŜƴǎǳǊƛƴƎ ŀ ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ ²Ŝƭƭπ
ŘŜǎƛƎƴŜŘ ǎƳŀǊǘ ƎǊƛŘǎ ŀǊŜ ǎǘǊǳŎǘǳǊŜŘ ǘƻ ŜƴŀōƭŜ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŜǾŜǊπŎƘŀƴƎƛƴƎ ŘŜǾƛŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ 
ǊŜǉǳƛǊŜƳŜƴǘǎΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ƴŜǿ ŘŜǾƛŎŜǎ ǘƘŀǘ ƛƳǇŀŎǘ ǘƘŜ ƎǊƛŘ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŦƛƴŘƛƴƎ ǘƘŀǘ ǾŜƴŘƻǊǎ 
ŀǊŜ ǊŜǘƛǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜ ƻŦ ŀƴŀƭƻƎ ƳŜǘŜǊǎΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǿƘŜƴ ƳŜǘŜǊ ǊŜǇƭŀŎŜƳŜƴǘ ƛǎ ǊŜǉǳƛǊŜŘΣ ƛǘ 
ǿƛƭƭ ƭŜŀŘ ǘƻ ǘƘŜ ƴŜŜŘ ŦƻǊ ōǳƛƭŘƛƴƎ ŀǳǘƻƳŀǘŜŘ ƳŜǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ  

Electricity Systems and Grid Management Are 
Facing New Challenges 

²ƘƛƭŜ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ŘƛƎƛǘƛȊŀǘƛƻƴ ƘŀǾŜ ŎǊŜŀǘŜŘ ƴŜǿ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ǘƻ ƛƳǇǊƻǾŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ 
ǊŜŘǳŎŜ ŎƻǎǘǎΣ ƻǘƘŜǊ ǘǊŜƴŘǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƘŀǾŜ ŎǊŜŀǘŜŘ ƴŜǿ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘΦ 
LƴŎǊŜŀǎƛƴƎ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǾŀǊƛŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ό±9wǎύ ǎǳŎƘ ŀǎ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ǇƻǿŜǊΣ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ 
ƻŦ 59w ǿƛǘƘ ōŀǎŜƭƻŀŘ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ŎƘŀƴƎƛƴƎ ǊƻƭŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ǘƘŜ 
ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƳŀǘŎƘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ǿƛǘƘ ŘŜƳŀƴŘ ŀǘ ŀƭƭ ǘƛƳŜǎΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǘƘŜȅ ǇƻǎŜ ŎƘŀƭƭŜƴƎŜǎΣ 
ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǘǊŜƴŘǎ Ƙŀǎ ŘƛǎǘƛƴŎǘ ŀŘǾŀƴǘŀƎŜǎΣ ǎǳŎƘ ŀǎ ƘŜƭǇƛƴƎ ǘƻ ŜƴŀōƭŜ ǘƘŜ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘƛƻƴΣ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊ ƻǇǘƛƻƴǎ ŀƴŘ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ŀŘǾŀƴŎƛƴƎ ƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘ ǎƻƭǳǘƛƻƴǎΣ ǎǳŎƘ ŀǎ 
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ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ƎǊƛŘπǎŎŀƭŜ ǎǘƻǊŀƎŜΦ aŀƴȅ ƻŦ ǘƘŜǎŜ ǘǊŜƴŘǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ L±Σ Ensuring 
Electricity System Reliability, Security, and Resilience.  

 The Changing Generation Profile 

¢ƘŜ ¦Φ{Φ ƎŜƴŜǊŀǘƛƻƴ ŦƭŜŜǘ ƛǎ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ŦǊƻƳ ƻƴŜ ŘƻƳƛƴŀǘŜŘ ōȅ ŎŜƴǘǊŀƭƛȊŜŘ ƎŜƴŜǊŀǘƻǊǎ ǿƛǘƘ ƘƛƎƘ ƛƴŜǊǘƛŀ 
ŀƴŘ ŘƛǎǇŀǘŎƘŀōƛƭƛǘȅ ǘƻ ƻƴŜ ǘƘŀǘ ƛǎ ƳƻǊŜ άƘȅōǊƛŘƛȊŜŘΣέ ǊŜƭȅƛƴƎ ƻƴ ŀ ƳƛȄǘǳǊŜ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭΣ ŎŜƴǘǊŀƭƛȊŜŘ 
ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǾŀǊƛŀōƭŜ ǳǘƛƭƛǘȅπǎŎŀƭŜ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΦто Lƴ нллрΣ ǘƘŜ ǘƻǇ ǎƛȄ 
ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ƛƴ ŘŜǎŎŜƴŘƛƴƎ ƻǊŘŜǊ ǿŜǊŜ ŎƻŀƭΣ ƴǳŎƭŜŀǊΣ ƎŀǎΣ ƘȅŘǊƻΣ ǇŜǘǊƻƭŜǳƳΣ ŀƴŘ ǊŜƴŜǿŀōƭŜǎΦ .ȅ 
нлмрΣ Ǝŀǎ ŀƴŘ Ŏƻŀƭ ǿŜǊŜ ǘƛŜŘ ŀǘ ǘƘŜ ǘƻǇΣ ŦƻƭƭƻǿŜŘ ōȅ ƴǳŎƭŜŀǊΣ ǊŜƴŜǿŀōƭŜǎΣ ƘȅŘǊƻΣ ŀƴŘ ǇŜǘǊƻƭŜǳƳΦ  

DŜƴŜǊŀǘƛƻƴ ŎƘŀƴƎŜǎ ōŜǘǿŜŜƴ нлмс ŀƴŘ нлпл όǎŜŜ CƛƎǳǊŜ мπсύ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǳƴŜǾŜƴΣ ōƻǘƘ ōȅ 
ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǊŜƎƛƻƴΦ hǾŜǊ ǘƘƛǎ ǘƛƳŜ ǇŜǊƛƻŘΣ ƴǳŎƭŜŀǊ ŀƴŘ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ 
ǊŜƭŀǘƛǾŜƭȅ ŦƭŀǘΦ ¢ƘŜ ǎƘƛŦǘ ŦǊƻƳ ŎƻŀƭπŦƛǊŜŘ ǘƻ ƴŀǘǳǊŀƭ ƎŀǎπŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǎǘǊƻƴƎŜǎǘ ƛƴ ǘƘŜ ŜŀǎǘŜǊƴ ƘŀƭŦ ƻŦ 
ǘƘŜ ŎƻǳƴǘǊȅ όǿƘŜǊŜ ƎǊƻǿǘƘ ƛƴ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ƳƻŘŜǎǘύΣ ǿƘƛƭŜ ǘƘŜ ǿŜǎǘŜǊƴ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ 
ŜȄǇŜǊƛŜƴŎƛƴƎ ǊŀǇƛŘ ƎǊƻǿǘƘ ƛƴ ǊŜƴŜǿŀōƭŜǎΦтп wŜƎƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄŜǎ ǾŀǊȅ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦǊƻƳ ǘƘŜ ƴŀǘƛƻƴŀƭ 
ƎŜƴŜǊŀǘƛƻƴ ǇǊƻŦƛƭŜΣ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ƳŀƧƻǊ ŘƛŦŦŜǊŜƴŎŜǎ ŀƳƻƴƎ ǘƘŜ ǊŜƎƛƻƴǎ ƛƴ ōƻǘƘ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŀƴŘ ǘƘŜ 
ŀŘŘƛǘƛƻƴ ŀƴŘ ǊŜǘƛǊŜƳŜƴǘǎ ƻŦ ŎŀǇŀŎƛǘȅΦ  

Figure 1-6. Comparison between Generation Fuel Mix in 2016 and 2040 by North American Electric 
Reliability Corporation Region75 

 
Based upon EIA's AEO 2016 business-as-usual modeling results, the regional variations in generation fuel 
of 2015 are projected to continue through 2040.  Solar generation is expected to play a significant part in 
Texas (TRE), Florida (FRCC) and the Southeastern U.S. (SERC) and the Western States, particularly the 
Southwest and California (WECC).  Wind generation is anticipated to be largely concentrated in the upper 
Midwest (MRO), New England (NPCC), and the Western States (WECC).  The upper Midwest (MRO), 
Reliability First Corporation (RFC) region, and Southwest Powerpool (SPP) is expected to decrease their 
coal generation capacities, but will still retain over 20% of their generation capacity from coal.  Hydropower 
accounts for the largest portion of ñOther Generationò in New England and WECC.  
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±9wǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎ ƛƴ ōƻǘƘ ŎŀǇŀŎƛǘȅ ŀŘŘƛǘƛƻƴǎ ŀƴŘ ƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜǎŜ ŀŘŘƛǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ ŜƴŀōƭŜŘ ōȅ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴǎΣ ŀƴŘ ŀ ǊŀƴƎŜ ƻŦ ǇƻƭƛŎƛŜǎΦ {ǇŜŎƛŦƛŎ ǇƻƭƛŎƛŜǎ ǘƻ ǎǳǇǇƻǊǘ ±9wǎ όŀƴŘ ƻǘƘŜǊ ŎƭŜŀƴ 
ŜƴŜǊƎȅ ƻǇǘƛƻƴǎύ ƛƴŎƭǳŘŜ {ǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ǘŀȄ ŎǊŜŘƛǘǎΣ ǊŜƴŜǿŀōƭŜ ǇƻǊǘŦƻƭƛƻ 
ǎǘŀƴŘŀǊŘǎ ƛƴ нт ǎǘŀǘŜǎΣ ŀƴŘ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎƛŜǎ ƻǊ ƻǘƘŜǊ ƛƴŎŜƴǘƛǾŜǎ ƛƴ по ǎǘŀǘŜǎΦ /ŀƭƛŦƻǊƴƛŀ ƻŦŦŜǊǎ ŀƴ 
ŜȄŀƳǇƭŜ ƻŦ ±9w ǇƻǘŜƴǘƛŀƭΦ ¢ƘŜ /ŀƭƛŦƻǊƴƛŀ L{h ŜȄǇŜŎǘǎ ǘƻ ŀŎƘƛŜǾŜ ŀ ол ǇŜǊŎŜƴǘ ǇŜƴŜǘǊŀǘƛƻƴ ƭŜǾŜƭ ƻŦ ±9wǎ ōȅ 
нлнл ŀƴŘ рл ǇŜǊŎŜƴǘ ǇŜƴŜǘǊŀǘƛƻƴ ōȅ нлолΦтс  

Information Needs for Load Management Increase with High VER/DER 
Penetration 

¢ƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ƴŜǿ ƎǊƛŘ ŎƻƴǘǊƻƭ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳǎ ǘƘŀǘ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ±9wǎ ŀƴŘ 59wǎ 
ŀƴŘ ƭƻŀŘ ŦƭŜȄƛōƛƭƛǘȅ ŎƻǳƭŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ¦Φ{Φ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ƘŀǾŜ ŀ ǊŀƴƎŜ ƻŦ ōŜƴŜŦƛǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 
ǊŜŘǳŎǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜǎ ŎǳǊǘŀƛƭƳŜƴǘΤ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻƴƎŜǎǘƛƻƴΤ ŀƴŘ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǇƻǿŜǊ ŀƴŘ ƎǊƛŘ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǉǳŀƭƛǘȅΦтт  

wŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎτōƻǘƘ ǳǘƛƭƛǘȅ ǎŎŀƭŜ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘτŀǊŜΣ ƘƻǿŜǾŜǊΣ ƳƻǊŜ ǾŀǊƛŀōƭŜ ƛƴ ǘƘŜƛǊ ǇƻǿŜǊ 
ǇǊƻŘǳŎǘƛƻƴΣ ǊŜǉǳƛǊƛƴƎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŀǎǎŜǘǎΣ ǎȅǎǘŜƳǎΣ ŀƴŘ ǇǊƻŎŜǎǎŜǎ ǘƻ ƳƛǘƛƎŀǘŜ ǎǳŎƘ ǾŀǊƛŀōƛƭƛǘȅΦ ±9wπ
ŘƻƳƛƴŀǘŜŘ ǊŜǎƻǳǊŎŜ ǇƻǊǘŦƻƭƛƻǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ƳƻǊŜ ǊƛƎƻǊƻǳǎ ƎǊƛŘ ŎƻƴǘǊƻƭǎ ǘƘŀƴ ǘƘƻǎŜ ŎǳǊǊŜƴǘƭȅ ŜȄŜǊŎƛǎŜŘ ōȅ 
ǘƻŘŀȅΩǎ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΦ !ƭǎƻΣ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŎƻƳǇǊŜƘŜƴǎƛǾŜ Ǿƛǎƛōƛƭƛǘȅ ǘƻ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ƻŦΣ ŀƴŘ 
ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘΣ 59w ŀƴŘ ŀǳǘƻƳŀǘŜŘ 5w ǘŜŎƘƴƛǉǳŜǎΣ ƛǘ ƛǎ ǳƴŎƭŜŀǊ Ƙƻǿ ƳǳŎƘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ 
ƛǎ ōŜƛƴƎ ǳƴŘŜǊǳǘƛƭƛȊŜŘ ŀƴŘ ǳƴŘŜǊǾŀƭǳŜŘΦ  

Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ǘƻǘŀƭ ŀǾŀƛƭŀōƭŜ ŀƴŘ ŀŎǘƛǾŜ ǇƻǿŜǊ ǇǊƻŘǳŎǘƛƻƴ 
ŦǊƻƳ ŘƛǎǘǊƛōǳǘŜŘ ǊŜǎƻǳǊŎŜǎΣ ǇǊƛƴŎƛǇŀƭƭȅ ǎƻƭŀǊΣ Ŏŀƴ ŎƻƳǇƭƛŎŀǘŜ ƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘΦ {ǘŀǘŜǎ ŀǊŜ ǿƻǊƪƛƴƎ ǘƻ 
ŀŘŘǊŜǎǎ ǘƘŜǎŜ ƛǎǎǳŜǎΦ ¢ƘŜ /ŀƭƛŦƻǊƴƛŀ {ƻƭŀǊ LƴƛǘƛŀǘƛǾŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛǎ ǇŀǊǘ ƻŦ ŀ /ŀƭƛŦƻǊƴƛŀ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ 
/ƻƳƳƛǎǎƛƻƴ ƳŀƴŘŀǘŜ ǘƻ ōǳƛƭŘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀ ǇǳōƭƛŎƭȅ ŀŎŎŜǎǎƛōƭŜ Řŀǘŀ ǎŜǘ ƻŦ ŎŀǇŀŎƛǘȅ ŀƴŘ ǘŜŎƘƴƛŎŀƭ 
ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ƻŦ 5D ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎǘŀǘŜΦту Lƴ IŀǿŀƛƛΣ ŀ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ 5h9 ŀƴŘ ǘƘŜ 
Iŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ /ƻƳǇŀƴȅ ƛǎ ŘŜǎƛƎƴƛƴƎ ƴŜǿ ŎŀǇŀōƛƭƛǘƛŜǎ ŦƻǊ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎΣтф ƛƴǘǊƻŘǳŎƛƴƎ 
ƎǊŜŀǘŜǊ Ǿƛǎƛōƛƭƛǘȅ ƻŦ 5D ōȅ ŦŀŎǘƻǊƛƴƎ ŀŘǾŀƴŎŜŘ мрπƳƛƴǳǘŜΣ ǎƘƻǊǘπǘŜǊƳ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ŦƻǊŜŎŀǎǘƛƴƎ ƛƴǘƻ ƛǘǎ 
ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǇǊƻŎŜǎǎΦ  

Role of Baseload Generation 

9ƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ǾŀǊƛŀōƭŜΦ ¢ƻ ƳŀƴŀƎŜ ǘƘƛǎ ǾŀǊƛŀōƛƭƛǘȅΣ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊǎ ƘŀǾŜ 
ǘǊŀŘƛǘƛƻƴŀƭƭȅ ǊŜƭƛŜŘ ƻƴ ŀ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ǘƘŀǘ Ŧŀƭƭǎ ƛƴǘƻ ǘƘǊŜŜ ƎŜƴŜǊŀƭ ŎŀǘŜƎƻǊƛŜǎΥ ōŀǎŜƭƻŀŘΣ ƛƴǘŜǊƳŜŘƛŀǘŜ 
ŀƴŘ ǇŜŀƪƛƴƎ ǇƭŀƴǘǎΣ ŀƴŘ ǎƻƳŜ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ 5wΦ .ŜŎŀǳǎŜ ōŀǎŜƭƻŀŘ ǳƴƛǘǎ ŀǊŜ ǳǎǳŀƭƭȅ 
ŎŀǇƛǘŀƭπƛƴǘŜƴǎƛǾŜ ƎŜƴŜǊŀǘƻǊǎ ǿƛǘƘ ƭƻǿ ƻǇŜǊŀǘƛƴƎ ŎƻǎǘǎΣ ǘƘŜȅ ŀǊŜ ƻǇŜǊŀǘŜŘ ŀǘ ƘƛƎƘ ƻǳǘǇǳǘΣ ǘȅǇƛŎŀƭƭȅ ǿƛǘƘ 
ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ŀōƻǾŜ рл ǇŜǊŎŜƴǘΦул LƴǘŜǊƳŜŘƛŀǘŜ ǳƴƛǘǎ ǾŀǊȅ ǘƘŜƛǊ ƭŜǾŜƭ ƻŦ ƻǳǘǇǳǘ ǘƻ ƪŜŜǇ ǘƘŜ ǎȅǎǘŜƳ ƛƴ 
ōŀƭŀƴŎŜ ǿƛǘƘ ŎƘŀƴƎƛƴƎ ƭŜǾŜƭǎ ƻŦ ŎǳǎǘƻƳŜǊ ŘŜƳŀƴŘΦ tŜŀƪƛƴƎ Ǉƭŀƴǘǎ ƘŀǾŜ ƭƻǿ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ ƘƛƎƘ 
ƻǇŜǊŀǘƛƴƎ Ŏƻǎǘǎ ŀƴŘ ŀǊŜ ǳǎŜŘ ƛƴ ǇŜǊƛƻŘǎ ǿƘŜƴ ŘŜƳŀƴŘ ƛǎ ƘƛƎƘ όǇŜŀƪǎύΦ ¢ƘŜǊŜ ƛǎ ŀƴ ƻǇǘƛƳŀƭ ƳƛȄ ƻŦ ǘƘŜǎŜ 
ǘƘǊŜŜ ǘȅǇŜǎ ƻŦ ǊŜǎƻǳǊŎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǘǊŀŘŜƻŦŦ ōŜǘǿŜŜƴ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ ƻǇŜǊŀǘƛƴƎ ŎƻǎǘǎτǊŜŎƻƎƴƛȊƛƴƎ 
ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ ŜŀŎƘ ǘȅǇŜ ƻŦ ǊŜǎƻǳǊŎŜ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƻǇŜǊŀǘŜΦ  

bƻǘǿƛǘƘǎǘŀƴŘƛƴƎ Ǝŀƛƴǎ ƛƴ ±9wǎΣ ǘƻŘŀȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ōŀǎŜƭƻŀŘ ƎŜƴŜǊŀǘƛƻƴ όǎŜŜ 
CƛƎǳǊŜ мπтύΦ !ǇǇǊƻȄƛƳŀǘŜƭȅ ус ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŦǳŜƭŜŘ ōȅ ŎƻŀƭΣ ƴŀǘǳǊŀƭ 
ƎŀǎΣ ŀƴŘ ƴǳŎƭŜŀǊΦум .ŀǎŜŘ ƻƴ ǘƘŜ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ business-as-usual ǇǊƻƧŜŎǘƛƻƴǎΣ ōȅ 
нлпл ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǎǘƛƭƭ ǿƛƭƭ ǊŜƭȅ ƻƴ ŎƻŀƭΣ ƴǳŎƭŜŀǊΣ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ǘƻ ǇǊƻǾƛŘŜ  
тп ǇŜǊŎŜƴǘ ƻŦ ƛǘǎ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ǇƻǿŜǊΦун Lƴ ǘƘŜ ƭƻƴƎ ǊǳƴΣ ƎǊƛŘπǎŎŀƭŜ ǎǘƻǊŀƎŜ ŎƻǳƭŘ ōŜ ŀ ƎŀƳŜ ŎƘŀƴƎŜǊΣ 
ŀŦŦŜŎǘƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘǊŀŘƛǘƛƻƴŀƭ ōŀǎŜƭƻŀŘ ƛƴ ǘƘŜ ǾŜǊȅ ƭƻƴƎ ǘŜǊƳΦ {ǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎȅ Ŏƻǎǘǎ ŀƴŘ ōŀǊǊƛŜǊǎ 
ŀƴŘ ŘƛŦŦǳǎƛƻƴ ǊŀǘŜǎ ǿƛƭƭΣ ƘƻǿŜǾŜǊΣ ƎǊŜŀǘƭȅ ŀŦŦŜŎǘ ǘƘŜ ǊƻƭŜ ƻŦ ƎǊƛŘπǎŎŀƭŜ ǎǘƻǊŀƎŜ ƛƴ ǘǊŀƴǎŦƻǊƳƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎȅǎǘŜƳΦуо 
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Figure 1-7. Cumulative Utility-Scale Net Capacity Additions, 2015 to 204084 

 
Under business-as-usual assumptions, retirements in baseload capacity are projected to fully offset 
additions in baseload capacity between 2015 and 2026, where baseload is considered coal, nuclear, and 
natural gas combined-cycle plants. Variable renewables (wind and solar) capacity is expected to increase 
throughout the entire time period. Natural gas combustion turbine (peaker) capacity is expected to decline 
modestly beginning in 2021. By 2027, natural gas net capacity is projected to increase modestly, driven by 
natural gas combined-cycle plants. Capacity of natural gas-fired combined heat and power plants begins 
to ramp up in the latter decade of the projection period.  

IƛǎǘƻǊƛŎŀƭƭȅ ŀƴŘ ƛƴ ōǳǎƛƴŜǎǎπŀǎπǳǎǳŀƭ ǇǊƻƧŜŎǘƛƻƴǎΣ ōŀǎŜƭƻŀŘ ƎŜƴŜǊŀǘƛƻƴ Ƙŀǎ ǇǊƻǾƛŘŜŘ ŀ ǊŀƴƎŜ ƻŦ ŜǎǎŜƴǘƛŀƭ 
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Figure 1-8. Current Age and Expected Life of Generation Fleet by Nameplate Capacity, 2015 89 

 
Much of the U.S. generation fleet is 11ï20 or 41ï50 years old, with plants over the age of 50 being 
dominated by coal and hydropower. Much of the U.S. generation fleet is 11ï20 or 41ï50 years old. Plants 
over the age of 50 years are dominated by coal and hydropower. Plants under 20 years of age are 
dominated by natural gas and wind. Hydropower has the oldest fleet, followed by coal, nuclear, petroleum, 
and biomass.  Expected life of the current fleet ranges from 55 years for natural gas to 100 years for 
hydropower generation.  
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Figure 1-9. Utility Operating Company Annual Capital Expenditures, Depreciation, and Net Capital 
Additions, 2004–201590 

 
Utility investment in capital (in green) has routinely outstripped depreciation expenses (in red) over the last 
decade, leading to positive and growing net capital additions (in blue). This means that utilities are adding 
property, plants, and equipment at a faster rate than they are losing it to wear and tear or obsolescence.  
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ŜƭŜŎǘǊƛŎ ǇǳƭǎŜǎ ƻŦ ǾŀǊȅƛƴƎ ŀƳǇƭƛǘǳŘŜΣ ǿƘƛƭŜ ŘƛƎƛǘŀƭ ǘŜŎƘƴƻƭƻƎȅ ǘǊŀƴǎƭŀǘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴǘƻ ōƛƴŀǊȅ ŦƻǊƳ όȊŜǊƻǎ ƻǊ ƻƴŜǎύ ǿƘŜǊŜ ŜŀŎƘ 
ōƛǘ ƛǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘǿƻ ŘƛǎǘƛƴŎǘ ŀƳǇƭƛǘǳŘŜǎΦ 
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Figure 1-10. Traditional One-Way Flow Electricity Supply Chain91 

 

 
The power grid was traditionally designed to move electricity from large generators to end users. Arrows 
represent power flows. 

¢ƘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǎƳŀǊǘ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴǎ ŘŜǎŎǊƛōŜŘ ŜŀǊƭƛŜǊ Ŏŀƴ ǊŜŘǳŎŜ ƎǊƛŘ Ŏƻǎǘǎ ŀƴŘ ƛƳǇǊƻǾŜ 
ŜŦŦƛŎƛŜƴŎȅΣ ŀǎ ǿŜƭƭ ŀǎ ǎŀǾŜ ǘƛƳŜ ŀƴŘ ŜŦŦƻǊǘΤ ōǳǘ ǳƴǘƛƭ ǊŜŎŜƴǘƭȅΣ ŎƻƳǇǳǘŜǊ ǇǊƻŎŜǎǎƛƴƎ ǎǇŜŜŘǎ ŀƴŘ ƭƻǿπŎƻǎǘ 
ŘƛƎƛǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ǎŜƴǎƻǊ ǘŜŎƘƴƻƭƻƎȅ ƭƛƳƛǘŜŘ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ƎǊƛŘǎ ŀƴŘ ŎƻƴǎǳƳŜǊǎ ǘƻ ƳŀƴŀƎŜ ŜƴŘπǳǎŜ 
ōŜƘŀǾƛƻǊ ƛƴ ƘƛƎƘƭȅ ƎǊŀƴǳƭŀǊ ǿŀȅǎΦ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ƳŀƴŀƎŜ ǘƘŜǎŜ ŜƴŘ ǳǎŜǎ Ƙŀǎ 
ŀƭǎƻ ŜƴŀōƭŜŘ ǘǿƻπǿŀȅ Ŧƭƻǿǎ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ CƛƎǳǊŜ мπмм ǎǳƳƳŀǊƛȊŜǎ ƪŜȅ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 
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Figure 1-11. Emerging 21st Century Electricity Two-Way Flow Supply Chain92 

 
The emerging 21st century power grid will incorporate responsive resources, storage, microgrids, and other 
technologies that enable increased flexibility, higher system efficiency, reduced energy consumption, and 
increased consumer options and value, as discussed in Chapter II, The Electricity Sector: Maximizing
Economic Value and Consumer Equity.  Arrows represent power flows. Figure 1-11 also depicts key factors 
that are disrupting traditional modes of grid management and operations, discussed in greater detail in 
Chapter IV, Ensuring Electricity System Reliability, Security, and Resilience.

bŜǿ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŀƴ ŜǾƻƭǳǘƛƻƴ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ŘŜǎƛƎƴ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ǊŜƭƛŀōƭŜ ŀƴŘ 
ŜŎƻƴƻƳƛŎ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƴŜǿ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ŀ нмǎǘ ŎŜƴǘǳǊȅ ƎǊƛŘΦ L/¢ Ƙŀǎ ŀƭǊŜŀŘȅ ƛƳǇǊƻǾŜŘ ǘƘŜ ƻǇŜǊŀǘƛƻƴǎ 
ƻŦ ǘƘŜ ƎǊƛŘ ǿƛǘƘƛƴ ŀƴŘ ŀŎǊƻǎǎ ǊŜƎƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀŘǾŀƴŎŜŘ ƛƴǾŜǊǘŜǊǎ ƻƴ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎ Ŏŀƴ 
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ǇǊƻǾƛŘŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ƭƻŎŀƭƛȊŜŘ ƎǊƛŘ ǎǳǇǇƻǊǘ ŦǳƴŎǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ǾƻƭǘŀƎŜ ǊŜƎǳƭŀǘƛƻƴ ŀƴŘ ŦǊŜǉǳŜƴŎȅ ǊƛŘŜ 
ǘƘǊƻǳƎƘΦƎ фо bŜŀǊƭȅ ŀƭƭ ƳŀǊƪŜǘ ǊŜƎƛƻƴǎ ƘŀǾŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀŎǘƛǾŜ ǇƻǿŜǊ ŎƻƴǘǊƻƭ ƻŦ ǿƛƴŘ ǘǳǊōƛƴŜǎ ƛƴǘƻ ǘƘŜƛǊ 
ŘƛǎǇŀǘŎƘ ǇǊƻŎŜŘǳǊŜǎ ǘƻ ƳŀƴŀƎŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŎƻƴƎŜǎǘƛƻƴΦфп !ƭǎƻΣ ǎŜǾŜǊŀƭ ƳŀǊƪŜǘ ǊŜƎƛƻƴǎ ƘŀǾŜ ŎƘŀƴƎŜŘ 
ƳŀǊƪŜǘ ǊǳƭŜǎ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ Ŧŀǎǘ ǊŜŀŎǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘƻ ŦǊŜǉǳŜƴŎȅ ǊŜƎǳƭŀǘƛƻƴ ƻǇŜǊŀǘƛƴƎ ǎƛƎƴŀƭǎΦфр  

 Customer Engagement, New Business Models, and the 
Emerging Role of Aggregators 
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ŀƎƎǊŜƎŀǘŜ ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ŘŜƳŀƴŘ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ǎŜǊǾŜŘΣ ǎǳǇǇƻǊǘŜŘ ōȅ ŀ άǊŀǘŜǇŀȅŜǊΦέ ¢Ƙƛǎ ǾƛŜǿ ƻŦ 
ŎǳǎǘƻƳŜǊǎ ŀǎ ƭƻŀŘ ŀƴŘ ǊŀǘŜǇŀȅŜǊΣ ƭŀǊƎŜƭȅ ǇŀǎǎƛǾŜ ōŜŎŀǳǎŜ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ǊŜŀƭ ŀƭǘŜǊƴŀǘƛǾŜ ƻǇǘƛƻƴǎ ǘƻ ǳǘƛƭƛǘȅ 
ǎŜǊǾƛŎŜΣ ǿŀǎ ƻǇŜǊŀǘƛǾŜ ǘƘǊƻǳƎƘ ǘƘŜ ŜŀǊƭȅ мфулǎΦ /ƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǎǘŀǊǘƛƴƎ ƛƴ ǘƘŜ ƳƛŘπмфулǎΣ 
ƘƻǿŜǾŜǊΣ ƘŀǾŜ ǇǊƻƳǇǘŜŘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŜƳŜǊƎƛƴƎ ŎƻƳǇŜǘƛǘƻǊǎ ǘƻ ǎƭƻǿƭȅ ǎƘƛŦǘ ǘƘŜƛǊ άŎǳǎǘƻƳŜǊ ŀǎ ƭƻŀŘέ ǾƛŜǿǎ 
ǘƻ ŀ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƘŀǘ ƛǎ ƳǳŎƘ ƳƻǊŜΣ ŀƴŘ ƳƻǊŜ ǎƛƳǇƭȅΣ ŎǳǎǘƻƳŜǊπŎŜƴǘǊƛŎΦ 

{ǘŀǘŜǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŜȄǇƭƻǊƛƴƎ ƴŜǿ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ǿƘƛƭŜ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƛǎ 
ǇǊƻǾƛŘƛƴƎ ƴŜǿ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ŎƻƴǎǳƳŜǊǎΦ Lƴ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅ Ƙŀǎ ǎŜŜƴ ŀ 
ƭŀǊƎŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōǳǎƛƴŜǎǎŜǎ ŦƻŎǳǎŜŘ ƻƴ ǇǊƻǾƛŘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅπǊŜƭŀǘŜŘ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ 
ƻǳǘǎƛŘŜ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΦфс ¢ƘŜǎŜ ōǳǎƛƴŜǎǎŜǎ ƘŀǾŜ ŦƻǳƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǇǊƻǾƛŘŜ 
ǾŀƭǳŜ ǘƻ ŎǳǎǘƻƳŜǊǎ ǘƘǊƻǳƎƘ ƛƴƴƻǾŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƴƻǾŜƭ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΣ ŀƴŘ ǎǳǇǇƻǊǘƛǾŜ {ǘŀǘŜ ŀƴŘ 
CŜŘŜǊŀƭ ǇƻƭƛŎȅ ŘŜŎƛǎƛƻƴǎτǘƘŜȅ ŀǊŜ ŀƭǎƻ ŎƘŀƴƎƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ ǎƻƳŜ ǊŀǘŜǇŀȅŜǊǎ ŦǊƻƳ ǇŀǎǎƛǾŜ ŎƻƴǎǳƳŜǊǎ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƛƴŦƻǊƳŜŘ ǎƘƻǇǇŜǊǎ ŀƴŘ ǇǊƻŘǳŎŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǊŜƭŀǘŜŘ ŜƴŘπǳǎŜ ǎŜǊǾƛŎŜǎΦфт aŀƴȅ ƻŦ ǘƘŜǎŜ 
ǎŜǊǾƛŎŜǎ ŀǊŜ ŜƴŀōƭŜŘ ōȅ ǘƘŜ ǊŜŎŜƴǘ ǿƛŘŜǎǇǊŜŀŘ ŀŘƻǇǘƛƻƴ ƻŦ ŀŘǾŀƴŎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƳŜǘŜǊƛƴƎ ŀƴŘ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎȅǎǘŜƳǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǊŀǘŜǇŀȅŜǊǎ ǿƛǘƘ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ƭŜǾŜƭǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ 
ƻǿƴ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ǇŀǘǘŜǊƴǎΦфу ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ƛǎ ŘƛǎŎǳǎǎŜŘ ŦǳǊǘƘŜǊ ƛƴ /ƘŀǇǘŜǊ 
LLΣ The Electricity Sector: Maximizing Economic Value and Consumer Equity.  
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ŎƻƴǎǳƳŜǊǎ ŜƴŀōƭŜǎ ǘƘŜƳ ǘƻ ŀŎǘ ŀǎ ŀ ǎƛƴƎƭŜ ŜƴǘƛǘȅΣ ǇǊƻǾƛŘƛƴƎ ŀ ǎŜǊǾƛŎŜ ǘƻ ǳǘƛƭƛǘƛŜǎ ǳƴŘŜǊ ŀ ŎƻƴǘǊŀŎǘΣ ƻǊ ǘƻ 
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ŜƴŀōƭŜŘ ōȅ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǘƘŜ ǎƳŀǊǘ ƎǊƛŘΦ ±ŀƭǳŜ ǊŜŀƭƛȊŜŘ ǘƘǊƻǳƎƘ ŀƎƎǊŜƎŀǘƛƻƴ ǘǊŀƴǎŀŎǘƛƻƴǎ ƛǎ 
ǘȅǇƛŎŀƭƭȅ ǎƘŀǊŜŘ ōŜǘǿŜŜƴ ŀƎƎǊŜƎŀǘƻǊǎ ŀƴŘ ǘƘŜƛǊ ŎƭƛŜƴǘǎΦ  

¢ƘŜ ŎƻǊŜ ǿƻǊƪŦƭƻǿǎ ƻŦ ŀƎƎǊŜƎŀǘƻǊǎ ƛƴǾƻƭǾŜ ŀǇǇƭȅƛƴƎ ǘŜŎƘƴƛŎŀƭ ǎŜǊǾƛŎŜǎ ǎǳŎƘ ŀǎ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŀƭȅǘƛŎǎΣ 
ǇǊƻŎŜǎǎ ǎȅǎǘŜƳ ŘŜǎƛƎƴΣ ŀǎǎŜǘ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ ƛƴǎǘŀƭƭŀǘƛƻƴΣ ŀƴŘ ƻƴƎƻƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜΣ ŀǎ 
ǿŜƭƭ ŀǎ ŜŎƻƴƻƳƛŎ ǎŜǊǾƛŎŜǎ ǎǳŎƘ ŀǎ ƭŜŀǎƛƴƎ ǘƻ ǎǳǇǇƻǊǘ ŀŘƻǇǘƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎΣ ǎƘŀǊŜŘ ǎŀǾƛƴƎǎπōŀǎŜŘ 
ǘǊŀƴǎŀŎǘƛƻƴǎ ǘƘŀǘ ǊŜŘǳŎŜ ŎƭƛŜƴǘ ŎƻǎǘǎΣ ŀƴŘ ƻǿƴŜǊǎƘƛǇ ƻŦ ǎȅǎǘŜƳǎ ŦƻǊ ǿƘƛŎƘ ŀ ƳƻƴǘƘƭȅ ŦŜŜ ƛǎ ŎƘŀǊƎŜŘ ǘƻ 
ŎƭƛŜƴǘǎΦ ²ƘƛƭŜ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǾŀǊƛŀǘƛƻƴǎ ƻŦ ǘƘŜǎŜ ƎŜƴŜǊŀƭ ŜƴǘŜǊǇǊƛǎŜ ŀŎǘƛǾƛǘƛŜǎΣ CƛƎǳǊŜ мπмн ǇǊƻǾƛŘŜǎ ŀ 
ƎŜƴŜǊŀƭ ŘŜǇƛŎǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǎǳƳŜǊ ŀƴŘ ōǳȅŜǊ ŎŀǘŜƎƻǊƛŜǎ ŦƻǊ ŀƎƎǊŜƎŀǘƻǊǎ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǎȅǎǘŜƳ ǾŀƭǳŜ 
ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾŀǊƛƻǳǎ ŀƎƎǊŜƎŀǘƛƻƴǎΦ  

                                                           
Ǝ CǊŜǉǳŜƴŎȅ ǊƛŘŜ ǘƘǊƻǳƎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŀōƛƭƛǘȅ ŦƻǊ ŀ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƻǇŜǊŀǘƛƴƎ ǘƘǊƻǳƎƘ ƳƻƳŜƴǘŀǊȅ ƎǊƛŘ 
ŘƛǎǘǳǊōŀƴŎŜǎ ƭƛƪŜ ŀ ŘƛǇ ƛƴ ǾƻƭǘŀƎŜ ƻǊ ŦǊŜǉǳŜƴŎȅΦ 
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Figure 1-12. Aggregator Sources, Markets, and Services 

 
Aggregators develop ñload portfoliosò from various combinations of consumer segments. There are three 
principal buyers for aggregator services: utility grid operators, utility retailers, and utilities interacting with 
other wholesale market participants to serve day-ahead, hour-ahead, and real-time markets (which include 
frequency regulation and other essential reliability services). Aggregators sell DR products for use by 
utilities across all three buyer types using specific utility-offered DR programs, or through negotiated DR 
contracts with aggregators.  

¢ƘŜ ǊƻƭŜǎ ǘƘŀǘ ƴƻƴπǳǘƛƭƛǘȅ ŀƎƎǊŜƎŀǘƻǊǎ Ǉƭŀȅ Ŏŀƴ ōŜ ƻŦ ƎǊŜŀǘ ǾŀƭǳŜ ƛƴ ǎǳǇǇƻǊǘƛƴƎ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅΦ 
¢ƘŜ ƎǊƻǿƛƴƎ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ 59w ƛƴŎǊŜŀǎŜǎ ǘƘŜ ŘŜǇǘƘ ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƻŦ ǾŀƭǳŜπŀŘŘŜŘ ǎŜǊǾƛŎŜǎ ŀƎƎǊŜƎŀǘƻǊǎ 
Ŏŀƴ ƻŦŦŜǊΦ !ƎƎǊŜƎŀǘƻǊǎ ŀǊŜ ƴƻǘΣ ƘƻǿŜǾŜǊΣ ǊŜƎǳƭŀǘŜŘ ŜƴǘƛǘƛŜǎΤ ǘƘŜƛǊ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴǎ ǘŜƴŘ ǘƻ ōŜ ǊƛǎƪƛŜǊ 
ǘƘŀƴ ǘƘƻǎŜ ƻŦ ǊŜƎǳƭŀǘŜŘ ŜƴǘƛǘƛŜǎΦ ¢ƘŜƛǊ ŎƭƛŜƴǘ ŜƴƎŀƎŜƳŜƴǘǎ ŀǊŜ ŀƭǎƻ ǎǳōƧŜŎǘ ǘƻ ƴŜƎƻǘƛŀǘŜŘ ǘŜǊƳǎ ŀƴŘ 
ŎƻƴŘƛǘƛƻƴǎ ǘƘŀǘ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ŀƴ ǳƴŜǾŜƴ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ōŜƴŜŦƛǘǎ ōŜǘǿŜŜƴ ƳŜƳōŜǊǎ ƻŦ ŀƴ ŀƎƎǊŜƎŀǘƛƻƴΣ ŀǎ 
ǿŜƭƭ ŀǎ ōŜǘǿŜŜƴ ǘƘŜ ŀƎƎǊŜƎŀǘƻǊ ŀƴŘ ŀƭƭ ŎƭƛŜƴǘǎΦ ¢ƻ ƳŀȄƛƳƛȊŜ ǘƘŜƛǊ ǾŀƭǳŜ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀƴŘ ƎǊƛŘ 
ƻǇŜǊŀǘƛƻƴǎΣ ŀƎƎǊŜƎŀǘƻǊǎ ƴŜŜŘ ŀŘŜǉǳŀǘŜ ŎŀǇƛǘŀƭƛȊŀǘƛƻƴΣ ǎǳŦŦƛŎƛŜƴǘ ǇƻƻƭƛƴƎ ƻŦ ŎƭƛŜƴǘǎ ǘƻ ŜƴǎǳǊŜ ǊŜƭƛŀōƭŜ 
ŜȄŜŎǳǘƛƻƴ ƻŦ 59wπǊŜƭŀǘŜŘ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ƛƳǇǊƻǾŜŘ ŜȄŜŎǳǘƛƻƴ ƻŦ ŎƭƛŜƴǘπǊŜƭŀǘŜŘ ŀŎǘƛǾƛǘƛŜǎΦ ¢ƘŜƛǊ ŀŎǘƛǾƛǘƛŜǎ ŀƭǎƻ 
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ƴŜŜŘ ǘƻ ōŜ ōƻǘƘ ǾƛǎƛōƭŜ ŀƴŘ ǊŜƭƛŀōƭŜ ŦƻǊ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘƛŜǎ ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎ ǘƻ ǘƘŜ 
ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘΦ 

wŜƎǳƭŀǘŜŘ ǳǘƛƭƛǘƛŜǎ Ŏŀƴ ŀƭǎƻ ŀƎƎǊŜƎŀǘŜ ŘŜƳŀƴŘ ǘƘǊƻǳƎƘ ǎǇŜŎƛŦƛŎ ǇǊƻƎǊŀƳǎ ŀǇǇǊƻǾŜŘ ōȅ ǊŜƎǳƭŀǘƻǊǎΦ ¢ƘŜ 
ŜŎƻƴƻƳƛŎ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ǾŀƭǳŜ ƻŦ 5w ǇǊƻƎǊŀƳǎ ŘŜǇŜƴŘǎ ƻƴ ŎǳǎǘƻƳŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘ ǘƻ 
ǇŀǊǘƛŎƛǇŀǘŜΦ 5w ŎƘŀƭƭŜƴƎŜǎ ƛƴŎƭǳŘŜΥ ǇŀǊǘƛŀƭ ŘŜƭƛǾŜǊȅ ŀƎŀƛƴǎǘ ŎƻƴǘǊŀŎǘŜŘ 5w  ǾƻƭǳƳŜǎΤ ǘƘŜ ƛƴŀōƛƭƛǘȅ ǘƻ ǎǳǎǘŀƛƴ 
5w  ŎƻƳƳƛǘƳŜƴǘǎ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ŘǳǊŀǘƛƻƴ ƻŦ ŀƴ ŜǾŜƴǘΤ ƻǊ ƴƻƴǇŀǊǘƛŎƛǇŀǘƛƻƴ ǿƘŜƴ ŎŀƭƭŜŘ ƻƴ ŦƻǊ ǎŜǊǾƛŎŜΦ 
¢ƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ƛƳǇŀŎǘ Řŀƛƭȅ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ŀƴŘ ǇǊƻŘǳŎǘƛƻƴ ǿƘŜǊŜ ƎŀǇǎ ƛƴ 5w  ǇŜǊŦƻǊƳŀƴŎŜ Ƴǳǎǘ ōŜ 
ŀŘŘǊŜǎǎŜŘ ǿƛǘƘ ƻǘƘŜǊ ǊŜǎƻǳǊŎŜǎΤ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ŘŜǾŀƭǳŜ 5w ŀƴŘ ƛƴƘƛōƛǘǎ ƛǘǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀǎ ŀ ǊŜǎƻǳǊŎŜ 
ŦƻǊ ƭƻŀŘ ǎƘŀǇƛƴƎ ŀƴŘ ŦƻƭƭƻǿƛƴƎΦ  

 Workforce Retirements, New Skillsets, and Shifting Regional 
Needs Pose Challenges for a Changing Electricity Sector  

wŜŀƭƛȊƛƴƎ ǘƘŜ Ŧǳƭƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎƘƛŦǘǎ ƛƴ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƻǇŜǊŀǘƛƻƴǎ ǘƻƻƭǎΣ ŀƴŘ ƛƴŘǳǎǘǊȅ ǎǘǊǳŎǘǳǊŜ 
ǿƛƭƭ ǊŜǉǳƛǊŜ ŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅ ǿƻǊƪŦƻǊŎŜ ŎŀǇŀōƭŜ ƻŦ ŀŘŀǇǘƛƴƎ ŀƴŘ ŜǾƻƭǾƛƴƎ ǘƻ ƳŜŜǘ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ 
нмǎǘ ŎŜƴǘǳǊȅ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ ! ǎƪƛƭƭŜŘ ǿƻǊƪŦƻǊŎŜ ǘƘŀǘ Ŏŀƴ ōǳƛƭŘΣ ƻǇŜǊŀǘŜΣ ŀƴŘ ƳŀƴŀƎŜ ŀ ƳƻŘŜǊƴƛȊŜŘ 
ƎǊƛŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ŀƴ ŜǎǎŜƴǘƛŀƭ ŎƻƳǇƻƴŜƴǘ ŦƻǊ ǊŜŀƭƛȊƛƴƎ ǘƘŜ Ŧǳƭƭ ǾŀƭǳŜ ƻŦ ŀ ƳƻŘŜǊƴƛȊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀ ƭƻƴƎπǘŜǊƳ ǇƻǇǳƭŀǘƛƻƴ ǎƘƛŦǘ ŦǊƻƳ ǊǳǊŀƭ ǘƻ ǳǊōŀƴ ŀǊŜŀǎ ǎƛƴŎŜ 
ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ƭŀǎǘ ŎŜƴǘǳǊȅΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¦Φ{Φ /Ŝƴǎǳǎ .ǳǊŜŀǳΣ ŀǊƻǳƴŘ нл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ¦Φ{Φ ǇƻǇǳƭŀǘƛƻƴ 
ƭƛǾŜŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ ƛƴ нлмлΣ ǿƘƛƭŜ ƳƻǊŜ ǘƘŀƴ тл ǇŜǊŎŜƴǘ ƭƛǾŜŘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎΦфф ¢Ƙƛǎ ƳŀƪŜǎ ƛǘ ŜǎǇŜŎƛŀƭƭȅ 
ŎƘŀƭƭŜƴƎƛƴƎ ŦƻǊ ǳǘƛƭƛǘȅ ŎƻƳǇŀƴƛŜǎ ƭƻŎŀǘŜŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ ǘƻ ǊŜǘŀƛƴ ŀƴŘ ŀǘǘǊŀŎǘ ŀ ƘƛƎƘπǎƪƛƭƭŜŘ ǿƻǊƪŦƻǊŎŜΦ !ƭǎƻΣ 
ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ нлллǎΣ ōŀōȅ ōƻƻƳŜǊǎ ŀǊŜ ǊŜǘƛǊƛƴƎ ƛƴ ƛƴŎǊŜŀǎƛƴƎ ƴǳƳōŜǊǎΦмлл LƴŘǳǎǘǊȅ ǎǳǊǾŜȅǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 
ǊƻǳƎƘƭȅ нр ǇŜǊŎŜƴǘ ƻŦ ŜƳǇƭƻȅŜŜǎ ǿƛƭƭ ōŜ ǊŜŀŘȅ ǘƻ ǊŜǘƛǊŜ ǿƛǘƘƛƴ ǘƘŜ ƴŜȄǘ р ȅŜŀǊǎΦмлм млн CƛŦǘŜŜƴ ǇŜǊŎŜƴǘ ƻŦ 
ƭƛƴŜǿƻǊƪŜǊǎ ŀǊŜ ŦƻǊŜŎŀǎǘŜŘ ǘƻ ǊŜǘƛǊŜ ōŜǘǿŜŜƴ нлмс ŀƴŘ нлнлΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ мф ǇŜǊŎŜƴǘ ƻŦ ǘŜŎƘƴƛŎƛŀƴǎΣ мт 
ǇŜǊŎŜƴǘ ƻŦ ƴƻƴπƴǳŎƭŜŀǊ Ǉƭŀƴǘ ƻǇŜǊŀǘƻǊǎΣ ŀƴŘ мр ǇŜǊŎŜƴǘ ƻŦ ŜƴƎƛƴŜŜǊǎΦмло hƴŜ ǊŜŎŜƴǘ ǎǳǊǾŜȅ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ 
по ǇŜǊŎŜƴǘ ƻŦ ǳǘƛƭƛǘƛŜǎ ǾƛŜǿ ǊŜǘƛǊŜƳŜƴǘǎ ŀƴŘ ŀƴ ŀƎƛƴƎ ǿƻǊƪŦƻǊŎŜ ŀǎ ƻƴŜ ƻŦ ǘƘŜƛǊ Ƴƻǎǘ ǇǊŜǎǎƛƴƎ ŎƘŀƭƭŜƴƎŜǎΦмлп 
¢ƘŜǎŜ ǿƻǊƪŜǊǎ ǊŜǘƛǊƛƴƎ ƘŀǾŜ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ǎƪƛƭƭǎŜǘǎ ǘƘŀǘ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǊŜǇƭŀŎŜΦ  

Wƻōǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅ ǊŜǉǳƛǊŜ ŀ ǾŀǊƛŜŘ ǊŀƴƎŜ ƻŦ ƴŜǿ ǎƪƛƭƭǎΦ ¢ǊŀŘƛǘƛƻƴŀƭ ǳǘƛƭƛǘȅ Ƨƻōǎ ƛƴŎƭǳŘŜ 
ƭƛƴŜǿƻǊƪŜǊǎΣ ǇƻǿŜǊ Ǉƭŀƴǘ ƻǇŜǊŀǘƻǊǎΣ ǘŜŎƘƴƛŎƛŀƴǎΣ ǇƛǇŜŦƛǘǘŜǊǎ ŀƴŘ ǇƛǇŜ ƭŀȅŜǊǎΣ ŀƴŘ ŜƴƎƛƴŜŜǊǎΦ !ŘŘƛǘƛƻƴŀƭ 
ŦƛŜƭŘ ǎǳǇǇƻǊǘ ƛƴŎƭǳŘŜǎ ǘǊǳŎƪ ŘǊƛǾŜǊǎΣ ƛƴǎǇŜŎǘƻǊǎΣ ƳŜŎƘŀƴƛŎǎΣ ŀƴŘ ŜƭŜŎǘǊƛŎƛŀƴǎΦмлр ²ƘƛƭŜ ǘǊŀŘƛǘƛƻƴŀƭ Ƨƻōǎ ǎǳŎƘ 
ŀǎ ƭƛƴŜǿƻǊƪŜǊǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ƴŜŜŘŜŘΣ ƛƴŎǊŜŀǎŜǎ ƛƴ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ L/¢ ǿƛƭƭ ŎƘŀƴƎŜ 
ǘƘŜ ǎƪƛƭƭǎŜǘǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎƻƳŜ Ƨƻōǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛǾŜ ƴŜŜŘ ŦƻǊ ŜƳǇƭƻȅŜŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊƻƭŜǎΦ  

 The Electricity Sector Is Enabling a More 
Productive Economy and Reducing Carbon 
Emissions 

²ƘƛƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǘƘŜ ǿƻǊƪƘƻǊǎŜ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅΣ ƛǘ ƛǎ ŀƭǎƻ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ол ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ DID 
ŜƳƛǎǎƛƻƴǎΦмлс ¦Φ{Φ ǇƻǿŜǊ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ ŘŜŎƭƛƴŜŘ ōȅ нл ǇŜǊŎŜƴǘ ǎƛƴŎŜ нллрΣ ƭŀǊƎŜƭȅ ŘǳŜ ǘƻ ŀ ǎƭƻǿƛƴƎ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƭƻǿŜǊπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΦмлтΣ млу 

{ƛƴŎŜ ǘƘŜ мфрлǎΣ ƎǊƻǿǘƘ ƛƴ ¦Φ{Φ ŜƭŜŎǘǊƛŎ ŎƻƴǎǳƳǇǘƛƻƴ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ ǎƭƻǿŜŘ ŜŀŎƘ ŘŜŎŀŘŜ όǎŜŜ  
CƛƎǳǊŜ мπмоύΦ ! ƴǳƳōŜǊ ƻŦ ŦŀŎǘƻǊǎ ƘŀǾŜ ƭŜŘ ǘƻ ǘƘƛǎ ƎǊŀŘǳŀƭ ǎƭƻǿƛƴƎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ǊŀǘŜΣ 
ƛƴŎƭǳŘƛƴƎ ƳƻŘŜǊŀǘƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘΣ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ōǳƛƭŘƛƴƎǎ ŀƴŘ ƛƴŘǳǎǘǊȅΣ 
ƳŀǊƪŜǘ ǎŀǘǳǊŀǘƛƻƴ ƻŦ ŎŜǊǘŀƛƴ ƳŀƧƻǊ ŀǇǇƭƛŀƴŎŜǎΣ ŀƴŘ ŀ ǎƘƛŦǘ ƛƴ ǘƘŜ ōǊƻŀŘŜǊ ŜŎƻƴƻƳȅ ǘƻ ƭŜǎǎ ŜƴŜǊƎȅπƛƴǘŜƴǎƛǾŜ 
ƛƴŘǳǎǘǊƛŜǎΦмлфΣ ммл  
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Figure 1-13. U.S. GDP and Electricity Demand Growth Rates, 1950–2040111 

 
U.S. electricity demand growth has slowed since the 1950s and is projected to remain flat through 2040, 
based upon business-as-usual assumptions. Though national GDP has slowed over the same time period, 
electricity growth has slowed significantly more than GDP.  

tŀǎǘ ŀƴŘ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ǊŀǘŜǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǎŜǾŜǊŀƭ ǎŜŎǘƻǊπǎǇŜŎƛŦƛŎ ǘǊŜƴŘǎ ǘƘŀǘ ǊŜŦƭŜŎǘ 
ōǊƻŀŘŜǊ ŜŎƻƴƻƳƛŎ ŎƘŀƴƎŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ƛƴŘǳǎǘǊƛŀƭ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ƛǎ ǾƛǊǘǳŀƭƭȅ ŦƭŀǘΣ ǇǊƻŘǳŎǘƛǾƛǘȅ όŀǎ 
ƳŜŀǎǳǊŜŘ ōȅ ǳƴƛǘǎ ƻŦ D5t ǇǊƻŘǳŎŜŘ ǇŜǊ ǳƴƛǘ ƻŦ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜŘύ ƛǎ ƎǊƻǿƛƴƎΦ ¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΩǎ 
ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛǾƛǘȅ ƴŜŀǊƭȅ ŘƻǳōƭŜŘ ōŜǘǿŜŜƴ мффл ŀƴŘ нлмпΦ tǊƻƧŜŎǘƛƻƴǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ƎǊƛŘπǇǳǊŎƘŀǎŜŘ 
ŜƭŜŎǘǊƛŎƛǘȅ ǿƛƭƭ ǊŀǇƛŘƭȅ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ŦǊƻƳ нлмл ǳƴǘƛƭ нлнрΣ ŀŦǘŜǊ ǿƘƛŎƘ ƎǊƻǿǘƘ ƛǎ 
ǇǊƻƧŜŎǘŜŘ ǘƻ ǎƭƻǿ ǘƻ нлпл ǿƘŜƴ ƛǘ ǊŜŀŎƘŜǎ мΣнму ǘŜǊŀǿŀǘǘπƘƻǳǊǎ όнр ǇŜǊŎŜƴǘ ŀōƻǾŜ ǘƘŜ нлмл ƭŜǾŜƭύΦ ммн 

Decarbonizing the Electricity System 

¦Φ{Φ ǇƻǿŜǊ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ ŘŜŎƭƛƴŜŘ ōȅ нл ǇŜǊŎŜƴǘ ǎƛƴŎŜ нллрΣ ƭŀǊƎŜƭȅ ŘǳŜ ǘƻ ŀ ǎƭƻǿƛƴƎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ŘŜƳŀƴŘ ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƭƻǿŜǊπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΦммо [ƻǿ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƛŎŜǎ 
ƘŀǾŜ ƭŜŘ ǘƻ ǎǳōǎǘŀƴǘƛŀƭ ǎǳōǎǘƛǘǳǘƛƻƴǎ ƻŦ ƭƻǿŜǊπŜƳƛǘǘƛƴƎ Ǝŀǎ ŦƻǊ ƘƛƎƘπŜƳƛǘǘƛƴƎ ŎƻŀƭΦ ¢Ƙƛǎ ƛǎ ƛƴ ǇŀǊǘ ōŜŎŀǳǎŜ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ Ƙŀǎ ǘƘŜ ōǊƻŀŘŜǎǘ ŀƴŘ Ƴƻǎǘ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŀōŀǘŜƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻŦ ŀƴȅ ǎŜŎǘƻǊΣ 
ƛƴŎƭǳŘƛƴƎ ƳǳƭǘƛǇƭŜ ȊŜǊƻπŎŀǊōƻƴ ŀƴŘ ƭƻǿπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ƻǇǘƛƻƴǎτǎǳŎƘ ŀǎ ƴǳŎƭŜŀǊΣ ƘȅŘǊƻǇƻǿŜǊΣ ǎƻƭŀǊΣ 
ǿƛƴŘΣ ƎŜƻǘƘŜǊƳŀƭΣ ōƛƻƳŀǎǎΣ ŀƴŘ Ŧƻǎǎƛƭ ƎŜƴŜǊŀǘƛƻƴ ǿƛǘƘ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ŀƴŘ ǎǘƻǊŀƎŜτŀǎ ǿŜƭƭ ŀǎ Ƴŀƴȅ 
ƻǇŜǊŀǘƛƻƴŀƭ ŀƴŘ ŜƴŘπǳǎŜ ŜŦŦƛŎƛŜƴŎȅ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ ¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ Ƙŀǎ ōŜŜƴ ŀƴŘτŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ƛƴǘŜǊǇƭŀȅ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴΣ ƳŀǊƪŜǘ ŦƻǊŎŜǎΣ ŀƴŘ ǇƻƭƛŎȅτƛǎ ƭƛƪŜƭȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ǘƘŜ ŦƛǊǎǘ ƳƻǾŜǊ 
ƛƴ ŜŎƻƴƻƳȅπǿƛŘŜ DID ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΦ Lǘ ǿƛƭƭ ŀƭǎƻ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ 
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ƴŜŜŘŜŘ ŦǊƻƳ ƻǘƘŜǊ ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΦ aŀƴȅ ƻŦ ǘƘŜǎŜ ǘǊŜƴŘǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ 
L± όBuilding a Clean Electricity FutureύΦ 

¢ƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ŀǊƎǳŜǎ ŦƻǊ ŜƴǎǳǊƛƴƎ ǘƘŀǘ CŜŘŜǊŀƭ ŀƴŘ {ǘŀǘŜ ǇƻƭƛŎƛŜǎ ǇǊƻǾƛŘŜ ŎƻƳǇŜƭƭƛƴƎ 
ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ŀǎ ǇŀǊǘ ƻŦ ŀŎƘƛŜǾƛƴƎ ƴŀǘƛƻƴŀƭ ƎƻŀƭǎΦ hǇǘƛƻƴǎ ŦƻǊ 
ŘŜŎŀǊōƻƴƛȊƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ Ƴǳǎǘ ŀŘŘǊŜǎǎ ǎƛƎƴƛŦƛŎŀƴǘ ōŀǊǊƛŜǊǎ ƛƴ ǘƘǊŜŜ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎΥ ǘŜŎƘƴƛŎŀƭ 
όŜΦƎΦΣ ƭƻƴƎ ǘƛƳŜ ŦǊŀƳŜǎ ŦƻǊ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŘŜƳƻƴǎǘǊŀǘƛƻƴΣ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ ώw55ϧ5ϐ ƎŜǎǘŀǘƛƻƴύΤ 
ǎǘǊǳŎǘǳǊŀƭ όŜΦƎΦΣ ƭƻƴƎ ǘƛƳŜ ŦǊŀƳŜǎ ŦƻǊ ŎŀǇƛǘŀƭ ǎǘƻŎƪ ǘǳǊƴƻǾŜǊύΤ ŀƴŘ ǇƻƭƛŎȅ όŜΦƎΦΣ ŘƛŦŦƛŎǳƭǘƛŜǎ ƛƴ ƳƻōƛƭƛȊƛƴƎ 
ƴŜŜŘŜŘ ƛƴǾŜǎǘƳŜƴǘύΦ  

LƴǾŜǎǘƳŜƴǘ ƛƴ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ƴŜŜŘŜŘΣ ƛƴŎƭǳŘƛƴƎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŀŘǾŀƴŎŜƳŜƴǘǎ ƻŦ ƪƴƻǿƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀǎ ǿŜƭƭ 
ŀǎ ƛƴ ŦǳƴŘŀƳŜƴǘŀƭ ōǊŜŀƪǘƘǊƻǳƎƘǎΦ ¢ƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǘƻ 
ƛƴŎǊŜŀǎŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŜȄƛǎǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǳƴƭƻŎƪ ŦǳǘǳǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘΣ ŀƴŘ ƭƻƴƎπǊŀƴƎŜ 
ǇƭŀƴƴƛƴƎ Ƴǳǎǘ ǘŀƪŜ ǘŜŎƘƴƻƭƻƎȅ ǘƛƳŜ ǎŎŀƭŜǎ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ ǘƛƳŜƭƛƴŜǎ ƛƴǘƻ ŀŎŎƻǳƴǘΦ ¢ƘŜ ƛƴƴƻǾŀǘƛƻƴ 
ǇǊƻŎŜǎǎ ƛǎ ƛǘŜǊŀǘƛǾŜΣ ǊŜǉǳƛǊƛƴƎ ŜŀǊƭȅ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƭŜŀǊƴƛƴƎ ƻǾŜǊ ǘƛƳŜΦ !ƭǎƻΣ ōŜȅƻƴŘ ŜƴŀōƭƛƴƎ 
ŘƻƳŜǎǘƛŎ DID ǊŜŘǳŎǘƛƻƴ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ŜŎƻƴƻƳƛŎ ǿŜƭƭπōŜƛƴƎΣ ƛƴƴƻǾŀǘƛƻƴ Ŏŀƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŎŎŜƭŜǊŀǘŜ ŀƴŘ 
ŜŀǎŜ ǘƘŜ ǇŀǘƘ ǘƻ Ǝƭƻōŀƭ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΣ ōƻǘƘ ƻŦ ǿƘƛŎƘ ŀǊŜ ŎǊƛǘƛŎŀƭ ǘƻ ǊŜŘǳŎƛƴƎ ŀŘǾŜǊǎŜ ŎƭƛƳŀǘŜ 
ƛƳǇŀŎǘǎΦ  

Lƴ ŀŘŘƛǘƛƻƴΣ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ǘƻ ŀ ƭƻǿπŎŀǊōƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ŦǳǘǳǊŜ ǊŜǉǳƛǊŜǎ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ŀŎŎŜƭŜǊŀǘŜ ŘŜǇƭƻȅƳŜƴǘ 
ƻŦ ƭƻǿπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΦммп ¢ƘŜ ƭƻƴƎ ǘƛƳŜ ŦǊŀƳŜǎ ŦƻǊ ŎŀǇƛǘŀƭ ǎǘƻŎƪ ǘǳǊƴƻǾŜǊ ŀƭǎƻ ƳƻǘƛǾŀǘŜ ŜŀǊƭȅ ŀŎǘƛƻƴΦ 
¢ƘŜǊŜ ŀǊŜ CŜŘŜǊŀƭ ǘŀȄ ŎǊŜŘƛǘǎ ŀƴŘ {ǘŀǘŜ ǇƻƭƛŎƛŜǎΣ ǎǳŎƘ ŀǎ ǊŜƴŜǿŀōƭŜ ǇƻǊǘŦƻƭƛƻ ǎǘŀƴŘŀǊŘǎΣ ǘƘŀǘ ŀǊŜ ŘǊƛǾƛƴƎ 
ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǊŜƴŜǿŀōƭŜ ǇƻǿŜǊΣ ōǳǘ ŀŘŘƛǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎ Ƴŀȅ ōŜ ƴŜŜŘŜŘ ŦƻǊ ǘƘŜ 
ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǘƘŜǎŜ ŀƴŘ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ƎǊƛŘπǊŜƭŀǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

²ŜƭƭπŘŜǎƛƎƴŜŘ ǇƻƭƛŎƛŜǎ Ŏŀƴ ƘŜƭǇ ŦŀŎƛƭƛǘŀǘŜ ŀƴŘ ŜƴŀōƭŜ ƳŀǊƪŜǘ ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ ŘǊƛǾŜ ƭŜŀǎǘπŎƻǎǘ ŀǇǇǊƻŀŎƘŜǎ 
ǘƻ ƳƻōƛƭƛȊƛƴƎ ŀƴŘ ƭŜǾŜǊŀƎƛƴƎ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ ƛƴǾŜǎǘƳŜƴǘΣ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ǎǘǊŀƴŘŜŘ ŀǎǎŜǘǎ ŀƴŘ 
ǊŜŘǳŎƛƴƎ ŜƳƛǎǎƛƻƴǎΦ /ƻƴǾŜǊǎŜƭȅΣ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ǊŜǇƭŀŎŜ ƻǊ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ƳŀǊƪŜǘ ƳŜŎƘŀƴƛǎƳǎ 
Ŏŀƴ ƘŀǾŜ ǳƴƛƴǘŜƴŘŜŘ ŀƴŘ ƭƻƴƎπǘŜǊƳ ƛƳǇŀŎǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀǎ CƛƎǳǊŜ мπмп ŘŜƳƻƴǎǘǊŀǘŜǎΣ ǘƘŜ ǇŀǎǎŀƎŜ ƻŦ 
ǘƘŜ tƻǿŜǊǇƭŀƴǘ ŀƴŘ LƴŘǳǎǘǊƛŀƭ CǳŜƭ ¦ǎŜ !Ŏǘ όC¦!ύ ƛƴ мфту ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ !Ǌŀō ƻƛƭ ŜƳōŀǊƎƻ ƻŦ мфто ŀƴŘ 
ǇŜǊŎŜƛǾŜŘ ǎƘƻǊǘŀƎŜǎ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ƻǳǘƭŀǿŜŘ ǘƘŜ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΦ 
!ŦǘŜǊ ǘƘŜ ǇŀǎǎŀƎŜ ƻŦ ǘƘŜ C¦!Σ ǘƘŜǊŜ ǿŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘǊƻǇ ƛƴ ƴŀǘǳǊŀƭ Ǝŀǎ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ŀŘŘƛǘƛƻƴǎΦ 
Dŀǎ ŎŀǇŀŎƛǘȅ ƻƴƭȅ ōŜƎŀƴ ǘƻ ƎǊƻǿ ŀƎŀƛƴ ŀŦǘŜǊ ǘƘŜ ǊŜǇŜŀƭ ƻŦ ǘƘŜ C¦! ƛƴ мфут ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŀǘǳǊŀƭ 
Ǝŀǎ ŎƻƳōƛƴŜŘπŎȅŎƭŜ ǘǳǊōƛƴŜǎΦ Lƴ ǘƘŜ ƛƴǘŜǊƛƳ ȅŜŀǊǎ ǿƘŜƴ ǘƘŜ ƭŀǿ ǿŀǎ ƛƴ ŜŦŦŜŎǘΣ ǎƛƎƴƛŦƛŎŀƴǘ Ŏƻŀƭ ƎŜƴŜǊŀǘƛƻƴ 
ŎŀǇŀŎƛǘȅ ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ¦Φ{Φ ƎŜƴŜǊŀǘƛƻƴ ŦƭŜŜǘΣ ǿƛǘƘ ƭƻƴƎπǘŜǊƳ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŀƴŘ ŎŀǊōƻƴ 
ŜƳƛǎǎƛƻƴǎΦ CƛƎǳǊŜ мπмп ǎƘƻǿǎ ǎŜǾŜǊŀƭ ŀŘŘƛǘƛƻƴŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ǇƻƭƛŎŜǎ ŘǊƛǾƛƴƎ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄΦ 
CǳǊǘƘŜǊ ŘŜǘŀƛƭǎ ƻƴ ǘƘŜǎŜ ǇƻƭƛŎƛŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ !ǇǇŜƴŘƛȄ ό9ƭŜŎǘǊƛŎƛǘȅ {ȅǎǘŜƳ hǾŜǊǾƛŜǿύΦ 
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Figure 1-14. Net Generation Capacity Additions, 1950–2015115 

 
Capacity additions of different generation technologies came in waves that were largely influenced by 
policy, fuel costs, and technology development. The 1930s and 1940s fostered the development of 
hydropower; nuclear power was widely deployed in the 1970s after nuclear research for peaceful uses was 
allowed; natural gas additions peaked in the 2000s; and non-hydro renewables are quickly growing in the 
21st century. Note that the deployment of these generation technologies followed enabling Federal policies 
and technology developmentðe.g., nuclear power reactors and natural gas combined-cycle turbinesðby 
several decades. 

aŀƴȅ ƎŜƴŜǊŀǘƛƻƴ ƻǿƴŜǊǎ ŀƴŘ Ƴƻǎǘ ŜŎƻƴƻƳƛǎǘǎ Ƴŀƛƴǘŀƛƴ ǘƘŀǘ ŀ ǇǊƛŎŜ ƻƴ ŎŀǊōƻƴ ƛǎ ǘƘŜ Ƴƻǎǘ ŜŦŦƛŎƛŜƴǘ ƳŜŀƴǎ 
ƻŦ ŀŎƘƛŜǾƛƴƎ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΦ aŀƴȅ ƛƴǾŜǎǘƻǊǎ ŀƭǊŜŀŘȅ ŀǎǎǳƳŜ ŀ ǎƘŀŘƻǿ ǇǊƛŎŜ ƻƴ ŎŀǊōƻƴ ǿƘŜƴ ƳŀƪƛƴƎ 
ƛƴǾŜǎǘƳŜƴǘ ŘŜŎƛǎƛƻƴǎΦ {ǘŀǘŜǎ ƘŀǾŜ ŀƭǎƻ ǘŀƪŜƴ ŀ ƴǳƳōŜǊ ƻŦ ŀŎǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ŎƻƴǾŜƴǘƛƻƴŀƭ Ǉƻƭƭǳǘƛƻƴ ŀƴŘΣ 
ƳƻǊŜ ǊŜŎŜƴǘƭȅΣ DID ŜƳƛǎǎƛƻƴǎ ōŜȅƻƴŘ ǿƘŀǘ ƛǎ ǊŜǉǳƛǊŜŘ ǳƴŘŜǊ ƴŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀǘǳǘŜǎΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ Ƴŀƴȅ ŎƛǘƛŜǎ ƘŀǾŜ ǎŜǘ ŜȄǇƭƛŎƛǘ Ǝƻŀƭǎ ǘƻ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƘŀǾŜ ŜƴŀŎǘŜŘ ǇƻƭƛŎƛŜǎ ǘƻ ƘŜƭǇ 
ƳŜŜǘ ǘƘƻǎŜ ƎƻŀƭǎΦ CƛƴŀƭƭȅΣ ǎŜǾŜǊŀƭ w¢hǎκL{hǎ ƘŀǾŜ ƛǎǎǳŜŘ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŀŘŘƛƴƎ ŀ ŎŀǊōƻƴ ŎƘŀǊƎŜ 
ǘƻ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘǎΦ L{h bŜǿ 9ƴƎƭŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŘƛǎŎǳǎǎƛƴƎ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜƛǊ L{h 
ƳŀǊƪŜǘ ŘŜǎƛƎƴ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ŀ ŎŀǊōƻƴ ǇǊƛŎŜΦммс  

{ǘŀǘŜǎ ŀǊŜ ŀƭǎƻ ǇǳǊǎǳƛƴƎ ŀ ǊŀƴƎŜ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇƻƭƛŎƛŜǎ ǿƛǘƘ ŎƭƛƳŀǘŜ ŎƻπōŜƴŜŦƛǘǎΦ ¢ƘŜǎŜ ŜŦŦƻǊǘǎ ŀǊŜ 
ƛƳǇƻǊǘŀƴǘ ŀƴŘ ŜŦŦŜŎǘƛǾŜΣ ōǳǘ ǘƘŜȅ ǘŜƴŘ ǘƻ ǳƴŘŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ǾŀƭǳŜ ƻŦ ƻǘƘŜǊ ȊŜǊƻπ ŀƴŘ ƭƻǿπŎŀǊōƻƴ 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ŀƴŘ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ŀƴŘ ǎǘƻǊŀƎŜ ŦƻǊ ōƻǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ Ŏƻŀƭ 
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ƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜ DID ƳƛǘƛƎŀǘƛƻƴ ōŜƴŜŦƛǘǎ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ ŦƭŜŜǘ ƻŦ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ǇƭŀƴǘǎΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜ  
сл ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΣ ƳŜǊƛǘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŀǎ ǾŀƭǳŀōƭŜΣ ǎǳǎǘŀƛƴŀōƭŜ ǊŜǎƻǳǊŎŜǎΣ ǿƘŜǊŜ 
ŎǳǊǊŜƴǘ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘ ŘŜǎƛƎƴǎ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅπōŀǎŜŘ ŎƻǎǘπƻŦπǎŜǊǾƛŎŜ Ǿŀƭǳŀǘƛƻƴǎ ǘŜƴŘ ǘƻ ƴƻǘ άǇǊƛŎŜ ƛƴέ 
ǘƘŜǎŜ ǾŀƭǳŜǎΦ IȅŘǊƻǇƻǿŜǊ ƛǎ ŀƭǎƻ ŎŀǊōƻƴπŦǊŜŜ ŀƴŘ ŀ ƳŀƧƻǊ ǎƻǳǊŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ŀǎ ǿŜƭƭΦ  

CƛƴŀƭƭȅΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ŀƭǊŜŀŘȅ ƳŀŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ŀ ƘƛƎƘŜǊπŜŦŦƛŎƛŜƴŎȅΣ ƭƻǿŜǊπŎŀǊōƻƴ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ŀƴŘ ƳƻǊŜ ǇǊƻƎǊŜǎǎ ƛǎ ŜȄǇŜŎǘŜŘ ƎƻƛƴƎ ŦƻǊǿŀǊŘΦ ¢ƻ Ŧǳƭƭȅ ǊŜŀƭƛȊŜ ǘƘŜ ŎŀǊōƻƴ ǊŜŘǳŎǘƛƻƴǎ 
ǇƻǘŜƴǘƛŀƭ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ŦǊƻƳ ƎŜƴŜǊŀǘƛƻƴ ǘƻ ŜƴŘ ǳǎŜΣ ŘƛƎƛǘƛȊŀǘƛƻƴ ǘƻ ŎǊŜŀǘŜ ŀ ƳƻǊŜ ŎƻƴƴŜŎǘŜŘΣ 
ƛƴǘŜǊŀŎǘƛǾŜΣ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ ǎȅǎǘŜƳ ǿƛƭƭ ōŜ ŜǎǎŜƴǘƛŀƭΦ 5ŜŎŀǊōƻƴƛȊƛƴƎ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ǿƛƭƭ ŀƭǎƻ ǊŜǉǳƛǊŜ 
ƛƴŎǊŜŀǎŜŘ ŎŀǊōƻƴπŦǊŜŜ ŜƴŜǊƎȅΤ ƛƳǇǊƻǾŜŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΤ ŀŎǘƛǾŜ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŜƴŘπǳǎŜ 
ŦŀŎƛƭƛǘƛŜǎΤ ŀƴŘ ƛƳǇǊƻǾŜŘ ƎǊƛŘ ŎƻƴǘǊƻƭǎΣ ƛƴŎƭǳŘƛƴƎ ƳƻǊŜ ǊŜǎǇƻƴǎƛǾŜ ŎŜƴǘǊŀƭƛȊŜŘ ƎŜƴŜǊŀǘƛƻƴτŀƭƭ ƻŦ ǿƘƛŎƘ Ŏŀƴ 
ōŜ ƻǇǘƛƳƛȊŜŘ ōȅ Řŀǘŀ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎȅǎǘŜƳǎΦммт  

 Electricity Dependency Is a National Security 
Vulnerability  

²ƛǘƘƻǳǘ ŀŎŎŜǎǎ ǘƻ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ƳǳŎƘ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ŀƴŘ ŀƭƭ ŜƭŜŎǘǊƛŎƛǘȅπŜƴŀōƭŜŘ ŎǊƛǘƛŎŀƭ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ŀǘ ǊƛǎƪΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ƻǳǊ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ŀƴŘ ƘƻƳŜƭŀƴŘ ŘŜŦŜƴǎŜ ƴŜǘǿƻǊƪǎΣ ǿƘƛŎƘ 
ŘŜǇŜƴŘ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ŎŀǊǊȅ ƻǳǘ ǘƘŜƛǊ Ƴƛǎǎƛƻƴǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ǎŀŦŜǘȅ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅ ƻŦ ǘƘŜ !ƳŜǊƛŎŀƴ 
ǇŜƻǇƭŜΦ ¢ƘŜ /ŜƴǘŜǊ ŦƻǊ bŀǾŀƭ !ƴŀƭȅǎŜǎ ƛƴ ŀ bƻǾŜƳōŜǊ нлмр ǊŜǇƻǊǘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ŀƴŘ ƴŀǘƛƻƴŀƭ 
ǎŜŎǳǊƛǘȅ ƴƻǘŜŘ ǘƘŀǘ 

ά!ǎǎǳǊƛƴƎ ǘƘŀǘ ǿŜ ƘŀǾŜ ǊŜƭƛŀōƭŜΣ ŀŎŎŜǎǎƛōƭŜΣ ǎǳǎǘŀƛƴŀōƭŜΣ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƛǎ 
ŀ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƛƳǇŜǊŀǘƛǾŜΦ hǳǊ ƛƴŎǊŜŀǎŜŘ ǊŜƭƛŀƴŎŜ ƻƴ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƛƴ ŜǾŜǊȅ ǎŜŎǘƻǊ 
ƻŦ ƻǳǊ ƭƛǾŜǎΣ ƛƴŎƭǳŘƛƴƎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ŎƻƳƳŜǊŎŜΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ƘŜŀƭǘƘ ŀƴŘ 
ŜƳŜǊƎŜƴŎȅ ǎŜǊǾƛŎŜǎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ƘƻƳŜƭŀƴŘ ŀƴŘ ƴŀǘƛƻƴŀƭ ŘŜŦŜƴǎŜΣ ƳŜŀƴǎ ǘƘŀǘ ƭŀǊƎŜπ
ǎŎŀƭŜ ŘƛǎǊǳǇǘƛƻƴǎ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ǇƻǿŜǊ ǿƛƭƭ ƘŀǾŜ ƛƳƳŜŘƛŀǘŜ Ŏƻǎǘǎ ǘƻ ƻǳǊ ŜŎƻƴƻƳȅ ŀƴŘ Ŏŀƴ 
ǇƭŀŎŜ ƻǳǊ ǎŜŎǳǊƛǘȅ ŀǘ ǊƛǎƪΦ ²ƘŜǘƘŜǊ ƛǘ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŦƛǊǎǘ ǊŜǎǇƻƴŘŜǊǎ ǘƻ ŀƴǎǿŜǊ ǘƘŜ Ŏŀƭƭ 
ǘƻ ŜƳŜǊƎŜƴŎƛŜǎ ƘŜǊŜ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƻǊ ǘƘŜ ǊŜŀŘƛƴŜǎǎ ŀƴŘ ŎŀǇŀōƛƭƛǘȅ ƻŦ ƻǳǊ ƳƛƭƛǘŀǊȅ 
ǎŜǊǾƛŎŜ ƳŜƳōŜǊǎ ǘƻ ƻǇŜǊŀǘŜ ŜŦŦŜŎǘƛǾŜƭȅ ƛƴ ǘƘŜ ¦Φ{Φ ƻǊ ŘŜǇƭƻȅŜŘ ƛƴ ǘƘŜŀǘŜǊΣ ǘƘŜǎŜ Ƴƛǎǎƛƻƴǎ 
ŀǊŜ ŘƛǊŜŎǘƭȅ ƭƛƴƪŜŘ ǘƻ ŀǎǎǳǊŜŘ ŘƻƳŜǎǘƛŎ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊΦέмму 

!ǎ ǿŜ ŎƻƴǎƛŘŜǊ ǘƘŜ ŎŜƴǘǊŀƭ ǊƻƭŜ ŜƭŜŎǘǊƛŎƛǘȅ Ǉƭŀȅǎ ƛƴ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ŜŎƻƴƻƳȅ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅΩǎ ōǊƻŀŘŜǊ 
ǊƻƭŜ ƛƴ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅΣ ƛǘ ƛǎ ƛƴǎǘǊǳŎǘƛǾŜ ǘƻ ōǊƛŜŦƭȅ ǊŜǾƛŜǿ ǘƘŜ ¦Φ{Φ ǇƻƭƛŎȅ ǊŜǎǇƻƴǎŜ ǘƻ ƻƛƭ ŘŜǇŜƴŘŜƴŎŜΦ ! 
ǎƛƴƎƭŜ ŀŎǘƛƻƴτǘƘŜ мфто hǊƎŀƴƛȊŀǘƛƻƴ ƻŦ tŜǘǊƻƭŜǳƳ 9ȄǇƻǊǘƛƴƎ /ƻǳƴǘǊƛŜǎ ƻƛƭ ŜƳōŀǊƎƻτŜȄǇƻǎŜŘ ǘƘŜ ¦Φ{Φ 
ŜŎƻƴƻƳȅΩǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŀ ǎƛƴƎƭŜ ŎƻƳƳƻŘƛǘȅΦ {ƛƴŎŜ ǘƘŜ ŜƳōŀǊƎƻΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƻǾŜǊŀƭƭ 
ŘŜǇŜƴŘŜƴŎŜ ƻƴ ƻƛƭΣ ŀǎ ǿŜƭƭ ŀǎ ƛƳǇƻǊǘŜŘ ƻƛƭΣ Ƙŀǎ ōŜŜƴ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ¦Φ{Φ ƴŀǘƛƻƴŀƭ ŀƴŘ 
ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅΦ ! ǎǳǎǘŀƛƴŜŘΣ плπȅŜŀǊ CŜŘŜǊŀƭ ǇƻƭƛŎȅ ŎƻƳƳƛǘƳŜƴǘ Ƙŀǎ ŜƴŀōƭŜŘ ŀ ǊƻōǳǎǘΣ Ǝƭƻōŀƭ ƻƛƭ ƳŀǊƪŜǘΤ 
ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ǇŜǘǊƻƭŜǳƳ ǎǳǇǇƭƛŜǊǎΤ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǎǘǊŀǘŜƎƛŎ ƻƛƭ ǊŜǎŜǊǾŜΤ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ 
ŎƻƴŎŜǊǘŜŘ ŀŎǘƛƻƴ ƛƴ ǘƘŜ ŜǾŜƴǘ ƻŦ ŘƛǎǊǳǇǘƛƻƴǎΤ ƛƴŎǊŜŀǎŜŘ ŘƻƳŜǎǘƛŎ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴΤ ŀ ǎƘƛŦǘ ŀǿŀȅ ŦǊƻƳ ƻƛƭπ
ŦƛǊŜŘ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΤ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǾŜƘƛŎƭŜǎΤ ŀƴŘ ŀ Ƙƻǎǘ ƻŦ ƻǘƘŜǊ ōŜƴŜŦƛǘǎΦ ¢ƘŜ ¦Φ{Φ ƎƻǾŜǊƴƳŜƴǘ ƛǎ ŀƭǎƻ 
ƳƻŘŜǊƴƛȊƛƴƎ ƛǘǎ {ǘǊŀǘŜƎƛŎ tŜǘǊƻƭŜǳƳ wŜǎŜǊǾŜ ǘƻ ƳƻǊŜ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ƳŀƴŀƎŜ ƛǘǎ ǾŀƭǳŜ ŀǎ ŀǊǘƛŎǳƭŀǘŜŘ ƛƴ 
ǎǘŀǘǳǘŜτǊŜŘǳŎƛƴƎ ǘƘŜ ƘŀǊƳ ǘƻ ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅ ŦǊƻƳ ƻƛƭ ǇǊƛŎŜ ǎƘƻŎƪǎ ŀƴŘ Ǝƭƻōŀƭ ǎǳǇǇƭȅ ŘƛǎǊǳǇǘƛƻƴǎΦ 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƴƻǿ ƴŜŜŘǎ ŀƴ ŀƴŀƭƻƎƻǳǎ ŀǇǇǊƻŀŎƘ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ ¦ƴƭƛƪŜ ǘƘŜ ǎǳǇǇƭȅ ƻŦ ƻƛƭ ƛƴ ǘƘŜ мфтлǎΣ 
Ƴƻǎǘ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜŘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ƎŜƴŜǊŀǘŜŘ ŘƻƳŜǎǘƛŎŀƭƭȅ όǘƘƻǳƎƘ ŎǳǊǊŜƴǘ ŎǊƻǎǎπ
ōƻǊŘŜǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ōŜǘǿŜŜƴ /ŀƴŀŘŀ ŀƴŘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎτŀƴŘ ƭƛƪŜƭȅ aŜȄƛŎƻ ƛƴ ǘƘŜ ŦǳǘǳǊŜτŎŀƴ ƳŀƪŜ 
ƛƴŎǊŜŀǎƛƴƎƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜύΦ !ǎ ƛƴ ǘƘŜ мфто 
hǊƎŀƴƛȊŀǘƛƻƴ ƻŦ tŜǘǊƻƭŜǳƳ 9ȄǇƻǊǘƛƴƎ /ƻǳƴǘǊƛŜǎ ŜƳōŀǊƎƻΣ ŘƛǎǊǳǇǘƛƻƴǎ ƛƴ ǘƘŜ Ŧƭƻǿ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎ ǿƻǳƭŘ ƘŀǾŜ ǇǊƻŦƻǳƴŘ ŜŦŦŜŎǘǎ ƻƴ ǘƘŜ ŜŎƻƴƻƳȅ ŀƴŘ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅΦ ¦ƴƭƛƪŜ ƻƛƭΣ ƘƻǿŜǾŜǊΣ ŜƭŜŎǘǊƛŎƛǘȅ 
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Ŏŀƴƴƻǘ ŎǳǊǊŜƴǘƭȅ ōŜ ǎǘƻǊŜŘ ŀǘ ǎŎŀƭŜΦ !ǎ ¦Φ{Φ ǇƻƭƛŎƛŜǎ ŜǎǘŀōƭƛǎƘ ƴŜǿ ǇŀǘƘǿŀȅǎ ǘƻ ŜƴƘŀƴŎŜ ŜŎƻƴƻƳƛŎ 
ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻōƧŜŎǘƛǾŜǎΣ ƛǘ ƛǎ ŀƭǎƻ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ ǘƘŜǎŜ ǇƻƭƛŎƛŜǎ ǿƻǊƪ ƛƴ ŎƻƴŎŜǊǘ ǿƛǘƘ 
ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƻōƧŜŎǘƛǾŜǎΦ 5ƻƛƴƎ ǎƻ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎ ōǳǘ ŀŎƘƛŜǾŀōƭŜΦ  

The Threat Environment Is Changing 

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŦŀŎŜǎ ŀ ǊŀƴƎŜ ƻŦ ƎǊƻǿƛƴƎ ǘƘǊŜŀǘǎ ǘƻ ƛǘǎ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǎŜŎǳǊƛǘȅΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ŎȅōŜǊ 
ŀƴŘ ǇƘȅǎƛŎŀƭ ǘƘǊŜŀǘǎΣ ƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ŘǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƎƛƴƎ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘƴŜǎǎ ƻŦ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘŀǘŀπŘǊƛǾŜƴ ŜŎƻƴƻƳȅΣ ŀƴŘ ŀ ŎƘŀƴƎƛƴƎ ǘŜŎƘƴƛŎŀƭ ŀƴŘ 
ƻǇŜǊŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ aŀƴȅ ƻŦ ǘƘŜǎŜ ƛǎǎǳŜǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ L±Σ Ensuring  Electricity
System Reliability, Security, and Resilience.  

/ȅōŜǊǎŜŎǳǊƛǘȅ ƛǎ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƻƴŎŜǊƴ ŦƻǊ ƴŀǘƛƻƴŀƭ ŀƴŘ ƘƻƳŜƭŀƴŘ ǎŜŎǳǊƛǘȅΦ /ȅōŜǊ ŀǘǘŀŎƪǎ ƛƴŎǊŜŀǎƛƴƎƭȅ Ƴŀȅ 
ǊŜǎŜƳōƭŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀǘǘŀŎƪǎ ǘƘŀǘ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ŘƛǎǊǳǇǘ ǇƘȅǎƛŎŀƭ ǎȅǎǘŜƳǎΦ aŀƭƛŎƛƻǳǎ ŎȅōŜǊ ŀŎǘƛǾƛǘȅ 
ŀƎŀƛƴǎǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀƴŘ ƛǘǎ ǎǳǇǇƭƛŜǊǎ ŀǊŜ ƎǊƻǿƛƴƎ ƛƴ ǎƻǇƘƛǎǘƛŎŀǘƛƻƴΦ ¢ƘŜ ŎȅōŜǊ ŀǘǘŀŎƪ ƻƴ ¦ƪǊŀƛƴŜΩǎ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ƛƴ 5ŜŎŜƳōŜǊ нлмр ǎŜǊǾŜǎ ŀǎ ŀ ǿŀǊƴƛƴƎΦ ¢ƘǊŜŜ ƻŦ ¦ƪǊŀƛƴŜΩǎ ǊŜƎƛƻƴŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻƳǇŀƴƛŜǎ ŜȄǇŜǊƛŜƴŎŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎ ŎȅōŜǊ ŀǘǘŀŎƪǎ ƻƴ ǘƘŜƛǊ ŎƻƳǇǳǘŜǊ ŀƴŘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΣ 
ǇǊŜŎƛǇƛǘŀǘƛƴƎ ǘƘŜ ŘƛǎŎƻƴƴŜŎǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳōǎǘŀǘƛƻƴǎΦ ¢ƘŜ ǊŜǎǳƭǘ ǿŀǎ ǎŜǾŜǊŀƭ ƻǳǘŀƎŜǎ ǘƘŀǘ 
ŎŀǳǎŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ннрΣллл ŎǳǎǘƻƳŜǊǎ ƛƴ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ŘƛǎǘǊƛōǳǘƛƻƴπƭŜǾŜƭ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊƛŜǎ ǘƻ ƭƻǎŜ 
ǇƻǿŜǊ ŦƻǊ ƘƻǳǊǎΦммф 

hƴŜ ƻŦ ǘƘŜ ƘŀŎƪŜǊǎΩ ǎǘǊƻƴƎŜǎǘ ŎŀǇŀōƛƭƛǘƛŜǎ ǿŀǎ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƭƻƴƎπǘŜǊƳ ǊŜŎƻƴƴŀƛǎǎŀƴŎŜ 
ƻǇŜǊŀǘƛƻƴǎ ǊŜǉǳƛǊŜŘ ǘƻ ƭŜŀǊƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ŜȄŜŎǳǘŜ ŀ ƘƛƎƘƭȅ ǎȅƴŎƘǊƻƴƛȊŜŘΣ ƳǳƭǘƛπǎǘŀƎŜΣ ƳǳƭǘƛπǎƛǘŜ 
ŀǘǘŀŎƪΦ ¢ƘŜǎŜ ƘƛƎƘƭȅ ǘŀǊƎŜǘŜŘΣ ƭƻƴƎπǘŜǊƳ ŎŀƳǇŀƛƎƴǎΣ ŎŀƭƭŜŘ advanced persistent threatsΣ ŀǊŜ ƎŜƴŜǊŀƭƭȅ 
ŘŜǎƛƎƴŜŘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜǎǇƛƻƴŀƎŜ ŀƴŘκƻǊ ǎŀōƻǘŀƎŜΦмнл ¢Ƙƛǎ ǘȅǇŜ ƻŦ ǿŜƭƭ π
ŦǳƴŘŜŘ ŀƴŘ ǎǘŀŦŦŜŘ ŀǘǘŀŎƪ Ƙŀǎ ƭƻƴƎ ǿƻǊǊƛŜŘ ¦Φ{Φ ǎŜŎǳǊƛǘȅ ƻŦŦƛŎƛŀƭǎΦ aƛŎƘŀŜƭ {Φ wƻƎŜǊǎΣ /ƻƳƳŀƴŘŜǊΣ ¦Φ{Φ 
/ȅōŜǊ /ƻƳƳŀƴŘ ŀƴŘ 5ƛǊŜŎǘƻǊΣ bŀǘƛƻƴŀƭ {ŜŎǳǊƛǘȅ !ƎŜƴŎȅΣ ƛƴ ǘŜǎǘƛƳƻƴȅ ōŜŦƻǊŜ ǘƘŜ IƻǳǎŜ {ŜƭŜŎǘ /ƻƳƳƛǘǘŜŜ 
ƻƴ LƴǘŜƭƭƛƎŜƴŎŜ ƛƴ hŎǘƻōŜǊ нлмпΣ ƴƻǘŜŘ ǘƘŀǘΣ ά¢ƘŜǊŜ ǎƘƻǳƭŘƴΩǘ ōŜ ŀƴȅ Řƻǳōǘ ƛƴ ƻǳǊ ƳƛƴŘǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ 
ƴŀǘƛƻƴπǎǘŀǘŜǎ ŀƴŘ ƎǊƻǳǇǎ ǘƘŀǘ ƘŀǾŜ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ώǘƻ Řƻ ǘƘŀǘΣϐ ǘƻ ŜƴǘŜǊ ƻǳǊ ǎȅǎǘŜƳǎΦΦΦŀƴŘ ǘƻ ǎƘǳǘ 
ŘƻǿƴΦΦΦƻǳǊ ŀōƛƭƛǘȅ ǘƻ ƻǇŜǊŀǘŜ ƻǳǊ ōŀǎƛŎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿƘŜǘƘŜǊ ƛǘΩǎ ƎŜƴŜǊŀǘƛƴƎ ǇƻǿŜǊΧƳƻǾƛƴƎ ǿŀǘŜǊ ŀƴŘ 
ŦǳŜƭΧέмнм  

!ƴƻǘƘŜǊ ŜŦŦŜŎǘƛǾŜ ŦƻǊƳ ƻŦ ŎƻƻǊŘƛƴŀǘŜŘ ŎȅōŜǊ ŀǘǘŀŎƪ ƛǎ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ ŀ ōƻǘƴŜǘΦ ¢ƘŜ aƛǊŀƛ ōƻǘƴŜǘΣ ǿƘƛŎƘ 
ƛƴǾƻƭǾŜǎ ŀ Ǝƭƻōŀƭ ƴŜǘǿƻǊƪ ƻŦ ƛƴŦŜŎǘŜŘ Lƻ¢ ŘŜǾƛŎŜǎΣ ǿŀǎ ǳǎŜŘ ǘƻ ŀǘǘŀŎƪ ƳǳƭǘƛǇƭŜ ǘŀǊƎŜǘǎ ƻƴ hŎǘƻōŜǊ нмΣ 
нлмсΦмнн ¢Ƙƛǎ ǿŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ǊŜŎƻǊŘŜŘ ŘƛǎǘǊƛōǳǘŜŘ ŘŜƴƛŀƭ ƻŦ ǎŜǊǾƛŎŜ ŀǘǘŀŎƪ ƛƴ ƘƛǎǘƻǊȅΦ !ǘǘŀŎƪǎ ŀƎŀƛƴǎǘ 
LƴǘŜǊƴŜǘ ǎȅǎǘŜƳǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƘŜ ¦Φ{Φ ǇƻǿŜǊ ƎǊƛŘΣ ƭƛƪŜ ǘƘŜ aƛǊŀƛ ōƻǘƴŜǘ ŀǘǘŀŎƪΣ ŀǊŜ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴŎŜǊƴΦ 
Lƴ Ƴƻǎǘ ŎŀǎŜǎΣ Lƻ¢ ŘŜǾƛŎŜǎ ŀǊŜ ŜŀǎƛŜǊ ǘƻ ƛƴŦŜŎǘ ǘƘŀƴ ǘǊŀŘƛǘƛƻƴŀƭ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳǎ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ 
ŜƳōŜŘŘŜŘ ǎŜŎǳǊƛǘȅ ŀƴŘ ǘƘŜ ƭƛƳƛǘŜŘ ŀōƛƭƛǘȅ ǘƻ ǇŀǘŎƘ ƪƴƻǿƴ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎΦ ²ƛǘƘ ǘƘŜ ǊŀǇƛŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ 
Lƻ¢ ŘŜǾƛŎŜǎ ǿƻǊƭŘǿƛŘŜΣ ƛƴŎƭǳŘƛƴƎ ǎƳŀǊǘ ǇǊƛƴǘŜǊǎΣ ƘƻƳŜ ǊƻǳǘŜǊǎΣ ƳƻƴƛǘƻǊǎ ŀƴŘ ŎŀƳŜǊŀǎΣ ŀƴŘ ǘƘƻǳǎŀƴŘǎ ƻŦ 
ƻǘƘŜǊǎΣ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ƘŀŎƪŜǊǎ ǘƻ ŘƛǎǊǳǇǘ ǘƘŜ Ŧƭƻǿǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ƎǊƻǿƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ  

¢ƘŜ ǊŜƭƛŀƴŎŜ ƻŦ ƻǳǊ ŎǊƛǘƛŎŀƭ ŜƴŜǊƎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǇƭŀŎŜǎ ŀ ǾŜǊȅ ƘƛƎƘ ǇǊŜƳƛǳƳ ƻƴ ŀ ǊŜƭƛŀōƭŜΣ 
ƳƻŘŜǊƴΣ ŀƴŘ ƘŀǊŘŜƴŜŘ ŜƭŜŎǘǊƛŎ ƎǊƛŘΣ ŀǎ ǿŜƭƭ ŀǎ ƻǳǊ ŜŦŦƻǊǘǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘΣ ŘŜǾŜƭƻǇΣ ŀƴŘ ŜǾƻƭǾŜ ƻǳǊ 
ŜƳŜǊƎŜƴŎȅ ǊŜǎǇƻƴǎŜ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŀŘŘǊŜǎǎ ŜǾŜǊπŎƘŀƴƎƛƴƎ ŀƴŘ ŜǾƻƭǾƛƴƎ ŎȅōŜǊ ǘƘǊŜŀǘǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ŜƭŜŎǘǊƛŎ 
ǳǘƛƭƛǘƛŜǎ ŦŀŎŜ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǎŜŎǳǊƛƴƎ ǘƘŜƛǊ L¢ ŀƴŘ h¢ ƴŜǘǿƻǊƪǎ ŀƴŘ ǎȅǎǘŜƳǎ ŦǊƻƳ Ƴŀƴȅ ŎȅōŜǊ 
ŀǘǘŀŎƪ ǾŜŎǘƻǊǎ όǎŜŜ CƛƎǳǊŜ мπмрύΦ ¦ǘƛƭƛǘƛŜǎ ŀƭǎƻ ŘŜǇŜƴŘ ƻƴ ŜŀŎƘ ƻǘƘŜǊΤ ƭŀǊƎŜ ŀƴŘ ǎƳŀƭƭ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ 
ǳǘƛƭƛǘƛŜǎ ƴŜŜŘ ǎǘǊƻƴƎ ŎȅōŜǊǎŜŎǳǊƛǘȅ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎΦ DƛǾŜƴ ǘƘŀǘ άǎȅǎǘŜƳǎ ŀǊŜ ƻƴƭȅ ŀǎ ǎǘǊƻƴƎ ŀǎ 
ǘƘŜƛǊ ǿŜŀƪŜǎǘ ƭƛƴƪǎΣέмно ǎŜŎǘƻǊπǿƛŘŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƎǊƛŘ ǎŜŎǳǊƛǘȅ ǿƛƭƭ ōŜ ŜǎǎŜƴǘƛŀƭ ŀƴŘ ǊŜǉǳƛǊŜ ŎƻƭƭŜŎǘƛǾŜ 
ŀŎǘƛƻƴ ōƻǘƘ ǿƛǘƘƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅ ƛǘǎŜƭŦ ŀƴŘ ǿƛǘƘ ƎƻǾŜǊƴƳŜƴǘΦ 
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Figure 1-15. Example Cyberattack Vectors for an Electric Utility 124 

 
There are many ways to communicate with a control system network and components using a variety of 
computing and communications equipment. Key vulnerabilities include unpatched networks, unvetted 
vendor access, access to the public Internet, and insider threats.  

 Homeland Security Requires a Resilient Power Grid 

5I{ ƭƛǎǘǎ ŦƛǾŜ ōŀǎƛŎ Ƴƛǎǎƛƻƴǎ ƛƴ ƛǘǎ άнлмп vǳŀŘǊŜƴƴƛŀƭ IƻƳŜƭŀƴŘ {ŜŎǳǊƛǘȅ wŜǾƛŜǿΣέ ǘƘǊŜŜ ƻŦ ǿƘƛŎƘ ŘƛǊŜŎǘƭȅ 
ǊŜƭŀǘŜ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎŜŎǘƻǊǎ ǘƘŀǘ ŘŜǇŜƴŘ ƻƴ ƛǘΥ ǇǊŜǾŜƴǘƛƴƎ 
ǘŜǊǊƻǊƛǎƳ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǎŜŎǳǊƛǘȅΣ ǎŀŦŜƎǳŀǊŘƛƴƎ ŀƴŘ ǎŜŎǳǊƛƴƎ ŎȅōŜǊǎǇŀŎŜΣ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ƴŀǘƛƻƴŀƭ 
ǇǊŜǇŀǊŜŘƴŜǎǎ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ  

¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƳǇƻƴŜƴǘǎ ƻŦ CŜŘŜǊŀƭ ŀƴŘ {ǘŀǘŜ ƘƻƳŜƭŀƴŘ ǎŜŎǳǊƛǘȅ ŀƎŜƴŎƛŜǎ ŀǊŜ ƘŜŀǾƛƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ 
ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǘƻ ŦǳƴŎǘƛƻƴΦ ¢ƘŜ /ǳǎǘƻƳǎ ŀƴŘ .ƻǊŘŜǊ tǊƻǘŜŎǘƛƻƴ ό/.tύ ŀƎŜƴŎȅ ǿƛǘƘƛƴ 5I{ ƻŦŦŜǊǎ ŀ ŎŀǎŜ ƛƴ 
ǇƻƛƴǘΦ ¢ƻ ǎŜŎǳǊŜ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀŎǊƻǎǎ ǊƻǳƎƘƭȅ уΣллл ƳƛƭŜǎ ƻŦ ƭŀƴŘ ŀƴŘ Ŏƻŀǎǘŀƭ ōƻǊŘŜǊǎτǿƘƛƭŜ 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŜƴǎǳǊƛƴƎ ŀ ǎƳƻƻǘƘ Ŧƭƻǿ ƻŦ ƭŜƎŀƭ ǘǊŀŘŜ ŀƴŘ ǘǊŀǾŜƭ ŦǊƻƳ ǘƘŜ ōƻǊŘŜǊǎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
ƛƴǘŜǊƛƻǊτ/.t ǳǘƛƭƛȊŜǎ ŀ Ǿŀǎǘ ƴŜǘǿƻǊƪ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅπŘŜǇŜƴŘŜƴǘ ŦŀŎƛƭƛǘƛŜǎΣ ǎŜƴǎƻǊǎΣ ŀƴŘ ƻǘƘŜǊ ƻǇŜǊŀǘƛƻƴŀƭ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ wŀŘƛŀǘƛƻƴ ǇƻǊǘŀƭ ƳƻƴƛǘƻǊǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀǊŜ ŘŜǇƭƻȅŜŘ ōȅ /.t ƴŀǘƛƻƴǿƛŘŜ όŀǘ ǎŜŀǇƻǊǘǎΣ ƭŀƴŘ 
ōƻǊŘŜǊ ǇƻǊǘǎ ƻŦ ŜƴǘǊȅΣ ŀƴŘ ƻǘƘŜǊ ƭƻŎŀǘƛƻƴǎύ ǘƻ ǎŀŦŜƎǳŀǊŘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŦǊƻƳ ƴǳŎƭŜŀǊ ŘŜǾƛŎŜǎ ŀƴŘ ŘƛǊǘȅ 
ōƻƳōǎΦмнр ¢ƘŜ ƳƻƴƛǘƻǊǎ ŀƴŘ ƴŜǘǿƻǊƪǎ ǘƻ ǿƘƛŎƘ ǘƘŜȅ ŀǊŜ ƭƛƴƪŜŘ ǊŜƭȅ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ŦǳƴŎǘƛƻƴΦ  

hǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ 5I{ ƴŜǘǿƻǊƪΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ {ŜŎǳǊƛǘȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ŀǊŜ Ŝǉǳŀƭƭȅ 
ǊŜƭƛŀƴǘ ƻƴ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǘƻ ŎƻƴŘǳŎǘ ǘƘŜƛǊ ƻǇŜǊŀǘƛƻƴǎΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ ǘƘŜ ŎŀǎŜ ŦƻǊ ƘƻƳŜƭŀƴŘ ǎŜŎǳǊƛǘȅ ŀƎŜƴŎƛŜǎ 
ŀƴŘ ŜƳŜǊƎŜƴŎȅ ƻǇŜǊŀǘƛƻƴǎ ŎŜƴǘŜǊǎ ŦƻǊ {ǘŀǘŜΣ ƭƻŎŀƭΣ ǘǊƛōŀƭΣ ŀƴŘ ǘŜǊǊƛǘƻǊƛŀƭ ƎƻǾŜǊƴƳŜƴǘǎΣ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ƘŀǾŜ 
ŜƳŜǊƎŜƴŎȅ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ǿƛƭƭ ōŜ ŀǘ ƛƴŎǊŜŀǎƛƴƎ Ǌƛǎƪ όƛƴ ǘŜǊƳǎ ƻŦ ƎŜƴŜǊŀǘƻǊ ōǳǊƴƻǳǘ ŀƴŘ 
ŦǳŜƭ ǊŜǎǳǇǇƭȅύ ƛŦ ƭƻƴƎπŘǳǊŀǘƛƻƴΣ ǿƛŘŜπŀǊŜŀ ǇƻǿŜǊ ƻǳǘŀƎŜǎ ƻŎŎǳǊΦ  

/ŀǘŀǎǘǊƻǇƘŜǎ ŎŀǳǎŜŘ ōȅ ƘǳƳŀƴ ƻǊ ƴŀǘǳǊŀƭ ƘŀȊŀǊŘǎ Ŝƴǘŀƛƭ ǘǿƛƴ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƘƻƳŜƭŀƴŘ ǎŜŎǳǊƛǘȅΣ ōƻǘƘ ƻŦ 
ǿƘƛŎƘ ǿƛƭƭ ǇƭŀŎŜ ŀ ǇǊŜƳƛǳƳ ƻƴ ƎǊƛŘ ǊŜǎƛƭƛŜƴŎŜΦ CƛǊǎǘΣ ŀǎ ǊŜǾŜŀƭŜŘ ƛƴ ǘƘŜ /ƭŜŀǊ tŀǘƘπL± ŀƴŘ /ŀǎŎŀŘƛŀ wƛǎƛƴƎ 
ŜȄŜǊŎƛǎŜǎ ƛƴ нлмсΣ ǎŜǾŜǊŜ ŜŀǊǘƘǉǳŀƪŜǎ ŀƴŘ ƻǘƘŜǊ ŎŀǘŀǎǘǊƻǇƘƛŎ ŜǾŜƴǘǎ ǿƛƭƭ ǇƻǎŜ ƛƳƳŜŘƛŀǘŜ ǘƘǊŜŀǘǎ ǘƻ ǇǳōƭƛŎ 
ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ ŀǎ ǿŀǘŜǊ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ ǎȅǎǘŜƳǎΣ ƘƻǎǇƛǘŀƭǎΣ ŀƴŘ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ŀǎǎŜǘǎ ŀǊŜ ŘŀƳŀƎŜŘ ŀƴŘ 
ƭƻǎŜ ǇƻǿŜǊΦ {ŜŎƻƴŘΣ ǊŜǎǇƻƴǎŜ ŀƴŘ ǊŜŎƻǾŜǊȅ ƻǇŜǊŀǘƛƻƴǎ ǿƛƭƭ ōŜ ŘƛǎǊǳǇǘŜŘ ǳƴƭŜǎǎ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŀǾŀƛƭŀōƭŜ ǘƻ 
ƘŜƭǇ ǎǳǇǇƻǊǘ ǘƘŜ ƭŀǊƎŜπǎŎŀƭŜ ƭƻƎƛǎǘƛŎǎ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎ όƛƴŎƭǳŘƛƴƎ ŦƻǊ Ƴŀǎǎ ŜǾŀŎǳŀǘƛƻƴύ ǘƘŀǘ 
ǎǳŎƘ ŜǾŜƴǘǎ ǿƛƭƭ ǊŜǉǳƛǊŜΦ aƻǎǘ ŎǊƛǘƛŎŀƭ ŦŀŎƛƭƛǘƛŜǎ ƘŀǾŜ ōŀŎƪπǳǇ ǇƻǿŜǊΦ IƻǿŜǾŜǊΣ ǇǊƻǾƛŘƛƴƎ ŦƻǊ ǎǳǎǘŀƛƴŜŘ 
ǊŜǎǳǇǇƭȅ ƻŦ ŦǳŜƭ ŦƻǊ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƻǊǎ ǿƛƭƭ ōŜŎƻƳŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘƛŦŦƛŎǳƭǘ ƛƴ ƭƻƴƎπŘǳǊŀǘƛƻƴ ƻǳǘŀƎŜǎΣ 
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ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŜŀǊǘƘǉǳŀƪŜǎ ƻǊ ƻǘƘŜǊ ŜǾŜƴǘǎ ǘƘŀǘ ǎŜǾŜǊŜƭȅ ŘƛǎǊǳǇǘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŦǳŜƭ ǎǳǇǇƭȅ 
ŎƘŀƛƴǎΣ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦ 

¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ Ƙŀǎ Ƴŀƛƴƭȅ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǇƘȅǎƛŎŀƭ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ DǊƻǿƛƴƎ 
ŘƛƎƛǘƛȊŀǘƛƻƴ ŀƴŘ ǊŜƭƛŀƴŎŜ ƻƴ Řŀǘŀ ƛǎ ƳŀƪƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ƎǊƛŘ 
ǊŜƭƛŀōƛƭƛǘȅ ŀǎ ǿŜƭƭΦ   tƘȅǎƛŎŀƭ ǎȅǎǘŜƳǎ ŀǊŜ ƛƳǇŀŎǘŜŘ ōȅ ƛƴǘŜƴǘƛƻƴŀƭ ŀŎǘǎ ƻŦ ǾŀƴŘŀƭƛǎƳ ƻǊ ŀǘǘŜƳǇǘǎ ǘƻ ŎǊƛǇǇƭŜ 
ŜǉǳƛǇƳŜƴǘ ǘƘŀǘ ƛǎ ŎǊƛǘƛŎŀƭ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜ ŘŜƭƛǾŜǊȅΦ LƴŦƻǊƳŀǘƛƻƴΣ ƻǊ ŎȅōŜǊ ǎȅǎǘŜƳǎ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
ƳƻǊŜ ŎƻƳǇƭŜȄ ŦǊƻƳ ŀ ǘƘǊŜŀǘ ƳƛǘƛƎŀǘƛƻƴ ǇŜǊǎǇŜŎǘƛǾŜΤ ǘƘŜ ƛƴŎǳǊǎƛƻƴ ǇŀǘƘǿŀȅǎ ŀǊŜ ƳƻǊŜ ŘƛǾŜǊǎŜ ŀƴŘ ŜǾƻƭǾŜ 
ǊŀǇƛŘƭȅΣ ŀǎ Řƻ ŀǘǘŀŎƪ ƻōƧŜŎǘƛǾŜǎ ǘƘŀǘ Ŏŀƴ ǊŀƴƎŜ ŦǊƻƳ ƛƴǘŜƭƭƛƎŜƴŎŜ ƎŀǘƘŜǊƛƴƎ ǘƻ ƛƴǘŜƴǘƛƻƴŀƭ ŘŜǎǘǊǳŎǘƛƻƴ ƻŦ 
ƎǊƛŘ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ŎŀǇŀōƛƭƛǘȅΦ CƛƎǳǊŜ мπмс ōŜƭƻǿ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜǎŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ŎȅōŜǊ 
ŎƘŀƭƭŜƴƎŜǎ ǘƻ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƎǊƛŘΦ   

Figure 1-16. Summary of the Cybersecurity Characteristics and Risks Confronting Smart Grid 
Deployment  

 
Cyber threats have different objectives: typically, incursions by sovereign attackers are warfare-oriented 
whereas incursions by groups and individuals are driven by pecuniary interests such as corporate 
espionage, credit card fraud, and ransom.  Sovereign and non-sovereign hacking exhibit similar 
characteristics and patterns, which inform efforts to defend against attacks. Note: Intended to be illustrative,
not comprehensive. 
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¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜ ό5h5ύ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ŎǳǎǘƻƳŜǊ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ŀ ǎȅǎǘŜƳ 
ǿƘƛŎƘ ƛǎ ƭŀǊƎŜƭȅ ƻǿƴŜŘ ŀƴŘ ƻǇŜǊŀǘŜŘ ōȅ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊΦ Lǘ ǳǎŜǎ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ŜȄŜŎǳǘŜ ǘƘŜ !ǊƳŜŘ 
{ŜǊǾƛŎŜǎΩ Ƴƛǎǎƛƻƴ ŜǎǎŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴǎ ōȅ ŜƴŜǊƎƛȊƛƴƎ ǘƘŜ ǎȅǎǘŜƳǎ ǘƘŀǘ ŦǳŜƭ ǘǊǳŎƪǎΣ ǘŀƴƪǎΣ ŀƴŘ ǎƘƛǇǎΤ ǇƻǿŜǊƛƴƎ 
ǘƘŜ ƘŜŀǘƛƴƎΣ ǾŜƴǘƛƭŀǘƛƻƴΣ ŀƴŘ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƻǘƘŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ 
ƳƛƭƛǘŀǊȅ ōŀǎŜǎ ǘƻ ŦǳƴŎǘƛƻƴΤ ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƻǘƘŜǊ ŘŜŦŜƴǎŜ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ŀǎǎŜǘǎ ŜǎǎŜƴǘƛŀƭ 
ŦƻǊ Ƴƛǎǎƛƻƴ ŀǎǎǳǊŀƴŎŜΦ ¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ Ƴƛǎǎƛƻƴ ŎǊƛǘƛŎŀƭ ŦƻǊ 5h5 ŜƭŜǾŀǘŜǎ ǘƘŜ ƭŜǾŜƭ ƻŦ 
ǊŜǎƛƭƛŜƴŎŜ ōŜȅƻƴŘ ǿƘŀǘ Ƴŀȅ ōŜ ŘŜŜƳŜŘ ǎǳŦŦƛŎƛŜƴǘ ŦƻǊ ƳŀǊƪŜǘ ǇǳǊǇƻǎŜǎΦ 

¢ƘŜ ƎǊƻǿƛƴƎ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘ ƘŀǾŜ ƛƴǎǇƛǊŜŘ ƴŜǿ ƭŀǿǎ ŀƴŘ 
ǊŜƎǳƭŀǘƛƻƴǎ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘƛǎ ƛƳǇŜǊŀǘƛǾŜ ŀƴŘ ŜǾƻƭǾƛƴƎ ǘƘǊŜŀǘ ƭŀƴŘǎŎŀǇŜΦ tǊŜǎƛŘŜƴǘƛŀƭ tƻƭƛŎȅ 5ƛǊŜŎǘƛǾŜ όtt5ύπ
нм ŀŘǾŀƴŎŜǎ ŀ ǳƴƛǘȅ ƻŦ ŜŦŦƻǊǘ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǎŜŎǳǊŜΣ ŦǳƴŎǘƛƻƴƛƴƎΣ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ŎǊƛǘƛŎŀƭ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻŎǳǎƛƴƎ ƻƴ ŀƭƭ ƘŀȊŀǊŘǎ ƻƴ ōƻǘƘ ǇƘȅǎƛŎŀƭ ŀƴŘ ŎȅōŜǊ ǎȅǎǘŜƳǎΦ ¢ƘŜ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ 
ǘƘŜ bŀǘƛƻƴΩǎ ŘŜŦŜƴǎŜ ǿŀǎ ŀƭǎƻ ǊŜŎƻƎƴƛȊŜŘ ƛƴ ǘƘŜ CƛȄƛƴƎ !ƳŜǊƛŎŀΩǎ {ǳǊŦŀŎŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ !Ŏǘ ƻŦ нлмр 
όŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ǘƘŜ C!{¢ !ŎǘύΦ {ŜŎǘƛƻƴ смлло ƻŦ ǘƘŜ !Ŏǘ ǊŜǉǳƛǊŜǎ ǘƘŜ {ŜŎǊŜǘŀǊȅ ƻŦ 9ƴŜǊƎȅΣ ƛƴ 
Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ ŀǇǇǊƻǇǊƛŀǘŜ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎΣ ǘƻ ƛŘŜƴǘƛŦȅ ŦŀŎƛƭƛǘƛŜǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǘƘŀǘ ŀǊŜΥ 
όмύ άŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ŘŜŦŜƴǎŜ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣέ ŀƴŘ όнύ άǾǳƭƴŜǊŀōƭŜ ǘƻ ŀ ŘƛǎǊǳǇǘƛƻƴ ƻŦ ǘƘŜ ǎǳǇǇƭȅ ƻŦ 
ŜƭŜŎǘǊƛŎ ŜƴŜǊƎȅ ǇǊƻǾƛŘŜŘ ǘƻ ǎǳŎƘ ŀ ŦŀŎƛƭƛǘȅ ōȅ ŀƴ ŜȄǘŜǊƴŀƭ ǇǊƻǾƛŘŜǊΦέмнс    

9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ŜǎǇŜŎƛŀƭƭȅ Ǿƛǘŀƭ ŦƻǊ ǇƻǿŜǊƛƴƎ ŘŜŦŜƴǎŜ ƴŜǘǿƻǊƪǎ ŀƴŘ ŜƴŀōƭƛƴƎ ōǊƻŀŘŜǊ ŎƻƳƳŀƴŘΣ ŎƻƴǘǊƻƭΣ ŀƴŘ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŦǳƴŎǘƛƻƴǎΦ 5h5Ωǎ нлмр ά/ȅōŜǊ {ǘǊŀǘŜƎȅέ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǊƻƭŜ ƻŦ ŀ άǿƛǊŜŘέ ǿƻǊƭŘΣ ǘƘŜ 
ŜǎǎŜƴǘƛŀƭ ǊƻƭŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀǎ ŀƴ ŜƴŀōƭŜǊ ƻŦ ǘƘŜǎŜ ŎƻƴƴŜŎǘƛƻƴǎΣ ŀƴŘ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ǘƘƛǎ ŘŜǇŜƴŘŜƴŎŜ 
ŎǊŜŀǘŜǎΦ ¢ƘŜ ǎǘǊŀǘŜƎȅ ƴƻǘŜǎ ǘƘŀǘΣ ά5h5Ωǎ ƻǿƴ ƴŜǘǿƻǊƪǎ ŀǊŜ ŀ ǇŀǘŎƘǿƻǊƪ ƻŦ ǘƘƻǳǎŀƴŘǎ ƻŦ ƴŜǘǿƻǊƪǎ ŀŎǊƻǎǎ 
ǘƘŜ ƎƭƻōŜΣ ŀƴŘ 5h5 ƭŀŎƪǎ ǘƘŜ Ǿƛǎƛōƛƭƛǘȅ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ŘŜŦŜƴŘ ƛǘǎ ŘƛŦŦǳǎŜ ƴŜǘǿƻǊƪǎ 
ŜŦŦŜŎǘƛǾŜƭȅΧ 5h5 ǊŜƭƛŜǎ ƻƴ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀŎǊƻǎǎ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ ƻǾŜǊǎŜŀǎ ŦƻǊ ƛǘǎ ƻǇŜǊŀǘƛƻƴǎΣ 
ȅŜǘ ǘƘŜ ŎȅōŜǊǎŜŎǳǊƛǘȅ ƻŦ ǎǳŎƘ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ǳƴŎŜǊǘŀƛƴΦέмнт 

¢ƘŜ 5ŜŦŜƴǎŜ {ŎƛŜƴŎŜ .ƻŀǊŘ ƛƴ нллу ƴƻǘŜŘ ǘƘŀǘΣ ά5h5Ωǎ ƪŜȅ ǇǊƻōƭŜƳ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǘƘŀǘ ŎǊƛǘƛŎŀƭ ƳƛǎǎƛƻƴǎΣ 
ǎǳŎƘ ŀǎ ƴŀǘƛƻƴŀƭ ǎǘǊŀǘŜƎƛŎ ŀǿŀǊŜƴŜǎǎ ŀƴŘ ƴŀǘƛƻƴŀƭ ŎƻƳƳŀƴŘ ŀǳǘƘƻǊƛǘƛŜǎΣ ŀǊŜ ŀƭƳƻǎǘ ŜƴǘƛǊŜƭȅ ŘŜǇŜƴŘŜƴǘ 
ƻƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘΦέмну ¢Ƙƛǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ǘƘŜ ƎǊƛŘτǿƘƛŎƘ ŎƻƴǘƛƴǳŜǎ ǘƻŘŀȅτƳŜŀƴǎ ǘƘŀǘ 
5h5 ŦŀŎŜǎ Ƴŀƴȅ ƻŦ ǘƘŜ ǎŀƳŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎŜŘ ōȅ ŀƭƭ ŜƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎΦ Lƴ нлмрΣ 5h5 ŦŀŎƛƭƛǘƛŜǎ 
ŜȄǇŜǊƛŜƴŎŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мнт ǳǘƛƭƛǘȅ ƻǳǘŀƎŜǎ ǘƘŀǘ ƭŀǎǘŜŘ у ƘƻǳǊǎ ƻǊ ƭƻƴƎŜǊΣ ŀƴ ƛƴŎǊŜŀǎŜ ŦǊƻƳ ммп ŜǾŜƴǘǎ 
ƛƴ нлмпΦмнф bŜŀǊƭȅ ƘŀƭŦ ƻŦ ǘƘŜ ƻǳǘŀƎŜǎ ǿŜǊŜ ŎŀǳǎŜŘ ōȅ ǿŜŀǘƘŜǊΣ ǿƘƛƭŜ ǘƘŜ ƻǘƘŜǊ ƘŀƭŦ ǿŜǊŜ ŎŀǳǎŜŘ ōȅ 
ŜǉǳƛǇƳŜƴǘ ŦŀƛƭǳǊŜΦ 5h5Ωǎ нлмр ά!ƴƴǳŀƭ 9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘ wŜǇƻǊǘΣέ ƛƴ ŘƛǎŎǳǎǎƛƴƎ ǊŜƭƛŀƴŎŜ ƻƴ 
ŎƻƳƳŜǊŎƛŀƭ ǇƻǿŜǊ ǎǳǇǇƭƛŜǎΣ ƴƻǘŜŘ ǘƘŀǘΣ ά5h5 ǊŜŎƻƎƴƛȊŜǎ ǘƘŀǘ ǎǳŎƘ ŜǾŜƴǘǎ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǇƻǿŜǊ ƻǳǘŀƎŜǎ 
ŀŦŦŜŎǘƛƴƎ ŎǊƛǘƛŎŀƭ 5h5 Ƴƛǎǎƛƻƴǎ ƛƴǾƻƭǾƛƴƎ ǇƻǿŜǊ ǇǊƻƧŜŎǘƛƻƴΣ ŘŜŦŜƴǎŜ ƻŦ ǘƘŜ ƘƻƳŜƭŀƴŘΣ ƻǊ ƻǇŜǊŀǘƛƻƴǎ 
ŎƻƴŘǳŎǘŜŘ ŀǘ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ƛƴ ǘƘŜ ¦Φ{Φ ŘƛǊŜŎǘƭȅ ǎǳǇǇƻǊǘƛƴƎ ǿŀǊŦƛƎƘǘƛƴƎ Ƴƛǎǎƛƻƴǎ ƻǾŜǊǎŜŀǎΦέмол  
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ŀƴŘ ŦǳƴŎǘƛƻƴǎΦ  
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hƴǎƛǘŜ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƛƻƴ ƛǎ 5h5Ωǎ ǇǊƛƳŀǊȅ ƳŜǘƘƻŘ ŦƻǊ ǎǳǎǘŀƛƴƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ŘǳǊƛƴƎ ƎǊƛŘ ƻǳǘŀƎŜǎΦ 
!ŎŎƻǊŘƛƴƎ ǘƻ 5h5 ƛƴ нлммΣ Ƴƻǎǘ ŦŀŎƛƭƛǘƛŜǎ ǳǎŜ ŘƛŜǎŜƭ ƎŜƴŜǊŀǘƻǊǎ ǘƻ ǎǳǇǇƻǊǘ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ŎǊƛǘƛŎŀƭ ƳƛǎǎƛƻƴǎΣ 
ǿƛǘƘ ŜƴƻǳƎƘ ŦǳŜƭ ǘƻ ǎǳǎǘŀƛƴ ōŀǎƛŎ ŦǳƴŎǘƛƻƴǎ ŦƻǊ оςт Řŀȅǎ ƻǊ ƳƻǊŜ ŀǘ Ƴŀƴȅ ƛƴǎǘŀƭƭŀǘƛƻƴǎΦмом LƳǇǊƻǾŜƳŜƴǘǎ 
ƛƴ ƎǊƛŘ ǊŜǎƛƭƛŜƴŎŜ Ŏŀƴ ƎǊŜŀǘƭȅ ŜƴƘŀƴŎŜ ǘƘŜ ƳƛƭƛǘŀǊȅΩǎ ŀōƛƭƛǘȅ ǘƻ ŎŀǊǊȅ ƻǳǘ ƛǘǎ ƳƛǎǎƛƻƴǎΦ CƻǊ ƭƻƴƎŜǊπŘǳǊŀǘƛƻƴ 
ƻǳǘŀƎŜǎΣ ƘƻǿŜǾŜǊΣ ōǊƻŀŘŜǊ ƎǊƛŘ ǊŜǎƛƭƛŜƴŎŜ ƛƴƛǘƛŀǘƛǾŜǎ ǿƛƭƭ ōŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ƛƳǇǊƻǾŜ Ƴƛǎǎƛƻƴ ŀǎǎǳǊŀƴŎŜΦ ¢ƘŜ 
ƭƻƴƎŜǊ ŀƴ ƻǳǘŀƎŜΣ ǘƘŜ ƳƻǊŜ ŎŀǎŎŀŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘΣ ǿƛǘƘ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƭƛŎŀǘŜŘΦ 
!ŦǘŜǊ т Řŀȅǎ ǿƛǘƘƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘƘŜ ōǊƻŀŘŜǊ ƛƳǇŀŎǘ ƻŦ ŘŜŦŜƴǎŜ ǎȅǎǘŜƳǎ ŘŜǇŜƴŘŜƴǘ ƻƴ 

ŜƭŜŎǘǊƛŎƛǘȅ ōŜŎƻƳŜǎ ŀ ŎƻƴŎŜǊƴΣ ƛƴŎƭǳŘƛƴƎ ǿŀǘŜǊΣ ŦǳŜƭΣ 
ŀƴŘ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎȅǎǘŜƳǎΦ 5h9 ǿƻǊƪǎ ǿƛǘƘ 
5h5 ǘƻ ŘŜǾŜƭƻǇ ōŀŎƪπǳǇ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ǘƻ 
ǎǳǇǇƻǊǘ ǘƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳǎ ǘƘŀǘ ǊŜƭȅ ƻƴ 
ŜƭŜŎǘǊƛŎƛǘȅΦ 5h5 ƛǎ ǎǳǇǇƻǊǘƛƴƎ 5h9 ƛƴ ŘŜǾŜƭƻǇƛƴƎ 
ǿŀȅǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǇƻǿŜǊ ǘǊŀƴǎŦƻǊƳŜǊǎ 
ŀƴŘ ƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ŜǉǳƛǇƳŜƴǘΦ 5h5 ƛǎ ŀƭǎƻ 
ǎǘǊŜƴƎǘƘŜƴƛƴƎ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ǳǘƛƭƛǘȅ ǇǊƻǾƛŘŜǊǎΣ 
ŀƴŘ {ǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ŜƳŜǊƎŜƴŎȅ ƳŀƴŀƎŜƳŜƴǘ 
ŀƎŜƴŎƛŜǎ ǊŜƳŀƛƴ ŀ ŎŜƴǘǊŀƭ ŦƻŎǳǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ 
ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ǊŀǇƛŘ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ƎǊƛŘ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ǎǳǇǇƻǊǘǎ Ƴƛǎǎƛƻƴ ŎǊƛǘƛŎŀƭ 
ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŀƴŘ ŦŀŎƛƭƛǘƛŜǎΦмон  

{ǘǊŜƴƎǘƘŜƴƛƴƎ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ 
ƴƻǘ ƻƴƭȅ ƭƛƳƛǘǎ ǘƘŜ ŘƛǎǊǳǇǘƛǾŜ ŜŦŦŜŎǘǎ ƻŦ ŀŘǾŜǊǎŀǊȅ 
ŀǘǘŀŎƪǎ ƻƴ 5h5 Ƴƛǎǎƛƻƴ ŀǎǎǳǊŀƴŎŜΣ ƛǘ Ŏŀƴ ŀƭǎƻ ǊŜŘǳŎŜ 

ǘƘŜ Ǌƛǎƪ ƻŦ ŎŜǊǘŀƛƴ ǘȅǇŜǎ ƻŦ ŀǘǘŀŎƪǎ ƻŎŎǳǊǊƛƴƎ ƛƴ ǘƘŜ ŦƛǊǎǘ ǇƭŀŎŜΦ wŜǎƛƭƛŜƴŎŜ ƛƴƛǘƛŀǘƛǾŜǎ Ŏŀƴ ƘŜƭǇ ǎǘǊŜƴƎǘƘŜƴ 
άŘŜǘŜǊǊŜƴŎŜ ōȅ ŘŜƴƛŀƭΦέ .ȅ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ǘƻ ǎǳǊǾƛǾŜ ŎȅōŜǊ ŀƴŘ ƪƛƴŜǘƛŎ ŀǘǘŀŎƪǎΣ 
ŀƴŘ ŀŎŎŜƭŜǊŀǘƛƴƎ ǇƻǿŜǊ ǊŜǎǘƻǊŀǘƛƻƴ ǿƘŜƴ ōƭŀŎƪƻǳǘǎ Řƻ ƻŎŎǳǊΣ ǊŜǎƛƭƛŜƴŎŜ ǇǊƻƧŜŎǘǎ Ŏŀƴ ǊŀƛǎŜ ŀƴ ŀŘǾŜǊǎŀǊȅΩǎ 
ǳƴŎŜǊǘŀƛƴǘȅ ŀǎ ǘƻ ǿƘŜǘƘŜǊ ŀƴ ŀǘǘŀŎƪ ǿƛƭƭ ŀŎƘƛŜǾŜ ǘƘŜ ƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎΦ ¢Ƙŀǘ ƛƴŎǊŜŀǎŜŘ ǳƴŎŜǊǘŀƛƴǘȅ 
Ŏŀƴ ƘŜƭǇ ǊŜŘǳŎŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŀǘǘǊŀŎǘƛǾŜƴŜǎǎ ƻŦ ǎǳŎƘ ŀƴ ŀǘǘŀŎƪτŜǎǇŜŎƛŀƭƭȅ ƛŦ ǘƘŜ ŀŘǾŜǊǎŀǊȅ ōŜƭƛŜǾŜǎ ǘƘŀǘ 
ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ǊŜǎǇƻƴŘ ƛŦ ŀƴ ŀǘǘŀŎƪ ƻŎŎǳǊǎΦ Lƴ ƴƻǘƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ōƻƭǎǘŜǊƛƴƎ 
ŘŜǘŜǊǊŜƴŎŜ ōȅ ŘŜƴƛŀƭΣ ǘƘŜ hōŀƳŀ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ άwŜǇƻǊǘ ƻƴ /ȅōŜǊ 5ŜǘŜǊǊŜƴŎŜ tƻƭƛŎȅέ Ŏŀƭƭǎ ŦƻǊ άōǳƛƭŘƛƴƎ 
ǎǘǊƻƴƎ ǇŀǊǘƴŜǊǎƘƛǇǎ ǿƛǘƘ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ǘƻ ǇǊƻƳƻǘŜ ŎȅōŜǊǎŜŎǳǊƛǘȅ ōŜǎǘ ǇǊŀŎǘƛŎŜǎΦέ ¢ƘŜ ǊŜǇƻǊǘ ŀƭǎƻ 
ǊŜŎƻƳƳŜƴŘǎ ƳŜŀǎǳǊŜǎ ǘƻ άŀǊŎƘƛǘŜŎǘ ǊŜǎƛƭƛŜƴǘ ǎȅǎǘŜƳǎ ǘƘŀǘ ǊŜŎƻǾŜǊ ǉǳƛŎƪƭȅ ŦǊƻƳ ŀǘǘŀŎƪǎΣέ ŀƴŘ άƭŜƴŘ 
ŎǊŜŘƛōƛƭƛǘȅ ǘƻ ƴŀǘƛƻƴŀƭ ŜŦŦƻǊǘǎ ǘƻ ƛƴŎǊŜŀǎŜ ƴŜǘǿƻǊƪ ǊŜǎƛƭƛŜƴŎȅΦέмоо  

DOE’s Growing Role in Protecting the Electricity System as a 
Critical National Security Asset  

5h9Ωǎ ǊƻƭŜ ƛƴ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀǎ ŀ ŎǊƛǘƛŎŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƛǎ ƎǊƻǿƛƴƎ ŀǎ 
ǘƘŜ ǘƘǊŜŀǘ ƭŀƴŘǎŎŀǇŜ Ƙŀǎ ŜǾƻƭǾŜŘΦ tt5 нм ŜǎǘŀōƭƛǎƘŜǎ ŀ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǳƴƛǘȅ ƻŦ ŜŦŦƻǊǘ ǘƻ 
ǎǘǊŜƴƎǘƘŜƴ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǎŜŎǳǊŜΣ ŦǳƴŎǘƛƻƴƛƴƎΣ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻŎǳǎŜŘ ƻƴ ŀƭƭ ƘŀȊŀǊŘǎΦ 
¦ƴŘŜǊ tt5 нмΣ 5h9 ƛǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǘƘŜ {ŜŎǘƻǊπ{ǇŜŎƛŦƛŎ !ƎŜƴŎȅ ŦƻǊ 9ƴŜǊƎȅΣ ƳŀƪƛƴƎ 5h9 ǘƘŜ ƭŜŀŘ CŜŘŜǊŀƭ 
ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǿƴŜǊǎ ŀƴŘ ƻǇŜǊŀǘƻǊǎΦ wŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŀƭǎƻ ƛƴŎƭǳŘŜ 
ǎǳǇǇƻǊǘƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻǘŜŎǘƛƻƴ ŜŦŦƻǊǘǎ ǿƛǘƘƛƴ ǘƘŜ ǎŜŎǘƻǊ ŀƴŘ ƛƴŎƛŘŜƴǘ ƳŀƴŀƎŜƳŜƴǘΦ !ǎ ǎǳŎƘΣ 5h9 
ƭŜŀŘǎ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΩǎ 9ƳŜǊƎŜƴŎȅ {ǳǇǇƻǊǘ CǳƴŎǘƛƻƴ ІмнΣ ǿƘƛŎƘ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ 
ǊŜŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŘŀƳŀƎŜŘ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ŀƴŘ ŎƻƳǇƻƴŜƴǘǎΦ CƛƴŀƭƭȅΣ /ƻƴƎǊŜǎǎ ǇŀǎǎŜŘ ǘƘŜ C!{¢ !Ŏǘ ƛƴ 
нлмр όŘƛǎŎǳǎǎŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ ±LLΣ A 21st Century Electricity Sector: Conclusions and
RecommendationsύΦ ¢ƘŜ C!{¢ !Ŏǘ ƛƴŎƭǳŘŜǎ ŀŎǘƛƻƴǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎŜŎǳǊƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƳŜŀǎǳǊŜǎ ǇǊƻǾƛŘŜǎ ǘƘŜ {ŜŎǊŜǘŀǊȅ ƻŦ 9ƴŜǊƎȅ ǿƛǘƘ ōǊƻŀŘ ƴŜǿ 

Back-Up Power for Security 

In 2011, the Department of Energy and the 
Department of Defense announced 
collaboration on 18 fuel cell back-up power 
generation projects at eight U.S. defense 
installations. Compared with diesel generators, 
which are often used for back-up power, fuel 
cells use no petroleum, are quieter, require 
less maintenance than either generators or 
batteries, and can easily be monitored remotely 
to reduce maintenance time. These projects 
address interdependencies that are at risk the 
longer the duration outage, but provide back-up 
power to computing, telephone, and lighting 
functions of the military installations they serve. 
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ŀǳǘƘƻǊƛǘȅ ǘƻ ŀŘŘǊŜǎǎ ƎǊƛŘ ǎŜŎǳǊƛǘȅ ŜƳŜǊƎŜƴŎƛŜǎΦ άDǊƛŘ ǎŜŎǳǊƛǘȅ ŜƳŜǊƎŜƴŎȅέ ƛǎ ŘŜŦƛƴŜŘ ǘƻ ƛƴŎƭǳŘŜ ŀ 
ǇƘȅǎƛŎŀƭ ŀǘǘŀŎƪΣ άŀ ƳŀƭƛŎƛƻǳǎ ŀŎǘ ǳǎƛƴƎ ŜƭŜŎǘǊƻƴƛŎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƻǊ ŀƴ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǇǳƭǎŜΣ ƻǊ ŀ 
ƎŜƻƳŀƎƴŜǘƛŎ ǎǘƻǊƳ ŜǾŜƴǘΦέмоп Lƴ ǘƘŜ C!{¢ !ŎǘΣ 5h9 ƛǎ ǘƘŜ ǎǘŀǘǳǘƻǊƛƭȅ ŘŜǎƛƎƴŀǘŜŘ ǎŜŎǘƻǊπǎǇŜŎƛŦƛŎ ŀƎŜƴŎȅ 
ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ŎȅōŜǊǎŜŎǳǊƛǘȅΦ  

¢ƘŜ C!{¢ !Ŏǘ ŀƭǎƻ ƎƛǾŜǎ ƴŜǿ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ǘƘŜ {ŜŎǊŜǘŀǊȅ ƻŦ 9ƴŜǊƎȅ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ ǊŜǎǘƻǊŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ 
ŎǊƛǘƛŎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǊ ŘŜŦŜƴǎŜ ŎǊƛǘƛŎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘǳǊƛƴƎ ŀ ŎȅōŜǊΣ ǇƘȅǎƛŎŀƭΣ 
ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǇǳƭǎŜΣ ƻǊ ƎŜƻƳŀƎƴŜǘƛŎ ŘƛǎǘǳǊōŀƴŎŜ ŜƳŜǊƎŜƴŎȅΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ !Ŏǘ ƎƛǾŜǎ ǘƘŜ tǊŜǎƛŘŜƴǘ 
ŀǳǘƘƻǊƛǘȅ ǘƻ ŀŎǘ ƛŦ ǘƘŜǊŜ ƛǎ άƛƳƳƛƴŜƴǘ ŘŀƴƎŜǊέ ƻŦ ǎǳŎƘ ŀƴ ŀǘǘŀŎƪΦ ¢Ƙƛǎ ǊŜǉǳƛǊŜǎ Ŏƻƴǎǘŀƴǘ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ 
ǳǇŘŀǘƛƴƎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀǎ ŎȅōŜǊ ǘƘǊŜŀǘǎ ŀǊŜ ŜǾƻƭǾƛƴƎΦ 5h9Σ ŀǎ ǘƘŜ ƭŜŀŘ ŀƎŜƴŎȅ ƻƴ ŎȅōŜǊǎŜŎǳǊƛǘȅ ŦƻǊ ŎǊƛǘƛŎŀƭ 
ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΣ Ƴǳǎǘ Ƴŀƛƴǘŀƛƴ ƻƴƎƻƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ŦǳƭŦƛƭƭ ŀ ŎǊƛǘƛŎŀƭ ŀŘǾƛǎƻǊȅ ǊƻƭŜ ŦƻǊ ǘƘŜ 
tǊŜǎƛŘŜƴǘ ŀōƻǳǘ ƛƳƳƛƴŜƴǘ ŘŀƴƎŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŀŎǘǳŀƭ ŜƳŜǊƎŜƴŎƛŜǎ ǳƴŘŜǊ ǘƘŜ ƴŜǿ ŀǳǘƘƻǊƛǘƛŜǎ 
ƛƴ ǘƘŜ C!{¢ !ŎǘΦ CƛƴŀƭƭȅΣ ǘƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ōŜǘǿŜŜƴ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ƛǎ ŀ ƎǊƻǿƛƴƎ ƴŀǘƛƻƴŀƭ 
ǎŜŎǳǊƛǘȅ ŎƻƴŎŜǊƴΤ ƳŀƛƴǘŀƛƴƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴΣ ŀƴŘ ƻƴƎƻƛƴƎ ǎƛǘǳŀǘƛƻƴŀƭ ŀǿŀǊŜƴŜǎǎ ƻŦΣ ƴŀǘǳǊŀƭ Ǝŀǎ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ƳŜŜǘ 5h9Ωǎ ǎǘŀǘǳǘƻǊȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǳƴŘŜǊ ǘƘŜ C!{¢ !Ŏǘ 
ŀǊŜ ŜǎǎŜƴǘƛŀƭΦ  

5h9Ωǎ ƻǊƎŀƴƛŎ ǎǘŀǘǳǘŜτǘƘŜ 5h9 hǊƎŀƴƛȊŀǘƛƻƴ !ŎǘτŀŘŘǊŜǎǎŜǎ  ŜƴŜǊƎȅ ŜƳŜǊƎŜƴŎƛŜǎ ƛƴ ƛǘǎ ǇǳǊǇƻǎŜǎ ǎŜŎǘƛƻƴ 
ŀǎ άώŦŀŎƛƭƛǘŀǘƛƴƎϐ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀƴ ŜŦŦŜŎǘƛǾŜ ǎǘǊŀǘŜƎȅ ŦƻǊ ŘƛǎǘǊƛōǳǘƛƴƎ ŀƴŘ ŀƭƭƻŎŀǘƛƴƎ ŦǳŜƭǎ ƛƴ ǇŜǊƛƻŘǎ 
ƻŦ ǎƘƻǊǘȅ ǎǳǇǇƭȅ ŀƴŘ ǘƻ ǇǊƻǾƛŘŜ ŦƻǊ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ ŀ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ǊŜǎŜǊǾŜΦέ ¢Ƙƛǎ ǎǘŀǘǳǘŜΣ 
ǇŀǎǎŜŘ ƛƴ мфттΣ ŘƻŜǎ ƴƻǘ ŎƻƴǘŜƳǇƭŀǘŜ ŎȅōŜǊǎŜŎǳǊƛǘȅΣ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǇǳƭǎŜǎΣ ƻǊ ƎŜƻƳŀƎƴŜǘƛŎ 
ŘƛǎǘǳǊōŀƴŎŜǎΤ ǘƘŜ ƛǎǎǳŜǎ ǊŀƛǎŜŘ ƛƴ tt5 нм ŀƴŘ 9ƳŜǊƎŜƴŎȅ {ǳǇǇƻǊǘ CǳƴŎǘƛƻƴ ІмнΤ ŀƴŘ ǘƘƻǎŜ ŀŘŘǊŜǎǎŜŘ ƛƴ 
ǘƘŜ C!{¢ !ŎǘΦ ¢ƘŜǎŜ ƛǎǎǳŜǎ ǘƘŀǘ ƘŀǾŜ ŜǾƻƭǾŜŘ ƻǾŜǊ ǘƛƳŜΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ƎǊƻǿƛƴƎ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƻǳǊ ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅΣ ŎƻƴǎǘƛǘǳǘŜ ŀ ƴŜǿ ōǊƻŀŘ ŀƴŘ ŎƻƳǇƭŜȄ Ƴƛǎǎƛƻƴ ŦƻǊ 5h9Φ DƛǾŜƴ ǘƘŜ ŎǊƛǘƛŎŀƭ 
ƴŀǘǳǊŜ ƻŦ ǘƘŜǎŜ ƛǎǎǳŜǎ ŀƴŘ ǘƘƛǎ ƳƛǎǎƛƻƴΣ ŀŘŜǉǳŀǘŜ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜǎ 
ǿƛǘƘƛƴ 5h9 ŀǊŜ ŜǎǎŜƴǘƛŀƭΦ ¢Ƙƛǎ ŎƻǳƭŘ ōŜ ŀŘŘǊŜǎǎŜŘ ǘƘǊƻǳƎƘ ŀ ǎǘǊƻƴƎŜǊ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ 5h9 ŀƴŘ C9w/Φ  

 The Federal Role in Modernizing and 
Transforming the Grid 

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ŦŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ Ǿƛŀ ŀǾŜƴǳŜǎ ǘƘŀǘ ƛƴŎƭǳŘŜ 
ǊŜƎǳƭŀǘƛƻƴΣ ǇǊƻŎǳǊŜƳŜƴǘΣ w55ϧ5Σ ǘŀȄŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ ƛǘ ŎƻƴǾŜƴƛƴƎ ǇƻǿŜǊǎΦ Lƴ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅΣ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǿƛƭƭ ǎǘƛƭƭ ōŜ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ŘƛǾŜǊǎŜ ƳƛȄǘǳǊŜ ƻŦ ŀŎǘƻǊǎ ƛƴ ǊŜƎǳƭŀǘŜŘ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜ 
ŜƴǾƛǊƻƴƳŜƴǘǎΣ ōǳǘ ǿƛƭƭ ƛƴŎƭǳŘŜ ŀƴ ŜȄǇŀƴŘŜŘ ŀǊǊŀȅ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŀŎǘƻǊǎΦ  

The Electricity System and the Role of the Federal Government 
The Federal Government and U.S. electricity system have a complex and longstanding relationship that 
has enhanced the Nationôs economy, security, and environmental sustainability. This relationship is forged 
through legislative and administrative actions that cover issues related to markets, financing, environmental 
and health impacts, and workersô health and safety.  

The earliest Federal intervention into the electric system was the encouragement of utility interconnections 
during World War I to better supply the surging demand. The Federal Power Commission (FPC), the first 
Federal agency with regulatory authority over aspects of the Nationôs electric industry, was created in 1920 
by the Federal Water Power Act to license hydroelectric projects on Federal lands or navigable waters. The 
powers of the FPC were expanded by the Federal Power Act of 1935, to include the regulation of wholesale 
sales and transmission of electricity in interstate commerce. The Public Utility Holding Company Act of 
1935 charged the Security and Exchange Commission with rationalizing the corporate structure of the 
electric industry, which had become very concentrated in a small number of holding companies. 

During the great depression, the Federal Government developed numerous hydroelectric facilities to 
harvest Americaôs vast hydroelectric potential. This development resulted in the formation of Federal 
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entities to market and transport that power, including the Bonneville Power Administration and the 
Tennessee Valley Authority. The Rural Electrification Administration, created by the Rural Electrification 
Act of 1936, gave loans and helped rural organizations develop electric cooperatives, many of which 
received power from the various Federal hydropower projects. 

The Federal Governmentôs role in promoting the science of producing electricity began with nuclear energy. 
The development of nuclear energy was a side benefit of the weapons program. The Nationôs system of 
National Labs also grew out of the weapons program and has provided useful research to the industry ever 
since. Development of nuclear power was aided by the Price-Anderson Nuclear Industries Indemnity Act 
of 1957, which limited liability of commercial reactors and thereby facilitated their inclusion into the utility 
generation mix. The Federal Governmentôs role in nuclear energy also included licensing nuclear plants 
with appropriate environmental review.  

The electric industry is subject to a wide variety of environmental laws, covering air and water pollutants as 
well as the disposal of solid wastes associated with electricity production. The focus of environmental laws 
has changed over time. For example, initial concerns over air quality focused on ñcriteriaò pollutants such 
as particulates, nitrogen oxides, and sulfur dioxide, and then expanded in 1990 to pollutants causing acid 
rain. More recently, the Environmental Protection Agency has promulgated health-based regulations on 
mercury emissions and adopted regulations on greenhouse gas emissions that cause global warming. The 
Federal Government has played an important role in changing the nature of electric markets. The Public 
Utilities Regulatory Policies Act of 1978 required utilities to purchase power from non-utility generators, at 
their avoided costs, thereby creating new markets for independent generation. These markets were further 
enhanced by provisions of the Energy Policy Act of 1992, as well as by regulations promulgated by the 
Federal Energy Regulatory Commission (FERC), that provided transmission access for wholesale market 
participants. Ultimately, the move to competitive wholesale power markets enabled retail competition 
policiesðallowing end-use customers to select among competing electricity suppliersðadopted by some 
states. Increasingly, FERC (the successor to the FPC) has recognized the need to protect customers from 
the exercise of market power by policing anticompetitive behavior in the organized markets.  

As the markets have transformed, the Federal Government has continued to lead and participate in market 
transformations. The Department of Defense has recognized the important role of renewable energy in 
achieving its mission of protecting the American people. The Department of Homeland Security is playing 
an important role in increasing cybersecurity and physical security. The Department of Energy is playing 
an important role as a facilitator and leader of research on the future of the grid and ways to remove 
technical impediments to getting there. The National Institute of Standards and Technology is developing 
standards to enable a 21st century grid. FERC is exploring market rules that will enable participation of a 
broader array of resources, as well as many customer-sided options. 

Innovation Is Essential 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ōŜŜƴ ŀ Ǝƭƻōŀƭ ƭŜŀŘŜǊ ƛƴ ƛƴƴƻǾŀǘƛƻƴΣ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŘŜǾŜƭƻǇƳŜƴǘ Ƙŀǎ ǇǊƻǾŜŘ ǘƻ ōŜ 
ƻƴŜ ƻŦ ǘƘŜ ƎǊŜŀǘ ŜƴƎƛƴŜǎ ƻŦ ƻǳǊ ŜŎƻƴƻƳȅΦ LƴƴƻǾŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎ ŘƛǊŜŎǘƭȅ ŜȄǇŀƴŘ ǘƘŜ ǇƛǇŜƭƛƴŜ ƻŦ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǊŜŘǳŎŜ ǘŜŎƘƴƻƭƻƎȅ ŎƻǎǘǎΣ ŀƴŘ ƳƛǘƛƎŀǘŜ Ǌƛǎƪǎ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǊ ǎȅǎǘŜƳǎΦ ¢ƘŜǎŜ ōŜƴŜŦƛǘǎΣ 
ƛƴ ǘǳǊƴΣ ǊŜŘǳŎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎмор ŀƴŘ ŀƭƭƻǿ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ƛƴ ōƻǘƘ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ 
ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ǘƻ ŎƻƴǎƛŘŜǊ ƻǇǘƛƻƴǎ ǘƘŀǘ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ƴƻǘ ōŜ ŀǾŀƛƭŀōƭŜΦ  

¢ƘŜ CŜŘŜǊŀƭ wϧ5 ǇƻǊǘŦƻƭƛƻ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƻǳǊ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴΦ !ŎƘƛŜǾƛƴƎ 
ŀ ŎƭŜŀƴΣ ŦƭŜȄƛōƭŜΣ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǿƛƭƭ ǊŜǉǳƛǊŜ Ŏƻƴǎǘŀƴǘƭȅ ƛƳǇǊƻǾƛƴƎ ǘƘŜ Ŏƻǎǘ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 
ƻǳǊ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ wϧ5Σ ŎƻǳǇƭŜŘ ǿƛǘƘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ όƛΦŜΦΣ w55ϧ5ύΣ ŎǊŜŀǘŜǎ ŀ 
ΨǘŜŎƘƴƻƭƻƎȅ ǇǳǎƘΩ ǘƘŀǘ ǊŜŘǳŎŜǎ ǘƘŜ Ŏƻǎǘ ƻŦ ǘƘŜ ΨǇƻƭƛŎȅ ǇǳƭƭΩ ƎŜƴŜǊŀǘŜŘ ǘƘǊƻǳƎƘ ǊŜƎǳƭŀǘƻǊȅΣ ǘŀȄΣ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ŀƴŘ ƻǘƘŜǊ ǇƻƭƛŎƛŜǎΦ /ǳǊǊŜƴǘ ƭŜǾŜƭǎ ƻŦ CŜŘŜǊŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƻǘƘŜǊ ŜƴŜǊƎȅπ
ŦƻŎǳǎŜŘ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƴŜŜŘ ǘƻ ōŜ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƛƴŎǊŜŀǎŜŘΦ wŜƎƛƻƴŀƭ ǾŀǊƛŀǘƛƻƴ 
ƛƴ ƛƴƴƻǾŀǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƳŀǊƪŜǘǎΣ ǇƻƭƛŎƛŜǎΣ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ŀƭǎƻ Ǉƻƛƴǘ ǘƻ ŀ ƴŜŜŘ ǘƻ ŀŘŘǊŜǎǎ 
ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ ƛƴƴƻǾŀǘƛƻƴ ǘƘǊƻǳƎƘ ǊŜƎƛƻƴŀƭ ŀǇǇǊƻŀŎƘŜǎΦмос LƳǇŀŎǘǎ ƻŦ CŜŘŜǊŀƭ w55ϧ5 ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ 
ŦǳǊǘƘŜǊ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ LLLΣ Building a Clean Electricity FutureΦ
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¢ǿƻ ƪŜȅ ŜȄŀƳǇƭŜǎ ƻŦ ŜȄǇŀƴŘƛƴƎ CŜŘŜǊŀƭ w55ϧ5 ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ŀǊŜ aƛǎǎƛƻƴ 
LƴƴƻǾŀǘƛƻƴ ŀƴŘ 5h9Ωǎ DaL όŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊύΦ 5h9Ωǎ DaL ƛǎ ŀ ŎǊƻǎǎŎǳǘǘƛƴƎ w55ϧ5 ŜŦŦƻǊǘ ǘƻ ƎŜƴŜǊŀǘŜ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƳŜŀǎǳǊŜΣ ŀƴŀƭȅȊŜΣ ǇǊŜŘƛŎǘΣ ǇǊƻǘŜŎǘΣ ŀƴŘ ŎƻƴǘǊƻƭ ǘƘŜ ƎǊƛŘ ƻŦ ǘƘŜ ŦǳǘǳǊŜΦ ¢ƘŜǎŜ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ƛƴǘŜƎǊŀǘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴΣ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ŜƴŜǊƎȅ 
ǎǘƻǊŀƎŜΤ ŜƴŀōƭŜ ǎƳŀǊǘ ōǳƛƭŘƛƴƎǎ ŀƴŘ ŜƴŘπǳǎŜ ŘŜǾƛŎŜǎΤ ŀƴŘ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƎǊƛŘ ƛǎ ǊŜǎƛƭƛŜƴǘ ǘƻ ƎǊƻǿƛƴƎ 
ǇƘȅǎƛŎŀƭΣ ŎȅōŜǊΣ ŀƴŘ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ǘƘǊŜŀǘǎΦ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ ƛǎ ŀƴ ŜŦŦƻǊǘ ōȅ нн ŎƻǳƴǘǊƛŜǎ ŀƴŘ ǘƘŜ 
9ǳǊƻǇŜŀƴ ¦ƴƛƻƴτǎǇŜŀǊƘŜŀŘŜŘ ōȅ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ ŀƴƴƻǳƴŎŜŘ ŀǘ ǘƘŜ tŀǊƛǎ /ƭƛƳŀǘŜ {ǳƳƳƛǘ ƛƴ 
нлмрτǘƻ ŘǊŀƳŀǘƛŎŀƭƭȅ ŀŎŎŜƭŜǊŀǘŜ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ Ǝƭƻōŀƭ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴƴƻǾŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ŘƻǳōƭƛƴƎ 
ǘƘŜ ǇǳōƭƛŎ ǎŜŎǘƻǊ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅ w55ϧ5 ƻǾŜǊ р ȅŜŀǊǎΦ  

 Jurisdictional Relationships and Limitations 

wŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ǊŜƎǳƭŀǘƛƴƎ ŀƴŘ ƻǾŜǊǎŜŜƛƴƎ ǘƘŜ ƴǳƳŜǊƻǳǎ ŀŎǘƻǊǎ ǘƘŀǘ ŎƻƳǇǊƛǎŜ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ 
ƛƴŘǳǎǘǊȅ ƛǎ ǾŜǎǘŜŘ ƛƴ ƳǳƭǘƛǇƭŜ ƎƻǾŜǊƴƳŜƴǘ ƭŜǾŜƭǎ ŀƴŘ ŀƎŜƴŎƛŜǎΣ ŀƴŘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ǇǳǘǘƛƴƎ ǇǊŜǎǎǳǊŜ 
ƻƴ ǘǊŀŘƛǘƛƻƴŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ōƻǳƴŘŀǊƛŜǎΦ wŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎ ǎǇŀƴ CŜŘŜǊŀƭΣ {ǘŀǘŜΣ ƭƻŎŀƭΣ ŀƴŘ ǘǊƛōŀƭ ƭŜǾŜƭǎΦ 
!ǘ ǘƘŜ CŜŘŜǊŀƭ ƭŜǾŜƭΣ C9w/ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ǿƘƻƭŜǎŀƭŜ ǎŀƭŜǎ ƛƴ ƛƴǘŜǊǎǘŀǘŜ 
ŎƻƳƳŜǊŎŜΦ Lƴ ŀŘŘƛǘƛƻƴΣ ƻǘƘŜǊ CŜŘŜǊŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ǿƛǘƘ ǾŀǊƛƻǳǎ ŀǎǇŜŎǘǎ ƻŦ ǊŜƎǳƭŀǘƛƻƴ ƻǊ 
ƻǾŜǊǎƛƎƘǘΣ ƛƴŎƭǳŘƛƴƎ 5h9Σ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ WǳǎǘƛŎŜΣ {ŜŎǳǊƛǘƛŜǎ ŀƴŘ 
9ȄŎƘŀƴƎŜ /ƻƳƳƛǎǎƛƻƴΣ /ƻƳƳƻŘƛǘȅ CǳǘǳǊŜǎ ¢ǊŀŘƛƴƎ /ƻƳƳƛǎǎƛƻƴΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ LƴǘŜǊƛƻǊΣ 5ŜǇŀǊǘƳŜƴǘ 
ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ !ǳǘƻƳŀǘŜŘ /ƻƳƳŜǊŎƛŀƭ 9ƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ bǳŎƭŜŀǊ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴΣ ŀƳƻƴƎ ƻǘƘŜǊǎΦ 
/ƻƭƭŜŎǘƛǾŜƭȅΣ ǘƘŜȅ ƻǾŜǊǎŜŜ Ƴŀƴȅ ƛƴŘǳǎǘǊȅ ŀŎǘƻǊǎΦ wŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŀǊŜ ǿƛŘŜπǊŀƴƎƛƴƎ ŀƴŘ ǊŜƭŀǘŜ ǘƻ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴΣ ƭŀƴŘ ǳǎŜΣ ŀƴǘƛπǘǊǳǎǘ ǇǊƻǘŜŎǘƛƻƴΣ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎƛǘƛƴƎΦ /ƻƴƎǊŜǎǎ ǇŀǎǎŜŘ 
ƭŜƎƛǎƭŀǘƛƻƴ ƛƴ нллр ƎƛǾƛƴƎ C9w/ ƻǾŜǊǎƛƎƘǘ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ƳŀƴŘŀǘƻǊȅ ǊŜƭƛŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ŀǳǘƘƻǊƛȊŜŘ 
ǘƘŜ ŀƎŜƴŎȅ ǘƻ ǇŀǊǘƛŀƭƭȅ ŎŜǊǘƛŦȅ ŀƴ ŜƭŜŎǘǊƛŎ ǊŜƭƛŀōƛƭƛǘȅ ƻǊƎŀƴƛȊŀǘƛƻƴ ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ŜƴŦƻǊŎŜ ǘƘƻǎŜ ǎǘŀƴŘŀǊŘǎΦмот 
C9w/ Ƴǳǎǘ ŀǇǇǊƻǾŜ ŀ ǊŜƭƛŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘ ōŜŦƻǊŜ ƛǘ ƛǎ ŜƴŦƻǊŎŜŀōƭŜΦ C9w/ ŎŜǊǘƛŦƛŜŘ ǘƘŜ bƻǊǘƘ !ƳŜǊƛŎŀƴ 
9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǊǇƻǊŀǘƛƻƴΣ ŀ ƴƻƴǇǊƻŦƛǘ ŎƻǊǇƻǊŀǘƛƻƴΣ ŀǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ǊŜƭƛŀōƛƭƛǘȅ ƻǊƎŀƴƛȊŀǘƛƻƴΦ 

Lƴ ŜŀŎƘ ǎǘŀǘŜΣ ǊŜƎǳƭŀǘƻǊȅ ǇƻǿŜǊ ƛǎ ǾŜǎǘŜŘ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜ ǇǳōƭƛŎ ǳǘƛƭƛǘȅ ŎƻƳƳƛǎǎƛƻƴ ŦƻǊ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ 
ƛƴǾŜǎǘƻǊπƻǿƴŜŘ ǳǘƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ƛǘǎ ǎǘŀǘŜ ōƻǳƴŘŀǊƛŜǎ όŀƴŘ ŎŜǊǘŀƛƴ ǇǳōƭƛŎ ǇƻǿŜǊ ŀƴŘ ŎƻƻǇŜǊŀǘƛǾŜ ǳǘƛƭƛǘȅ 
ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǎƻƳŜ ǎǘŀǘŜǎύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ {ǘŀǘŜ ǇƻƭƛŎȅƳŀƪŜǊǎ όƎƻǾŜǊƴƻǊǎ ŀƴŘ ƭŜƎƛǎƭŀǘǳǊŜǎύ ŜǎǘŀōƭƛǎƘ ƭŀǿǎ ǘƘŀǘ 
ƛƴŘǳǎǘǊȅ ŀŎǘƻǊǎ Ƴǳǎǘ ŀōƛŘŜ ōȅ ŀƴŘ ǘƘŀǘ ǘƘŜ ǇǳōƭƛŎ ǳǘƛƭƛǘȅ ŎƻƳƳƛǎǎƛƻƴǎ ŎŀǊǊȅ ƻǳǘΦ {ǘŀǘŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭκŜƴŜǊƎȅ ŀǳǘƘƻǊƛǘƛŜǎ ŎŀǊǊȅ ƻǳǘ ǊŜƭŜǾŀƴǘ CŜŘŜǊŀƭ ŀƴŘ {ǘŀǘŜ ƭŜƎƛǎƭŀǘƛƻƴ ŀƴŘ ǊŜǾƛŜǿ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ŎŜǊǘŀƛƴ ƛƴŘǳǎǘǊȅ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀǘŜΦ ¢ƘŜȅ ŀƭǎƻ ŎƻƴǘǊƻƭ ƛƴπǎǘŀǘŜ ǎƛǘƛƴƎ ƻŦ 
ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƭǘƘƻǳƎƘ ǘƘŜ 9ƴŜǊƎȅ tƻƭƛŎȅ !Ŏǘ ƻŦ нллр ŜǎǘŀōƭƛǎƘŜǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ŦƻǊ 5h9 
ƛƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎƛǘƛƴƎΦ [ƻŎŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘŜ ǘƘŜ ƭƻŎŀƭ ƎƻǾŜǊƴƛƴƎ ōƻŘȅ ƻŦ ŀ ŎƛǘȅΣ ǘƻǿƴΣ ƻǊ ŎƻǳƴǘȅΣ 
ƻǊ ǘƘŜ ŜƭŜŎǘŜŘ ƻǊ ŀǇǇƻƛƴǘŜŘ ōƻŀǊŘǎ ǘƘŀǘ ƻǾŜǊǎŜŜ ǇǳōƭƛŎ ǇƻǿŜǊ ƻǊ ŎƻƻǇŜǊŀǘƛǾŜ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎΦ ¢Ǌƛōŀƭ 
ƎƻǾŜǊƴƛƴƎ ōƻŘƛŜǎ ŀǊŜ ŜƴǘƛǘƛŜǎ ǘƘŀǘ ƻǾŜǊǎŜŜ ŀ ǊŀƴƎŜ ƻŦ ŜƭŜŎǘǊƛŎ ƛƴŘǳǎǘǊȅ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ƻŎŎǳǊ ƻƴ ǘǊƛōŀƭ ƭŀƴŘǎΦ  

¢ƘŜ ŎǳǊǊŜƴǘ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŘƛǾƛŘŜ ƻŦ ǊŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŀƴŘ ǘƘŜ ǎǘŀǘŜǎΣ 
ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ CŜŘŜǊŀƭ tƻǿŜǊ !Ŏǘ ŀƴŘ ŎƭŀǊƛŦƛŜŘ ōȅ ǎǳōǎŜǉǳŜƴǘ {ǳǇǊŜƳŜ /ƻǳǊǘ ŀƴŘ ƭƻǿŜǊ ŎƻǳǊǘ 
ŘŜŎƛǎƛƻƴǎΣ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŀ ǊŜƎǳƭŀǘƻǊȅ ǎǘǊǳŎǘǳǊŜΤ ƛƴ ƎŜƴŜǊŀƭΣ CŜŘŜǊŀƭ ǊŜƎǳƭŀǘƻǊǎ ƘŀǾŜ 
ŀǳǘƘƻǊƛǘȅ ƻǾŜǊ ǘƘŜ ōǳƭƪ ǇƻǿŜǊ ǎȅǎǘŜƳ ŀƴŘ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎ ǎŀƭŜǎ ƛƴ ƛƴǘŜǊǎǘŀǘŜ ŎƻƳƳŜǊŎŜ ǿƘƛƭŜ {ǘŀǘŜ ŀƴŘ 
ƭƻŎŀƭ ǊŜƎǳƭŀǘƻǊǎ ƘŀǾŜ ƻǾŜǊǎƛƎƘǘ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ŀƴŘ ǊŜǘŀƛƭ ǎŀƭŜǎΦ ¢Ƙƛǎ ŘƛǾƛǎƛƻƴ ƻŦ ŀǳǘƘƻǊƛǘƛŜǎ 
ōŜǘǿŜŜƴ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŀƴŘ ǎǘŀǘŜǎΣ ŀǎ ǿǊƛǘǘŜƴ ƛƴ ǘƘŜ CŜŘŜǊŀƭ tƻǿŜǊ !ŎǘΣ Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ 
ŀ άōǊƛƎƘǘ ƭƛƴŜέΤ ǘƘƛǎ ōǊƛƎƘǘ ƭƛƴŜ ƛǎΣ ƘƻǿŜǾŜǊΣ ōŜŎƻƳƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƘŀȊȅ ŀǎ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ 
ŎǊŜŀǘŜ ƳƻǊŜ ǘǿƻπǿŀȅ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳǎΦ 

aƻǊŜƻǾŜǊΣ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅ Ƙŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ ƻƴŜ ǇǊƛƳŀǊƛƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǾŜǊǘƛŎŀƭƭȅ 
ƛƴǘŜƎǊŀǘŜŘ ƳƻƴƻǇƻƭƛŜǎ ƻǇŜǊŀǘƛƴƎ ǳƴŘŜǊ ŎƻǎǘπƻŦπǎŜǊǾƛŎŜ ǊŜƎǳƭŀǘƛƻƴ ǘƻ ƻƴŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ƛƴ ǎƻƳŜ ƭƻŎŀǘƛƻƴǎ 
ōȅ ǎƛƎƴƛŦƛŎŀƴǘ ǿƘƻƭŜǎŀƭŜ ŀƴŘ ǊŜǘŀƛƭ ŎƻƳǇŜǘƛǘƛƻƴ ŀƳƻƴƎ Ƴŀƴȅ ŘƛǾŜǊǎŜ ŜƴǘƛǘƛŜǎΦ ¢ƘŜǎŜ ŎƘŀƴƎŜǎ ƛƴ 
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ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŘǳǎǘǊȅ Ŏŀƴ ŎǊŜŀǘŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ 
ƳŀǊƪŜǘ ƳƛǎŀƭƛƎƴƳŜƴǘΦ  

¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ŀǘǘǊƛōǳǘŜǎ ƻŦ ƴŜǿ ŀƴŘ ŜƳŜǊƎƛƴƎ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ Řƻ ƴƻǘ Ŧƛǘ ƴŜŀǘƭȅ 
ƛƴǘƻ ŜȄƛǎǘƛƴƎ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŘƛǾƛǎƛƻƴǎΦ !ǎ ƴƻǘŜŘΣ 5D ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ŜƴŀōƭŜŘ ǘǿƻπǿŀȅ ǇƻǿŜǊ ŦƭƻǿΣ 
ǇǊŜǾŜƴǘƛƴƎ ŀ ǎƛƳǇƭŜ άƘŀƴŘ ƻŦŦέ ƻŦ ƧǳǊƛǎŘƛŎǘƛƻƴ ŦǊƻƳ CŜŘŜǊŀƭ ǘƻ {ǘŀǘŜ ǊŜƎǳƭŀǘƛƻƴ ŀǎ ŜƭŜŎǘǊƛŎƛǘȅ Ŧƭƻǿǎ όŀƴŘ 
ƛƴŎǊŜŀǎŜǎ ƻǊ ŘŜŎǊŜŀǎŜǎ ƛƴ ǾƻƭǘŀƎŜύ ŦǊƻƳ ƎŜƴŜǊŀǘƛƻƴ ǘƘǊƻǳƎƘ ŘŜƭƛǾŜǊȅ ǘƻ ǳƭǘƛƳŀǘŜ ŎƻƴǎǳƳǇǘƛƻƴΦ LƴǎǘŜŀŘΣ 
ƴŜǿ 59w όƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜύ Ŏŀƴ ōŜ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǘƻ ŜƛǘƘŜǊ ǘƘŜ C9w/ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƘƛƎƘπǾƻƭǘŀƎŜ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘ ƻǊ ǘƘŜ {ǘŀǘŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƭƻǿπǾƻƭǘŀƎŜ ƭƻŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ όƻǊ ōŜƘƛƴŘ ǘƘŜ 
ŎǳǎǘƻƳŜǊΩǎ ƳŜǘŜǊύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƻǘƘŜǊ ƴŜǿ ŀƴŘ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ƴƻǘŜŘ ŀōƻǾŜΣ Ŏŀƴ ǇǊƻǾƛŘŜ όƻǊ ŜƴŀōƭŜ 5w ǘƘŀǘ Ŏŀƴ ǇǊƻǾƛŘŜύ ǎŜǾŜǊŀƭ ƪƛƴŘǎ ƻŦ ōƻǘƘ ǿƘƻƭŜǎŀƭŜ ŀƴŘ ǊŜǘŀƛƭ ƎǊƛŘ 
ǎŜǊǾƛŎŜǎΣ ǿƛǘƘ ōŜƴŜŦƛǘǎ ǘƘŀǘ ŜȄǘŜƴŘ ŀŎǊƻǎǎ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ 
ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦмоу   

¢ƘŜ ǎŎŀƭŜ ŀƴŘ ǎŎƻǇŜ ƻŦ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ŀƭǊŜŀŘȅ ǳƴŘŜǊǿŀȅ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ǘƘŜ ŎƻπŜǾƻƭǳǘƛƻƴ ƻŦ ǘƘŜ CŜŘŜǊŀƭ ǊƻƭŜΤ 
ǘƘƛǎ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ v9w όƛΦŜΦΣ v9w мΦнύ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ŎƻƴǎƛŘŜǊ ǘƘŜ CŜŘŜǊŀƭ ǊƻƭŜ ƛƴ ǘƘƛǎ ǘǊŀƴǎƛǘƛƻƴΦ ¢ƘŜ 
CŜŘŜǊŀƭ ǊƻƭŜ ƳŜǊƛǘǎ ŜǾŀƭǳŀǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ƳŀǊƪŜǘǎ ŀƴŘ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ƛƴ ƛƴŎŜƴǘƛƴƎ ŎƭŜŀƴΣ 
ǊŜƭƛŀōƭŜΣ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ǇƻǿŜǊΤ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƛŎŀƭ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ƛǎǎǳŜǎ ŎƻƴŎŜǊƴƛƴƎ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅΣ 
ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅΤ ŀƴŘ ǘƘŜ ǊƻƭŜ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜǎΣ ƛƴŎƭǳŘƛƴƎ CŜŘŜǊŀƭΣ {ǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ 
ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ōƻǳƴŘŀǊƛŜǎΦ YŜȅ ƛǎǎǳŜǎ ŦƻǊ ǘƘƛǎ ŜǾŀƭǳŀǘƛƻƴ ƛƴŎƭǳŘŜ ŀŎǘƛƻƴŀōƭŜ ǊƻƭŜǎ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ 
ǎƘƻǳƭŘ Ǉƭŀȅ ƛƴ ŦŀŎƛƭƛǘŀǘƛƴƎ ǎŜŎǘƻǊ ǘǊŀƴǎƛǘƛƻƴ ŀƴŘ ǿƘŜǘƘŜǊ ƴŜǿ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǎƘƻǳƭŘ ōŜ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ 
ŜƴǎǳǊŜ ŘŜǎƛǊŜŘ ƻǳǘŎƻƳŜǎΦ  

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ŦŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōȅ ŎƻƴǾŜƴƛƴƎ 
ŘƛǾŜǊǎŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ōƻǘƘ ŦƻǊƳŀƭƭȅ ŀƴŘ ƛƴŦƻǊƳŀƭƭȅΣ ƳŀƴŀƎƛƴƎ ŎǊƛǘƛŎŀƭ ŀŎǘƛǾƛǘƛŜǎ ŎƻƴŎŜǊƴƛƴƎ ŀƴ ŜƳŜǊƎŜƴŎȅ 
ǊŜǎǇƻƴǎŜΣ ŎƻƭƭŜŎǘƛƴƎ ŀƴŘ ŘƛǎǎŜƳƛƴŀǘƛƴƎ ŘŀǘŀΣ ǇǊƻŎǳǊƛƴƎ ǇƻǿŜǊ ŀƴŘ ǎŜƭƭƛƴƎ ƛǘ ǘƘǊƻǳƎƘ ǘƘŜ tƻǿŜǊ aŀǊƪŜǘƛƴƎ 
!ŘƳƛƴƛǎǘǊŀǘƛƻƴǎΣ ǎǳǇǇƻǊǘƛƴƎ ŦƛƴŀƴŎƛƴƎ ƻŦ ŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎ ǘƘǊƻǳƎƘ ƭƻŀƴ ƎǳŀǊŀƴǘŜŜǎΣ ŀƴŘ ŦǳƴŘƛƴƎ ǘƘŜ 
ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ CŜŘŜǊŀƭ ŜƴŜǊƎȅ wϧ5 ǇƻǊǘŦƻƭƛƻΦ ¢ƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ 
ŀǊŜ ŎƻǾŜǊŜŘ /ƘŀǇǘŜǊ ±LLΣ  A 21st Century Electricity Sector: Conclusions and Recommendations.
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 Endnotes 

 

м hǊƛǎƻƴ {ǿŜǘǘ aŀǊŘŜƴΣ Little Visits with Great Americans: Or, Success, Ideals, and How to Attain Them  ό{ǳŎŎŜǎǎ /ƻƳǇŀƴȅ 
IŀǊǾŀǊŘ ¦ƴƛǾŜǊǎƛǘȅΣ  мфлоύΣ олΦ 5ƛƎƛǘƛȊŜŘ 5ŜŎŜƳōŜǊ фΣ нллуΣ 
ƘǘǘǇǎΥκκōƻƻƪǎΦƎƻƻƎƭŜΦŎƻƳκōƻƻƪǎΚƛŘҐтŘƻу!!!!¸!!WϧŘǉҐǘƘƻƳŀǎҌŜŘƛǎƻƴҌ҈ннǊŜƻǊƎŀƴƛȊŜҌǘƘŜҌƭƛŦŜҌƻŦҌǘƘŜҌǿƻǊƭŘ҈ннϧǎƻǳǊŎŜ
ҐƎōǎψƴŀǾƭƛƴƪǎψǎ  

н άCǊŜǉǳŜƴǘƭȅ !ǎƪŜŘ vǳŜǎǘƛƻƴǎΥ Iƻǿ Ƴŀƴȅ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀǊŜ ǘƘŜǊŜ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΚέ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ 
ŀŎŎŜǎǎŜŘ hŎǘƻōŜǊ мфΣ нлмсΣ ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκǘƻƻƭǎκŦŀǉǎκŦŀǉΦŎŦƳΚƛŘҐсрϧǘҐнΦ 

о tƭŀǘǘǎΣ 2015 UDI Directory of Electric Power Producers and Distributors, 123rd Edition of the Electrical World Directory όbŜǿ 
¸ƻǊƪΣ b¸Υ tƭŀǘǘǎΣ нлмпύΣ ǾƛςǾƛƛΣ ƘǘǘǇǎΥκκǿǿǿΦǇƭŀǘǘǎΦŎƻƳκƛƳΦǇƭŀǘǘǎΦŎƻƴǘŜƴǘκŘƻǿƴƭƻŀŘǎκǳŘƛκŜǇǇŘκŜǇǇŘŘƛǊΦǇŘŦΦ  

п Wǳƭƛŀ tȅǇŜǊΣ ά¢ƘŜ ¦{ {ƻƭŀǊ aŀǊƪŜǘ Lǎ bƻǿ м aƛƭƭƛƻƴ Lƴǎǘŀƭƭŀǘƛƻƴǎ {ǘǊƻƴƎΣέ Greentech MediaΣ !ǇǊƛƭ нмΣ нлмсΣ 
ƘǘǘǇǎΥκκǿǿǿΦƎǊŜŜƴǘŜŎƘƳŜŘƛŀΦŎƻƳκŀǊǘƛŎƭŜǎκǊŜŀŘκ¢ƘŜπ¦Φ{Φπ{ƻƭŀǊπaŀǊƪŜǘπbƻǿπhƴŜπaƛƭƭƛƻƴπLƴǎǘŀƭƭŀǘƛƻƴǎπ{ǘǊƻƴƎΦ 

р ά9ƭŜŎǘǊƛŎ {ǳōǎǘŀǘƛƻƴǎΣέ tƭŀǘǘǎΣ ƎŜƴŜǊŀǘŜŘ aŀǊŎƘ сΣ нллфΣ 
ƘǘǘǇΥκκǿǿǿΦǇƭŀǘǘǎΦŎƻƳκLaΦtƭŀǘǘǎΦ/ƻƴǘŜƴǘκtǊƻŘǳŎǘǎ{ŜǊǾƛŎŜǎκtǊƻŘǳŎǘǎκƎƛǎƳŜǘŀŘŀǘŀκǎǳōǎǘŀǘƴΦǇŘŦΦ 

с tƭŀǘǘǎΣ 2015 UDI Directory of Electric Power Producers and Distributors, 123rd Edition of the Electrical World Directory όbŜǿ 
¸ƻǊƪΣ b¸Υ tƭŀǘǘǎΣ нлмпύΣ ǾƛςǾƛƛΣ ƘǘǘǇǎΥκκǿǿǿΦǇƭŀǘǘǎΦŎƻƳκƛƳΦǇƭŀǘǘǎΦŎƻƴǘŜƴǘκŘƻǿƴƭƻŀŘǎκǳŘƛκŜǇǇŘκŜǇǇŘŘƛǊΦǇŘŦΦ  

т tƭŀǘǘǎΣ 2015 UDI Directory of Electric Power Producers and Distributors, 123rd Edition of the Electrical World Directory όbŜǿ 
¸ƻǊƪΣ b¸Υ tƭŀǘǘǎΣ нлмпύΣ ǾƛΣ ƘǘǘǇǎΥκκǿǿǿΦǇƭŀǘǘǎΦŎƻƳκƛƳΦǇƭŀǘǘǎΦŎƻƴǘŜƴǘκŘƻǿƴƭƻŀŘǎκǳŘƛκŜǇǇŘκŜǇǇŘŘƛǊΦǇŘŦΦ  

у 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ά¢ŀōƭŜ нΦмΦ bǳƳōŜǊ ƻŦ ¦ƭǘƛƳŀǘŜ /ǳǎǘƻƳŜǊǎ {ŜǊǾŜŘ ōȅ {ŜŎǘƻǊΣ ōȅ tǊƻǾƛŘŜǊΣ нллр ǘƘǊƻǳƎƘ 
нлмрΣέ Electric Power Annual 2014, 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ŀŎŎŜǎǎŜŘ hŎǘƻōŜǊ нлΣ нлмсΣ 
ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκŜƭŜŎǘǊƛŎƛǘȅκŀƴƴǳŀƭκƘǘƳƭκŜǇŀψлнψлмΦƘǘƳƭΦ 

ф 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ά9ƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŀƭŜǎΣ ǊŜǾŜƴǳŜΣ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ CƻǊƳ 9L!πусм ŘŜǘŀƛƭŜŘ Řŀǘŀ ŦƛƭŜǎΣέ 
9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ƭŀǎǘ ǳǇŘŀǘŜŘ hŎǘƻōŜǊ сΣ нлмсΣ ƘǘǘǇǎΥκκǿǿǿΦŜƛŀΦƎƻǾκŜƭŜŎǘǊƛŎƛǘȅκŘŀǘŀκŜƛŀусмκΦ  

мл LƴǘŜǊƴŀǘƛƻƴŀƭ aƻƴŜǘŀǊȅ CǳƴŘΣ World Economic Outlook database, Entire Dataset, By Country Groups, GDP, Current Prices, 
!ǇǊƛƭ нлмсΣ ƘǘǘǇǎΥκκǿǿǿΦƛƳŦΦƻǊƎκŜȄǘŜǊƴŀƭκǇǳōǎκŦǘκǿŜƻκнлмсκлмκǿŜƻŘŀǘŀκŘƻǿƴƭƻŀŘΦŀǎǇȄΦ 

мм ±ƛǇƛƴ !ǊƻǊŀ ŀƴŘ WƻȊŜŦ [ƛŜǎƪƻǾǎƪȅΣ Electricity Use as an Indicator of U.S. Economic Activity ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9ƴŜǊƎȅ 
LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ нлмпύΣ ǿƻǊƪƛƴƎ ǇŀǇŜǊ ǎŜǊƛŜǎΣ ƘǘǘǇǎΥκκǿǿǿΦŜƛŀΦƎƻǾκǿƻǊƪƛƴƎǇŀǇŜǊǎκǇŘŦκŜƭŜŎǘǊƛŎƛǘȅψƛƴŘƛŎŀǘƻǊΦǇŘŦΦ 

мн ±ƛǇƛƴ !ǊƻǊŀ ŀƴŘ WƻȊŜŦ [ƛŜǎƪƻǾǎƪȅΣ Electricity Use as an Indicator of U.S. Economic Activity ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9ƴŜǊƎȅ 
LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ нлмпύΣ ǿƻǊƪƛƴƎ ǇŀǇŜǊ ǎŜǊƛŜǎΣ нΣ ƘǘǘǇǎΥκκǿǿǿΦŜƛŀΦƎƻǾκǿƻǊƪƛƴƎǇŀǇŜǊǎκǇŘŦκŜƭŜŎǘǊƛŎƛǘȅψƛƴŘƛŎŀǘƻǊΦǇŘŦΦ  

мо 5h9 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅύΣ Energy Sector-Specific Plan 2015 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h9 ŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻƳŜƭŀƴŘ {ŜŎǳǊƛǘȅΣ 
нлмрύΣ ƛǾΣ ƘǘǘǇǎΥκκǿǿǿΦŘƘǎΦƎƻǾκǎƛǘŜǎκŘŜŦŀǳƭǘκŦƛƭŜǎκǇǳōƭƛŎŀǘƛƻƴǎκƴƛǇǇπǎǎǇπŜƴŜǊƎȅπнлмрπрлуΦǇŘŦΦ  

мп [ǳ!ƴƴ 5ŀƘƭƳŀƴΣ ά/ƭƛƳŀǘŜ /ƘŀƴƎŜΥ Dƭƻōŀƭ ¢ŜƳǇŜǊŀǘǳǊŜΣέ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ WŀƴǳŀǊȅ мΣ нлмрΣ 
ƘǘǘǇǎΥκκǿǿǿΦŎƭƛƳŀǘŜΦƎƻǾκƴŜǿǎπŦŜŀǘǳǊŜǎκǳƴŘŜǊǎǘŀƴŘƛƴƎπŎƭƛƳŀǘŜκŎƭƛƳŀǘŜπŎƘŀƴƎŜπƎƭƻōŀƭπǘŜƳǇŜǊŀǘǳǊŜΦ   

мр [ǳ!ƴƴ 5ŀƘƭƳŀƴΣ ά/ƭƛƳŀǘŜ /ƘŀƴƎŜΥ Dƭƻōŀƭ ¢ŜƳǇŜǊŀǘǳǊŜΣέ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ, WŀƴǳŀǊȅ мΣ нлмрΣ 
ƘǘǘǇǎΥκκǿǿǿΦŎƭƛƳŀǘŜΦƎƻǾκƴŜǿǎπŦŜŀǘǳǊŜǎκǳƴŘŜǊǎǘŀƴŘƛƴƎπŎƭƛƳŀǘŜκŎƭƛƳŀǘŜπŎƘŀƴƎŜπƎƭƻōŀƭπǘŜƳǇŜǊŀǘǳǊŜΦ   

мс tŀǘǊƛŎƪ [ȅƴŎƘΣ άнлмс /ƭƛƳŀǘŜ ¢ǊŜƴŘǎ /ƻƴǘƛƴǳŜ ǘƻ .ǊŜŀƪ wŜŎƻǊŘǎΣέ bŀǘƛƻƴŀƭ !ŜǊƻƴŀǳǘƛŎǎ ŀƴŘ {ǇŀŎŜ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ Wǳƭȅ мфΣ 
нлмсΣ ƘǘǘǇΥκκǿǿǿΦƴŀǎŀΦƎƻǾκŦŜŀǘǳǊŜκƎƻŘŘŀǊŘκнлмсκŎƭƛƳŀǘŜπǘǊŜƴŘǎπŎƻƴǘƛƴǳŜπǘƻπōǊŜŀƪπǊŜŎƻǊŘǎΦ 

мт WΦ hǾŜǊƭŀƴŘΣ 9Φ IŀƴƴŀΣ LΦ IŀƴǎǎŜƴπ.ŀǳŜǊΣ {ΦπWΦ YƛƳΣ WΦ 9Φ ²ŀƭǎƘΣ aΦ ²ŀƴƎΣ ¦Φ {Φ .ƘŀǘǘΣ ŀƴŘ wΦ [Φ ¢ƘƻƳŀƴΣ ά!ǊŎǘƛŎ wŜǇƻǊǘ /ŀǊŘΥ 
¦ǇŘŀǘŜ ŦƻǊ нлмсΣ tŜǊǎƛǎǘŜƴǘ ǿŀǊƳƛƴƎ ǘǊŜƴŘ ŀƴŘ ƭƻǎǎ ƻŦ ǎŜŀ ƛŎŜ ŀǊŜ ǘǊƛƎƎŜǊƛƴƎ ŜȄǘŜƴǎƛǾŜ !ǊŎǘƛŎ ŎƘŀƴƎŜǎΣέ ŀŎŎŜǎǎŜŘ 5ŜŎŜƳōŜǊ нуΣ 
нлмсΣ ƘǘǘǇΥκκǿǿǿΦŀǊŎǘƛŎΦƴƻŀŀΦƎƻǾκwŜǇƻǊǘπ/ŀǊŘκwŜǇƻǊǘπ/ŀǊŘπнлмсκ!ǊǘaL5κрлннκ!ǊǘƛŎƭŜL5κнтмκ{ǳǊŦŀŎŜπ!ƛǊπ¢ŜƳǇŜǊŀǘǳǊŜΦ  

му 5h9 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅύΣ Energy Demands on Water Resources: Report to Congress on the Interdependency of Energy and 
Water ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h9Σ 5ŜŎŜƳōŜǊ нллсύΣ нрΣ ƘǘǘǇΥκκǿǿǿΦŎƛǊŎƭŜƻŦōƭǳŜΦƻǊƎκǿǇπŎƻƴǘŜƴǘκǳǇƭƻŀŘǎκнлмлκлфκмнмπ
wǇǘ¢ƻ/ƻƴƎǊŜǎǎπ9²ǿ9L!ŎƻƳƳŜƴǘǎπCLb![нΦǇŘŦΦ  
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мф /ŀƭƛŦƻǊƴƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎΣ Managing an Uncertain Future: Climate Change Adaptation Strategies for

California's Water ό{ŀŎǊŀƳŜƴǘƻΣ /!Υ /ŀƭƛŦƻǊƴƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎΣ hŎǘƻōŜǊ нллуύΣ уΣ 
ƘǘǘǇΥκκǿǿǿΦǿŀǘŜǊΦŎŀΦƎƻǾκŎƭƛƳŀǘŜŎƘŀƴƎŜκŘƻŎǎκ/ƭƛƳŀǘŜ/ƘŀƴƎŜ²ƘƛǘŜtŀǇŜǊΦǇŘŦΦ  

нл 5ƛŀƴŀ .ŀǳŜǊΣ aŀǊƪ tƘƛƭōǊƛŎƪΣ .ƻō ±ŀƭƭŀǊƛƻΣ Iƻȅǘ .ŀǘǘŜȅΣ ½ŀŎƘŀǊȅ /ƭŜƳŜƴǘΣ CƭŜǘŎƘŜǊ CƛŜƭŘǎΣ WŜƴƴƛŦŜǊ [ƛΣ Ŝǘ ŀƭΦΣ The Water-Energy
Nexus: Challenges and Opportunities ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ WǳƴŜ нлмпύΣ 
ƘǘǘǇΥκκŜƴŜǊƎȅΦƎƻǾκǎƛǘŜǎκǇǊƻŘκŦƛƭŜǎκнлмпκлтκŦмтκ²ŀǘŜǊ҈нл9ƴŜǊƎȅ҈нлbŜȄǳǎ҈нлCǳƭƭ҈нлwŜǇƻǊǘ҈нлWǳƭȅ҈нлнлмпΦǇŘŦΦ 

нм aΦ CƛƴǎǘŜǊΣ WΦ tƘƛƭƭƛǇǎΣ ŀƴŘ WΦ tƛƭƭƻƴΣ State Energy Resilience Framework ό[ŜƳƻƴǘΣ L[Υ !ǊƎƻƴƴŜ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ Wǳƭȅ нлмсύΦ 

нн άLƴǘŜǊŘŜǇŜƴŘŜƴŎŜΣέ CŜŘŜǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ /ƻƳƳƛǎǎƛƻƴΣ ŀŎŎŜǎǎŜŘ 5ŜŎŜƳōŜǊ тΣ нлмсΣ 
ƘǘǘǇǎΥκκǿǿǿΦŦŎŎΦƎƻǾκƎŜƴŜǊŀƭκƛƴǘŜǊŘŜǇŜƴŘŜƴŎŜΦ    

но 5I{ ό5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻƳŜƭŀƴŘ {ŜŎǳǊƛǘȅύΣ Financial Services Sector-Specific Plan 2015 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5I{Σ нлмрύΣ 
ƘǘǘǇǎΥκκǿǿǿΦŘƘǎΦƎƻǾκǎƛǘŜǎκŘŜŦŀǳƭǘκŦƛƭŜǎκǇǳōƭƛŎŀǘƛƻƴǎκƴƛǇǇπǎǎǇπŦƛƴŀƴŎƛŀƭπǎŜǊǾƛŎŜǎπнлмрπрлуΦǇŘŦΦ  

нп C9w/ όCŜŘŜǊŀƭ 9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴύ ŀƴŘ b9w/ όbƻǊǘƘ !ƳŜǊƛŎŀƴ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǊǇƻǊŀǘƛƻƴύΣ Report on Outages
and Curtailments During the Southwest Cold Weather Event of February 1–5, 2011: Causes and RecommendationsΣ 
ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ C9w/ ŀƴŘ b9w/Σ нлммύΣ ƘǘǘǇǎΥκκǿǿǿΦŦŜǊŎΦƎƻǾκƭŜƎŀƭκǎǘŀŦŦπǊŜǇƻǊǘǎκлуπмсπммπǊŜǇƻǊǘΦǇŘŦΦ 

нр tŜǘŜǊ YŜƭƭȅπ5ŜǘǿƛƭŜǊΣ Mind the Gap: Energy Availability and the Disconnect with DataΣ όIƻǳǎǘƻƴΣ ¢·Υ bƻǊǘƘōǊƛŘƎŜ 9ƴŜǊƎȅ 
tŀǊǘƴŜǊǎΣ [[/Σ нлмрύΣ оΣ ƘǘǘǇΥκκŘŀǘŀŎŜƴǘŜǊŦǊƻƴǘƛŜǊΦŎƻƳκƳƛƴŘπƎŀǇπŘŀǘŀπŘƛǎŎƻƴƴŜŎǘπŜƴŜǊƎȅπŀǾŀƛƭŀōƛƭƛǘȅκΦ 

нс aƛŎƘŀŜƭ /ƘǳƛΣ aŀǊƪǳǎ [ƻŦŦƭŜǊΣ ŀƴŘ wƻƎŜǊ wƻōŜǊǘǎΣ ά¢ƘŜ LƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎΣέ McKinsey QuarterlyΣ aŀǊŎƘ нлмлΣ 
ƘǘǘǇΥκκǿǿǿΦƳŎƪƛƴǎŜȅΦŎƻƳκƛƴŘǳǎǘǊƛŜǎκƘƛƎƘπǘŜŎƘκƻǳǊπƛƴǎƛƎƘǘǎκǘƘŜπƛƴǘŜǊƴŜǘπƻŦπǘƘƛƴƎǎΦ    

нт C¢/ όCŜŘŜǊŀƭ ¢ǊŀŘŜ /ƻƳƳƛǎǎƛƻƴύΣ Internet of Things: Privacy and Security in a Connected World ό²ŀǎƘƛƴƎǘƻƴΣ 5/Τ C¢/Σ нлмрύΣ 
ƘǘǘǇǎΥκκǿǿǿΦŦǘŎΦƎƻǾκǎȅǎǘŜƳκŦƛƭŜǎκŘƻŎǳƳŜƴǘǎκǊŜǇƻǊǘǎκŦŜŘŜǊŀƭπǘǊŀŘŜπŎƻƳƳƛǎǎƛƻƴπǎǘŀŦŦπǊŜǇƻǊǘπƴƻǾŜƳōŜǊπнлмоπǿƻǊƪǎƘƻǇπ
ŜƴǘƛǘƭŜŘπƛƴǘŜǊƴŜǘπǘƘƛƴƎǎπǇǊƛǾŀŎȅκмрлмнтƛƻǘǊǇǘΦǇŘŦΦ  

ну C// όCŜŘŜǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ /ƻƳƳƛǎǎƛƻƴύΣ 2016 Broadband Progress Report ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ C//Σ WŀƴǳŀǊȅ нфΣ нлмсύΣ 
ƘǘǘǇǎΥκκǿǿǿΦŦŎŎΦƎƻǾκǊŜǇƻǊǘǎπǊŜǎŜŀǊŎƘκǊŜǇƻǊǘǎκōǊƻŀŘōŀƴŘπǇǊƻƎǊŜǎǎπǊŜǇƻǊǘǎκнлмсπōǊƻŀŘōŀƴŘπǇǊƻƎǊŜǎǎπǊŜǇƻǊǘΦ  

нф ¢ƘƻƳ CƛƭŜ ŀƴŘ /ŀƳƛƭƭŜ wȅŀƴΣ Computer and Intranet Use in the United States: 2013 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ /Ŝƴǎǳǎ .ǳǊŜŀǳΣ нлмпύΣ нΣ 
ƘǘǘǇΥκκǿǿǿΦŎŜƴǎǳǎΦƎƻǾκƘƛǎǘƻǊȅκǇŘŦκнлмоŎƻƳǇǳǘŜǊǳǎŜΦǇŘŦΦ 

ол LƴǘŜǊƴŀƭ wŜǾŜƴǳŜ {ŜǊǾƛŎŜΣ ά!ǎ ŜπŦƛƭŜ DǊƻǿǎΣ Lw{ wŜŎŜƛǾŜǎ CŜǿŜǊ ¢ŀȄ wŜǘǳǊƴǎ ƻƴ tŀǇŜǊΣέ LwπнлмпπппΣ !ǇǊƛƭ оΣ нлмпΣ 
ƘǘǘǇǎΥκκǿǿǿΦƛǊǎΦƎƻǾκǳŀŎκƴŜǿǎǊƻƻƳκŀǎπŜŦƛƭŜπƎǊƻǿǎπƛǊǎπǊŜŎŜƛǾŜǎπŦŜǿŜǊπǘŀȄπǊŜǘǳǊƴǎπƻƴπǇŀǇŜǊΦ  

ом WŀƳŜǎ aŀƴȅƛƪŀΣ {ǊŜŜ wŀƳŀǎǿŀƳȅΣ {ƻƳŜǎƘ YƘŀƴƴŀΣ IǳƎƻ {ŀǊǊŀȊƛƴΣ DŀǊȅ tƛƴƪǳǎΣ DǳǊǳ {ŜǘƘǳǇŀǘƘȅΣ ŀƴŘ !ƴŘǊŜǿ ¸ŀŦŦŜΣ Digital
America: A Tale of the Haves and Have-Mores όaŎYƛƴǎŜȅ Dƭƻōŀƭ LƴǎǘƛǘǳǘŜΣ нлмрύΣ мнΣ 
ƘǘǘǇΥκκǿǿǿΦƳŎƪƛƴǎŜȅΦŎƻƳκƛƴŘǳǎǘǊƛŜǎκƘƛƎƘπǘŜŎƘκƻǳǊπƛƴǎƛƎƘǘǎκŘƛƎƛǘŀƭπŀƳŜǊƛŎŀπŀπǘŀƭŜπƻŦπǘƘŜπƘŀǾŜǎπŀƴŘπƘŀǾŜπƳƻǊŜǎΦ 

он WŀƳŜǎ aŀƴȅƛƪŀΣ {ǊŜŜ wŀƳŀǎǿŀƳȅΣ {ƻƳŜǎƘ YƘŀƴƴŀΣ IǳƎƻ {ŀǊǊŀȊƛƴΣ DŀǊȅ tƛƴƪǳǎΣ DǳǊǳ {ŜǘƘǳǇŀǘƘȅΣ ŀƴŘ !ƴŘǊŜǿ ¸ŀŦŦŜΣ Digital
America: A Tale of the Haves and Have-Mores όaŎYƛƴǎŜȅ Dƭƻōŀƭ LƴǎǘƛǘǳǘŜΣ нлмрύΣ мнΣ 
ƘǘǘǇΥκκǿǿǿΦƳŎƪƛƴǎŜȅΦŎƻƳκƛƴŘǳǎǘǊƛŜǎκƘƛƎƘπǘŜŎƘκƻǳǊπƛƴǎƛƎƘǘǎκŘƛƎƛǘŀƭπŀƳŜǊƛŎŀπŀπǘŀƭŜπƻŦπǘƘŜπƘŀǾŜǎπŀƴŘπƘŀǾŜπƳƻǊŜǎΦ 

оо  WŀƳŜǎ aŀƴȅƛƪŀΣ {ǊŜŜ wŀƳŀǎǿŀƳȅΣ {ƻƳŜǎƘ YƘŀƴƴŀΣ IǳƎƻ {ŀǊǊŀȊƛƴΣ DŀǊȅ tƛƴƪǳǎΣ DǳǊǳ {ŜǘƘǳǇŀǘƘȅΣ ŀƴŘ !ƴŘǊŜǿ ¸ŀŦŦŜΣ Digital
America: A Tale of the Haves and Have-Mores όaŎYƛƴǎŜȅ Dƭƻōŀƭ LƴǎǘƛǘǳǘŜΣ нлмрύΣ пΣ 
ƘǘǘǇΥκκǿǿǿΦƳŎƪƛƴǎŜȅΦŎƻƳκƛƴŘǳǎǘǊƛŜǎκƘƛƎƘπǘŜŎƘκƻǳǊπƛƴǎƛƎƘǘǎκŘƛƎƛǘŀƭπŀƳŜǊƛŎŀπŀπǘŀƭŜπƻŦπǘƘŜπƘŀǾŜǎπŀƴŘπƘŀǾŜπƳƻǊŜǎΦ 

оп 5ŀǾƛŘ {ŎƘǊŀƴƪΣ .ƛƭƭ 9ƛǎŜƭŜΣ ¢ƛƳ [ƻƳŀȄΣ ŀƴŘ WƛƳ .ŀƪΣ 2015 Urban Mobility Scorecard ό/ƻƭƭŜƎŜ {ǘŀǘƛƻƴΣ ¢·Υ ¢ŜȄŀǎ !ϧa 
¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ LƴǎǘƛǘǳǘŜ ŀƴŘ LbwL·Σ LƴŎΦΣ нлмрύΣ ƘǘǘǇΥκκŘнŘǘƭрƴƴƭǇŦǊлǊΦŎƭƻǳŘŦǊƻƴǘΦƴŜǘκǘǘƛΦǘŀƳǳΦŜŘǳκŘƻŎǳƳŜƴǘǎκƳƻōƛƭƛǘȅπ
ǎŎƻǊŜŎŀǊŘπнлмрΦǇŘŦΦ 

ор WŀƳŜǎ aŀƴȅƛƪŀΣ aƛŎƘŀŜƭ /ƘǳƛΣ tŜǘŜǊ .ƛǎǎƻƴΣ WƻƴŀǘƘŀƴ ²ƻŜǘȊŜƭΣ wƛŎƘŀǊŘ 5ƻōōǎΣ WŀŎǉǳŜǎ .ǳƎƘƛƴΣ ŀƴŘ 5ŀƴ !ƘŀǊƻƴΣ Unlocking
the potential of the Internet of Things όaŎYƛƴǎŜȅ Dƭƻōŀƭ LƴǎǘƛǘǳǘŜΣ нлмрύΣ ƘǘǘǇΥκκǿǿǿΦƳŎƪƛƴǎŜȅΦŎƻƳκōǳǎƛƴŜǎǎπ
ŦǳƴŎǘƛƻƴǎκōǳǎƛƴŜǎǎπǘŜŎƘƴƻƭƻƎȅκƻǳǊπƛƴǎƛƎƘǘǎκǘƘŜπƛƴǘŜǊƴŜǘπƻŦπǘƘƛƴƎǎπǘƘŜπǾŀƭǳŜπƻŦπŘƛƎƛǘƛȊƛƴƎπǘƘŜπǇƘȅǎƛŎŀƭπǿƻǊƭŘΦ 

ос bw5/ όbŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ 5ŜŦŜƴǎŜ /ƻǳƴŎƛƭύΣ America’s Data Centers Are Wasting Huge Amounts of Energy: Critical Action
Needed to Save Billions of Dollars and Kilowatts ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ bw5/Σ нлмрύΣ ƛǎǎǳŜ ōǊƛŜŦΣ 
ƘǘǘǇǎΥκκǿǿǿΦƴǊŘŎΦƻǊƎκǎƛǘŜǎκŘŜŦŀǳƭǘκŦƛƭŜǎκŘŀǘŀπŎŜƴǘŜǊπŜŦŦƛŎƛŜƴŎȅπŀǎǎŜǎǎƳŜƴǘπL.ΦǇŘŦΦ 

от 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ άмл CŀŎǘǎ ǘƻ Yƴƻǿ !ōƻǳǘ 5ŀǘŀ /ŜƴǘŜǊǎΣέ bƻǾŜƳōŜǊ мтΣ нлмпΣ ƘǘǘǇΥκκŜƴŜǊƎȅΦƎƻǾκŜŜǊŜκŀǊǘƛŎƭŜǎκмлπ
ŦŀŎǘǎπƪƴƻǿπŀōƻǳǘπŘŀǘŀπŎŜƴǘŜǊǎΦ 
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оу !ǊƳŀƴ {ƘŜƘŀōƛΣ {ŀǊŀƘ WƻǎŜǇƘƛƴŜ {ƳƛǘƘΣ 5ŀƭŜ !Φ {ŀǊǘƻǊΣ wƛŎƘŀǊŘ 9Φ .ǊƻǿƴΣ aŀƎƴǳǎ IŜǊǊƭƛƴΣ WƻƴŀǘƘŀƴ DΦ YƻƻƳŜȅΣ 9ǊƛŎ wΦ 
aŀǎŀƴŜǘΣ Ŝǘ ŀƭΦΣ United States Data Center Energy Usage Report ό.ŜǊƪŜƭŜȅΣ /!Υ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ WǳƴŜ 
нлмсύΣ ƘǘǘǇǎΥκκŜǘŀΦƭōƭΦƎƻǾκǎƛǘŜǎκŀƭƭκŦƛƭŜǎκǇǳōƭƛŎŀǘƛƻƴǎκƭōƴƭπмллрттрψǾнΦǇŘŦ  

оф WƻǎƘ ²ƘƛǘƴŜȅ ŀƴŘ tƛŜǊǊŜ 5ŜƭŦƻǊƎŜΣ Data Center Efficiency Assessment: Scaling Up Energy Efficiency Across the Data Center 
Industry: Evaluating Key Drivers and Barriers ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ 5ŜŦŜƴǎŜ /ƻǳƴŎƛƭΣ !ǳƎǳǎǘ нлмпύΣ ƛǎǎǳŜ ǇŀǇŜǊΣ 
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пл !ǊƳŀƴ {ƘŜƘŀōƛΣ {ŀǊŀƘ WƻǎŜǇƘƛƴŜ {ƳƛǘƘΣ 5ŀƭŜ !Φ {ŀǊǘƻǊΣ wƛŎƘŀǊŘ 9Φ .ǊƻǿƴΣ aŀƎƴǳǎ IŜǊǊƭƛƴΣ WƻƴŀǘƘŀƴ DΦ YƻƻƳŜȅΣ 9ǊƛŎ wΦ 
aŀǎŀƴŜǘΣ Ŝǘ ŀƭΦΣ United States Data Center Energy Usage Report ό.ŜǊƪŜƭŜȅΣ /!Υ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ WǳƴŜ 
нлмсύΣ ƘǘǘǇǎΥκκŜǘŀΦƭōƭΦƎƻǾκǎƛǘŜǎκŀƭƭκŦƛƭŜǎκǇǳōƭƛŎŀǘƛƻƴǎκƭōƴƭπмллрттрψǾнΦǇŘŦΦ  

пм 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ά9ƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŀƭŜǎΣ ǊŜǾŜƴǳŜΣ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ CƻǊƳ 9L!πусм ŘŜǘŀƛƭŜŘ Řŀǘŀ ŦƛƭŜǎΣέ 
9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ƭŀǎǘ ǳǇŘŀǘŜŘ hŎǘƻōŜǊ сΣ нлмсΣ ƘǘǘǇǎΥκκǿǿǿΦŜƛŀΦƎƻǾκŜƭŜŎǘǊƛŎƛǘȅκŘŀǘŀκŜƛŀусмκΦ  

пн .ƛƭƭ [ƻǾŜƭŜǎǎΣ άLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎ Ǉǳǘǎ ŜƴŜǊƎȅ ƎǊƛŘ ǘƻ ǘŜǎǘΣέ USA TodayΣ 5ŜŎŜƳōŜǊ нлΣ нлмрΣ 
ƘǘǘǇΥκκǿǿǿΦǳǎŀǘƻŘŀȅΦŎƻƳκǎǘƻǊȅκƳƻƴŜȅκŎƻƭǳƳƴƛǎǘκнлмрκмнκнлκƭƻǾŜƭŜǎǎπƛƴǘŜǊƴŜǘπƻŦπǘƘƛƴƎǎπŜƴŜǊƎȅπƎǊƛŘκттрмрсууκΦ  

по 5ƛƳŜƴǎƛƻƴŀƭ wŜǎŜŀǊŎƘΣ Business Impact of IT Incident Communications: A Global Survey of IT Professionals ό{ŀƴ WƻǎŜΣ /!Υ 
5ƛƳŜƴǎƛƻƴŀƭ wŜǎŜŀǊŎƘ ŀƴŘ ȄaŀǘǘŜǊǎΣ aŀǊŎƘ нлмрύΣ ƘǘǘǇΥκκƛƴŦƻΦȄƳŀǘǘŜǊǎΦŎƻƳκǊǎκŀƭŀǊƳǇƻƛƴǘκƛƳŀƎŜǎκȄaŀǘǘŜǊǎπнлмрπ{ǳǊǾŜȅπ
wŜǇƻǊǘΦǇŘŦΦ  

пп 5ƛƳŜƴǎƛƻƴŀƭ wŜǎŜŀǊŎƘΣ Business Impact of IT Incident Communications: A Global Survey of IT Professionals ό{ŀƴ WƻǎŜΣ /!Υ 
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ƻǾŜǊǾƛŜǿΦƘǘƳΦ 

пт CǊƻǎǘ ϧ {ǳƭƭƛǾŀƴΣ Analysis of the US Power Quality Equipment Market ό.ŜǊƪŜƭŜȅΣ /!Υ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ 
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пу CǊƻǎǘ ϧ {ǳƭƭƛǾŀƴΣ Analysis of the US Power Quality Equipment Market ό.ŜǊƪŜƭŜȅΣ /!Υ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ 
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пф 5h9 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅύΣ The Potential Benefits of Distributed Generation and Rate-Related Issues that May Impede Their 
Expansion: A Study Pursuant to Section 1817 of the Energy Policy Act of 2005 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h9Σ CŜōǊǳŀǊȅ нллтύΣ ƛƛΣ 
ƘǘǘǇǎΥκκǿǿǿΦŦŜǊŎΦƎƻǾκƭŜƎŀƭκŦŜŘπǎǘŀκŜȄǇπǎǘǳŘȅΦǇŘŦΦ  
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рр ²ƛƭƭƛŀƳ tŀǊƪǎΣ YŜǾƛƴ [ȅƴƴΣ /ŀǊƭ LƳƘƻŦŦΣ .Ǌȅŀƴ IŀƴƴŜƎŀƴΣ /ƘŀǊƭŜǎ DƻƭŘƳŀƴΣ WŜŦŦŜǊȅ 5ŀƎƭŜΣ WƻƘƴ DǊƻǎƘΣ Ŝǘ ŀƭΦΣ Grid 
Modernization Multi-Year Program Plan ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ нлмрύΣ 
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ƘǘǘǇΥκκǿǿǿΦǇŀŎƻƴǎǳƭǘƛƴƎΦŎƻƳκƻǳǊπǘƘƛƴƪƛƴƎκƴŜȄǘπƎŜƴŜǊŀǘƛƻƴπǳǘƛƭƛǘȅκІƘŜǊŜΦ  

мло 5Ŝƴƴƛǎ wŀȅΣ άwŜǎǇƻƴŘƛƴƎ ǘƻ /ƘŀƴƎƛƴƎ ²ƻǊƪŦƻǊŎŜ bŜŜŘǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎϦ όǇǊŜǎŜƴǘŀǘƛƻƴ ƎƛǾŜƴ ŀǘ ǘƘŜ !ƎƛƴƎ ¦ǘƛƭƛǘȅ ²ƻǊƪŦƻǊŎŜ 
/ƻƴŦŜǊŜƴŎŜΣ bŀǎƘǾƛƭƭŜΣ ¢ŜƴƴŜǎǎŜŜΣ bƻǾŜƳōŜǊ муςмфΣ нлмоύΣ 
ƘǘǘǇΥκκǇǎŜǊŎΦǿƛǎŎΦŜŘǳκŘƻŎǳƳŜƴǘǎκǇǳōƭƛŎŀǘƛƻƴǎκǎǇŜŎƛŀƭψƛƴǘŜǊŜǎǘψǇǳōƭƛŎŀǘƛƻƴǎκǿƻǊƪŦƻǊŎŜκŘǊŀȅψŀƎƛƴƎψǳǘƛƭƛǘȅψǿƻǊƪŦƻǊŎŜψƴƻǾψн
лмоΦǇŘŦΦ  

млп ¦ǘƛƭƛǘȅ 5ƛǾŜΣ 2016 State of the Electric Utility Survey ό¦ǘƛƭƛǘȅ 5ƛǾŜΣ нлмсύΣ фΣ 
ƘǘǘǇǎΥκκǎоΦŀƳŀȊƻƴŀǿǎΦŎƻƳκŘƛǾŜψŀǎǎŜǘǎκǊƭǇǎȅǎκǎǘŀǘŜψƻŦψŜƭŜŎǘǊƛŎψǳǘƛƭƛǘȅψнлмсΦǇŘŦΦ  

млр aŀǊƪ .ǊƛŘƎŜǊǎΣ ά²Ƙƻ ²ƛƭƭ 5ƻ ǘƘŜ ²ƻǊƪΚΥ bƻǊǘƘ !ƳŜǊƛŎŀƴ ¦ǘƛƭƛǘȅ ²ƻǊƪŦƻǊŎŜ {ǳǇǇƭȅ ǾǎΦ 5ŜƳŀƴŘέ όǇǊŜǎŜƴǘŀǘƛƻƴ ƎƛǾŜƴ ŀǘ ǘƘŜ 
bŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ wŜƎǳƭŀǘƻǊȅ ¦ǘƛƭƛǘȅ /ƻƳƳƛǎǎƛƻƴŜǊǎΣ {ǳƳƳŜǊ /ƻƳƳƛǘǘŜŜ aŜŜǘƛƴƎǎΣ bŀǎƘǾƛƭƭŜΣ ¢ŜƴƴŜǎǎŜŜΣ Wǳƭȅ нсΣ нлмсύΣ 
ƘǘǘǇΥκκǇǳōǎΦƴŀǊǳŎΦƻǊƎκǇǳōκол.5/фсрπ.лмоπCн9тπ9п..π5.5т!с9мфCонΦ  

млс 9t! ό9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅύΣ Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2014 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 
9t!Σ !ǇǊƛƭ нлмсύΣ 9t! полπwπмсπллнΣ 9{πноΣ ƘǘǘǇǎΥκκǿǿǿоΦŜǇŀΦƎƻǾκŎƭƛƳŀǘŜŎƘŀƴƎŜκ5ƻǿƴƭƻŀŘǎκƎƘƎŜƳƛǎǎƛƻƴǎκ¦{πDIDπ
LƴǾŜƴǘƻǊȅπнлмсπaŀƛƴπ¢ŜȄǘΦǇŘŦΦ  

млт 9t! ό9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅύΣ Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2014 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 
9t!Σ !ǇǊƛƭ нлмсύΣ 9t! полπwπмсπллнΣ нπммΣ ƘǘǘǇǎΥκκǿǿǿоΦŜǇŀΦƎƻǾκŎƭƛƳŀǘŜŎƘŀƴƎŜκ5ƻǿƴƭƻŀŘǎκƎƘƎŜƳƛǎǎƛƻƴǎκ¦{πDIDπ
LƴǾŜƴǘƻǊȅπнлмсπaŀƛƴπ¢ŜȄǘΦǇŘŦΦ  

млу 9L! ό9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ U.S. Energy-Related Carbon Dioxide Emissions, 2014 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9L!Σ 
bƻǾŜƳōŜǊ нлмрύΣ мнΣ ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκŜƴǾƛǊƻƴƳŜƴǘκŜƳƛǎǎƛƻƴǎκŎŀǊōƻƴκǇŘŦκнлмпψŎƻнŀƴŀƭȅǎƛǎΦǇŘŦΦ  

млф 9L! ό9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ Annual Energy Outlook 2015 With Projections to 2040 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ 9L!Σ 
нлмрύΣ 5h9κ9L!πлоуоόнлмрύΣ уΣ ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκƻǳǘƭƻƻƪǎκŀŜƻκǇŘŦκлоуоόнлмрύΦǇŘŦΦ  

ммл [ƛǎŀ {ŎƘǿŀǊǘȊΣ aŀȄ ²ŜƛΣ ²ƛƭƭƛŀƳ aƻǊǊƻǿΣ WŜŦŦ 5ŜŀǎƻƴΣ {ǘŜǾŜƴ wΦ {ŎƘƛƭƭŜǊΣ DǊŜƎ [ŜǾŜƴǘƛǎΣ {ŀǊŀƘ {ƳƛǘƘΣ ²ƻŜƛ [ƛƴƎ [ŜƻǿΣ ¢ƻŘŘ 
[ŜǾƛƴΣ {ǘŜǾŜ tƭƻǘƪƛƴΣ ŀƴŘ ¸ŀƴ ½ƘƻǳΣ Electricity End Uses, Energy Efficiency, and Distributed Energy Resources Baseline 
ό²ŀǎƘƛƴƎǘƻƴΣ 5Φ/ΦΥ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ нлмсύΣ мΣ 59π!/лнπлр/IммномΦ  

ммм 9L! ό9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ Annual Energy Outlook 2016 With Projections to 2040 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ 9L!Σ нлмсύΣ 5h9κ9L!πлоуоόнлмсύΣ CƛƎǳǊŜ a¢πнтΣ a¢πмрΣ 
ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκƻǳǘƭƻƻƪǎκŀŜƻκǇŘŦκлоуоόнлмсύΦǇŘŦΦ 

ммн [ƛǎŀ {ŎƘǿŀǊǘȊΣ aŀȄ ²ŜƛΣ ²ƛƭƭƛŀƳ aƻǊǊƻǿΣ WŜŦŦ 5ŜŀǎƻƴΣ {ǘŜǾŜƴ wΦ {ŎƘƛƭƭŜǊΣ DǊŜƎ [ŜǾŜƴǘƛǎΣ {ŀǊŀƘ {ƳƛǘƘΣ ŀƴŘ ²ƻŜƛ [ƛƴƎ [ŜƻǿΣ 
[ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅ ŀƴŘ ¢ƻŘŘ [ŜǾƛƴΣ {ǘŜǾŜ tƭƻǘƪƛƴΣ ŀƴŘ ¸ŀƴ ½ƘƻǳΣ !ǊƎƻƴƴŜ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΦ 9ƭŜŎǘǊƛŎƛǘȅ 
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9ƴŘ ¦ǎŜǎΣ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅΣ ŀƴŘ 5ƛǎǘǊƛōǳǘŜŘ 9ƴŜǊƎȅ wŜǎƻǳǊŎŜǎ .ŀǎŜƭƛƴŜ ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ нлмсύΣ 
мсоΣ 59π!/лнπлр/IммномΦ 

ммо 9L! ό9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ Monthly Energy Review ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9L!Σ !ǳƎǳǎǘ нлмсύΣ 5h9κ9L!π
ллорόнлмсκуύΣ мурΣ ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκǘƻǘŀƭŜƴŜǊƎȅκŘŀǘŀκƳƻƴǘƘƭȅκŀǊŎƘƛǾŜκллормслуΦǇŘŦΦ  

ммп 5h9 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅύΣ Low Carbon Workshop Report ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h9Σ нлмсύΦ 

ммр 9L! ό9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴύΣ Electric Power Annual ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9L!Σ нлмрύΣ 
ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκŜƭŜŎǘǊƛŎƛǘȅκŀƴƴǳŀƭκΦ  

ммс ²ƛƭƭƛŀƳ hǇŀƭƪŀΣ άbΦ9Φ wƻǳƴŘǘŀōƭŜ /ƻƴǎƛŘŜǊǎ /ŀǊōƻƴ tǊƛŎƛƴƎΣ {ǘŀǘŜ tt!ǎΣέ RTO InsiderΣ hŎǘƻōŜǊ оΣ нлмсΣ 
ƘǘǘǇǎΥκκǿǿǿΦǊǘƻƛƴǎƛŘŜǊΦŎƻƳκƴŜǿπŜƴƎƭŀƴŘπǊŜǎǘǊǳŎǘǳǊƛƴƎπǊƻǳƴŘǘŀōƭŜπŎŀǊōƻƴπǇǊƛŎƛƴƎπоннтмκΦ 

ммт ²Ŝǎ CǊȅŜΣ Smart Grid: Transforming the Electricity System to Meet Future Demand and Reduce Greenhouse Gas Emissions 
ό{ŀƴ WƻǎŜΣ /!Υ /ƛǎŎƻ {ȅǎǘŜƳǎΣ bƻǾŜƳōŜǊ нллуύΣ нςтΣ ƘǘǘǇΥκκǿǿǿΦŎƛǎŎƻΦŎƻƳκŎκŘŀƳκƎƭƻōŀƭκŘŜψŘŜκŀǎǎŜǘǎκŎƛǎŎƻƴƴŜŎǘκнллфπ
млκƛƳŀƎŜǎκ{ƳŀǊǘψDǊƛŘψ²ƘƛǘŜψtŀǇŜǊψнΦǇŘŦΦ  

мму /b! aƛƭƛǘŀǊȅ !ŘǾƛǎƻǊȅ .ƻŀǊŘΣ National Security and Assured U.S. Electrical Power ό/b! !ƴŀƭȅǎƛǎ ϧ {ƻƭǳǘƛƻƴǎΣ нлмрύΣ мΣ 
ƘǘǘǇǎΥκκǿǿǿΦŎƴŀΦƻǊƎκ/b!ψŦƛƭŜǎκt5Cκbŀǘƛƻƴŀƭπ{ŜŎǳǊƛǘȅπ!ǎǎǳǊŜŘπ9ƭŜŎǘǊƛŎŀƭπtƻǿŜǊΦǇŘŦΦ  

ммф wƻōŜǊǘ aΦ [ŜŜΣ aƛŎƘŀŜƭ WΦ !ǎǎŀƴǘŜΣ ŀƴŘ ¢ƛƳ /ƻƴǿŀȅΣ Analysis of the Cyber Attack on the Ukrainian Power Grid: Defense Use
Case ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9ƭŜŎǘǊƛŎƛǘȅ LƴŦƻǊƳŀǘƛƻƴ {ƘŀǊƛƴƎ ŀƴŘ !ƴŀƭȅǎƛǎ /ŜƴǘŜǊΣ aŀǊŎƘ нлмсύΣ ƛǾΣ ƘǘǘǇǎΥκκƛŎǎΦǎŀƴǎΦƻǊƎκƳŜŘƛŀκ9π
L{!/ψ{!b{ψ¦ƪǊŀƛƴŜψ5¦/ψрΦǇŘŦΦ  

мнл {ȅƳŀƴǘŜŎΣ Advanced Persistent Threats: A Symantec Perspective, Preparing the Right Defense for the New Threat Landscape
όaƻǳƴǘŀƛƴ ±ƛŜǿΣ /!Υ {ȅƳŀƴǘŜŎΣ нлммύΣ мΣ ƘǘǘǇǎΥκκǿǿǿΦǎȅƳŀƴǘŜŎΦŎƻƳκŎƻƴǘŜƴǘκŜƴκǳǎκŜƴǘŜǊǇǊƛǎŜκǿƘƛǘŜψǇŀǇŜǊǎκōπ
ŀŘǾŀƴŎŜŘψǇŜǊǎƛǎǘŜƴǘψǘƘǊŜŀǘǎψ²tψнмнмрфртΦŜƴπǳǎΦǇŘŦΦ  

мнм Hearing of the House (Select) Intelligence Committee on “Cybersecurity Threats: The Way Forward,” όbƻǾŜƳōŜǊ нлΣ нлмпύ 
όǘŜǎǘƛƳƻƴȅ ōȅ !ŘƳƛǊŀƭ aƛŎƘŀŜƭ wƻƎŜǊǎΣ /ƻƳƳŀƴŘŜǊΣ ¦Φ{Φ /ȅōŜǊ /ƻƳƳŀƴŘ ŀƴŘ 5ƛǊŜŎǘƻǊΣ bŀǘƛƻƴŀƭ {ŜŎǳǊƛǘȅ !ƎŜƴŎȅύΣ 
ƘǘǘǇǎΥκκǿǿǿΦƴǎŀΦƎƻǾκƴŜǿǎπŦŜŀǘǳǊŜǎκǎǇŜŜŎƘŜǎπǘŜǎǘƛƳƻƴƛŜǎκǘŜǎǘƛƳƻƴƛŜǎκŀŘƳπǊƻƎŜǊǎπǘŜǎǘƛƳƻƴȅπнлƴƻǾнлмпΦǎƘǘƳƭΦ 

мнн {Ŏƻǘǘ IƛƭǘƻƴΣ ά5ȅƴ !ƴŀƭȅǎƛǎ {ǳƳƳŀǊȅ ƻŦ CǊƛŘŀȅ hŎǘƻōŜǊ нм !ǘǘŀŎƪΣέ DynΣ hŎǘƻōŜǊ нсΣ нлмсΣ ƘǘǘǇΥκκŘȅƴΦŎƻƳκōƭƻƎκŘȅƴπ
ŀƴŀƭȅǎƛǎπǎǳƳƳŀǊȅπƻŦπŦǊƛŘŀȅπƻŎǘƻōŜǊπнмπŀǘǘŀŎƪκΦ  

мно aŀǊǘȅ Wƻǎǘ ŀƴŘ aƛŎƘŀŜƭ /ƻōōΣ IIS Security όbŜǿ ¸ƻǊƪΣ b¸Υ aŎDǊŀǿπIƛƭƭκhǎōƻǊƴŜΣ нллнύΣ фΦ  
мнп LƴŘǳǎǘǊƛŀƭ /ƻƴǘǊƻƭ {ȅǎǘŜƳǎ /ȅōŜǊ 9ƳŜǊƎŜƴŎȅ wŜǎǇƻƴǎŜ ¢ŜŀƳ όL/{π/9w¢ύΣ Overview of Cyber Vulnerabilities, ƘǘǘǇǎΥκκƛŎǎπ
ŎŜǊǘΦǳǎπŎŜǊǘΦƎƻǾκŎƻƴǘŜƴǘκƻǾŜǊǾƛŜǿπŎȅōŜǊπǾǳƭƴŜǊŀōƛƭƛǘƛŜǎІǳƴŘŜǊ 

мнр άwŀŘƛŀǘƛƻƴ tƻǊǘŀƭ aƻƴƛǘƻǊǎ {ŀŦŜƎǳŀǊŘ !ƳŜǊƛŎŀ ŦǊƻƳ bǳŎƭŜŀǊ 5ŜǾƛŎŜǎ ŀƴŘ wŀŘƛƻƭƻƎƛŎŀƭ aŀǘŜǊƛŀƭǎΣέ /ǳǎǘƻƳǎ ŀƴŘ .ƻǊŘŜǊ 
tǊƻǘŜŎǘƛƻƴΣ ƭŀǎǘ ǳǇŘŀǘŜŘ bƻǾŜƳōŜǊ мнΣ нлмоΣ ƘǘǘǇǎΥκκǿǿǿΦŎōǇΦƎƻǾκōƻǊŘŜǊπǎŜŎǳǊƛǘȅκǇƻǊǘπŜƴǘǊȅκŎŀǊƎƻπǎŜŎǳǊƛǘȅκŎŀǊƎƻπ
ŜȄŀƳκǊŀŘπǇƻǊǘŀƭмΦ  

мнс CƛȄƛƴƎ !ƳŜǊƛŎŀΩǎ {ǳǊŦŀŎŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ !ŎǘΣ tǳōΦ [Φ bƻΦ ммпπфп όнлмрύΣ ƘǘǘǇǎΥκκǿǿǿΦŎƻƴƎǊŜǎǎΦƎƻǾκммпκōƛƭƭǎκƘǊннκ.L[[{π
ммпƘǊннŜƴǊΦǇŘŦΦ 

мнт 5h5 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜύΣ The DOD Cyber Strategy ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h5Σ нлмрύΣ тΣ 
ƘǘǘǇΥκκǿǿǿΦŘŜŦŜƴǎŜΦƎƻǾκtƻǊǘŀƭǎκмκŦŜŀǘǳǊŜǎκнлмрκлпмрψŎȅōŜǊπǎǘǊŀǘŜƎȅκCƛƴŀƭψнлмрψ5ƻ5ψ/¸.9wψ{¢w!¢9D¸ψŦƻǊψǿŜōΦǇŘŦΦ 

мну 5{. ό5ŜŦŜƴǎŜ {ŎƛŜƴŎŜ .ƻŀǊŘύΣ Report of the Defense Science Board on DoD Energy Strategy: “More Fight – Less Fuel” 
ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ hŦŦƛŎŜ ƻŦ ǘƘŜ ¦ƴŘŜǊ {ŜŎǊŜǘŀǊȅ ƻŦ 5ŜŦŜƴǎŜ ŦƻǊ !ŎǉǳƛǎƛǘƛƻƴΣ ¢ŜŎƘƴƻƭƻƎȅΣ ŀƴŘ [ƻƎƛǎǘƛŎǎ ŀƴŘ 5{.Σ нллуύΣ муΣ 
ƘǘǘǇΥκκǿǿǿΦŀŎǉΦƻǎŘΦƳƛƭκŘǎōκǊŜǇƻǊǘǎκ!5!пттсмфΦǇŘŦΦ  

мнф 5h5 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜύΣ Department of Defense Annual Energy Management Report: Fiscal Year 2015 ό²ŀǎƘƛƴƎǘƻƴΣ 
5/Υ 5h5Σ hŦŦƛŎŜ ƻŦ ǘƘŜ !ǎǎƛǎǘŀƴǘ {ŜŎǊŜǘŀǊȅ ƻŦ 5ŜŦŜƴǎŜΣ WǳƴŜ нлмсύΣ пфΣ 
ƘǘǘǇΥκκǿǿǿΦŀŎǉΦƻǎŘΦƳƛƭκŜƛŜκ5ƻǿƴƭƻŀŘǎκL9κC¸҈нлнлмр҈нл!9awΦǇŘŦΦ 

мол 5h5 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜύΣ Department of Defense Annual Energy Management Report: Fiscal Year 2015 ό²ŀǎƘƛƴƎǘƻƴΣ 
5/Υ 5h5Σ hŦŦƛŎŜ ƻŦ ǘƘŜ !ǎǎƛǎǘŀƴǘ {ŜŎǊŜǘŀǊȅ ƻŦ 5ŜŦŜƴǎŜΣ WǳƴŜ нлмсύΣ пфΣ 
ƘǘǘǇΥκκǿǿǿΦŀŎǉΦƻǎŘΦƳƛƭκŜƛŜκ5ƻǿƴƭƻŀŘǎκL9κC¸҈нлнлмр҈нл!9awΦǇŘŦΦ 

мом Hearing before the Committee on Energy and Commerce Subcommittee on Energy and Power όaŀȅ омΣ нлммύ όǊŜƳŀǊƪǎ ōȅ 
ǘƘŜ IƻƴƻǊŀōƭŜ tŀǳƭ {ǘƻŎƪǘƻƴΣ !ǎǎƛǎǘŀƴǘ {ŜŎǊŜǘŀǊȅ ƻŦ 5ŜŦŜƴǎŜΣ IƻƳŜƭŀƴŘ 5ŜŦŜƴǎŜ ŀƴŘ !ƳŜǊƛŎŀǎΩ {ŜŎǳǊƛǘȅ !ŦŦŀƛǊǎΣ 5ŜǇŀǊǘƳŜƴǘ 
ƻŦ 5ŜŦŜƴǎŜύΣ ƘǘǘǇΥκκǿǿǿΦŘƻŘΦƳƛƭκŘƻŘƎŎκƻƭŎκŘƻŎǎκǘŜǎǘ{ǘƻŎƪǘƻƴлромнлммΦǇŘŦΦ 

 

http://www.eia.gov/totalenergy/data/monthly/archive/00351608.pdf
http://www.eia.gov/electricity/annual/
https://www.rtoinsider.com/new-england-restructuring-roundtable-carbon-pricing-32271/
http://www.cisco.com/c/dam/global/de_de/assets/cisconnect/2009-10/images/Smart_Grid_White_Paper_2.pdf
http://www.cisco.com/c/dam/global/de_de/assets/cisconnect/2009-10/images/Smart_Grid_White_Paper_2.pdf
https://www.cna.org/CNA_files/PDF/National-Security-Assured-Electrical-Power.pdf
https://ics.sans.org/media/E-ISAC_SANS_Ukraine_DUC_5.pdf
https://ics.sans.org/media/E-ISAC_SANS_Ukraine_DUC_5.pdf
https://www.symantec.com/content/en/us/enterprise/white_papers/b-advanced_persistent_threats_WP_21215957.en-us.pdf
https://www.symantec.com/content/en/us/enterprise/white_papers/b-advanced_persistent_threats_WP_21215957.en-us.pdf
https://www.nsa.gov/news-features/speeches-testimonies/testimonies/adm-rogers-testimony-20nov2014.shtml
http://dyn.com/blog/dyn-analysis-summary-of-friday-october-21-attack/
http://dyn.com/blog/dyn-analysis-summary-of-friday-october-21-attack/
https://ics-cert.us-cert.gov/content/overview-cyber-vulnerabilities#under
https://ics-cert.us-cert.gov/content/overview-cyber-vulnerabilities#under
https://www.cbp.gov/border-security/port-entry/cargo-security/cargo-exam/rad-portal1
https://www.cbp.gov/border-security/port-entry/cargo-security/cargo-exam/rad-portal1
https://www.congress.gov/114/bills/hr22/BILLS-114hr22enr.pdf
https://www.congress.gov/114/bills/hr22/BILLS-114hr22enr.pdf
http://www.defense.gov/Portals/1/features/2015/0415_cyber-strategy/Final_2015_DoD_CYBER_STRATEGY_for_web.pdf
http://www.acq.osd.mil/dsb/reports/ADA477619.pdf
http://www.acq.osd.mil/eie/Downloads/IE/FY%202015%20AEMR.pdf
http://www.acq.osd.mil/eie/Downloads/IE/FY%202015%20AEMR.pdf
http://www.dod.mil/dodgc/olc/docs/testStockton05312011.pdf
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мон 5h5 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜύΣ Department of Defense Annual Energy Management Report: Fiscal Year 2015 ό²ŀǎƘƛƴƎǘƻƴΣ 
5/Υ 5h5Σ hŦŦƛŎŜ ƻŦ ǘƘŜ !ǎǎƛǎǘŀƴǘ {ŜŎǊŜǘŀǊȅ ƻŦ 5ŜŦŜƴǎŜΣ WǳƴŜ нлмсύΣ пфΣ 
ƘǘǘǇΥκκǿǿǿΦŀŎǉΦƻǎŘΦƳƛƭκŜƛŜκ5ƻǿƴƭƻŀŘǎκL9κC¸҈нлнлмр҈нл!9awΦǇŘŦΦ 

моо 9ȄŜŎǳǘƛǾŜ hŦŦƛŎŜ ƻŦ ǘƘŜ tǊŜǎƛŘŜƴǘΣ Report on Cyber Deterrence Policy ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ ²ƘƛǘŜ IƻǳǎŜΣ 9ȄŜŎǳǘƛǾŜ hŦŦƛŎŜ ƻŦ ǘƘŜ 
tǊŜǎƛŘŜƴǘΣ нлмрύΣ рςсΣ ƘǘǘǇΥκκŦŜŘŜǊŀƭƴŜǿǎǊŀŘƛƻΦŎƻƳκǿǇπŎƻƴǘŜƴǘκǳǇƭƻŀŘǎκнлмрκмнκwŜǇƻǊǘπƻƴπ/ȅōŜǊπ5ŜǘŜǊǊŜƴŎŜπtƻƭƛŎȅπ
CƛƴŀƭΦǇŘŦΦ 

моп tǳōƭƛŎ [ŀǿ ммпπфпΣ CƛȄƛƴƎ !ƳŜǊƛŎŀϥǎ {ǳǊŦŀŎŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ !ŎǘΣ нлмрΣ ƘǘǘǇǎΥκκǿǿǿΦŎƻƴƎǊŜǎǎΦƎƻǾκммпκōƛƭƭǎκƘǊннκ.L[[{π
ммпƘǊннŜƴǊΦǇŘŦΦ  

мор [ŜǘƘŀ ¢ŀǿƴŜȅΣ CǊŀƴŎƛǎŎƻ !ƭƳŜƴŘǊŀΣ tŀōƭƻ ¢ƻǊǊŜǎΣ ŀƴŘ [ǳǘȊ ²ŜƛǎŎƘŜǊΣ Two Degrees of Innovation—How to seize the
opportunities in low-carbon power ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ ²ƻǊƭŘ wŜǎƻǳǊŎŜǎ LƴǎǘƛǘǳǘŜΣ  нлммύΣ ǿƻǊƪƛƴƎ ǇŀǇŜǊΣ оΣ 
ƘǘǘǇΥκκǿǿǿΦǿǊƛΦƻǊƎκǇǳōƭƛŎŀǘƛƻƴκǘǿƻπŘŜƎǊŜŜǎπƛƴƴƻǾŀǘƛƻƴΦ  

мос b!{ όbŀǘƛƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎύΣ The Power of Change: Innovation for Development and Deployment of Increasingly
Clean Electric Power Technologies ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ b!{Σ нлмсύΣ р ŀƴŘ млςммΣ ƘǘǘǇǎΥκκǿǿǿΦƴŀǇΦŜŘǳκŎŀǘŀƭƻƎκнмтмнκǘƘŜπ
ǇƻǿŜǊπƻŦπŎƘŀƴƎŜπƛƴƴƻǾŀǘƛƻƴπŦƻǊπŘŜǾŜƭƻǇƳŜƴǘπŀƴŘπŘŜǇƭƻȅƳŜƴǘπƻŦΦ  

мот FERC's Role in Electric Security όǊŜƳŀǊƪǎ ōȅ aƛŎƘŀŜƭ .ŀǊŘŜŜΣ 5ƛǊŜŎǘƻǊΣ hŦŦƛŎŜ ƻŦ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅΣ ¦Φ{Φ CŜŘŜǊŀƭ 9ƴŜǊƎȅ 
wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴΣ ŀǘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅ ²ƻǊƪǎƘƻǇΥ 9ƭŜŎǘǊƛŎƛǘȅ {ŜŎǳǊƛǘȅ !ŎǊƻǎǎ .ƻǊŘŜǊǎΣ tŀǊƛǎΣ CǊŀƴŎŜΣ !ǇǊƛƭ 
нуΣ нлмсύΣ мΣ ƘǘǘǇǎΥκκǿǿǿΦƛŜŀΦƻǊƎκƳŜŘƛŀκǿƻǊƪǎƘƻǇǎκнлмсκŜǎŀǇǿƻǊƪǎƘƻǇǾƛƛκ.ŀǊŘŜŜΦǇŘŦΦ    

моу 5h9 ό5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅύΣ Quadrennial Energy Review: Energy Transmission, Storage, and Distribution Infrastructure
ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 5h9Σ !ǇǊƛƭ нлмрύΣ оπмоΣ 
ƘǘǘǇΥκκŜƴŜǊƎȅΦƎƻǾκǎƛǘŜǎκǇǊƻŘκŦƛƭŜǎκнлмрκлуκŦнрκv9w҈нл/ƘŀǇǘŜǊ҈нлLLL҈нл9ƭŜŎǘǊƛŎƛǘȅ҈нл!ǇǊƛƭ҈нлнлмрΦǇŘŦΦ  

http://www.acq.osd.mil/eie/Downloads/IE/FY%202015%20AEMR.pdf
http://federalnewsradio.com/wp-content/uploads/2015/12/Report-on-Cyber-Deterrence-Policy-Final.pdf
http://federalnewsradio.com/wp-content/uploads/2015/12/Report-on-Cyber-Deterrence-Policy-Final.pdf
https://www.congress.gov/114/bills/hr22/BILLS-114hr22enr.pdf
https://www.congress.gov/114/bills/hr22/BILLS-114hr22enr.pdf
http://www.wri.org/publication/two-degrees-innovation
https://www.nap.edu/catalog/21712/the-power-of-change-innovation-for-development-and-deployment-of
https://www.nap.edu/catalog/21712/the-power-of-change-innovation-for-development-and-deployment-of
https://www.iea.org/media/workshops/2016/esapworkshopvii/Bardee.pdf
http://energy.gov/sites/prod/files/2015/08/f25/QER%20Chapter%20III%20Electricity%20April%202015.pdf
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II The Electricity Sector: 
Maximizing Economic Value 
and Consumer Equity   

¢ŜŎƘƴƻƭƻƎȅπŜƴŀōƭŜŘ ŎƘŀƴƎŜǎ ƻƴ ōƻǘƘ ǘƘŜ ŎƻƴǎǳƳŜǊ ŀƴŘ ǳǘƛƭƛǘȅ ǎƛŘŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƳŜǘŜǊ ŀǊŜ ŎǊŜŀǘƛƴƎ 
ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ŦƻǊ ǘƘŜ bŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ŎƘŀƴƎƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ 
ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǘƘŜƛǊ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ǘƘŜƛǊ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǊŜƭŀǘŜŘ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΦ ¢ƘŜǎŜ ŎƘŀƴƎŜǎ ŀǊŜΣ ƛƴ 
ǘǳǊƴ ŎǊŜŀǘƛƴƎ ƴŜǿ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǊŀǘŜ ŘŜǎƛƎƴΣ ǘƘŜ ǊƻƭŜ ƻŦ ƳŀǊƪŜǘǎΣ ŀƴŘ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǊƻƭŜǎΤ 
ŜƴŀōƭƛƴƎ ƴŜǿ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΤ ŀƴŘ ŎǊŜŀǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŜƴŘπǳǎŜ ŀƴŘ ƎǊƛŘπƳŀƴŀƎŜƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ ¢ƘŜȅ 
ŎƻǳƭŘ ŀƭǎƻ ƘŀǾŜ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜ ƛƳǇŀŎǘǎ ς ōƻǘƘ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ς ƻƴ ǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ 
ŎƻƳƳǳƴƛǘƛŜǎΦ 
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Maximizing Economic Value and Consumer Equity: Summary of Key 
Findings 
 Advanced metering infrastructure has had a profound impact on the nature of interactions between the

electricity consumer and the electricity system, allowing a two-way flow of both electricity and
information and enabling the integration of assets behind the meter into the larger electric grid.

 Interconnection standards and interoperability are critical requirements for seamless integration of grid-
connected devices, appliances, and building energy-management systems, without which grid
modernization and further energy efficiency gains may be hindered.

 Evolving consumer preferences for electricity services are creating new opportunities.

 The convergence of the electric grid with information and communications technology creates a
platform for value creation and the provision of new services beyond energy.

 There is enormous potential for electric end-use efficiency improvement based on (1) technical
analyses, and (2) the differences in energy efficiency performance between states and utilities with and
without ambitious electric end-use efficiency policies and programs.

 Tribal lands and American territories have the highest rates of un-electrified homesðmore than half of
a million homes. The extreme rurality of some tribal communities. coupled with high levels of poverty.
present an economic challenge for the electric utilities trying to serve them.

 Optimization of behind-the-meter assets will require the design of coordination, communication, and
control frameworks that can manage the dispatch of these devices in a way that is both economical
and secure, while maintaining system reliability.

 Mobile, internet-connected devices foster new ways of consumer engagement, as well as enable
consumers to have more efficient and real-time management of their behind-the-meter assets.

 Consumers and third-party merchants who produce electricity can provide economic, environmental,
and operational benefits.

 New grid services, modern technologies, and evolving system topologies and requirements are
straining traditional methods of valuation. Appropriate valuation of the grid services by various
technologies is technically and administratively challenging and may depend on spatial and temporal
variables unique to different utilities, states, and regions.

 Currently, about 90 percent of residential, 60 percent of commercial, and 30 percent of industrial energy
consumption are used in appliances and equipment that are subject to Federal minimum efficiency
standards implemented, and periodically updated, by the Department of Energy. Between 2009 and
2030, these cost-effective standards are projected to save consumers more than $545 billion in utility
costs, reduce energy consumption by 40.8 quads, and reduce carbon dioxide emissions by over 2.26
billion metric tons.

 Miscellaneous electric loads, devices that are often inadequately addressed by minimum standards,
labeling, and other initiatives, are expected to represent an increasing share of total electricity demand,
particularly for the residential and commercial sectors.

 Connected devices and energy-management control systems are decreasing in cost and improving in
functionality, although their market penetration is still low, particularly in residences and small-to-
medium-sized commercial buildings. These new technologies and systems, as well as the broader
óInternet of Things,ô provide a wide range of options for consumers to manage their energy use, either
passively using automated controls or through active monitoring and adjustment of key systems.

 Energy-management control systems with communication capabilities are increasing opportunities for
demand response services in support of grid operations. Third-party aggregators and other business
models are facilitating the expanded use of demand response, but the regulatory environment remains
unsettled in many states.
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 Lower-income households use less energy, but pay a considerably higher fraction of their after-tax 
income for electricity services. 

 Insufficient broadband access in rural areas could inhibit the deployment of grid-modernization 
technologies and the economic value that these technologies can create. 

2.1 Maximizing Economic Value and Consumer 
Equity  

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ Ƙŀǎ ōŜŜƴ ŀƴ ŜŎƻƴƻƳƛŎ ŜƴƎƛƴŜ ŦƻǊ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŦƻǊ ƳƻǊŜ ǘƘŀƴ ŀ ŎŜƴǘǳǊȅΣ 
ǇǊƻǾƛŘƛƴƎ ǊŜƭƛŀōƭŜ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƭȅ ǇǊƛŎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ƛǎ ŎǊƛǘƛŎŀƭ ŦƻǊ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΩ ǇǊƻŘǳŎǘƛǾƛǘȅΦ 
¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ !ƳŜǊƛŎŀƴ ŎƻƴǎǳƳŜǊǎτƛƴŎƭǳŘƛƴƎ ƘƻǳǎŜƘƻƭŘǎΣ ōǳǎƛƴŜǎǎŜǎΣ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴǎτŜƴƧƻȅ 
ǊŜƭƛŀōƭŜ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ŜƴŀōƭŜǎ ŀ ƳƻŘŜǊƴ ŜŎƻƴƻƳȅ ŀƴŘ ŀ ƘƛƎƘ ǎǘŀƴŘŀǊŘ ƻŦ ƭƛǾƛƴƎΦ ¢ƘŜ ¦Φ{Φ 
ǊŜƭƛŜǎ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƛƭƭǳƳƛƴŀǘŜ ǎŎƘƻƻƭǎΣ ƘŜŀǘ ŀƴŘ Ŏƻƻƭ ƘƻƳŜǎΣ ǇƻǿŜǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ 
ǎǳǇǇƻǊǘ ƴŜŀǊƭȅ ŀƭƭ ŦƻǊƳǎ ƻŦ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅΦ {ƻƳŜ !ƳŜǊƛŎŀƴ ƘƻǳǎŜƘƻƭŘǎΣ ƘƻǿŜǾŜǊΣ ǎǘƛƭƭ ƭŀŎƪ ōŀǎƛŎ ŀŎŎŜǎǎ 
ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ 

9ƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎ Ŏŀƴ ƴƻǿ ōƻǘƘ ǇǊƻŘǳŎŜ ŀƴŘ ŎƻƴǎǳƳŜ ŜƭŜŎǘǊƛŎƛǘȅΦ ¢Ƙƛǎ ƛǎ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŎƘŀƴƎƛƴƎ ǘƘŜ 
ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ŎǳǎǘƻƳŜǊ ŀƴŘ ƛǘǎ ǳǘƛƭƛǘȅ ŦǊƻƳ ǘƘŀǘ ƻŦ ŀ ŎƻƴǎǳƳŜǊ ǿƘƻ ǎƛƳǇƭȅ Ǉŀȅǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎŜǊǾƛŎŜǎΣ ǘƻ ŀ άǇǊƻǎǳƳŜǊέ ς ŀ ŎǳǎǘƻƳŜǊ ǿƘƻ Ŏŀƴ ŀƭǎƻ ǎŜƭƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ǘƘŜ ƎǊƛŘΦ bŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀƭƭƻǿ ǘƘŜ ǘǿƻπǿŀȅ Ŧƭƻǿ ƻŦ ōƻǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƘŀǾŜ ŜȄǇŀƴŘŜŘ ǘƘŜ ǾŀƭǳŜ 
ǇǊƻǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘ ōȅ ŜƴŀōƭƛƴƎ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŀǎǎŜǘǎ ōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊ ƛƴǘƻ ǘƘŜ ƭŀǊƎŜǊ ŜƭŜŎǘǊƛŎ ƎǊƛŘΦ 
¢ƘŜǎŜ ŎƻƴǎǳƳŜǊ ŀǎǎŜǘǎ Ŏŀƴ ǇǊƻǾƛŘŜ ŜƴŜǊƎȅΣ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 
ǘƻ ǇǊƻǾƛŘŜ ƴŜǿ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ  

¢Ƙƛǎ ŎƘŀƴƎƛƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ŦǳǊǘƘŜǊ ŘǊƛǾƛƴƎ ǘƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ ǎȅǎǘŜƳǎΣ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΣ ǎŜǊǾƛŎŜǎΣ 
ǇƻƭƛŎƛŜǎΣ ŀƴŘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘǊƻǳƎƘ ŀ ŘŜǾŜƭƻǇƳŜƴǘκŦŜŜŘōŀŎƪ ƭƻƻǇΦ /ƻƴǎǳƳŜǊǎ Ŏŀƴ ƴƻǿ ŀŘƻǇǘ ŀ ǿƛŘŜ 
ŀǊǊŀȅ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳ ƻǇǘƛƻƴǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜΥ ǊƻƻŦǘƻǇ ǎƻƭŀǊΣ ŜƭŜŎǘǊƛŎ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜΣ ŜƭŜŎǘǊƛŎ 
ǾŜƘƛŎƭŜǎ ό9±ǎύΣ ƎǊƛŘπŎƻƴǘǊƻƭƭŜŘ ǘƘŜǊƳƻǎǘŀǘǎ ŀƴŘ ŀǇǇƭƛŀƴŎŜǎΣ ŀƭƭƻŎŀǘƛƻƴǎ ŦǊƻƳ ŎƻƳƳǳƴƛǘȅ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ 
ǇǊƻƧŜŎǘǎΣ ƭƻŎŀƭƭȅ ǇǊƻŘǳŎŜŘ ƻǊ млл ǇŜǊŎŜƴǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇƭŀƴǎΣ ŀƭǘŜǊƴŀǘƛǾŜ ǇǊƛŎƛƴƎ ǊŜƎƛƳŜǎΣ ŀƴŘ 
ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ό5wύ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎΦ aƻōƛƭŜΣ ƛƴǘŜǊƴŜǘπŎƻƴƴŜŎǘŜŘ 
ŘŜǾƛŎŜǎ ŦƻǎǘŜǊ ƴŜǿ ŎƻƴǎǳƳŜǊπŜƴƎŀƎŜƳŜƴǘ ƳƻŘŜǎ ŀƴŘ ŜƴŀōƭŜ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ǊŜŀƭπǘƛƳŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ 
ōŜƘƛƴŘπǘƘŜπƳŜǘŜǊ ŀǎǎŜǘǎΦ ¦ǇǘŀƪŜ ƻŦ ǘƘŜǎŜ ŀŘǾŀƴŎŜŘ ƻǇǘƛƻƴǎ ƛǎ ŎǳǊǊŜƴǘƭȅ ƭƛƳƛǘŜŘ ōǳǘ ƛǎ ǊŀǇƛŘƭȅ ƎǊƻǿƛƴƎΦ  

/ƻƴǎǳƳŜǊǎ ƘŀǾŜ ƎǊŜŀǘ ƭŀǘƛǘǳŘŜ ƛƴ ǘƘŜƛǊ ƭŜǾŜƭ ƻŦ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǇǊƻƎǊŀƳǎΦ Lƴ 
ǎƻƳŜ ǎƛǘǳŀǘƛƻƴǎΣ ŎƻƴǎǳƳŜǊǎ ƳŀƪŜ ŀ ƻƴŜπǘƛƳŜ ŘŜŎƛǎƛƻƴ ǘƻ ŀŘƻǇǘ ŀ ǘŜŎƘƴƻƭƻƎȅ ƻǊ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜΣ ŜƭƛƳƛƴŀǘƛƴƎ 
ǘƘŜ ƴŜŜŘ ŦƻǊ Ŏƻƴǘƛƴǳƻǳǎ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎΦ LƴŎǊŜŀǎƛƴƎƭȅΣ ǘƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ǿƛǘƘ 
ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅ όL/¢ύ ƛǎ ŎǊŜŀǘƛƴƎ ŀ ǇƭŀǘŦƻǊƳ ŦƻǊ ǾŀƭǳŜ ŎǊŜŀǘƛƻƴ ŀƴŘ ǘƘŜ 
ǇǊƻǾƛǎƛƻƴ ƻŦ ƴŜǿ ǎŜǊǾƛŎŜǎ ōŜȅƻƴŘ ŜƭŜŎǘǊƛŎƛȅΣ ǘƘŀǘ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ǊŜǉǳƛǊŜ ƳƻǊŜ ŎƻƴǎǳƳŜǊ ŜƴƎŀƎŜƳŜƴǘΦ Lƴ 
ǘƘŜ ƭŀǎǘ ǎŜǾŜǊŀƭ ȅŜŀǊǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƳŀƧƻǊ ŎƻƳǇŀƴƛŜǎ ƘŀǾŜ ƛƴǾŜǎǘŜŘ ƛƴ ƛƴǘŜƭƭƛƎŜƴǘ ǘƘŜǊƳƻǎǘŀǘ ǎƻŦǘǿŀǊŜ ŀƴŘ 
ƘŀǊŘǿŀǊŜ ǇǊƻŘǳŎǘǎΣ ǘƻ ōƻǘƘ ƳŀƴŀƎŜ ōǳƛƭŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǎŜǊǾŜ ŀǎŎƻƴǘǊƻƭ ŎŜƴǘŜǊǎ ŦƻǊ ǎƳŀǊǘ ƘƻƳŜ 
ǇƭŀǘŦƻǊƳǎΦм ¢ƘŜ ƳȅǊƛŀŘ ŎƘŀƴƎŜǎ ǘŀƪƛƴƎ ǇƭŀŎŜ ŀǘ ǘƘŜ ŎƻƴǎǳƳŜǊ ƭŜǾŜƭ ŀǊŜ ŎƘŀƭƭŜƴƎƛƴƎ ǎƻƳŜ ŜƭŜŎǘǊƛŎπǳǘƛƭƛǘȅ 
ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŀƴŘ ŦƻǊŎƛƴƎ ǘƘŜƳ ǘƻ ƳƻŘŜǊƴƛȊŜ ǇƘȅǎƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ Ƴŀƛƴǘŀƛƴ ƘƛƎƘπǉǳŀƭƛǘȅ ǎŜǊǾƛŎŜΦ 
LƴƴƻǾŀǘƛǾŜ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ŘƛǎǊǳǇǘƛǾŜ ŎƘŀƴƎŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ŎƻƴǎǳƳŜǊ ŎƭŀǎǎŜǎ ŀǊŜ ǘŀƪƛƴƎ ǇƭŀŎŜ ǘƘŀǘ ǇƻƭƛŎȅ 
ƳŀƪŜǊǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎ Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ǎŜŎǳǊƛǘȅΣ 
ŀŦŦƻǊŘŀōƛƭƛǘȅΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ   

9ƳŜǊƎƛƴƎ ǇŀǘǘŜǊƴǎ ƻŦ ŀǎǎŜǘ ƻǿƴŜǊǎƘƛǇ ŀƴŘ ŎƻƴǎǳƳŜǊ ōŜƘŀǾƛƻǊ ŀǊŜ ŎƘŀƭƭŜƴƎƛƴƎ ŜȄƛǎǘƛƴƎ ǊŜƎǳƭŀǘƻǊȅ 
ǎǘǊǳŎǘǳǊŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ŀƴŘ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΣ ŀǎ ǿŜƭƭ ŀǎ ŎǊŜŀǘƛƴƎ ƴŜǿ ōǳǎƛƴŜǎǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ ¢ƘƛǎΣ 
ƛƴ ǘǳǊƴΣ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ƴŜǿ ŘŜǎƛƎƴǎ ŦƻǊ ƛƴǘŜƎǊŀǘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜǘǿƻǊƪǎ ǿƛǘƘ ǘƘŜ ǇƘȅǎƛŎŀƭ ƎǊƛŘΤ 
ǘƘŜǎŜ ŘŜǎƛƎƴǎ Ƴǳǎǘ ǎŜŎǳǊŜƭȅ ŀƴŘ ǊŜƭƛŀōƭȅ ƳŀƴŀƎŜ ŘƛǎǘǊƛōǳǘŜŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ŎƻƴǘǊƻƭΣ ŀƴŘ ŎƻƻǊŘƛƴŀǘƛƻƴ 
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ŀƳƻƴƎ ǘƘŜ ǾŀǊƛƻǳǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴŘ ƛƴǘŜƭƭƛƎŜƴǘ ƎǊƛŘ ŀǎǎŜǘǎΦ tƻƭƛŎƛŜǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŎƻǳƭŘ 
ŀƴŘ ǎƘƻǳƭŘ ǎǳǇǇƻǊǘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ǇƭŀǘŦƻǊƳǎ ǘƘŀǘ ŀƛƳ ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ Ŧǳƭƭ ōŜƴŜŦƛǘ ƻŦ ŎƻƴǎǳƳŜǊ 
ŀǎǎŜǘǎΣ ǿƘƛƭŜ ŎƻƳǇŜƴǎŀǘƛƴƎ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ƻǘƘŜǊ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊΣ ŦƻǊ 
ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ǎǘƻǊŀƎŜΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ŜƴŘπǳǎŜ ǎŜǊǾƛŎŜǎΦ ¢ƘƻǳƎƘǘŦǳƭ ǊŜƎǳƭŀǘƛƻƴ ƛƴ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǇǊŜǎŜƴǘǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƛƳǇǊƻǾŜ ǎŜǊǾƛŎŜΣ ǎǳǇǇƻǊǘ ǘŜŎƘƴƻƭƻƎȅ ƎǊƻǿǘƘΣ ƛƴŎǊŜŀǎŜ 
ŎƻƴǎǳƳŜǊ ŜǉǳƛǘȅΣ ŀƴŘ ƳŀȄƛƳƛȊŜ ǘƘŜ ƎǊƛŘΩǎ ǾŀƭǳŜΦ ¢ƻ ŜƴǎǳǊŜ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ŀŦŦƻǊŘŀōƛƭƛǘȅΣ ǎŜŎǳǊƛǘȅΣ ŀƴŘ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ǇƻƭƛŎȅ ƳŀƪŜǊǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎ Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ǘƘŜ 
ƪŜȅ ƴŜŜŘǎ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ŘƛǎǊǳǇǘƛǾŜ ŎƘŀƴƎŜǎ ǘŀƪƛƴƎ ǇƭŀŎŜ ŀŎǊƻǎǎ ǘƘŜ ǊŀƴƎŜ ƻŦ ŎǳǎǘƻƳŜǊ ŎƭŀǎǎŜǎΦ  

2.2 The 21st-Century Energy Consumer 

tƻƭƛŎȅΣ ǘŜŎƘƴƻƭƻƎȅΣ ƳŀǊƪŜǘǎΣ ŀƴŘ ŎƻƴǎǳƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎ ŀǊŜ ŎƻƳǇƭŜȄΣ ƛƴǘŜǊǊŜƭŀǘŜŘ ŘǊƛǾŜǊǎ ƻŦ ŎƘŀƴƎŜ ƛƴ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ bŜǿ ǇƻƭƛŎƛŜǎ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ŎƘŀƴƎŜǎ ƛƴ ŎƻƴǎǳƳŜǊ ōŜƘŀǾƛƻǊΣ ƭƛƪŜ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ƻǊ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊΤ ƻǊ ǎǘƛŦƭŜ ŎƻƴǎǳƳŜǊ ŎƘƻƛŎŜ ōȅ ƭƛƳƛǘƛƴƎ ŎƻƳǇŜǘƛǘƛƻƴ ƻǊ ǊŀƛǎƛƴƎ Ŏƻǎǘǎ ǘƘǊƻǳƎƘ 
ŦŜŜǎΦ /ƻƴǾŜǊǎŜƭȅΣ ŎƻƴǎǳƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎ Ŏŀƴ ŘǊƛǾŜ ŀŘƻǇǘƛƻƴ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǊ ǇƻƭƛŎƛŜǎΦ Lǘ ƛǎ ƘŀǊŘ ǘƻ 
ǎŜǇŀǊŀǘŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ƛƴŦƭǳŜƴŎŜǎ ƻŦ ǊŀǇƛŘƭȅ ŘŜŎƭƛƴƛƴƎ Ŏƻǎǘǎ ŦƻǊ ǊŜƴŜǿŀōƭŜ ǘŜŎƘƴƻƭƻƎȅ ŦǊƻƳ ǘƘŜ 
ŎƻƴǎǳƳŜǊ ŘŜƳŀƴŘǎ ǘƘŀǘ ƭŜŘ ǎǘŀǘŜ ƭŜƎƛǎƭŀǘǳǊŜǎ ŀŎǊƻǎǎ ǘƘŜ ŎƻǳƴǘǊȅ ǘƻ ŀŘƻǇǘ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘ 
όwt{ύ ǇƻƭƛŎƛŜǎΦ wŜƎŀǊŘƭŜǎǎ ƻŦ ƛǘǎ ƎŜƴŜǎƛǎΣ ǘƘŜ ŎƘŀƴƎƛƴƎ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊ ƛǎ ŀ ǇƻǿŜǊŦǳƭ ŦƻǊŎŜ 
ǘƘŀǘ ƛǎ ǎƘŀǇƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΦ 9ƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǘƘƛǎ ŎƘŀƴƎŜ όCƛƎǳǊŜ 
нπмύΦ ¢ƘŜ ƘƛƎƘŜǎǘ ƎǊƻǿǘƘ ƛǎ ǇǊƻƧŜŎǘŜŘ ŦƻǊ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊτŀƴ ƛƴŎǊŜŀǎŜ ƻŦ моп ǇŜǊŎŜƴǘΣ ŀƭǘƘƻǳƎƘ 
ƛǘ ǿƛƭƭ ǎǘƛƭƭ ƳŀƪŜ ǳǇ ƭŜǎǎ ǘƘŀƴ ƻƴŜ ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ŎƻƴǎǳƳǇǘƛƻƴΦ 9ƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ 
ǎŜŎǘƻǊ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƎǊƻǿ Ƴƻǎǘ ǎƭƻǿƭȅΣ ōȅ ƴƛƴŜ ǇŜǊŎŜƴǘΦн  
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Figure 2-1. U.S. Electricity Consumption Projections to 20403 

 
In 2014, the residential sector consumed the most electricity of any sector (1,415 terawatt-hours [TWh], 38 
percent of total consumption), followed by the commercial sector (1,358 TWh, 36 percent of total 
consumption), and the industrial sector (959 TWh, 26 percent of total consumption), with transportation 
using just 7.6 TWh (less than one percent of total consumption). Overall, electricity consumption is expected 
to grow by about 18 percent between 2014 and 2040, based on business-as-usual assumptions.  

2.2.1 Industrial Consumers of Electricity: Price-Sensitive, On-Site 
Generation 

¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ƛǎ ŜȄǘǊŜƳŜƭȅ ŘƛǾŜǊǎŜΣ ŎƻƳǇǊƛǎƛƴƎ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ǎƳŀƭƭ ǘƻ ǾŜǊȅ ƭŀǊƎŜ ŦŀŎƛƭƛǘƛŜǎΦ 
tǊƛƳŀǊȅ ǎǳōǎŜŎǘƻǊǎ ƛƴŎƭǳŘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ƳƛƴƛƴƎΣ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŜΦ LƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
ŎƻƴǎǳƳǇǘƛƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ нс ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ŀƴƴǳŀƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴΦп  

LƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ǿŜǊŜ ǊŜƭŀǘƛǾŜƭȅ Ŧƭŀǘ ōŜǘǿŜŜƴ мффл ǘƻ нлмпΣ ŘǳŜ ƛƴ ǇŀǊǘ ǘƻ ŎƻƴǘƛƴǳŜŘ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǘƻ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ǎƘƛŦǘƛƴƎ ƻŦ ǘƘŜ ¦Φ{Φ ŜŎƻƴƻƳȅ ǘƻ ƭŜǎǎ ŜƴŜǊƎȅπ
ƛƴǘŜƴǎƛǾŜ ƛƴŘǳǎǘǊƛŜǎΦ р с LƴŘǳǎǘǊƛŀƭ ŎƻƴǎǳƳŜǊǎ ǘȅǇƛŎŀƭƭȅ ǳǎŜ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǇƭŀŎŜ ƘƛƎƘ ǾŀƭǳŜ 
ƻƴ ŀŦŦƻǊŘŀōƛƭƛǘȅ ŀǎ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻǎǘǎ ƛƳǇŀŎǘ ǘƘŜƛǊ ōƻǘǘƻƳ ƭƛƴŜΦ ¢ƘŜǎŜ ŎǳǎǘƻƳŜǊǎ ǘȅǇƛŎŀƭƭȅ Ǉŀȅ ƭŜǎǎ ŦƻǊ 
ŜƭŜŎǘǊƛŎƛǘȅΦ 9L! Řŀǘŀ ǎƘƻǿ ŀ ƴŀǘƛƻƴŀƭ мнπƳƻƴǘƘ ǊƻƭƭƛƴƎ ŀǾŜǊŀƎŜ ǇǊƛŎŜ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊǎ ƻŦ сΦтп ŎŜƴǘǎ 
ǇŜǊ ƪƛƭƻǿŀǘǘπƘƻǳǊ όƪ²Ƙύ ǾŜǊǎǳǎ мнΦрт ŎŜƴǘǎκƪ²Ƙ ŦƻǊ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎ ŀƴŘ млΦпл ŎŜƴǘǎκƪ²Ƙ ŦƻǊ 
ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎ ŀǎ ƻŦ {ŜǇǘŜƳōŜǊ нлмсΦт LŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊǎΩ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎ ŀǊŜ ƭŀǊƎŜ 
ŜƴƻǳƎƘΣ ǘƘŜ ŦƻŎǳǎ ƻƴ ǇǊƛŎŜ Ŏŀƴ ƭŜŀŘ ǘƘŜƳ ǘƻ ǇǳǊŎƘŀǎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǊŜŎǘƭȅ ƛƴ ǊŜƎƛƻƴŀƭ ǇƻǿŜǊ ƳŀǊƪŜǘǎ ǊŀǘƘŜǊ 
ǘƘŀƴ ǘƘǊƻǳƎƘ ǘƘŜ ƭƻŎŀƭ ƛƴŎǳƳōŜƴǘ ǳǘƛƭƛǘȅΣ ǿƘŜǊŜ ǘƘŜ ǎǘŀǘŜ ŀƭƭƻǿǎΦ [ŀǊƎŜ ƛƴŘǳǎǘǊƛŀƭ ŎƻƴǎǳƳŜǊǎ Ƴŀȅ ŜǾŜƴ ōŜ 
ƳŜƳōŜǊǎ ƻŦ ŀ ǊŜƎƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǊƎŀƴƛȊŀǘƛƻƴ όw¢hύ ƻǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊ όL{hύ ǘƻ ŀƭƭƻǿ 
ǘƘŜƳ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘǎΦ  



Chapter II: The Electricity Sector: Maximizing Economic Value and Consumer Equity 
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9ƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ όƳŜŀǎǳǊŜŘ ƛƴ ƪ²Ƙ ǇŜǊ ŘƻƭƭŀǊ ƻŦ ƻǳǘǇǳǘ ǇǊƻŘǳŎŜŘύ Ƙŀǎ 
ƛƳǇǊƻǾŜŘ ǊŀǇƛŘƭȅ ƻǾŜǊ ǘƘŜ ƭŀǎǘ мр ȅŜŀǊǎŀ ŀƴŘ ŎƻƴǘƛƴǳŜŘ ƛƳǇǊƻǾŜƳŜƴǘ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǇŜǊǎƛǎǘŜƴǘ ŀǘǘŜƴǘƛƻƴ 
ǘƻ ŜŦŦƛŎƛŜƴŎȅΦ 9ƴŜǊƎȅπƛƴǘŜƴǎƛǾŜ ǎǳōπǎŜŎǘƻǊǎ όŜΦƎΦΣ ƳŜǘŀƭǎ ŀƴŘ ŎƘŜƳƛŎŀƭǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎύ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 
ƎǊŜŀǘŜǎǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǘŀǊƎŜǘŜŘ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎΦ Lƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎǳōπǎŜŎǘƻǊΣ ǿƘƛŎƘ 
ŀŎŎƻǳƴǘǎ ŦƻǊ ƻǾŜǊ ул҈ ƻŦ ǘƻǘŀƭ ƛƴŘǳǎǘǊƛŀƭ ƎǊƛŘπŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ όCƛƎǳǊŜ нπнύΣ ƳŀŎƘƛƴŜ ŘǊƛǾŜǎō ƳŀƪŜ 
ǳǇ ƘŀƭŦ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜΦ ¢ƘŜ ƴŜȄǘ ōƛƎƎŜǎǘ ŜƴŘ ǳǎŜΣ ǇǊƻŎŜǎǎ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎΣ ƳŀƪŜǎ ǳǇ Ƨǳǎǘ 
ƻǾŜǊ ƻƴŜπǘŜƴǘƘ ƻŦ ǘƻǘŀƭ ƛƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜΦ ¢ƘŜ ŦƻŎǳǎ ƻƴ ǇǊƛŎŜ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ŀ ƴŀǘǳǊŀƭ ƛƴŎŜƴǘƛǾŜ ŦƻǊ 
ŀƴ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊ ǘƻ ǎŜƭŦπŦƛƴŀƴŎŜ ŜŎƻƴƻƳƛŎ ŜƴŜǊƎȅπŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ 
ǊŜŘǳŎŜŘ Ŏƻǎǘǎ ŀƴŘ ƎǊŜŀǘŜǊ ǇǊƻŘǳŎǘƛǾƛǘȅΦ hǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƳƻǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǎǘƛƭƭ ŜȄƛǎǘΦ Lƴ ǘƘŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎǳōǎŜŎǘƻǊΣ ǿƘƛŎƘ ŀŎŎƻǳƴǘǎ ŦƻǊ ƻǾŜǊ ул ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƛƴŘǳǎǘǊƛŀƭ ƎǊƛŘπŜƭŜŎǘǊƛŎƛǘȅ 
ŎƻƴǎǳƳǇǘƛƻƴΣ ƳŀŎƘƛƴŜ ŘǊƛǾŜǎ ƳŀƪŜ ǳǇ ƘŀƭŦ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ŀƴŘ ŎƻǳƭŘ ōŜ ŀ ǘŀǊƎŜǘ ŦƻǊ ŦǳǊǘƘŜǊ 
ƛƴƴƻǾŀǘƛƻƴΦ 

5w όǎƘƛŦǘƛƴƎ ƻǊ ŘŜŎǊŜŀǎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƛƳŜπōŀǎŜŘ ǊŀǘŜǎ ƻǊ ƻǘƘŜǊ ŦƻǊƳǎ ƻŦ ŦƛƴŀƴŎƛŀƭ 
ƛƴŎŜƴǘƛǾŜǎύ ƘŜƭǇǎ ƳŀƪŜ ¦Φ{Φ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƳƻǊŜ ŎƻƳǇŜǘƛǘƛǾŜΦ Lƴ ǘƘŜ tWa ǊŜƎƛƻƴΣ ƭŀǊƎŜ ƛƴŘǳǎǘǊƛŀƭ 
ŎǳǎǘƻƳŜǊǎ ƻŦǘŜƴ ōƛŘ 5w ƛƴǘƻ ǘƘŜ ƳŀǊƪŜǘ ŀǎ ŀ ǊŜǎƻǳǊŎŜΦ  

! ǊŜŎŜƴǘ ŎƘŀƴƎŜ ŀƳƻƴƎ ǎƻƳŜ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊǎΣ ŜǎǇŜŎƛŀƭƭȅ ŀƳƻƴƎ ǘƘƻǎŜ ǿƛǘƘ ǊŜǘŀƛƭ ŎǳǎǘƻƳŜǊǎΣ ƛǎ ǘƘŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻǊǇƻǊŀǘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƎƻŀƭǎΦ !ŎƘƛŜǾƛƴƎ ǘƘŜǎŜ Ǝƻŀƭǎ Ƴŀȅ ƛƴǾƻƭǾŜ ǎŜƭŦπƎŜƴŜǊŀǘƛƻƴΣ 
ǇǳǊŎƘŀǎŜ ƻŦ ŎǊŜŘƛǘǎΣ ƻǊ ǿƘƻƭŜǎŀƭŜ ǇƻǿŜǊ ǇǳǊŎƘŀǎŜǎ ƛƴǾƻƭǾƛƴƎ ƭƻǿπ ƻǊ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΣ ǎǳŎƘ ŀǎ ŦǊƻƳ 
ǊŜƴŜǿŀōƭŜǎ όCƛƎǳǊŜ нπнύΦ CƻǊ ŜȄŀƳǇƭŜΣ DŜƴŜǊŀƭ aƻǘƻǊǎΣ ŀ ǾŜǊȅ ƭŀǊƎŜ ŎƻƴǎǳƳŜǊ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΣ ƛǎ ŎǳǊǊŜƴǘƭȅ 
ǘƘŜ ƭŀǊƎŜǎǘ ŀǳǘƻƳƻǘƛǾŜ ǳǎŜǊ ƻŦ ǎƻƭŀǊ ǇƻǿŜǊ ŀƴŘ ƛǎ ŀƳƻƴƎ ǘƘŜ ǘƻǇ нр ǎƻƭŀǊπǇƻǿŜǊŜŘ ¦Φ{Φ ŎƻƳǇŀƴƛŜǎΦу  

  

                                                           
ŀ 9ƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ƳŜŀǎǳǊŜŘ ŀǎ ŘƻƭƭŀǊǎ ƻŦ ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎǘ όD5tύ ǇǊƻŘǳŎŜŘ ǇŜǊ ƪƛƭƻǿŀǘǘπƘƻǳǊ όƪ²ƘύΣ ƴŜŀǊƭȅ 
ŘƻǳōƭŜŘ ōŜǘǿŜŜƴ мффл ŀƴŘ нлмпΣ ǿƘƛƭŜ ƛƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ǿŜǊŜ ŦƭŀǘΦ  
ō aŀŎƘƛƴŜ ŘǊƛǾŜǎ ŎƻƴǾŜǊǘ ŜƭŜŎǘǊƛŎ ŜƴŜǊƎȅ ƛƴǘƻ ƳŜŎƘŀƴƛŎŀƭ ŜƴŜǊƎȅ ŀƴŘ ŀǊŜ ŦƻǳƴŘ ƛƴ ŀƭƳƻǎǘ ŜǾŜǊȅ ǇǊƻŎŜǎǎ ƛƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎΤ ǘƘŜȅ 
ŎƻƳǇǊƛǎŜ ƳƻǘƻǊǎ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ǎȅǎǘŜƳǎ ǘƘŜȅ ŘǊƛǾŜΦ 
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Figure 2-2. U.S. Industrial Electricity Consumption in 2014 (Million Kilowatt Hours)9 

 
The left chart shows the industrial sectorôs purchased electricity consumption, combined heat and power 
self-generation by source, and the right chart shows purchased electricity by industrial subsector.  

CƻǊ Ƴŀƴȅ ƛƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǘƛŜǎΣ ŜƴŜǊƎȅ ƛǎ ƴƻǘ ŀŎǘƛǾŜƭȅ ƳŀƴŀƎŜŘΦ ²ƘƛƭŜ ǎƻƳŜ ŦŀŎƛƭƛǘƛŜǎ ƛƳǇƭŜƳŜƴǘ ǎǘŀƴŘπŀƭƻƴŜ 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ǎŀǾŜ ŜƴŜǊƎȅΣ Ƴŀƴȅ Řƻ ƴƻǘ ƛƳǇƭŜƳŜƴǘ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ŀǎ ǇŀǊǘ ƻŦ ŀ 
ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎǘǊŀǘŜƎȅ ǘƻ Ŏƻƴǘƛƴǳŀƭƭȅ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ƴŜŀǊƭȅ ол҈ ƻŦ 
¦Φ{Φ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ǊŜǇƻǊǘ ǎŜǘǘƛƴƎ Ǝƻŀƭǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣмл ƻƴƭȅ ŀōƻǳǘ т҈ ƻŦ 
ŦŀŎƛƭƛǘƛŜǎ ǊŜǇƻǊǘ ŜƳǇƭƻȅƛƴƎ ŀ ŦǳƭƭπǘƛƳŜ ŜƴŜǊƎȅ ƳŀƴŀƎŜǊΦ {ǘǊŀǘŜƎƛŎ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎΣ ǎǳŎƘ 
ŀǎ 9b9wD¸ {¢!w ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘΣ L{h рлллм ŀƴŘ {ǳǇŜǊƛƻǊ 9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ ƘŜƭǇ 
ƛƴŘƛǾƛŘǳŀƭ ōǳǎƛƴŜǎǎŜǎ ƛŘŜƴǘƛŦȅ ƻǇŜǊŀǘƛƻƴŀƭ ŜŦŦƛŎƛŜƴŎȅ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦŎ /ƻǎǘπōŜƴŜŦƛǘ ŀǎǎŜǎǎƳŜƴǘǎ ŦƻǊ {ǳǇŜǊƛƻǊ 
9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ ŦƛƴŘ ŀƴƴǳŀƭ ǎŀǾƛƴƎǎ ōŜǘǿŜŜƴ ϷосΣллл ŀƴŘ ϷфоуΣлллΣ ǿƛǘƘ ǇŀȅōŀŎƪǎ ƻŦ ƭŜǎǎ ǘƘŀƴ мΦр 
ȅŜŀǊǎ ŦƻǊ ƭŀǊƎŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳƛƴƎ ŦŀŎƛƭƛǘƛŜǎ όǘƘƻǎŜ ǿƛǘƘ ŀƴƴǳŀƭ ŜƴŜǊƎȅ Ŏƻǎǘǎ ƻŦ ƳƻǊŜ Ϸн ƳƛƭƭƛƻƴΦύмм .ȅ 
ǇǊƻŘǳŎƛƴƎ 9ƴŜǊƎȅ .ŀƴŘǿƛŘǘƘ {ǘǳŘƛŜǎΣ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ Ƙŀǎ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎȅ 
ǎŀǾƛƴƎǎ ŦƻǊ ǎŜƭŜŎǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎ ōȅ ŎŀƭŎǳƭŀǘƛƴƎ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘȅǇƛŎŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ 
ƭŜǾŜƭǎ ŦƻǊ ǎǇŜŎƛŦƛŎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƭƻǿŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ƭŜǾŜƭǎ ǊŜǉǳƛǊŜŘ ōȅ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ǘŜŎƘƴƻƭƻƎȅΣ ŀǎ ǿŜƭƭ 
ŀǎ ǘŜŎƘƴƻƭƻƎȅ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦмн  

 

                                                           
Ŏ L{h рлллм ƛǎ ŀƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǎǘŀƴŘŀǊŘ ŀƴŘ {ǳǇŜǊƛƻǊ 9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ ƛǎ ŀ ǇǊƻƎǊŀƳ ǘƘŀǘ ƘŜƭǇǎ 
ŎƻƳǇŀƴƛŜǎ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ L{h рлллм ƛƴǘƻ ǘƘŜƛǊ ǇǊƻŘǳŎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ƳƻǘƛǾŀǘŜǎ ǘƘŜƳ ǘƻ ǎŜǘ ŀƴŘ ǊŜŀŎƘ ǎŀǾƛƴƎǎ 
ƎƻŀƭǎΦ aƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ LƴŘǳǎǘǊƛŀƭ 9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘ ǘƘǊƻǳƎƘ 9b9wD¸ {¢!w ŦƻǊ ƛǎ ŀǾŀƛƭŀōƭŜ ŀǘ 
ƘǘǘǇǎΥκκǿǿǿΦŜƴŜǊƎȅǎǘŀǊΦƎƻǾκōǳƛƭŘƛƴƎǎκŦŀŎƛƭƛǘȅπƻǿƴŜǊǎπŀƴŘπƳŀƴŀƎŜǊǎκƛƴŘǳǎǘǊƛŀƭπǇƭŀƴǘǎ  

https://www.energystar.gov/buildings/facility-owners-and-managers/industrial-plants
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Lƴ ŀŘŘƛǘƛƻƴΣ ƛƴŘǳǎǘǊƛŀƭ /It ǊŜǇǊŜǎŜƴǘǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƴŜŀǊπǘŜǊƳ ǎƻƭǳǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ŜƴŜǊƎȅ ƛƴǘŜƴǎƛǘȅΦŘ 
/It ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀōƻǳǘ у ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ŦǊƻƳ ǳǘƛƭƛǘȅπǎŎŀƭŜ 
ǇƻǿŜǊ Ǉƭŀƴǘǎ ƛƴ нлмрΦŜ мо .ȅ ŎƻƴŎǳǊǊŜƴǘƭȅ ǇǊƻŘǳŎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƘŜŀǘ ŀǘ ǘƘŜ ǎƛǘŜ ƻŦ ǳǎŜΣ /It ǎȅǎǘŜƳǎ 
ǳǎŜ нр ǇŜǊŎŜƴǘ ǘƻ ор ǇŜǊŎŜƴǘ ƭŜǎǎ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǘƘŀƴ ƎǊƛŘ ŜƭŜŎǘǊƛŎƛǘȅ Ǉƭǳǎ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘŜŀǘƛƴƎ ŜƴŘπǳǎŜǎ 
όŜΦƎΦΣ ǿŀǘŜǊ ƘŜŀǘŜǊǎΣ ōƻƛƭŜǊǎύΣ ǿƛǘƘ ŀ ǘȅǇƛŎŀƭ тр ǇŜǊŎŜƴǘ ƻǾŜǊŀƭƭ ŜŦŦƛŎƛŜƴŎȅ ǾŜǊǎǳǎ рл ǇŜǊŎŜƴǘ ǿƛǘƘ 
ŎƻƴǾŜƴǘƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴ ό{ŜŎǘƛƻƴ сΦнΦмΦрύΦ Lƴ ǊŜƎƛƻƴǎ ǿƘŜǊŜ ǘƘŜ ŜƳƛǎǎƛƻƴ ƛƴǘŜƴǎƛǘȅ ƻŦ ŎŜƴǘǊŀƭ ŜƭŜŎǘǊƛŎ 
ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƘƛƎƘΣ ǎǿƛǘŎƘƛƴƎ ǘƻ /It ǿƛƭƭ ƘŀǾŜ ǘƘŜ ōƛƎƎŜǎǘ ŜƳƛǎǎƛƻƴǎ ƛƳǇŀŎǘΦ 5h9 ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ 
ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǊƻǳƎƘƭȅ нпм D² ƻŦ /It ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ 
ŎƻƳƳŜǊŎƛŀƭ /It ŀǎ ǿŜƭƭ ŀǎ ǿŀǎǘŜ ƘŜŀǘ ǘƻ ǇƻǿŜǊΦмп 

hǾŜǊŀƭƭ ƎǊƻǿǘƘ ƛƴ /It ŎŀǇŀŎƛǘȅ Ƙŀǎ ǎǘŀƭƭŜŘ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ нлллǎ ŘǳŜ ǘƻ ǳǇŦǊƻƴǘ ŜǉǳƛǇƳŜƴǘ ŎƻǎǘǎΣ ǘŜŎƘƴƛŎŀƭ 
ŎƻƳǇƭŜȄƛǘȅΣ ŀƴŘ ǇƻƭƛŎȅ ŎƘŀƴƎŜǎΦ ¢ƘŜǊŜ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ƻƴƎƻƛƴƎ ŘŜǇƭƻȅƳŜƴǘ ŜŦŦƻǊǘǎ ǘƻ ǇǊƻƳƻǘŜ ǘƘƛǎ 
ǘŜŎƘƴƻƭƻƎȅΣ ƛƴŎƭǳŘƛƴƎ 5h9Ωǎ ¢ŜŎƘƴƛŎŀƭ !ǎǎƛǎǘŀƴŎŜ tŀǊǘƴŜǊǎƘƛǇǎΣмр ŀǎ ǿŜƭƭ ŀǎ ǎŜǾŜǊŀƭ ŀŎǘƛǾŜ ǎǘŀǘŜ ƛƴŎŜƴǘƛǾŜǎΣ 
ǎǳŎƘ ŀǎ ƛƴŎƭǳŘƛƴƎ /It ƎŜƴŜǊŀǘƛƻƴ ƛƴ wt{Σ ŀƴŘ ǳǘƛƭƛǘȅ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ /It ǎȅǎǘŜƳǎΦмс ¢ƘŜ ƘƛƎƘŜǎǘ ƴǳƳōŜǊ ƻŦ 
/It ƛƴǎǘŀƭƭŀǘƛƻƴǎ ƛƴ нлмо ŀƴŘ нлмп ƻŎŎǳǊǊŜŘ ƛƴ ǎǘŀǘŜǎ ǿƛǘƘ ƳǳƭǘƛȅŜŀǊ /ItπƛƴŎŜƴǘƛǾŜ ǇǊƻƎǊŀƳǎ όbŜǿ ¸ƻǊƪ 
ŀƴŘ /ŀƭƛŦƻǊƴƛŀΣ {ŜŎǘƛƻƴ сΦрΦмΦоύΦ 

2.2.2 Commercial Consumers: Optimizing Building Design, 
Lighting and Space Conditioning 

¢ƘŜǊŜ ƛǎ ŀōƻǳǘ ут ōƛƭƭƛƻƴ ǎǉǳŀǊŜ ŦŜŜǘ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǎǇǊŜŀŘ ŀŎǊƻǎǎ ƳƻǊŜ ǘƘŀƴ р 
Ƴƛƭƭƛƻƴ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ōǳƛƭŘƛƴƎǎΦмт /ƻƳƳŜǊŎƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀōƻǳǘ 
ос ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ ¢Ƙƛǎ ǎŜŎǘƻǊ ƛǎ ǾŜǊȅ ŘƛǾŜǊǎŜ ŀƴŘ ƛƴŎƭǳŘŜǎ ƻŦŦƛŎŜΣ ǊŜǘŀƛƭΣ ƘŜŀƭǘƘ 
ŎŀǊŜΣ ŜŘǳŎŀǘƛƻƴΣ ǿŀǊŜƘƻǳǎŜΣ ŀƴŘ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ōǳƛƭŘƛƴƎ ǘȅǇŜǎΣ ǊŀƴƎƛƴƎ ƛƴ ǎƛȊŜ ŦǊƻƳ ŀ ŦŜǿ ǘƘƻǳǎŀƴŘ ǘƻ 
Ƴƛƭƭƛƻƴǎ ƻŦ ǎǉǳŀǊŜ ŦŜŜǘ ǇŜǊ ōǳƛƭŘƛƴƎΦ CƻǳǊ ǘȅǇŜǎ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ŀŎŎƻǳƴǘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ рл ǇŜǊŎŜƴǘ 
ƻŦ ǘƻǘŀƭ ŘŜƭƛǾŜǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴτƻŦŦƛŎŜΣ ǊŜǘŀƛƭΣ ŜŘǳŎŀǘƛƻƴΣ ŀƴŘ ƘŜŀƭǘƘ ŎŀǊŜΦŦΣ му 

wŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ƛƴ ǎǘŀǘŜǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ŀŘƻǇǘƛƴƎ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ ƳƻŘŜƭ ōǳƛƭŘƛƴƎ 
ŜƴŜǊƎȅ ŎƻŘŜǎΣ ƘƻƳŜƻǿƴŜǊǎΣ ōǳƛƭŘƛƴƎ ƻǿƴŜǊǎΣ ŀƴŘ ǘŜƴŀƴǘǎ ŎƻǳƭŘ ǎŀǾŜ Ϸмнс ōƛƭƭƛƻƴ ƻƴ ŜƴŜǊƎȅ ōƛƭƭǎΦ aŀƴȅ 
ƻŦ ǘƘŜ ƘƛƎƘ ŜŦŦƛŎƛŜƴŎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳƛƭŘƛƴƎ ŜƴǾŜƭƻǇŜ ŘŜǎƛƎƴǎΣ ŀƴŘ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ 
ŜƴŀōƭŜ ǎƛƎƴƛŦƛŎŀƴǘ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀƴŘ DID ǊŜŘǳŎǘƛƻƴǎ ōŜȅƻƴŘ ǘƻŘŀȅΩǎ ōǳƛƭŘƛƴƎ ŎƻŘŜǎ ƘŀǾŜ ōŜŜƴ 
ŘŜƳƻƴǎǘǊŀǘŜŘ ŀƴŘ ŀǊŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜΦ  

/ƻƳƳŜǊŎƛŀƭπǎŜŎǘƻǊ ǎǉǳŀǊŜ ŦƻƻǘŀƎŜ ŀƴŘ ŜƴŜǊƎȅ ǳǎŜ Ƙŀǎ ƎǊƻǿƴ ǎǘŜŀŘƛƭȅΣ ŀƭǘƘƻǳƎƘ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴǘŜƴǎƛǘȅ 
όƪ²ƘκǎǉǳŀǊŜ Ŧƻƻǘύ ƛǎ ƛƳǇǊƻǾƛƴƎΣ ƭŀǊƎŜƭȅ ŘǊƛǾŜƴ ōȅ ƛƴŎǊŜŀǎŜǎ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀŎǊƻǎǎ ŜƴŘ ǳǎŜǎΦ wŜŎŜƴǘ 
ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊ ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊǎ ǘƻ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ 
ŦǊƻƳ нллу ǘƻ нлмн ǿŜǊŜ ǎŀǾƛƴƎǎ ŦǊƻƳ ŀǇǇƭƛŀƴŎŜ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǳǘƛƭƛǘȅ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻƎǊŀƳǎΦмф aƻǾƛƴƎ ŦƻǊǿŀǊŘΣ ǘƘŜǎŜ ŜŦŦƛŎƛŜƴŎȅ ǘǊŜƴŘǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ƳŀƪŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘΦ Lƴ ŦŀŎǘΣ 
ŦǊƻƳ нлмо ǘƻ нлплΣ ŎƻƳƳŜǊŎƛŀƭ ŜƴŘπǳǎŜ ƛƴǘŜƴǎƛǘȅΣ ƳŜŀǎǳǊŜŘ ƛƴ ƪ²ƘκǎǉǳŀǊŜ ŦƻƻǘΣ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ 
ōȅ ŀōƻǳǘ у ǇŜǊŎŜƴǘΦнл ¢Ƙƛǎ ŘŜŎǊŜŀǎŜ ƛǎ ƭŜŘ ōȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜŎƭƛƴŜ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴǘŜƴǎƛǘȅ ƻŦ ƭƛƎƘǘƛƴƎΣнм 
ōǳǘ ƛǘ ƛǎ ŀƭǎƻ ƻŦŦǎŜǘ ōȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ƳƛǎŎŜƭƭŀƴŜƻǳǎ ŜƭŜŎǘǊƛŎ ƭƻŀŘǎ όa9[ǎύΦƎ 

                                                           
Ř ²ƛǘƘƛƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎǳōπǎŜŎǘƻǊΣ ¢ƘŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 9ƴŜǊƎȅ ŀƴŘ /ŀǊōƻƴ CƻƻǘǇǊƛƴǘǎ ŀƴŀƭȅǎƛǎ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ тΣнну ǘǊƛƭƭƛƻƴ 
.ǘǳΣ ƻǊ рм ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ мпΣлсп ǘǊƛƭƭƛƻƴ .ǘǳ ƻŦ ǘƻǘŀƭ ŘŜƭƛǾŜǊŜŘ ŜƴŜǊƎȅ ǘƻ ǘƘŜ ¦Φ{Φ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎŜŎǘƻǊΣ ǿŀǎ ǿŀǎǘŜŘ ŀǎ ŜŦŦƛŎƛŜƴŎȅ 
ƭƻǎǎŜǎ ƛƴ нлмлΦ 
Ŝ /It ƛǎ ƻŦǘŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀ ŦƻǊƳ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ōǳǘ ƛǎ Ŏŀƴ ŀƭǎƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ŦƻǊƳ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΦ 
Ŧ ! ǘƻǘŀƭ ƻŦ рсΦп ǇŜǊŎŜƴǘΥ ƻŦŦƛŎŜǎ ŀŎŎƻǳƴǘ ŦƻǊ нлΦп ǇŜǊŎŜƴǘΣ ƳŜǊŎŀƴǘƛƭŜ όƳŀƭƭǎ ŀƴŘ ƴƻƴπƳŀƭƭ ǊŜǘŀƛƭύ ŀŎŎƻǳƴǘǎ ŦƻǊ мсΦс ǇŜǊŎŜƴǘΣ 
ŜŘǳŎŀǘƛƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ млΦу ǇŜǊŎŜƴǘΣ ŀƴŘ ƘŜŀƭǘƘ ŎŀǊŜ ŀŎŎƻǳƴǘǎ ŦƻǊ уΦс ǇŜǊŎŜƴǘΦ 
Ǝ a9[ǎ ǊŜǇǊŜǎŜƴǘ ŀ ǊŀƴƎŜ ƻŦ ŜƭŜŎǘǊƛŎ ƭƻŀŘǎ ƻǳǘǎƛŘŜ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ŎƻǊŜ ŜƴŘ ǳǎŜǎ ƻŦ ƘŜŀǘƛƴƎΣ ǾŜƴǘƛƭŀǘƛƻƴΣ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎΣ ƭƛƎƘǘƛƴƎΣ 
ǿŀǘŜǊ ƘŜŀǘƛƴƎΣ ŀƴŘ ǊŜŦǊƛƎŜǊŀǘƛƻƴΦ {ŀƳǇƭŜ a9[ǎ ƛƴŎƭǳŘŜ ǘŜƭŜǾƛǎƛƻƴǎΣ Ǉƻƻƭ ƘŜŀǘŜǊǎ ŀƴŘ ǇǳƳǇǎΣ ǎŜǘπǘƻǇ ōƻȄŜǎΣ ŀƴŘ ŎŜƛƭƛƴƎ ŦŀƴǎΦ  
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¢ƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ Ƴƻǎǘ ŎƻƳƳŜǊŎƛŀƭ ŜƴŘ ǳǎŜǎ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ǿƛǘƘ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ ƭƛƎƘǘƛƴƎΣ ǎǇŀŎŜ 
ŎƻƴŘƛǘƛƻƴƛƴƎΣ ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴǎΦ ¢ƘŜ ǊŜǘǊƻŦƛǘ ƻŦ ŜȄƛǎǘƛƴƎ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ŀƴŘ ǘƘŜ 
ŀŘƻǇǘƛƻƴ ƻŦ ƴŜǿ ŜƴŜǊƎȅπƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎ ŀǊŜ ŀƭǎƻ ƳŀƪƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƳŜŜǘƛƴƎ ōƻǘƘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǝƻŀƭǎ ŀƴŘ ǊŜŘǳŎƛƴƎ ŎƻƴǎǳƳŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻǎǘǎΦ ¢ƘŜ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ 
CŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ ŀƎŜƴŎƛŜǎ ŀǊŜ ƴƻǿ ƛƳǇƭŜƳŜƴǘƛƴƎ ƘŀǾŜ ŜƴŀōƭŜŘ ǘƘŜǎŜ ǘǊŜƴŘǎΦнн  

Figure 2-3. Comparison of Commercial End-Use Electricity Consumption between 2003 and 

2012 23 24

 
Consumption across most end uses is increasing, including MELs, refrigeration, computing, and cooling. 
Lighting and space heating consumption have each decreased by about 50 percent between 2003 and 
2012.  

2.2.2.1 “Dispatchable” Smart, Green Buildings 

!ƴ ƛƳǇƻǊǘŀƴǘ ǘǊŜƴŘ ǿƛǘƘ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŘƛƎƛǘƛȊŀǘƛƻƴ ƻŦ ŎƻƳƳŜǊŎƛŀƭ 
ƻŦŦƛŎŜ ǎǇŀŎŜ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǳǎŜ ōǳƛƭŘƛƴƎǎ ǘƘŜƳǎŜƭǾŜǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳΦ 
.ǳƛƭŘƛƴƎ ƭƻŀŘǎ ŀǊŜ ōŜŎƻƳƛƴƎ άŘƛǎǇŀǘŎƘŀōƭŜέ ōȅ ǳǘƛƭƛȊƛƴƎ 5w ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƳŀǊƪŜǘǎΣ ŀƴŘ ǘƘŜ ƎǊƻǿƛƴƎ 
ƛƴŘǳǎǘǊȅ ŦƻǊ ǇŜŀƪπƭƻŀŘ 5w ǘƘǊƻǳƎƘ ŀƎƎǊŜƎŀǘƻǊǎΦнр ! ǊŜŎŜƴǘ ǊŜǇƻǊǘ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘ ŦƻǊ 
ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅπƳŀƴŀƎŜƳŜƴǘ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ƎǊƻǿ ŦǊƻƳ ϷнΦп ōƛƭƭƛƻƴ ƛƴ нлмр ǘƻ ϷмлΦу ōƛƭƭƛƻƴ ƛƴ нлнпΦнс 
9ƴŜǊƎȅπƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŀōƭŜ ǘƻ ŎƻƴǘǊƻƭ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ƘǳƳƛŘƛǘȅΣ ǾŜƴǘƛƭŀǘƛƻƴ 
ǊŀǘŜǎΣ ǇƭǳƎ ƭƻŀŘǎΣ ŀƴŘ ŘƛƳƳŀōƭŜ ƭƛƎƘǘǎΣ ŀƴŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΣ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ŎƻƴǘǊƻƭ ǿƛƴŘƻǿǎ ŀƴŘ ƭƻǳǾŜǊǎ Ƴŀȅ 
ŜȄƛǎǘΦнт {ƛƳƛƭŀǊƭȅΣ ƭƛƎƘǘƛƴƎΣ ǿƛƴŘƻǿǎΣ I±!/ ŜǉǳƛǇƳŜƴǘΣ ǿŀǘŜǊ ƘŜŀǘŜǊǎΣ ŀƴŘ ƻǘƘŜǊ ōǳƛƭŘƛƴƎ ŜǉǳƛǇƳŜƴǘ Ŏŀƴ 
ōŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǎƳŀǊǘ ŎƻƴǘǊƻƭƭŜǊǎ ŀƴŘ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŎŀǇŀōƛƭƛǘƛŜǎΦну IƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ 
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ōǳƛƭŘƛƴƎ ŀǘǘǊƛōǳǘŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŦŀŎǘƻǊƛƴƎ ƛƴǘƻ ǘŜƴŀƴǘǎΩ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ƭŜŀǎƛƴƎ ǎǇŀŎŜ ŀƴŘ ōǳȅŜǊǎΩ 
ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ǇǳǊŎƘŀǎƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ 

CƻǊ ōƻǘƘ ǎƳŀƭƭ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ƘƻǳǎŜƘƻƭŘǎΣ ǘƘŜǊŜ ŀǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŦƛǊǎǘπŎƻǎǘ ōŀǊǊƛŜǊǎ ǘƘŀǘ 
ƭƛƳƛǘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ŘŜǾƛŎŜǎΦ Lƴ нлмнΣ ŀōƻǳǘ тл ǇŜǊŎŜƴǘ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ 
ƭŀǊƎŜǊ ǘƘŀƴ мллΣллл ǎǉǳŀǊŜ ŦŜŜǘΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƘŀŘ ǎƻƳŜ ƪƛƴŘ ƻŦ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ƻǊ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ 
ŦƻǊ I±!/Σ ōǳǘ ƻƴƭȅ ŀōƻǳǘ мр ǇŜǊŎŜƴǘ ƻŦ ōǳƛƭŘƛƴƎǎ ǎƳŀƭƭŜǊ ǘƘŀƴ нрΣллл ǎǉǳŀǊŜ ŦŜŜǘ ǳǎŜŘ ǘƘŜƳΦнф 

2.2.2.2 Meeting Sustainability Goals through Direct Procurement of Renewable 
Energy  

Lƴ ǎƻƳŜ ǎǘŀǘŜǎΣ ƭŀǊƎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎ ŀǊŜ ŀōƭŜ ǘƻ ǇǳǊŎƘŀǎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ǇǊƻǾƛŘŜǊǎ ƻǘƘŜǊ ǘƘŀƴ ǘƘŜ 
ƭƻŎŀƭ ƛƴŎǳƳōŜƴǘ ǳǘƛƭƛǘȅΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǎƻƳŜ ƭŀǊƎŜ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ 
ŎƻƴǎǳƳŜǊπŦŀŎƛƴƎΣ ƘŀǾŜ ŀŘƻǇǘŜŘ ŎƻǊǇƻǊŀǘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ǝƻŀƭǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ όCƛƎǳǊŜ 
нπпύΦ Lƴ нлмрΣ ŎƻǊǇƻǊŀǘƛƻƴǎ όōƻǘƘ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭύ ŎƻƴǘǊŀŎǘŜŘ ƴŜŀǊƭȅ оΦп ƎƛƎŀǿŀǘǘǎ όD²ύ ƻŦ 
ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅолτǳǇ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦǊƻƳ ǘƘŜ срл a² ŎƻƴǘǊŀŎǘŜŘ ōŜǘǿŜŜƴ нллу ŀƴŘ нлмнΦом 
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Figure 2-4. Corporate Procurement of Renewable Energy-Based Electricity 2010–201632 

 
Large corporate customers (including commercial and industrial sectors) can specify the type of generation 
underlying the electricity provided through procurement contracts, including PPAs, Green Tariffs and 
Project Ownership. Corporate procurements represent an important new mechanism for developing 
renewable energy projects. Last updated December 15, 2016. 

{ƻƳŜ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ƎƻƛƴƎ ōŜȅƻƴŘ ŘƛǊŜŎǘ ǇǳǊŎƘŀǎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΦ Lƴ нлмлΣ ǘƘŜ CŜŘŜǊŀƭ 9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊȅ 
/ƻƳƳƛǎǎƛƻƴ όC9w/ύ ƎǊŀƴǘŜŘ DƻƻƎƭŜ 9ƴŜǊƎȅ ǘƘŜ ŀǳǘƘƻǊƛǘȅ ǘƻ ǎŜƭƭ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅΦоо Lƴ ŀƴƻǘƘŜǊ 
ƛƴƴƻǾŀǘƛǾŜ ŀǊǊŀƴƎŜƳŜƴǘΣ !ƳŀȊƻƴΩǎ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎ ŘƛǾƛǎƛƻƴΣ !ƳŀȊƻƴ ²Ŝō {ŜǊǾƛŎŜǎ ό!²{ύΣ ǎƛƎƴŜŘ ŀ ƴŜǿ 
ǘȅǇŜ ƻŦ ǇƻǿŜǊ ǇǳǊŎƘŀǎŜ ŀƎǊŜŜƳŜƴǘ όtt!ύ ǿƛǘƘ 5ƻƳƛƴƛƻƴ ±ƛǊƎƛƴƛŀ tƻǿŜǊΦ ¢ƘŜ ŀƎǊŜŜƳŜƴǘ ŀƭƭƻǿǎ ǘƘŜ ǳǘƛƭƛǘȅ 
ǘƻ ƳŀƴŀƎŜ !²{Ω ŜȄƛǎǘƛƴƎ ŀƴŘ ŦǳǘǳǊŜ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǎƻƭŀǊ ŀƴŘ ǿƛƴŘ ǇǊƻƧŜŎǘǎΤ ŎƘŀǊƎŜǎ !²{ ŀ ǊŜǘŀƛƭ ǊŀǘŜ ŦƻǊ 
ŜƭŜŎǘǊƛŎƛǘȅ ŎƭƻǎŜ ǘƻ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ǊŀǘŜ ǘƘŀǘ ǘƘŜƛǊ ƛƴǾŜǎǘƳŜƴǘǎ ŜŀǊƴ ƛƴ ǘƘŜ ƳŀǊƪŜǘΤ ŀƴŘ ǇǊŜǾŜƴǘǎ ǘƘŜ Ŏƻǎǘǎ 
ƻŦ !²{Ω ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴǾŜǎǘƳŜƴǘ ŦǊƻƳ ǎƘƛŦǘƛƴƎ ǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎΦоп  

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ŎƻǊǇƻǊŀǘƛƻƴǎ Ŏŀƴ ǾƻƭǳƴǘŀǊƛƭȅ ǇǊƻŎǳǊŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΣ ƛƴŎƭǳŘƛƴƎ tƻǿŜǊ 
tǳǊŎƘŀǎŜ !ƎǊŜŜƳŜƴǘǎ όtt!ΩǎύΦ Lƴ ŀǊŜŀǎ ǿƘŜǊŜ ƳŀǊƪŜǘ ǎǘǊǳŎǘǳǊŜǎ ǇǊŜŎƭǳŘŜ tt!ǎ ŦƻǊ ŘƛǊŜŎǘ ŎƻǊǇƻǊŀǘŜ 
ǇǊƻŎǳǊŜƳŜƴǘΣ ǎƻƳŜ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅπǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ƻŦŦŜǊ ƎǊŜŜƴ ŎƘƻƛŎŜ ƻǊ ƎǊŜŜƴ ǘŀǊƛŦŦ 
ǇǊƻƎǊŀƳǎΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ǎƻƳŜ ŜƴŜǊƎȅ ǇǊƻǾƛŘŜǊǎ ƛƴ ¢ŜȄŀǎ ƻŦŦŜǊ млл ǇŜǊŎŜƴǘ ǿƛƴŘ Ǉƭŀƴǎ ǘƻ ŎǳǎǘƻƳŜǊǎΦ  

2.2.3 Federal Agencies  

²ƛǘƘ ƳƻǊŜ ǘƘŀƴ орлΣллл ōǳƛƭŘƛƴƎǎ ƛƴ ǳǎŜΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ǘƘŜ bŀǘƛƻƴΩǎ ƭŀǊƎŜǎǘ ŜƴŜǊƎȅ ǳǎŜǊΦор 
¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ǳǎŜŘ фпт ǘǊƛƭƭƛƻƴ .ǊƛǘƛǎƘ ǘƘŜǊƳŀƭ ǳƴƛǘǎ ƛƴ нлмрΦос 9ƭŜŎǘǊƛŎƛǘȅ ƳŀŘŜ ǳǇ мфΦф ǇŜǊŎŜƴǘ 
ƻŦ CŜŘŜǊŀƭ ŜƴŜǊƎȅ ǳǎŜΣ ōŜƘƛƴŘ ƻƴƭȅ ƧŜǘ ŦǳŜƭ ŀǘ ппΦн ǇŜǊŎŜƴǘΦот aƻǎǘ CŜŘŜǊŀƭ ōǳƛƭŘƛƴƎǎ ƘŀǾŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 
όDIDύπǊŜŘǳŎǘƛƻƴ ƎƻŀƭǎΣ ŀƴŘ CŜŘŜǊŀƭ ƭŀǿ ŜƴŎƻǳǊŀƎŜǎ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀƭƭ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ 
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ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎΦ CŜŘŜǊŀƭ ƭŀǿ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŀƎŜƴŎƛŜǎ ǘƻ ǳǎŜ ƭƛŦŜπŎȅŎƭŜ Ŏƻǎǘ ŀƴŀƭȅǎŜǎ ǿƘŜƴ 
ŎƻƴǎƛŘŜǊƛƴƎ ōǳƛƭŘƛƴƎ ǎȅǎǘŜƳǎΦоу  

¦ƴŘŜǊ 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ мормп ǊŜǉǳƛǊŜǎ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǘƻ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴǎ ōȅ пл ǇŜǊŎŜƴǘ ŎƻƳǇŀǊŜŘ 
ǘƻ ŀ нллу ōŀǎŜƭƛƴŜ ōȅ нлнрΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ CŜŘŜǊŀƭ ŦŀŎƛƭƛǘƛŜǎ ǘƻ ƳŜŜǘ ŀ ол ǇŜǊŎŜƴǘ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎǘŀƴŘŀǊŘ ōȅ нлнрΣоф ŀƴŘ ŦŀŎƛƭƛǘƛŜǎ Ŏŀƴ ƳŜŜǘ ǘƘŜ ǎǘŀƴŘŀǊŘ ƛƴ ƻƴŜ ƻŦ ŦƻǳǊ ǿŀȅǎ όƭƛǎǘŜŘ ƛƴ ǇǊƛƻǊƛǘȅ ƻǊŘŜǊύ мύ 
ƛƴǎǘŀƭƭƛƴƎ ŀƎŜƴŎȅπŦǳƴŘŜŘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƻƴǎƛǘŜ ŀǘ CŜŘŜǊŀƭ ŦŀŎƛƭƛǘƛŜǎΤ όнύ ŎƻƴǘǊŀŎǘƛƴƎ ǘƘŜ ǇǳǊŎƘŀǎŜ ƻŦ 
ŜƴŜǊƎȅΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƻƴǎƛǘŜ ŀƴŘ ƻŦŦǎƛǘŜ ŀǘ ŀ CŜŘŜǊŀƭ ŦŀŎƛƭƛǘȅΤ όоύ 
ǇǳǊŎƘŀǎƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ŀƴŘ όпύ ǇǳǊŎƘŀǎƛƴƎ wŜƴŜǿŀōƭŜ 9ƭŜŎǘǊƛŎƛǘȅ /ǊŜŘƛǘǎΦпл CƛŦǘŜŜƴ ǇŜǊŎŜƴǘ ƻŦ 
ŜȄƛǎǘƛƴƎ ŀƎŜƴŎȅ ōǳƛƭŘƛƴƎǎ Ƴǳǎǘ ōŜ ƎǊŜŜƴ ōǳƛƭŘƛƴƎǎΣ ŜƛǘƘŜǊ ōȅ ƴǳƳōŜǊ ƻǊ ǎǉǳŀǊŜ ŦƻƻǘŀƎŜΦпм  

2.2.3.1 Department of Defense is Single Largest Consumer of Electricity 

¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜ ό5h5ύ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜǊǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƛǎ ǘƘŜ 
ƭŀǊƎŜǎǘ ŎǳǎǘƻƳŜǊ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘΣпн ŀƴŘ ǳǎŜǎ ƳƻǊŜ ǘƘŀƴ ŀƭƭ ƻǘƘŜǊ ŀƎŜƴŎƛŜǎ ŎƻƳōƛƴŜŘ όCƛƎǳǊŜ нπрύΦ 5h5 
ǊŜǉǳƛǊŜǎ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ƛǘǎ Ƴƛǎǎƛƻƴǎ ōƻǘƘ ŘƛǊŜŎǘƭȅ ōȅ ŜƴŜǊƎƛȊƛƴƎ ǘƘŜ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǎȅǎǘŜƳǎ ǘƘŀǘ ŦǳŜƭ 
ŦƭŜŜǘǎ ƻŦ ǘǊǳŎƪǎΣ ǘŀƴƪǎΣ ŀƴŘ ǎƘƛǇǎΣ ŀƴŘ ƛƴŘƛǊŜŎǘƭȅ ōȅ ŜƴŜǊƎƛȊƛƴƎ ƻǘƘŜǊ ǎǳǇǇƻǊǘƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎǳŎƘ ŀǎ ǘƘŜ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎȅǎǘŜƳǎ ǘƘŀǘ ŘŜƭƛǾŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜΦ ¢ƻ ŜƴǎǳǊŜ ƛǘ Ŏŀƴ ǇŜǊŦƻǊƳ ƛǘǎ ƳƛǎǎƛƻƴΣ 
5h5 ƛƴǾŜǎǘǎ ƛƴ ƴǳƳŜǊƻǳǎ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƛƴŎǊŜŀǎŜ ŜƴŜǊƎȅ 
ǎǳǇǇƭȅ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ŦŀŎŜǎ Ƴŀƴȅ ƻŦ ǘƘŜ ǎŀƳŜ ŎƘŀƭƭŜƴƎŜǎ ŀǎ ƻǘƘŜǊ ǇǳōƭƛŎ ƛƴǎǘƛǘǳǘƛƻƴǎΦ  
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Figure 2-5. Electricity Use by the U.S. Government and Department of Defense, 1975201543 

 
DOD uses more electricity than the rest of the U.S. Government combined. This relationship has remained 
relatively steady for the past 40 years.  

5h5 Ƙŀǎ ōŜŜƴ ŀƴ ŜŀǊƭȅ ŀƴŘ ŀŎǘƛǾŜ ǳǎŜǊ ƻŦ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ǇŜǊŦƻǊƳŀƴŎŜ ŎƻƴǘǊŀŎǘǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ǎŀǾŜ ƳƻƴŜȅ ŀƴŘ ǊŜŘǳŎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ 5h5 ŀƭǎƻ ǇǳǊǎǳŜǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ 
ǘƻ ŀŘǾŀƴŎŜ ƛǘǎ ŜƴŜǊƎȅ ǊŜǎƛƭƛŜƴŎŜΦ wƻǳƎƘƭȅ н ǇŜǊŎŜƴǘ ƻŦ 5h5Ωǎ ǘƻǘŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŎŀƳŜ ŦǊƻƳ 
ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎ ƛƴ ŦƛǎŎŀƭ ȅŜŀǊ нлмрΦ hƴǎƛǘŜ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊƻƧŜŎǘǎ όƳƻǎǘƭȅ ƎŜƻǘƘŜǊƳŀƭΣ ōƛƻƳŀǎǎΣ ŀƴŘ 
ƳǳƴƛŎƛǇŀƭ ǎƻƭƛŘ ǿŀǎǘŜύ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ун ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅΣ ǿƘƛƭŜ 
ǇǳǊŎƘŀǎŜŘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎǊŜŘƛǘǎ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘŜ ƻǘƘŜǊ му ǇŜǊŎŜƴǘΦ Lƴ нлмрΣ 5h5 ƘŀŘ ƻǾŜǊ мΣофл 
ƻǇŜǊŀǘƛƻƴŀƭ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎΣ ŎƻƳǇŀǊŜŘ ǘƻ мΣмол ƛƴ нлмпΦпп DŜƻǘƘŜǊƳŀƭ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƛǎ ōȅ ŦŀǊ 
ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ƛƴ 5h5Σ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƻǾŜǊ пм ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘΩǎ 
ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴ ǇƻǊǘŦƻƭƛƻΦ .ƛƻƳŀǎǎ ƳŀƪŜǎ ǳǇ ŀōƻǳǘ мф ǇŜǊŎŜƴǘΣ ǿƘƛƭŜ ƳǳƴƛŎƛǇŀƭ ǎƻƭƛŘ ǿŀǎǘŜΣ 
ǿƘƛŎƘ ƛǎ ǳǎŜŘ ŦƻǊ ōƻǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǎǘŜŀƳ ǇǊƻŘǳŎǘƛƻƴΣ ŀŎŎƻǳƴǘǎ ŦƻǊ мр ǇŜǊŎŜƴǘΦ ¢ƘŜǊŜ ŀǊŜ умл ǎƻƭŀǊ 
ǇƘƻǘƻǾƻƭǘŀƛŎ όt±ύ ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 5h5 ǎȅǎǘŜƳ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мо ǇŜǊŎŜƴǘΦ Lƴ 
hŎǘƻōŜǊ нлмсΣ ǘƘŜ ¦Φ{Φ bŀǾȅ ŀƴŘ {ŜƳǇǊŀ 9ƴŜǊƎȅ ƻǇŜƴŜŘ ǘƘŜ мрлπa² aŜǎǉǳƛǘŜ {ƻƭŀǊ о ǇǊƻƧŜŎǘ ǘƻ ǎǳǇǇƭȅ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ ƻƴŜπǘƘƛǊŘ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǊŜǉǳƛǊŜŘ ōȅ мп bŀǾȅ ŀƴŘ aŀǊƛƴŜ ƛƴǎǘŀƭƭŀǘƛƻƴǎτǘƘŜ ƭŀǊƎŜǎǘ 
CŜŘŜǊŀƭ ǇǳǊŎƘŀǎŜ ƻŦ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ ƘƛǎǘƻǊȅΦпрΣ пс 

5h5 ƛǎ ŀƭǎƻ ŜȄǇƭƻǊƛƴƎ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ǿŀȅǎ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ƳƛŎǊƻƎǊƛŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ŜƴŜǊƎȅ ŘŜƳŀƴŘΣ 
ƛƴŎǊŜŀǎŜ ŜƴŜǊƎȅ ǎǳǊŜǘȅΣ ŀƴŘ ǇǊƻǾƛŘŜ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ό5Dύ ŀƴŘ ǎǘƻǊŀƎŜΦ {ƳŀǊǘ tƻǿŜǊ LƴŦǊŀǎǘǊǳŎǘǳǊŜ 
5ŜƳƻƴǎǘǊŀǘƛƻƴ ŦƻǊ 9ƴŜǊƎȅ wŜƭƛŀōƛƭƛǘȅ ŀƴŘ {ŜŎǳǊƛǘȅ ό{tL59w{ύ Wƻƛƴǘ /ŀǇŀōƛƭƛǘȅ ¢ŜŎƘƴƻƭƻƎȅ 5ŜƳƻƴǎǘǊŀǘƛƻƴ 
όW/¢5ύ ƛǎ ŀ ƎǊƻǳƴŘōǊŜŀƪƛƴƎ ǇǊƻƎǊŀƳ ŘŜǎƛƎƴŜŘ ǘƻ ōƻƭǎǘŜǊ ǘƘŜ ŎȅōŜǊǎŜŎǳǊƛǘȅ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ¦Φ{Φ 
ƳƛƭƛǘŀǊȅ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŀƴŘ ǘǊŀƴǎŦŜǊ ǘƘŜ ƪƴƻǿƘƻǿ ǘƻ ƴƻƴπƳƛƭƛǘŀǊȅ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦпт 5h5 ƭŀǳƴŎƘŜŘ ǘƘŜ 
{tL59w{ W/¢5 ǇǊƻƎǊŀƳ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ƎǊƻǿƛƴƎ ŎƻƴŎŜǊƴ ŀōƻǳǘ ǘƘŜ ƳƛƭƛǘŀǊȅΩǎ ŜƴŜǊƎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩǎ 
ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊǎ ŀƴŘ ŎƻƳǇǳǘŜǊπōƻǊƴŜ ŎȅōŜǊ ŀǘǘŀŎƪǎΣ ǿƘƛŎƘ ŎƻǳƭŘ ƛƳǇŀŎǘ ǘƘŜ ƎǊƛŘΦ  

2.2.4 Municipalities, Universities, Schools, and Hospitals 

tǳōƭƛŎ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŎƻƴǎǳƳŜǊǎΣ ǎǳŎƘ ŀǎ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΣ ǳƴƛǾŜǊǎƛǘƛŜǎΣ ǎŎƘƻƻƭǎΣ ŀƴŘ ƘƻǎǇƛǘŀƭǎΣ ƻŦǘŜƴ ŎŀƭƭŜŘ 
ǘƘŜ a¦{I ƳŀǊƪŜǘΣ ŀǊŜ ŀƴƻǘƘŜǊ ƎǊƻǿƛƴƎ ŎŀǘŜƎƻǊȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎǳǎǘƻƳŜǊǎΦ ¢ƘŜǎŜ ŎǳǎǘƻƳŜǊǎΣ ŜǎǇŜŎƛŀƭƭȅ 
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ŎƛǘƛŜǎΣ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ŜƴƎƛƴŜǎ ƻŦ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ŀǎ ǘƘŜȅ ǎǳǇǇƻǊǘ ƭŀǊƎŜΣ ŎƻƴŎŜƴǘǊŀǘŜŘ ǇƻǇǳƭŀǘƛƻƴǎ 
ǿƛǘƘ ŎƻƳǇƭŜȄ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǎǇŜŎƛŦƛŎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƴŜŜŘǎΦпу ²ƘƛƭŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƴŜŜŘǎ 
ƻŦ ǘƘŜǎŜ ŎƻƴǎǳƳŜǊǎ ŀǊŜ Ǿƛǘŀƭ ǘƻ ŜŎƻƴƻƳƛŎ ǇǊƻǎǇŜǊƛǘȅ ŀƴŘ ǎŜŎǳǊƛǘȅΣ ǘƘŜ a¦{I ƳŀǊƪŜǘ ƻŦǘŜƴ ŦŀŎŜǎ 
ŎƻƴǎǘǊŀƛƴŜŘ ƳŀƛƴǘŜƴŀƴŎŜ ōǳŘƎŜǘǎ ŀƴŘ ƭƛƳƛǘŜŘ ŀŎŎŜǎǎ ǘƻ ŎŀǇƛǘŀƭΤ ǇǳōƭƛŎ ŜƴǘƛǘƛŜǎ ŀǊŜ ŀƭǎƻ ƴƻǘ ŜƭƛƎƛōƭŜ ŦƻǊ 
ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŀȄ ŎǊŜŘƛǘǎ ǘƘŀǘ ŜƴǘƛǘƛŜǎ ǿƛǘƘ ǘŀȄ ƭƛŀōƛƭƛǘȅ Ŏŀƴ ǳǎŜ ǘƻ ŀǇǇƭȅ ǘƻǿŀǊŘ ŎŜǊǘŀƛƴ ǇǊƻƧŜŎǘǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ 
ǘƘŜǎŜ ŎǳǎǘƻƳŜǊǎ ǘŀƪŜ ŎǊŜŀǘƛǾŜ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƳŜŜǘ ŀƭƭ ǘƘŜƛǊ ƴŜŜŘǎΣ ǿƘƛƭŜ ŀŎǘƛƴƎ ŀǎ ǘƘŜ ƭƻŎǳǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ 
ƛƴ ŀƴ ŀǊǊŀȅ ƻŦ ǎŜŎǘƻǊǎ ǘƘŀǘ ŘǊƛǾŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜΣ ƛƴŎƭǳŘƛƴƎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŘŜŦŜƴǎŜΣ ŀƴŘ ǇǳōƭƛŎ ƘŜŀƭǘƘΦ  

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭ ŦƻǊ ŀ ƳǳƴƛŎƛǇŀƭ ƎƻǾŜǊƴƳŜƴǘ ŎƻǾŜǊǎ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ ƻǇŜǊŀǘƛƴƎ ƳǳƴƛŎƛǇŀƭ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ 
ǇǊƻǾƛŘƛƴƎ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎ ƭƛƪŜ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘΣ ǎǘǊŜŜǘ ƭƛƎƘǘǎΣ ŀƴŘ ǘǊŀŦŦƛŎ ǎƛƎƴŀƭǎΦпф bŜǿ ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ Ŏŀƴ ǎŀǾŜ ŜƴŜǊƎȅ ŀƴŘ ǊŜŘǳŎŜ ŎŀǊōƻƴ ǇƻƭƭǳǘƛƻƴΣ ŀƴŘ ǊŜǘǊƻŦƛǘǘŜŘ ōǳƛƭŘƛƴƎǎ ǇǊƻǾƛŘŜ 
ƘŜŀƭǘƘƛŜǊ ŀƴŘ ƳƻǊŜ ǇǊƻŘǳŎǘƛǾŜ ǿƻǊƪǇƭŀŎŜǎΦрл  

¢ƻ ǊŜŘǳŎŜ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ǎŀǾŜ ǘŀȄ ŘƻƭƭŀǊǎΣ ƳǳƴƛŎƛǇŀƭ ŀƴŘ ǘǊƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƘŀǾŜ ŀŘƻǇǘŜŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ƳŜŀǎǳǊŜǎΣ ŜƴǘŜǊŜŘ ƛƴǘƻ ŀƎǊŜŜƳŜƴǘǎ ǘƻ ǇǳǊŎƘŀǎŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΣ ŀƴŘ ƛƴǎǘŀƭƭŜŘ ǘƘŜƛǊ ƻǿƴ ǊŜƴŜǿŀōƭŜ 
ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΦ ¢ƘŜ ол ǘƻǇ ƳǳƴƛŎƛǇŀƭ ŀƴŘ ǘǊƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƛƴ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ 
ό9t!Ωǎύ DǊŜŜƴ tƻǿŜǊ tŀǊǘƴŜǊǎƘƛǇ όŀ ǾƻƭǳƴǘŀǊȅ ǇǊƻƎǊŀƳ ǘƘŀǘ ŜƴŎƻǳǊŀƎŜǎ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǘƻ ǳǎŜ ŎƭŜŀƴ ŜƴŜǊƎȅύ 
ǳǎŜŘ оΦф ōƛƭƭƛƻƴ ƪ²Ƙ ƻŦ ŎƭŜŀƴ ŜƴŜǊƎȅ ŀƴƴǳŀƭƭȅΣ ǊƻǳƎƘƭȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ƻŦ ослΣллл ŀǾŜǊŀƎŜ 
!ƳŜǊƛŎŀƴ ƘƻƳŜǎΦрм ¢ƘŜ /ƛǘȅ ƻŦ IƻǳǎǘƻƴΣ ¢ŜȄŀǎΣ ǿŀǎ ƴǳƳōŜǊ ƻƴŜ ƻƴ ǘƘŜ ƭƛǎǘΣ ǿƛǘƘ фрмΣтффΣотр ƪ²Ƙ ƛƴ ǎƻƭŀǊ 
ŀƴŘ ǿƛƴŘ ŜƴŜǊƎȅ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ wŜƭƛŀƴǘ 9ƴŜǊƎȅ ŀƴŘ ƎŜƴŜǊŀǘŜŘ ƻƴǎƛǘŜΣ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ул ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ 
Ŏƛǘȅ ƎƻǾŜǊƴƳŜƴǘΩǎ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜΦрн ¢ƘŜ /ƛǘȅ ƻŦ 5ŜǘǊƻƛǘ ƛǎ ǊŜǇƭŀŎƛƴƎ ǿŀǎǘŜŦǳƭΣ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ 
ǎǘǊŜŜǘƭƛƎƘǘǎΣ ŀōƻǳǘ ƘŀƭŦ ƻŦ ǿƘƛŎƘ ŀǊŜ ƴƻ ƭƻƴƎŜǊ ǿƻǊƪƛƴƎΣ ǿƛǘƘ ƳƻŘŜǊƴ ƭƛƎƘǘπŜƳƛǘǘƛƴƎ ŘƛƻŘŜ ό[95ύ ǎǘǊŜŜǘ 
ƭƛƎƘǘƛƴƎ ǘƘŀǘ ǿƛƭƭ ǎŀǾŜ ŜƴŜǊƎȅ Ŏƻǎǘǎ ŀƴŘ ƛƳǇǊƻǾŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǎŜŎǳǊƛǘȅΦроΣ рп 

hǘƘŜǊ ŎƛǘƛŜǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǿŀǎǘŜπǘƻπŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎ ǘƻ ŘƛǎǇƻǎŜ ƻŦ ƳǳƴƛŎƛǇŀƭ ǿŀǎǘŜ ǿƘƛƭŜ ŀƭǎƻ ǇǊƻŘǳŎƛƴƎ 
ŜƭŜŎǘǊƛŎƛǘȅ ƻǊ ǎǘŜŀƳ ŦƻǊ ƘŜŀǘƛƴƎ ōǳƛƭŘƛƴƎǎΦ !ǎ ƻŦ нлмоΣ ǘƘŜǊŜ ǿŜǊŜ ул ǿŀǎǘŜπǘƻπŜƴŜǊƎȅ Ǉƭŀƴǘǎ ǘƘŀǘ ŘƛǎǇƻǎŜŘ 
ƻŦ мнΦф ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ƳǳƴƛŎƛǇŀƭ ǿŀǎǘŜ ǿƘƛƭŜ ǇǊƻŘǳŎƛƴƎ мп ōƛƭƭƛƻƴ ƪ²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΣ ǊƻǳƎƘƭȅ ǘƘŜ 
ǎŀƳŜ ŀƳƻǳƴǘ ǳǎŜŘ ōȅ мΦо Ƴƛƭƭƛƻƴ ¦Φ{Φ ƘƻǳǎŜƘƻƭŘǎΦрр  

¦ǇŘŀǘŜŘΣ ƴŜǘǿƻǊƪŜŘ ǎǘǊŜŜǘƭƛƎƘǘǎ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ƻǘƘŜǊ ōŜƴŜŦƛǘǎ ǘƻ Ŏƛǘȅ ƎƻǾŜǊƴƳŜƴǘǎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 
ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦ bŜǘǿƻǊƪŜŘ [95 ǎȅǎǘŜƳǎ ǿƛǘƘ ǿƛǊŜƭŜǎǎ ƛƴǘŜǊƴŜǘ ŀƴŘ ǎŜƴǎƻǊǎ Ŏŀƴ ŀƭŜǊǘ ƳŀƴŀƎŜƳŜƴǘ ǿƘŜƴ 
ŀƴ ƻǳǘŀƎŜ ƻŎŎǳǊǎΣ ƳƻƴƛǘƻǊ ǘǊŀŦŦƛŎ ƻǊ ŀƛǊ ǉǳŀƭƛǘȅΣ ŀƴŘ ǇǳōƭƛŎƛȊŜ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǇŀǊƪƛƴƎ ǎǇŀŎŜǎΦрс D9Ωǎ ƴŜǿ 
ǎƳŀǊǘ ǎǘǊŜŜǘƭƛƎƘǘǎ ǿƛƭƭ ŎƻƳōƛƴŜ [95 ƭƛƎƘǘƛƴƎ ǿƛǘƘ ŀŎƻǳǎǘƛŎ ǎŜƴǎƻǊǎ ǘƻ ŘŜǘŜŎǘ ŀƴŘ ƭƻŎŀǘŜ ƎǳƴŦƛǊŜ ŀƴŘ 
ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƴƻǘƛŦȅ ǇƻƭƛŎŜΦрт  

!ŘǾŀƴŎŜƳŜƴǘǎ ƛƴ L/¢ ŀǊŜ ŜƴŀōƭƛƴƎ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ Ƙƻǿ Ŏƛǘȅ 
ƎƻǾŜǊƴƳŜƴǘǎ ǳǎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǇǊƻǾƛŘŜ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ {ƳŀǊǘ /ƛǘƛŜǎ LƴƛǘƛŀǘƛǾŜΣ ŀ Ϸмсл Ƴƛƭƭƛƻƴ ǇǊƻƎǊŀƳ 
ŦƻǊ ǘŜŎƘƴƻƭƻƎȅ ŀǘ ǘƘŜ ƭƻŎŀƭ ƭŜǾŜƭΣ Ƙŀǎ ƛƳǇǊƻǾŜŘ ǘƘŜ ŎƻƭƭŜŎǘƛƻƴΣ ŀƎƎǊŜƎŀǘƛƻƴΣ ŀƴŘ ǳǎŜ ƻŦ ŘŀǘŀΣ ŀƭƭƻǿƛƴƎ ƭƻŎŀƭ 
ƎƻǾŜǊƴƳŜƴǘǎ ǘƻ ōŜǘǘŜǊ ŘŜƭƛǾŜǊ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎΦру ¢ƘǊƻǳƎƘ ǘƘŜ ƛƴƛǘƛŀǘƛǾŜΣ ƳƻǊŜ ǘƘŀƴ нл ŎƛǘƛŜǎ ŀǊŜ ǇŀǊǘƴŜǊƛƴƎ 
ǿƛǘƘ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎΣ ǳƴƛǾŜǊǎƛǘƛŜǎΣ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳǇŀƴƛŜǎ ƛƴ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎ 
ƛƴǾƻƭǾƛƴƎ ǎƳŀǊǘ ŜƴŜǊƎȅ ŘŜǾƛŎŜǎΣ ǘƘŜ LƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎ όLƻ¢ύΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎƻƭǳǘƛƻƴǎΣ ŀƴŘ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΦрф CƻǊ ŜȄŀƳǇƭŜΣ ƻƴŜ ǊŜǎŜŀǊŎƘ ŀǿŀǊŘ ǿƛƭƭ ǎǳǇǇƻǊǘ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǎŜƭŦπ
ŘǊƛǾƛƴƎ ŎŀǊǎ ŀƴŘ ǎƳŀǊǘ ōǳƛƭŘƛƴƎǎΣ ǿƘƛƭŜ ŀƴƻǘƘŜǊ ǿƛƭƭ ƛƴǾŜǎǘƛƎŀǘŜ ƴƻǾŜƭ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƛƴǘŜƎǊŀǘƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ 
ǇƻǿŜǊ ǎƻǳǊŎŜǎ ŀƴŘ ōŀǘǘŜǊȅ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦсл      

2.2.4.1 Municipal Water Efficiency Opportunities 

/ƻƴǾŜȅŀƴŎŜΣ ƛƴƛǘƛŀƭ ǘǊŜŀǘƳŜƴǘΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ŀƭƭ ǊŜǉǳƛǊŜ ŜƴŜǊƎȅ ƛƴǇǳǘΣ ŀƴŘ ǎƻƳŜ 
ƘŀǾŜ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎȅ ƻǳǘǇǳǘǎ όǎǳŎƘ ŀǎ ŜƴŜǊƎȅ ŦǊƻƳ ǿŀǎǘŜǿŀǘŜǊ ōƛƻπǎƻƭƛŘǎύΦсм ¢ƘŜ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ŘŜƳŀƴŘ 
ŦƻǊ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ƛƴŎǊŜŀǎŜŘ ōȅ ƳƻǊŜ ǘƘŀƴ ол ǇŜǊŎŜƴǘ ōŜǘǿŜŜƴ мффс ŀƴŘ 
нлмоΦсн ¢Ƙƛǎ ƛƴŎǊŜŀǎŜ ƛǎ ǇǊƛƳŀǊƛƭȅ ŘǳŜ ǘƻ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ όŀōƻǳǘ мт ǇŜǊŎŜƴǘύ ŀƴŘ ƳƻǊŜ ǎǘǊƛƴƎŜƴǘ ǿŀǘŜǊ 
ǉǳŀƭƛǘȅ ǊŜƎǳƭŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǘƘŜ {ŀŦŜ 5ǊƛƴƪƛƴƎ ²ŀǘŜǊ !ŎǘΦсоΣ спΣ срΣ сс CƻǊ ŀ ǘȅǇƛŎŀƭ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜπǊŜŎƻǾŜǊȅ 
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ŦŀŎƛƭƛǘȅΣ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎŎƻǳƴǘǎ ŦƻǊ ƴŜŀǊƭȅ но ǇŜǊŎŜƴǘ ƻŦ ƛǘǎ ƻǇŜǊŀǘƛƴƎ ŎƻǎǘǎΦст ¢ǊŜŀǘƳŜƴǘ ŦŀŎƛƭƛǘƛŜǎΣ ƘƻǿŜǾŜǊΣ 
ƘŀǾŜ ƴǳƳŜǊƻǳǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ōŜŎƻƳŜ ƴŜǘ ǇǊƻŘǳŎŜǊǎ ƻŦ ŜƴŜǊƎȅΦсу aǳƴƛŎƛǇŀƭ ǿŀǎǘŜǿŀǘŜǊ Ŏƻƴǘŀƛƴǎ ŦƛǾŜ 
ǘƻ ǘŜƴ ǘƛƳŜǎ ŀǎ ƳǳŎƘ ŎƘŜƳƛŎŀƭ ŀƴŘ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŀǎ ǘƘŜ ƭŀǿ ŎǳǊǊŜƴǘƭȅ ǊŜǉǳƛǊŜǎ ŦƻǊ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǘƻ 
ƳŜŜǘ ŘƛǎŎƘŀǊƎŜ ǎǘŀƴŘŀǊŘǎΦсфΣ тлΣ тм   

¢ƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ ƻŦ ǿŀȅǎ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜ ǘƘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ŜƭŜŎǘǊƛŎ ǿŀǘŜǊ ǇǳƳǇǎ ǳǎŜŘ ƛƴ 
ƳǳƴƛŎƛǇŀƭ ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎΦ ¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ό5h9ύ Ƙŀǎ ǊŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘȅ 
ƻǾŜǊ ǇǳƳǇǎΣ ƛƴŎƭǳŘƛƴƎ ǿŀǘŜǊ ǇǳƳǇǎΦ !ƴŘ ƛƴ нлмсΣ 5h9 ǎŜǘ ƳƛƴƛƳǳƳ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŎŜǊǘŀƛƴ ŎŀǘŜƎƻǊƛŜǎ ƻŦ 
ǿŀǘŜǊ ǇǳƳǇǎ ŀƴŘ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ŘǊƛǾŜǎΤ 5h9 ǊŜǉǳƛǊŜŘ ŎƻƳǇƭƛŀƴŎŜ ǎǘŀǊǘƛƴƎ ƛƴ нлнлΦƘ 
aƻǊŜƻǾŜǊΣ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ŎƻǳƭŘ ƘŀǾŜ ǘƘŜ ŀƴŎƛƭƭŀǊȅ ōŜƴŜŦƛǘ ƻŦ 
ŜƴƘŀƴŎŜŘ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ƻƴ ŜƴŜǊƎȅ ǳǎŜ ōȅ ǇǳƳǇǎΦтн hǘƘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ǊŜŘǳŎŜ ǇǳƳǇǎΩ 
ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ŀǊŜ ŀƭǎƻ ƻƴ ǘƘŜ ǊƛǎŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ōŜŎŀǳǎŜ ǿŀǘŜǊ ǇǳƳǇǎ ǳǎŜŘ ŦƻǊ ƛǊǊƛƎŀǘƛƻƴ ŀƴŘ 
ƳǳƴƛŎƛǇŀƭ ǿŀǘŜǊ ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ǘŜƳǇƻǊŀǊƛƭȅ ǘǳǊƴŜŘ ƻŦŦ ǘƻ ǊŜŘǳŎŜ ƭƻŀŘ ŘǳǊƛƴƎ ǇŜǊƛƻŘǎ ƻŦ ǇŜŀƪ ŘŜƳŀƴŘΣ ŀ 
ƴǳƳōŜǊ ƻŦ ǳǘƛƭƛǘƛŜǎ ŀƭǊŜŀŘȅ ƻŦŦŜǊ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ƻǇŜǊŀǘƻǊǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ 5w ǇǊƻƎǊŀƳǎΦ  

2.2.5 Residential Consumers 

¢ƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀōƻǳǘ оу ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ {ƛƴƎƭŜπŦŀƳƛƭȅ 
ŘŜǘŀŎƘŜŘ ƘƻƳŜǎ ŎƻƴǎǳƳŜ ǘƘŜ ƳŀƧƻǊƛǘȅτтп ǇŜǊŎŜƴǘτƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎǊƻǎǎ ǘƘŜ bŀǘƛƻƴΩǎ ǘƻǘŀƭ ǎǘƻŎƪ ƻŦ 
ммоΦс Ƴƛƭƭƛƻƴ ǊŜǎƛŘŜƴŎŜǎΦ ²ƘƛƭŜ ǊŜǎƛŘŜƴǘƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴŎǊŜŀǎŜŘ ōŜǘǿŜŜƴ мффл ŀƴŘ нллсΣ ƛƴ ƳƻǊŜ 
ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ƭƛǘǘƭŜΣ ƻǊ ŜǾŜƴ ƴŜƎŀǘƛǾŜΣ ŀƴƴǳŀƭ ŜƭŜŎǘǊƛŎƛǘȅπŎƻƴǎǳƳǇǘƛƻƴ ƎǊƻǿǘƘ ƛƴ ǘƘŜ 
ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊΦ LƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴǘŜƴǎƛǘȅ όƳŜƎŀǿŀǘǘ ƘƻǳǊǎ ώa²ƘϐκƘƻǳǎŜƘƻƭŘύ ƻŦ ǘƘŜ 
ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊΣ ƭŀǊƎŜƭȅ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ƻŦ Ƴƻǎǘ ŜƴŘ ǳǎŜǎΣ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ 
ǘƘƛǎ ǊŜŎŜƴǘ ƭƻǿ ƎǊƻǿǘƘΦ  

¢ƘŜ ƴǳƳōŜǊ ƻŦ ¦Φ{Φ ƘƻǳǎŜƘƻƭŘǎ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎΣ ŀƴŘ ǘƘƛǎ ƎǊƻǿǘƘ ƛƴ ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ƛǎ ŜȄǇŜŎǘŜŘ 
ǘƻ ŎƻƴǘƛƴǳŜΦ tŜǊ ƘƻǳǎŜƘƻƭŘΣ ƘƻǿŜǾŜǊΣ нлпл ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŀƎŜ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ ƭƻǿŜǊ ǘƘŀƴ нлмоτмл 
ǇŜǊŎŜƴǘ ƭƻǿŜǊ ǇŜǊ ƘƻǳǎŜƘƻƭŘΣ у ǇŜǊŎŜƴǘ ƭƻǿŜǊ ǇŜǊ ŎŀǇƛǘŀΣ ŀƴŘ му ǇŜǊŎŜƴǘ ƭƻǿŜǊ ǇŜǊ ǎǉǳŀǊŜ ŦƻƻǘΦ /ƻƴǘƛƴǳŜŘ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƻǘƘŜǊ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƭƛƪŜ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜΣ ŀǊŜ 
ƭƛƪŜƭȅ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ƛƴ ƴŜǿ ŀƴŘ ŜȄƛǎǘƛƴƎ ƘƻƳŜǎ ŀƴŘ ŀŎǊƻǎǎ ŀǇǇƭƛŀƴŎŜǎΣ ƭƛƎƘǘƛƴƎΣ ǿŀǘŜǊ ƘŜŀǘƛƴƎΣ ƘŜŀǘƛƴƎ ŀƴŘ 
ŎƻƻƭƛƴƎ ŜǉǳƛǇƳŜƴǘΣ ŀƴŘ ŜƭŜŎǘǊƻƴƛŎǎΣ ǇǳǘǘƛƴƎ ŘƻǿƴǿŀǊŘ ǇǊŜǎǎǳǊŜ ƻƴ ƭƻŀŘ ƎǊƻǿǘƘΦ w Ŝ ƴ Ŝ ǿ ŀ ō ƭ Ŝ  
Ŝ ƴ Ŝ Ǌ Ǝ ȅ  ŀ ƴ Ř  ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ǳǘƛƭƛǘƛŜǎ ŀƴŘ CŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ 
ƘŀǾŜ ǇƭŀȅŜŘ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ŜƴŀōƭƛƴƎ ǘƘŜǎŜ ǘǊŜƴŘǎΦ  

2.2.5.1 Energy Management through DR, Automation, and Smart Homes  

{ƛƴŎŜ ǘƘŜ мфулǎΣ ŀ ƴǳƳōŜǊ ƻŦ ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ƻǇŜǊŀǘŜŘ ǊŜǘŀƛƭ 5w ǇǊƻƎǊŀƳǎ ǳǎƛƴƎ ǊŀŘƛƻΣ ǇƻǿŜǊƭƛƴŜ ŎŀǊǊƛŜǊΣ 
ŀƴŘ ƴƻǿ ŀƭǎƻ ǘƘǊƻǳƎƘ ǎƳŀǊǘ ƳŜǘŜǊπŜƴŀōƭŜŘΣ ǳǘƛƭƛǘȅπǎǳǇǇƭƛŜŘΣ ŎŜƴǘǊŀƭ ŀƛǊπŎƻƴŘƛǘƛƻƴŜǊ ŀƴŘ ŜƭŜŎǘǊƛŎ ǿŀǘŜǊπ
ƘŜŀǘŜǊ ǎǿƛǘŎƘŜǎΦ .ƻǘƘ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴƛŜǎ ƴƻǿ ŀƎƎǊŜƎŀǘŜ ǊŜǎƛŘŜƴǘƛŀƭ ƭƻŀŘǎ ƛƴ ǊŜǘŀƛƭ ŀƴŘ 
ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎΦ ²ƘƛƭŜ ƎǊƻǿƛƴƎΣ ǘƘŜ ǿƛŘŜǎǇǊŜŀŘ ŀƴŘ ŘŜŜǇ ǳǎŜ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊ ƭƻŀŘǎ 
ŀǎ ǇŀǊǘ ƻŦ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƻǇŜǊŀǘƛƻƴǎ ƛǎ ǎǘƛƭƭ ǊŜƭŀǘƛǾŜƭȅ ƴŀǎŎŜƴǘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛǘǎ ǇƻǘŜƴǘƛŀƭΦ   

/ǳǊǊŜƴǘƭȅΣ Ƴƻǎǘ ǊŜǎƛŘŜƴǘƛŀƭ ōǳƛƭŘƛƴƎǎ ŀǊŜ ŜǉǳƛǇǇŜŘ ǘƻ ŀǳǘƻƳŀǘŜ ƻƴƭȅ ŀ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǘŀǎƪǎ ǎƛƴŎŜ 
ŀŦŦƻǊŘŀōƭŜ ŀǳǘƻƳŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅΣ ǿƛǘƘ ǎƻƳŜ ŜȄŎŜǇǘƛƻƴǎΣ ƛǎ ƴƻǘ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ ƻǊ ǿƛŘŜƭȅ ǳǎŜŘΦ 
Lƴ ŀŘŘƛǘƛƻƴΣ ǎƳŀǊǘ ƳŜǘŜǊǎΣ ŀ ƪŜȅ ŜƴŀōƭŜǊ ƻŦ ǎǳŎƘ ŀŎǘƛǾƛǘƛŜǎΣ ƘŀǾŜ ōŜŜƴ ǊŜŎŜƴǘƭȅ ǿƛŘŜƭȅ ŘŜǇƭƻȅŜŘ ŀƴŘ ŀǊŜ ƻƴƭȅ 
ŀǘ ŀƴ ŜŀǊƭȅ ǎǘŀƎŜ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ ŎƻƴǎǳƳŜǊ ŀƴŘ ƴƻǘ ƻƴƭȅ ǳǘƛƭƛǘȅ ǳǎŜǎΦ  

                                                           
Ƙ мл /ΦCΦwΦ пнфΣ мл /ΦCΦwΦ помΦ ¢ƘŜ 9ƴŜǊƎȅ tƻƭƛŎȅ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ !Ŏǘ ƻŦ мфтрΣ ŀǎ ŀƳŜƴŘŜŘΣ ǎŜǘǎ ŦƻǊǘƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇǊƻǾƛǎƛƻƴǎ 
ŘŜǎƛƎƴŜŘ ǘƻ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ tŀǊǘ / ƻŦ ¢ƛǘƭŜ LLL ŜǎǘŀōƭƛǎƘŜǎ ǘƘŜ ά9ƴŜǊƎȅ /ƻƴǎŜǊǾŀǘƛƻƴ tǊƻƎǊŀƳ ŦƻǊ /ŜǊǘŀƛƴ LƴŘǳǎǘǊƛŀƭ 
9ǉǳƛǇƳŜƴǘΦέ ¢ƘŜ ŎƻǾŜǊŜŘ ŜǉǳƛǇƳŜƴǘ ƛƴŎƭǳŘŜǎ ǇǳƳǇǎΦ 
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tǊƻƎǊŀƳƳŀōƭŜ ǘƘŜǊƳƻǎǘŀǘǎ ŀǊŜ ǿƛŘŜƭȅ ŀǾŀƛƭŀōƭŜ ŀƴŘ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ от ǇŜǊŎŜƴǘ ƻŦ ƘƻǳǎƛƴƎ ǳƴƛǘǎΤ ƘƻǿŜǾŜǊΣ 
ƻƴƭȅ ро ǇŜǊŎŜƴǘ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ǿƛǘƘ ǘƘŜǎŜ ǘƘŜǊƳƻǎǘŀǘǎ ǳǎŜ ǘƘŜƳ ǘƻ ƭƻǿŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳǊƛƴƎ ǘƘŜ ŘŀȅΣ 
ŀƴŘ ƻƴƭȅ см ǇŜǊŎŜƴǘ ǳǎŜ ǘƘŜƳ ǘƻ ƭƻǿŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻǾŜǊƴƛƎƘǘΦоф  

!ƭǎƻΣ άǎƳŀǊǘέ ǘƘŜǊƳƻǎǘŀǘǎΣ ǿƘƛŎƘ Ŏŀƴ ƭŜŀǊƴ ŦǊƻƳ ƻŎŎǳǇŀƴǘ ōŜƘŀǾƛƻǊ ŀƴŘ ŀŘƧǳǎǘ ǎŜǘǘƛƴƎǎ ǘƻ ƳƛƴƛƳƛȊŜ 
ŜƴŜǊƎȅ ǳǎŜΣ ŀǊŜ ƴƻǿ ŀǾŀƛƭŀōƭŜΦ ¢ƘŜǎŜ ŘŜǾƛŎŜǎ Ŏŀƴ ŀƭǎƻ ŜƴŀōƭŜ ŀǳǘƻƳŀǘŜŘ 5w ǘƘǊƻǳƎƘ ŀ ƘƻƳŜΩǎ ǎƳŀǊǘ 
ƳŜǘŜǊΣ ŀŘƧǳǎǘƛƴƎ ǘƘŜǊƳƻǎǘŀǘǎ ŘǳǊƛƴƎ ǇŜŀƪ ƭƻŀŘ ŜǾŜƴǘǎ ǘƻ ǎƘŀǾŜ ǳǎŀƎŜΦпл {ƻƳŜ ǎƳŀǊǘ ǘƘŜǊƳƻǎǘŀǘǎ Ŏŀƴ ƴƻǿ 
ǳǎŜ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘƻ ŎƻƴǘǊƻƭ ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ƻǘƘŜǊ ǎƳŀǊǘ ŘŜǾƛŎŜǎ ǿƛǘƘƛƴ ƘƻƳŜǎΤ ǘƘŜȅ Ƴŀȅ ŜǾŜƴ 
ǎŜǊǾŜ ŀǎ ǘƘŜ ŎƻƴǘǊƻƭ ǇƭŀǘŦƻǊƳ ŦƻǊ άǎƳŀǊǘ ƘƻƳŜǎΦέ IƻƳŜƻǿƴŜǊǎ Ŏŀƴ ŀƭǎƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜǎŜ ŘŜǾƛŎŜǎ ǿƛǘƘ 
ǊŜǎƛŘŜƴǘƛŀƭ ǎƻƭŀǊ ƻǳǘǇǳǘ ŀƴŘΣ ŀƭƻƴƎ ǿƛǘƘ ǎǘƻǊŀƎŜ ƻǊ 9±ǎΣ ǳǎŜ ǘƘŜƳ ǘƻ ǊŜŀŎǘ ǘƻ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ǘƻ ƻǇǘƛƳƛȊŜ 9± 
ōŀǘǘŜǊȅ ŎƘŀǊƎƛƴƎ ŀƴŘ ƻǾŜǊŀƭƭ ǎȅǎǘŜƳ ǇŜǊŦƻǊƳŀƴŎŜΦ 9±ǎ ŎƻǳƭŘ ŀŎǘ ŀǎ ƳƻōƛƭŜ ōŀǘǘŜǊȅ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ŎƻƴǎǳƳŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ƻǊ ǇǊƻǾƛŘŜ ƛǘ ōŀŎƪ ǘƻ ǘƘŜ ƎǊƛŘ ŀǎ ŜƴŜǊƎȅ ƻǊ ŦǊŜǉǳŜƴŎȅ ƳŀƴŀƎŜƳŜƴǘ ǎŜǊǾƛŎŜǎ ǿƘŜǊŜ ƛƴŎŜƴǘƛǾŜǎ ŜȄƛǎǘΦƛ 

2.2.5.2 Consumer Preferences for New Technologies and Services 

¦ǘƛƭƛǘƛŜǎ ŀƴŘ ƻǘƘŜǊ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎŜƎƳŜƴǘƛƴƎ ǘƘŜ ōǊƻŀŘ ŎƻƴǎǳƳŜǊ ŎƭŀǎǎŜǎ ƛƴǘƻ ǎƳŀƭƭŜǊΣ 
ƳƻǊŜπǎǇŜŎƛŦƛŎ ƎǊƻǳǇǎ ōŀǎŜŘ ƻƴ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ƳŀǊƪŜǘƛƴƎ ǇǳǊǇƻǎŜǎΦƧ   

¢ŜŎƘƴƻƭƻƎȅ ƛǘǎŜƭŦ Ŏŀƴ ƘŜƭǇ ǳǘƛƭƛǘƛŜǎ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƴŜŜŘǎ ŀƴŘ ƛƴǘŜǊŜǎǘǎ ƻŦ ŎƻƴǎǳƳŜǊǎΦ 9ƭŜŎǘǊƛŎ 
ǳǘƛƭƛǘƛŜǎ ŀǊŜ ōŜƎƛƴƴƛƴƎ ǘƻ ǳǎŜ άōƛƎ Řŀǘŀ ŀƴŀƭȅǘƛŎǎέ ǘƻ ōŜǘǘŜǊ ƳŜŜǘ ǘƘŜƛǊ ŎǳǎǘƻƳŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ŘŜƭƛǾŜǊ 
ǎŜǊǾƛŎŜǎ ǘƻ ǘƘŜƳΦтоΣ тп !ǎ ƳƻǊŜ ǊŜǎƛŘŜƴǘƛŀƭ ǘȅǇŜǎ ŎƻƴǘƛƴǳŜ ǘƻ ŜƳŜǊƎŜΣ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǘƘƛǊŘ ǇŀǊǘƛŜǎ ŀǊŜ 
ƴƻ ƭƻƴƎŜǊ ǘǊŜŀǘƛƴƎ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎ ŀǎ ƳƻƴƻƭƛǘƘƛŎΦ Lƴ ǊŜǎǇƻƴǎŜΣ ǘƘŜȅ ƘŀǾŜ ŀŎŎƻǊŘƛƴƎƭȅ ŀŘƧǳǎǘŜŘ ǘƘŜƛǊ 
ǇǊƻŘǳŎǘ ƻŦŦŜǊƛƴƎǎτŀƭƭ ƻŦ ǿƘƛŎƘ ƘŀǾŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎȅǎǘŜƳΦ   

LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎπǇƻǿŜǊ ǎȅǎǘŜƳ ƛƴŎƭǳŘŜ ƛƴŦƭǳŜƴŎŜǎ 
ƻƴ ǘȅǇŜǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ǘƘŀǘ ŀǊŜ ōǳƛƭǘΤ Ƙƻǿ ŘƛǎǘǊƛōǳǘƛƻƴ 
ǎȅǎǘŜƳǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ŀƴŘ ƻǇŜǊŀǘŜŘΤ Ƙƻǿ Ŧŀǎǘ ŘƛǎǘǊƛōǳǘƛƻƴ 
ƻǳǘŀƎŜǎ ŀǊŜ ǊŜǎǘƻǊŜŘΤ ǊŜǘŀƛƭ ǊŀǘŜ ŘŜǎƛƎƴ ŀƴŘ ŎǳǎǘƻƳŜǊ ōƛƭƭǎΤ 
ŀƴŘ Ƙƻǿ ǳǘƛƭƛǘȅ ƛƴŘǳǎǘǊȅ ōǳǎƛƴŜǎǎ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ƳƻŘŜƭǎ 
ŜǾƻƭǾŜΦ ! ŎŜƴǘǊŀƭ ǉǳŜǎǘƛƻƴ ŦƻǊ ǎǘŀǘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǊŜƎǳƭŀǘƻǊǎΣ 
ŎƻƴǎǳƳŜǊ ŀŘǾƻŎŀǘŜǎΣ ŀƴŘ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ ƛǎ Ƙƻǿ ǘƻ ōŀƭŀƴŎŜ 
ǘƘŜ ǳǘƛƭƛǘȅΩǎ ƴŜŜŘ ǘƻ ǊŜŎƻǾŜǊ ŦƛȄŜŘ Ŏƻǎǘǎ ŀƴŘ ƛǘǎ ƻōƭƛƎŀǘƛƻƴ ǘƻ 
ǇǊƻǾƛŘŜ ǎŀŦŜΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ŜƴŜǊƎȅ ǘƻ ŀƭƭ ŎƻƴǎǳƳŜǊǎ 
ǿƛǘƘ ǎƳŀƭƭΣ ŀōŜƛǘ ƎǊƻǿƛƴƎΣ ŘŜǎƛǊŜ ŦƻǊ ƳƻǊŜ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎΦтр 

  

                                                           
ƛ /ƘŀǇǘŜǊ LLL όBuilding a Clean Electricity Futureύ ŘƛǎŎǳǎǎŜǎ 9±ǎ ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ŎƘŀǊƎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ǇǊƻǾƛŘŜ ƳƻǊŜ ŎƘŀǊƎƛƴƎ 
ƻǇǘƛƻƴǎ ǘƻ ŎƻƴǎǳƳŜǊǎΦ 
Ƨ {ŜŜ ǘƘŜ ōƻŘȅ ƻŦ ǿƻǊƪ ōȅ ǘƘŜ 9Řƛǎƻƴ CƻǳƴŘŀǘƛƻƴΩǎ LƴǎǘƛǘǳǘŜ ƻŦ 9ƭŜŎǘǊƛŎ LƴƴƻǾŀǘƛƻƴΣ ƘǘǘǇΥκκǿǿǿΦŜŘƛǎƻƴŦƻǳƴŘŀǘƛƻƴΦƴŜǘκƛŜƛκΦ 

A central question for state electricity 
regulators, consumer advocates, and 
electric utilities is how to balance the 
utilityôs obligation to provide safe, 
reliable, and affordable energy to all 
consumers with a growing desire for 
more products and services from a 
smaller subset of consumers. 

http://www.edisonfoundation.net/iei/
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Retail Electric Choice Markets 
In the late 1990s and early 2000s, some state legislatures passed legislation opening the retail electricity 
market to firms beyond the incumbent distribution utility. Currently, 14 states and the District of Columbia 
have programs that allow end-use customers to buy electricity from competitive retail suppliers.k, 76 Under 
this structure, the regulated distribution utility still manages and provides the distribution of electricity 
through wires, with retail marketers procuring and selling the commodity itself. State retail open-access 
policies typically apply only to investor-owned utilities, though some states conditionally require it for electric 
cooperatives as well. States with retail open access typically do not require it for public power utilities, 
leaving competition policy to their local governing boards. Some states, such as Michigan, cap retail open 
access as a percentage of electricity sales (i.e., alternative retail electric supplies, besides the incumbent 
distribution utility, can provide up to 10 percent of retail electric sales).  

The outcome of retail electric choice has been mixed. Retail choice has introduced dynamic pricing 
programs and new services, and it has encouraged the growth of renewable energy. However, electricity 
prices in areas with retail choice have been more variable and possibly even higher than in areas without 
it.77, 78 Most states with retail choice also rely on the distribution utility that serves as the default energy 
commodity provider, with administratively determined rates for customers who choose not to participate in 
the retail market.  

2.2.5.3 Distributed Generation: A Consumer Choice 

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƻǿǘƘ ƛƴ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǊƻƻŦǘƻǇ ǎƻƭŀǊ t±Σ 
ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ŦƻǎǘŜǊŜŘ ōȅ ƭƻǿŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴ ŀƴŘ ƘŀǊŘǿŀǊŜ Ŏƻǎǘǎ ŀƴŘ ǎǳǇǇƻǊǘƛǾŜ ǇƻƭƛŎƛŜǎΣ ǎǳŎƘ ŀǎ ƴŜǘ 
ƳŜǘŜǊƛƴƎ ŀƴŘ ǎŜƭŦπƎŜƴŜǊŀǘƛƻƴ ǘŀǊƛŦŦǎ ŀƴŘ wt{ǎ ǿƛǘƘ ǎŜǘπŀǎƛŘŜǎ ƻǊ ƳǳƭǘƛǇƭƛŜǊǎ ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΦ 
IƻǿŜǾŜǊΣ ǎƻƳŜ ǎǘŀǘŜǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŀŘƧǳǎǘƛƴƎ ǘƘŜƛǊ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎƛŜǎ ŀǎ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ t± ƳŀǊƪŜǘ 
ƎǊƻǿǎΦ {ǘŀǘŜǎ ǿƛǘƘ ƭƻƴƎŜǊπǘŜǊƳ ǇƻƭƛŎƛŜǎ όŜΦƎΦΣ ǘŀǊƎŜǘǎΣ ƛƴŎŜƴǘƛǾŜǎύ ƘŀǾŜ ǎŜŜƴ ƳƻǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ 
ŀŘƻǇǘƛƻƴΦ CǳǘǳǊŜ ƎǊƻǿǘƘ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ƭƻŎŀƭ ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ǊŜǘŀƛƭ 
ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜ ŀƴŘ ǊŜǎƻǳǊŎŜ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ǘƘǳǎ ǾŀǊȅ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅΦ  

                                                           
ƪ Lƴ нлмпΣ нл ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ όa²Ƙύ ǘƻ ǳƭǘƛƳŀǘŜ ŎƻƴǎǳƳŜǊǎ ǿŜǊŜ ōȅ ŎƻƳǇŜǘƛǘƛǾŜ ǊŜǘŀƛƭ ǎǳǇǇƭƛŜǊǎΣ 2016–2017 Annual
Directory and Statistical IssueΣ рмΣ ŘŜǊƛǾŜŘ ŦǊƻƳ 9L! CƻǊƳ усм ŘŀǘŀΦ 



Chapter II: The Electricity Sector: Maximizing Economic Value and Consumer Equity 
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Figure 2-6. Distributed Solar PV Capacity, Top 10 States, As Of August 2016 (in MW Alternating 
Current [AC])79 

 
Distributed solar PV capacity is unevenly distributed in the US. As of August 2016, roughly a third of capacity 
was installed in California, followed by New Jersey and Massachusetts.    

5ƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t± ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƎǊŜǿ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ ƻǾŜǊ ул ōŜǘǿŜŜƴ нллп ŀƴŘ нлмпΣул ǿƘƛƭŜ 
ŘƛǎǘǊƛōǳǘŜŘ ǿƛƴŘ ƛƴŎǊŜŀǎŜŘ ōȅ ŀōƻǳǘ ŀ ŦŀŎǘƻǊ ƻŦ мпΦум ¢ƘŜ ǇǊƛŎŜ ƻŦ ƛƴǎǘŀƭƭŜŘ ǊŜǎƛŘŜƴǘƛŀƭ ǎƻƭŀǊ t± ƛǎ ǇǊƻƧŜŎǘŜŘ 
ǘƻ Ŧŀƭƭ ōŜƭƻǿ Ϸнκ²5/ ƛƴ ǘƘŜ ƴŜȄǘ мл ȅŜŀǊǎ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t± ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ 
ƎǊƻǿ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ ƴŜŀǊƭȅ мф ŦǊƻƳ нлмр ǘƻ нлплΦун уо aƻǎǘ ŘƛǎǘǊƛōǳǘŜŘ ǿƛƴŘ ƛǎ ƛƴǎǘŀƭƭŜŘ ŀǘ ŎƻƳƳŜǊŎƛŀƭ 
ŦŀŎƛƭƛǘȅ ǎƛǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ ŦŀŎƛƭƛǘƛŜǎΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǿƛƴŘ ŎŀǇŀŎƛǘȅ ƛǎ 
ŀǘ ƛƴŘǳǎǘǊƛŀƭ όот҈ύΣ ƛƴǎǘƛǘǳǘƛƻƴŀƭ όнп҈ύΣ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ όнл҈ύ ŦŀŎƛƭƛǘƛŜǎΦуп  ¢ƻǘŀƭ ŎŀǇŀŎƛǘȅ ƎǊŜǿ ǎǘŜŀŘƛƭȅ 
ŦǊƻƳ нлло ǘƻ нлмнΣ ōǳǘ ƎǊƻǿǘƘ ŘŜŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōŜƎƛƴƴƛƴƎ ƛƴ нлмоΣ ǇǊƛƳŀǊƛƭȅ ŘǳŜ ǘƻ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ 
ŦŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜǎ ƛƴŎŜƴǘƛǾŜǎΦур  5ŜǎǇƛǘŜ ǘƘŜ ǊŀǇƛŘ ƎǊƻǿǘƘ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ t±Σ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎ ŎƻƴǘǊƛōǳǘŜ ŀ 
ǎƳŀƭƭ ǇƻǊǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅΤ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нπсΣ ǘƘŜȅ Ǉƭŀȅ ŀ ƭŀǊƎŜǊ 
ǊƻƭŜ ƛƴ ǎƻƳŜ ǎǘŀǘŜǎΦ ¢ƘŜ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t± ƛƴ нлмр ǿŀǎ ŀōƻǳǘ лΦоп ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦{ 
ƎŜƴŜǊŀǘƛƻƴΦус 

2.2.5.4 Small-Scale Distributed Storage 

{ƳŀƭƭπǎŎŀƭŜ ŘƛǎǘǊƛōǳǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ƛǎ ōŜŎƻƳƛƴƎ ƳƻǊŜ ǿƛŘŜƭȅ ŀǾŀƛƭŀōƭŜ ŀƴŘ Ŏŀƴ ǊŜŘǳŎŜ ǇŜŀƪ ƭƻŀŘΣ 
ƛƳǇǊƻǾŜ ŜƭŜŎǘǊƛŎŀƭ ǎǘŀōƛƭƛǘȅΣ ǊŜŘǳŎŜ ǇƻǿŜǊ ǉǳŀƭƛǘȅ ŘƛǎǘǳǊōŀƴŎŜǎΣ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ƛƴŎǊŜŀǎŜŘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ 
ǾŀǊƛŀōƭŜ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎΦ ¦ƴŘŜǊ ǎƻƳŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎΣ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ Ŏŀƴ ǊŜŘǳŎŜ ǊŜǎƛŘŜƴǘƛŀƭ 
ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭǎ όǎŜŜ CƛƎǳǊŜ нπтύΦ ¢ƘŜǊŜ ŀǊŜ ƴǳƳŜǊƻǳǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǾŀƛƭŀōƭŜΣ ƛƴŎƭǳŘƛƴƎ ǎǘŀǘƛƻƴŀǊȅ ōŀǘǘŜǊȅ 
ǎǘƻǊŀƎŜΣ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ όŎǊŜŀǘƛƴƎ ƛŎŜ ƻǊ ŎƘƛƭƭŜŘ ǿŀǘŜǊύΣ ŀƴŘ ǇƭǳƎπƛƴ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ όt9±ǎύ ǿƛǘƘ 
ƻƴōƻŀǊŘ ōŀǘǘŜǊƛŜǎΦ ¢ƘƻǳƎƘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻǇǘƛƻƴǎ ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎΣ ǘƘŜǊŜ ƛǎ ŎǳǊǊŜƴǘƭȅ 
ƻƴƭȅ ŀōƻǳǘ орл a² ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ¦Φ{ΦΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ƭŜǎǎ ǘƘŀƴ н҈ ƻŦ 
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ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ŀƴŘ ƭŜǎǎ ǘƘŀƴ лΦм҈ ƻŦ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅΦут ƭ 5ŜŎƭƛƴƛƴƎ 
Ŏƻǎǘǎ ŦƻǊ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎȅΣ ŘǊƛǾŜƴ ōȅ ƎǊŜŀǘŜǊ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ōŀǘǘŜǊƛŜǎ ŦƻǊ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ŀƴŘ ǎǘŀǘŜπƭŜǾŜƭ 
ǎǘƻǊŀƎŜ ƳŀƴŘŀǘŜǎΣƳ ǿƛƭƭ ŘǊƛǾŜ ƎǊŜŀǘŜǊ ŀŘƻǇǘƛƻƴ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦ .ŜǘǿŜŜƴ нллт ŀƴŘ нлмпΣ 
ǘƘŜ Ŏƻǎǘ ƻŦ ƭƛǘƘƛǳƳπƛƻƴ ōŀǘǘŜǊȅ ǇŀŎƪǎ ŘŜŎƭƛƴŜŘ ōȅ ŀƭƳƻǎǘ сл ǇŜǊŎŜƴǘΣƴ ƘŜƭǇƛƴƎ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŦƻǊŜŎŀǎǘǎ 
ǎƘƻǿƛƴƎ ǊŀǇƛŘ ƎǊƻǿǘƘ ƛƴ ŘƛǎǘǊƛōǳǘŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ŘŜŎŀŘŜΦуу  

5ƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ ƛƴŎƭǳŘƛƴƎ ŀŘƻǇǘƛƻƴ ƻŦ ǇƭǳƎ ƛƴ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ όt9±ǎύ ǿƛǘƘ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜΣ ŎƻǳƭŘ ōŜ ŀ 
ǘǊŀƴǎŦƻǊƳŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎȅΦуф YŜȅ ǇƻƭƛŎȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴŎƭǳŘŜ ƛŘŜƴǘƛŦȅƛƴƎ ǘȅǇŜǎ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ 
ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ŎƻǳƭŘ ŦŀŎƛƭƛǘŀǘŜ ǇŀƛǊƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ ǿƛǘƘ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ƻǊ ŘŜƳŀƴŘ 
ǊŜǎǇƻƴǎŜ ǘƻ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ǘƻ ōƻǘƘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŎǳǎǘƻƳŜǊǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǇƻƭƛŎƛŜǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ǇǊƻǘƻŎƻƭǎ 
ŎƻǳƭŘ ƘŜƭǇ ƛƴǘŜƎǊŀǘŜ ƳƻōƛƭŜ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ όƛΦŜΦΣ t9±ǎύ ƛƴǘƻ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ǘƻ ŦŀŎƛƭƛǘŀǘŜ 
ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊΦ /ƻƴǎƛŘŜǊƛƴƎ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ǘŀǊƎŜǘ ōŀǊǊƛŜǊǎ ǘƻ 
ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƛƳǇƻǊǘŀƴǘ ǎǘŜǇΦ 

 

                                                           
ƭ ¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅτŀōƻǳǘ фу ǇŜǊŎŜƴǘτƻŦ ǘƻǘŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ǇǳƳǇŜŘ ƘȅŘǊƻǇƻǿŜǊΣ ǿƘƛŎƘ ƛǎ 
ǘǊŀŘƛǘƛƻƴŀƭƭȅ ŎƻƴǎƛŘŜǊŜŘ ƎǊƛŘπōŀǎŜŘ ǎǘƻǊŀƎŜ ŀƴŘ ƛǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΦ   /ƛǘŀǘƛƻƴΥ 
ƘǘǘǇǎΥκκǿǿǿΦŜƴŜǊƎȅΦƎƻǾκǎƛǘŜǎκǇǊƻŘκŦƛƭŜǎκнлмрκлпκŦннκIȅŘǊƻǇƻǿŜǊπaŀǊƪŜǘπwŜǇƻǊǘπIƛƎƘƭƛƎƘǘǎΦǇŘŦΤ 5h9 Dƭƻōŀƭ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ 
5ŀǘŀōŀǎŜΦ  ƘǘǘǇΥκκǿǿǿΦŜƴŜǊƎȅǎǘƻǊŀƎŜŜȄŎƘŀƴƎŜΦƻǊƎκ 
Ƴ Lƴ нлмоΣ /ŀƭƛŦƻǊƴƛŀ ǇŀǎǎŜŘ !ǎǎŜƳōƭȅ .ƛƭƭ нрмп ǿƘƛŎƘ ƳŀƴŘŀǘŜǎ ǘƘŜ ǎǘŀǘŜ ǘƻ ƛƴǎǘŀƭƭ мΦо D² ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘƻ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎǊƛŘǎ ōȅ нлнлΦ  
ƴ .ŜǘǿŜŜƴ нллт ŀƴŘ нлмпΣ [ƛǘƘƛǳƳπƛƻƴ ōŀǘǘŜǊȅ ǇŀŎƪǎ ŘŜŎǊŜŀǎŜŘ ƛƴ Ŏƻǎǘ ŦǊƻƳ ϷмΣлллκƪ²Ƙ ǘƻ Ϸпмлκƪ²ƘΦ 

https://www.energy.gov/sites/prod/files/2015/04/f22/Hydropower-Market-Report-Highlights.pdf
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Residential Electricity Bill Savings from Distributed Electric Storage90 
This project analyzed over 45,000 utility rates for more than 4,500 utilities covering all regions of the 
country.91 To identify the electricity bill savings opportunities from the use of distributed energy storage 
(DES), two operational strategies are modeled:  

 Flattened: Flatten the load profile to minimize demand changes 
 Arbitrage: Reduce energy use during peak and increase energy use during off-peak periods to take 

advantage of time-of-use rate designs 

Figure 2-7. Gross Residential Customer Electricity Bill Savings for the Flattened and Arbitraged 
Demand Profiles. Top: Bill Savings from Flattened Load Profiles; Bottom: Bill Savings from 
Arbitraged Load Profiles92 

 

 
Estimated electricity bills for residential customers with Distributed Energy Storage ranged from showing 
no savings to a greater than 40% reduction in electricity bills. The opportunities for customers to save on 
their electricity bills are geographically similar for the flattened and arbitraged demand profiles, but appear 
to lack geographic correlation with urban or rural areas. Each service territory may have several utility rates 
applicable to that area, so only the largest electricity bill savings available are shown in the figure (where 
data exist).   
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This analysis found that customer investment in DES can provide electricity bill savings for over 80 million 
residential customers. However, electricity bill savings opportunities are geographically heterogeneous and 
highly dependent on local rate structures, and the savings in all cases are significantly lower than the 
normalized cost of the DES. Furthermore, the electricity bill savings that customers realize are not 
commensurate with the net system benefits that DES provides as estimated by current technical literature. 
The shortfall between net system benefits, or the social value of DES, and customer electricity bill savings, 
or the private value of DES, suggests that traditional utility rate design does not adequately reflect the net 
benefits that a customer with DES provides the system, and additional remuneration methods may be 
needed to bridge that shortfall. 

2.2.5.5 Challenges to Electricity Affordability 

!ŎǊƻǎǎ ŀƭƭ ƘƻǳǎŜƘƻƭŘǎΣ ǘƘŜ ƳŜŀƴ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ƘƻƳŜ ŜƭŜŎǘǊƛŎƛǘȅ ǿŀǎ ϷмΣфосΦфо 9ƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ŀƴŘ ƛǘǎ ǎƘŀǊŜ 
ƻŦ ǘƻǘŀƭ ƘƻǳǎŜƘƻƭŘ ŜȄǇŜƴŘƛǘǳǊŜǎΣ ƘƻǿŜǾŜǊΣ ǾŀǊƛŜǎ ōȅ ǊŜƎƛƻƴ ŀƴŘ ƘƻǳǎŜƘƻƭŘ ŘŜƳƻƎǊŀǇƘƛŎΦ ¢ƘŜ ŀǾŜǊŀƎŜ 
ƘƻǳǎŜƘƻƭŘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ²Ŝǎǘ ŀƴŘ {ƻǳǘƘ ŎŜƴǎǳǎ ǊŜƎƛƻƴǎΦ  

¢ƘŜ ŀŦŦƻǊŘŀōƛƭƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜ ǊŜƳŀƛƴǎ ŀ ŎƘŀƭƭŜƴƎŜ ŦƻǊ Ƴŀƴȅ ƭƻǿπƛƴŎƻƳŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳŜǊǎΦ !ƴ 
ƛƳǇƻǊǘŀƴǘ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜƴŜǊƎȅ ŀǎǎƛǎǘŀƴŎŜ ƛǎ energy burden, ǳǎǳŀƭƭȅ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŀ ƘƻǳǎŜƘƻƭŘΩǎ 
ŀƴƴǳŀƭ ǎǇŜƴŘƛƴƎ ƻƴ ŜƴŜǊƎȅ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƛǘǎ ƎǊƻǎǎ ŀƴƴǳŀƭ ƛƴŎƻƳŜΦфпΣ фр Lƴ нлммΣ ǘƘŜ ƳŜŘƛŀƴ ŜƭŜŎǘǊƛŎƛǘȅ 
ōǳǊŘŜƴ ŦƻǊ all ƘƻǳǎŜƘƻƭŘǎ ǿŀǎ ŦƻǳǊ ǇŜǊŎŜƴǘΤфс ŦƻǊ ƘƻǳǎŜƘƻƭŘǎ ƴƻǘ ƛƴ ǘƘŜ ƭƻǿπƛƴŎƻƳŜ ŎŀǘŜƎƻǊȅ ƛǘ ǿŀǎ Ƨǳǎǘ 
нΦф ǇŜǊŎŜƴǘΣ ōǳǘ for low-income households energy burden averaged 8.3 percentΦфт  

wŜƭŀǘƛǾŜƭȅ ƳƻǊŜ ǎǇŜƴŘƛƴƎ ƻƴ ŜƴŜǊƎȅ ōƛƭƭǎ ǘǊŀƴǎƭŀǘŜǎ ƛƴǘƻ ƭŜǎǎ ǎǇŜƴŘƛƴƎ ƻƴ ƻǘƘŜǊ ŜȄǇŜƴǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŦƻƻŘΦфу  
wŜƴǘŜǊǎ ǿƘƻ Ǉŀȅ ǘƘŜƛǊ ƻǿƴ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ƘŀǾŜ ƛƴŎƻƳŜǎ ƭŜǎǎ ǘƘŀƴ ϷмрΣллл ǇŜǊ ȅŜŀǊ Ǉŀȅ ƻƴ ŀǾŜǊŀƎŜ нм 
ǇŜǊŎŜƴǘ ƻŦ ǘƘŜƛǊ ƛƴŎƻƳŜ ƻƴ ƘƻƳŜ ŜƴŜǊƎȅ όŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƳōƛƴŜŘύΦфф ¢ƘŜǊŜ ŀǊŜ ŀƭƳƻǎǘ 
ǎŜǾŜƴ Ƴƛƭƭƛƻƴ ¦Φ{Φ ƘƻǳǎŜƘƻƭŘǎ ƛƴ ǘƘƛǎ ŎŀǘŜƎƻǊȅΦ  

[ƻǿπƛƴŎƻƳŜ !ƳŜǊƛŎŀƴǎ ŀǊŜ ŀƭǎƻ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ǳǎŜ ŜƭŜŎǘǊƛŎ ƘŜŀǘ ǘƘŀƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ŀǾŜǊŀƎŜΣ ǿƘƛŎƘ ǘŜƴŘǎ ǘƻ 
ōŜ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ƎŀǎΦмлл 9ƭŜŎǘǊƛŎπƘŜŀǘ ǳǎŜ ŀƳƻƴƎ ƭƻǿπƛƴŎƻƳŜ ƘƻǳǎŜƘƻƭŘǎ Ƙŀǎ ƳƻǊŜ ǘƘŀƴ ŘƻǳōƭŜŘ 
ŦǊƻƳ мн ǇŜǊŎŜƴǘ ƛƴ мфул ǘƻ оо ǇŜǊŎŜƴǘ ƛƴ нллрΦмлм .ȅ ƻŎŎǳǇŀƴǘ ŘŜƳƻƎǊŀǇƘƛŎΣ ƭƻǿŜǊπƛƴŎƻƳŜ ƘƻǳǎŜƘƻƭŘǎ 
ǳǎŜ ƭŜǎǎ ŜƭŜŎǘǊƛŎƛǘȅ όa²ƘκƘƻǳǎŜƘƻƭŘύ ŎƻƳǇŀǊŜŘ ǘƻ ƘƛƎƘŜǊπƛƴŎƻƳŜ ƘƻǳǎŜƘƻƭŘǎΣ ōǳǘ Ǉŀȅ ŀ ŎƻƴǎƛŘŜǊŀōƭȅ 
ƘƛƎƘŜǊ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜƛǊ ŀŦǘŜǊπǘŀȄ ƛƴŎƻƳŜ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ŜȄǇŜƴŘƛǘǳǊŜǎΦƻ млн Lƴ ŀŘŘƛǘƛƻƴΣ ǊŜƴǘŜǊǎ Ǉŀȅ нсΦт 
ǇŜǊŎŜƴǘ ƳƻǊŜ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ  ŜȄǇŜƴŘƛǘǳǊŜǎ ǇŜǊ ǎǉǳŀǊŜ Ŧƻƻǘ ŎƻƳǇŀǊŜŘ ǘƻ ƘƻƳŜƻǿƴŜǊǎΦǇ мло ¢Ƙƛǎ ǳƴŘŜǊǎŎƻǊŜǎ 
ǘƘŜ άIŜŀǘ ƻǊ 9ŀǘέ ŘƛƭŜƳƳŀ ŦŀŎŜŘ ōȅ Ƴŀƴȅ ƘƻǳǎŜƘƻƭŘǎ ǿƛǘƘ ƘƛƎƘ ŜƴŜǊƎȅ ōǳǊŘŜƴǎΦ ¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŘƻŜǎ 
ƴƻǘ ƘŀǾŜ ŜƴŜǊƎȅ ǇƻǾŜǊǘȅ ƻǊ ƘƛƎƘ ŜƴŜǊƎȅ ōǳǊŘŜƴ ǎǘŀƴŘŀǊŘǎΦ  

¢ƘŜ CŜŘŜǊŀƭ [ƻǿ LƴŎƻƳŜ IƻƳŜ 9ƴŜǊƎȅ !ǎǎƛǎǘŀƴŎŜ tǊƻƎǊŀƳ ό[LI9!tύ ǇǊƻǾƛŘŜǎ ŦǳƴŘƛƴƎ ǘƻ Ǉŀȅ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ōƛƭƭǎ ƻŦ ƭƻǿπƛƴŎƻƳŜ ŦŀƳƛƭƛŜǎΣ ōǳǘ ǘƘŜ ǇǊƻƎǊŀƳ Ŏŀƴƴƻǘ ǎŜǊǾŜ ŀƭƭ ŜƭƛƎƛōƭŜ ŦŀƳƛƭƛŜǎΣ ŀƴŘ Ƴŀƴȅ ŜȄǇŜǊƛŜƴŎŜ 
ǎŜǊǾƛŎŜ ŘƛǎŎƻƴƴŜŎǘƛƻƴǎΦмлпΣ млр Lƴ нлммΣ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ȅŜŀǊ ŦƻǊ ǿƘƛŎƘ ǘƘŜǊŜ ŀǊŜ ŘŀǘŀΣ ƻƴŜ ƛƴ ǎƛȄ [LI9!tπ
ŜƭƛƎƛōƭŜ ƘƻǳǎŜƘƻƭŘǎ ǊŜŎŜƛǾŜŘ [LI9!t ŀǎǎƛǎǘŀƴŎŜΦмлс {ƛƴŎŜ ǘƘŜ ǇǊƻƎǊŀƳ Ŏŀƴƴƻǘ ǎŜǊǾŜ ǘƘŜ ŜƴǘƛǊŜ ƛƴŎƻƳŜπ
ŜƭƛƎƛōƭŜ ǇƻǇǳƭŀǘƛƻƴΣ ǎǘŀǘŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ǇǊƛƻǊƛǘƛȊŜ ǿƘƛŎƘ ǾǳƭƴŜǊŀōƭŜ ƘƻǳǎŜƘƻƭŘǎ ǘƘŜȅ ǎŜǊǾŜΣ ŀƴŘ ǎŜǘ ǘƘŜƛǊ 
ƻǿƴ ŀŘŘƛǘƛƻƴŀƭ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ŜƭƛƎƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƘŜƴ ǘƘŜȅ ŀǇǇƻǊǘƛƻƴ [LI9!t ŀǎǎƛǎǘŀƴŎŜΦ ! ǇƻǊǘƛƻƴ 
ƻŦ [LI9!t ŦǳƴŘǎ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǿŜŀǘƘŜǊƛȊŀǘƛƻƴ ǘƻ ƘŜƭǇ ǊŜŘǳŎŜ ŎƻƴǎǳƳŜǊǎΩ ōƛƭƭǎΣ ōǳǘ ǘƘŜǊŜ ƛǎ ǿƛŘŜ ǾŀǊƛŀǘƛƻƴ 
ƛƴ ǎǘŀǘŜ ǿŜŀǘƘŜǊƛȊŀǘƛƻƴ ǇǊƻƎǊŀƳ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǉǳŀƭƛǘȅΦ  

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΣ ǎǘŀǘŜǎΣ ŎƛǘƛŜǎΣ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ƻŦŦŜǊ ŀ ǊŀƴƎŜ ƻŦ ŜǎǎŜƴǘƛŀƭ ŀǎǎƛǎǘŀƴŎŜ ǘƻ ƭƻǿπƛƴŎƻƳŜ 
!ƳŜǊƛŎŀƴǎΦ ¢ƘŜ Ŏƻǎǘ ƻŦ ǇǳōƭƛŎπǇǳǊǇƻǎŜ ǇǊƻƎǊŀƳǎ ƭƛƪŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΣ ƭƻǿπƛƴŎƻƳŜ ŀǎǎƛǎǘŀƴŎŜ 

                                                           
ƻ CƻǊ ŜȄŀƳǇƭŜΣ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎŎƻǳƴǘǎ ŦƻǊ пΦн ǇŜǊŎŜƴǘ ƻŦ ŀŦǘŜǊπǘŀȄ ƛƴŎƻƳŜ ŦƻǊ ƘƻǳǎŜƘƻƭŘǎ ŜŀǊƴƛƴƎ ōŜǘǿŜŜƴ ϷолΣллл ŀƴŘ ϷплΣллл 
ŀƴƴǳŀƭƭȅΦ IƻǳǎŜƘƻƭŘǎ ǿƛǘƘ ŀƴƴǳŀƭ ŀŦǘŜǊπǘŀȄ ƛƴŎƻƳŜ ƻŦ ϷмллΣлллςϷмнлΣллл ǎǇŜƴŘ ƻƴƭȅ мΦу ǇŜǊŎŜƴǘ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ŜȄǇŜƴŘƛǘǳǊŜǎΦ 
ώ{ƻǳǊŎŜ {ŎƘǿŀǊǘȊΣ [Φ ŜǘΦ ŀƭΦ Electricity End Uses, Energy Efficiency, and Distributed Energy Resources BaselineΣ ό.ŜǊƪƭŜȅΣ /!Υ 
[ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōΣ нлмсύΣ нрϐ 
Ǉ bƻǘŜ ǘƘŀǘ ǘƻǘŀƭ ŜƴŜǊƎȅ ŜȄǇŜƴŘƛǘǳǊŜǎ ƛƴŎƭǳŘŜ ƴƻƴπŜƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƘŜŀǘƛƴƎ ƻƛƭΦ   
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ǇǊƻƎǊŀƳǎΣ ŀƴŘ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ όwϧ5ύ ǇǊƻƎǊŀƳǎΣ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎ ŀƴŘ 
ǳǎǳŀƭƭȅ ǇŀƛŘ ŦƻǊ ǿƛǘƘ ŘŜŘƛŎŀǘŜŘ ǇǳōƭƛŎ ōŜƴŜŦƛǘ ŎƘŀǊƎŜǎ ƻǊ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀ ǳǘƛƭƛǘȅϥǎ ƎŜƴŜǊŀƭ Ŏƻǎǘ ǊŜŎƻǾŜǊȅΦ 
.ƻǘƘ ƻŦ ǘƘŜǎŜ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǾƻƭǳƳŜǘǊƛŎ όǇŜǊ ƪ²Ƙύ ǊŀǘŜǎΣ ŀƴŘ ŎǳǎǘƻƳŜǊǎ ŎƻƴǘǊƛōǳǘŜ ōŀǎŜŘ 
ƻƴ ǘƘŜƛǊ ǘƻǘŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ hƘƛƻΩǎ tŜǊŎŜƴǘŀƎŜ ƻŦ LƴŎƻƳŜ tŀȅƳŜƴǘ tƭŀƴΣ ŀ 
ŎƻƴŎŜǎǎƛƻƴŀǊȅ ǊŀǘŜ ŦƻǊ ƭƻǿπƛƴŎƻƳŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎΣ ƛǎ ǇŀƛŘ ŦƻǊ ōȅ ŎƻǳƴǘƛƴƎ ǘƘŜ ǊŜǾŜƴǳŜ ƴƻǘ ŎƻƭƭŜŎǘŜŘ 
ŦǊƻƳ ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ ŀǎ ǳƴŎƻƭƭŜŎǘŀōƭŜ ŀǊǊŜŀǊǎ ŀƴŘ ǊŜƛƳōǳǊǎƛƴƎ ǘƘŜ ǳǘƛƭƛǘƛŜǎ ƻǳǘ ƻŦ ƎŜƴŜǊŀƭ ǊŜǾŜƴǳŜ 
ǎǘǊŜŀƳǎΦ  

!ƭǘŜǊƴŀǘƛǾŜƭȅΣ ǳǘƛƭƛǘƛŜǎ Ƴŀȅ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜƭȅ ŘŜǘŜǊƳƛƴŜ ŀ ǇǳōƭƛŎ ōŜƴŜŦƛǘǎ ǎǳǊŎƘŀǊƎŜ ǎǳŎƘ ŀǎ ϷлΦллнκƪ²ƘΦ 
¢ƘŜǎŜ ŦǳƴŘƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ƳŜŀƴ ǘƘŀǘ ŀƴȅ ǊŜŘǳŎǘƛƻƴ ƛƴ ŀ ŎƻƴǎǳƳŜǊΩǎ ǇŜǊ ƪ²Ƙ ǇŀȅƳŜƴǘǎ ǊŜŘǳŎŜǎ ǘƘŀǘ 
ŎƻƴǎǳƳŜǊǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜǎŜ ǇǊƻƎǊŀƳǎΤ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ǘƘŀǘ ǊŜŘǳŎŜ ƻǾŜǊŀƭƭ ŎƻƴǎǳƳǇǘƛƻƴ 
Ƴŀȅ ǎƛƳƛƭŀǊƭȅ ǊŜŘǳŎŜ ŦǳƴŘƛƴƎ ŦƻǊ ŀǎǎƛǎǘŀƴŎŜ ǇǊƻƎǊŀƳǎΦ wŜǾŜƴǳŜ ŘŜŎƻǳǇƭƛƴƎ Ŏŀƴ ǇǊŜǾŜƴǘ ǘƘŜ ǳƴŘŜǊŦǳƴŘƛƴƎ 
ƻŦ ǘƘŜǎŜ ǇǊƻƎǊŀƳǎΣ ōǳǘ ƴƻǘ ǘƘŜ ǎƘƛŦǘ ƻŦ ǘƘŜƛǊ Ŏƻǎǘǎ ŀƳƻƴƎ ŎƻƴǎǳƳŜǊǎΦ  

2.2.5.6  Access to Distributed Energy Resources and New Energy Services for 
All Consumers  

[ƻǿπƛƴŎƻƳŜ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦǘŜƴ ǎǘŀƴŘ ǘƻ ōŜƴŜŦƛǘ ŦǊƻƳ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ƳƻǊŜ ǘƘŀƴ ƻǘƘŜǊ 
ŎƻƳƳǳƴƛǘƛŜǎ ōŜŎŀǳǎŜ ǘƘŜǎŜ ǊŜǎƛŘŜƴǘǎ ƘŀǾŜ ƘƛƎƘŜǊ ŜƴŜǊƎȅ ōǳǊŘŜƴǎ ŀƴŘ ƻŦǘŜƴ ōŜŀǊ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜ 
ƛƳǇŀŎǘǎ ƻŦ Ǉƻƭƭǳǘƛƻƴмлт ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦмлу /ǳǊǊŜƴǘ ƳƻŘŜǎ ƻŦ ǇǊƻƳƻǘƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ŎƭŜŀƴ 
ŜƴŜǊƎȅΣ ƘƻǿŜǾŜǊΣ ŀǊŜ ƴƻǘ ŀƭǿŀȅǎ ŘŜǎƛƎƴŜŘ ǘƻ ōŜƴŜŦƛǘ ƭƻǿπƛƴŎƻƳŜ ŎƻƳƳǳƴƛǘƛŜǎΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƭƻǿπƛƴŎƻƳŜ 
ŎƻƴǎǳƳŜǊǎ ƘŀǾƛƴƎ ƭŜǎǎ ŜƴŜǊƎȅπŜŦŦƛŎƛŜƴǘ ƘƻƳŜǎ ƻƴ ŀǾŜǊŀƎŜΣ ƛǘ ƛǎ ƳǳŎƘ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ǘƻ 
ǇǊƻǾƛŘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ǘƻ ǘƘƻǎŜ ŎƻƴǎǳƳŜǊǎ ǘƘŀƴ ǘƻ ŀǾŜǊŀƎŜπƛƴŎƻƳŜ ǊŜǎƛŘŜƴǘƛŀƭ ƻǊ ŎƻƳƳŜǊŎƛŀƭ 
ŎƻƴǎǳƳŜǊǎΦмлф  

[ƻǿπƛƴŎƻƳŜ ƘƻǳǎŜƘƻƭŘǎ ŀǊŜ ƻŦǘŜƴ ǊŜƴǘŜǊǎΣ ŎǊŜŀǘƛƴƎ ŀ ǎǇƭƛǘπƛƴŎŜƴǘƛǾŜ ǇǊƻōƭŜƳ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ƛƴǾŜǎǘƳŜƴǘǎΤ ǘƘŜ ƭŀƴŘƭƻǊŘ ǎŜŜǎ ƴƻ ƛƴŎŜƴǘƛǾŜ ǘƻ ƳŀƪŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ǎƛƴŎŜ ǘƘŜ ōŜƴŜŦƛǘ ƎƻŜǎ 
ǘƻ ǘƘŜ ǘŜƴŀƴǘ ǿƘƻ Ǉŀȅǎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭΦ ¢ƘŜ ǘŜƴŀƴǘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǎŜŜǎ ƭƛǘǘƭŜ ƛƴŎŜƴǘƛǾŜ ǘƻ ƳŀƪŜ 
ŜȄǇŜƴǎƛǾŜΣ ƭƻƴƎπǘŜǊƳ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ǎƛƴŎŜ ŦǳǘǳǊŜ ōŜƴŜŦƛǘǎ ǿƛƭƭ ŀŎŎǊǳŜ ǘƻ ŦǳǘǳǊŜ ǘŜƴŀƴǘǎΦ 
¢ƘŜ ǎǇƭƛǘ ƛƴŎŜƴǘƛǾŜ ǇǊƻōƭŜƳ ƭŜŀŘǎ ǘƻ ŘŜŎƭƛƴƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻǾŜǊ ǘƛƳŜ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ƻǿƴŜǊπ
ƻŎŎǳǇƛŜŘ ƘƻǳǎƛƴƎΣ ŎƻƳǇƻǳƴŘŜŘ ōȅ ǘƘŜ ǘŜƴŘŜƴŎȅ ŦƻǊ ƭƻǿπƛƴŎƻƳŜ !ƳŜǊƛŎŀƴǎ ǘƻ ƻŎŎǳǇȅ ƻƭŘŜǊ ōǳƛƭŘƛƴƎǎΦ ммл 
CƛƴŀƭƭȅΣ ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ ƻŦǘŜƴ ƭŀŎƪ ŀŎŎŜǎǎ ǘƻ ŎŀǇƛǘŀƭ ŦƻǊ ƘƻƳŜ ŜƴŜǊƎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƴŘ ƘŀǾŜ 
ƭƛƳƛǘŜŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ Ƴƻǎǘ ƳƻŘŜǊƴ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜΦ 5h9Ωǎ ²ŜŀǘƘŜǊƛȊŀǘƛƻƴ 
!ǎǎƛǎǘŀƴŎŜ tǊƻƎǊŀƳ ό²!tύ ŦǳƴŘǎ ƭƻǿπƛƴŎƻƳŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǳǇƎǊŀŘŜǎΣ ōǳǘ ǳƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ƴŜŜŘǎ 
ŘǊŀƳŀǘƛŎŀƭƭȅ ŜȄŎŜŜŘ ²!t ŦǳƴŘƛƴƎΦ  

¢ƘŜ /ŀƭƛŦƻǊƴƛŀ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴ ό/t¦/ύ ǊŜŎŜƴǘƭȅ ŦƻǳƴŘ ǘƘŀǘΣ ǎƛƴŎŜ мфффΣ ǊƻƻŦǘƻǇ ǎƻƭŀǊ ŎǳǎǘƻƳŜǊǎ 
ƘŀŘ ŀ ƳŜŘƛŀƴ ƘƻǳǎŜƘƻƭŘ ƛƴŎƻƳŜ ƻŦ ϷфмΣлллΣ ǿƘƛƭŜ ǘƘŜ ƳŜŘƛŀƴ ƛƴŎƻƳŜ ƛƴ /ŀƭƛŦƻǊƴƛŀ ǿŀǎ ϷрпΣллл ŀƴŘ ǘƘŀǘ 
ƻŦ ǘƘŜ ƛƴǾŜǎǘƻǊπƻǿƴŜŘ ǳǘƛƭƛǘȅ όLh¦ύ ŎǳǎǘƻƳŜǊǎ ǿŀǎ ϷсуΣлллΦммм ! ǎǳǊǾŜȅ ŎƻƴŘǳŎǘŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ 
wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ ŦƻǳƴŘ ǘƘŀǘ ǎƻƭŀǊ ŀŘƻǇǘŜǊǎ ƛƴ {ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅ ƘŀŘ ŀƴ ŀǾŜǊŀƎŜ ƘƻǳǎŜƘƻƭŘ 
ƛƴŎƻƳŜ ƻŦ ϷмсрΣлллΣ ŎƻƳǇŀǊŜŘ ǘƻ ϷммрΣллл ŦƻǊ ƴƻƴπŀŘƻǇǘŜǊǎΦммн Lƴ ǇǊƛƴŎƛǇƭŜΣ ƭƻǿŜǊπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ 
ŎƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ƛƴǎǘŀƭƭƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ ŀƴŘ ƻǘƘŜǊ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ǘƘŜƛǊ ƘƻƳŜǎ ƛƴ ǘƘŜ 
ǎŀƳŜ ǿŀȅ ǘƘŀǘ ƘƛƎƘŜǊπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ ŘƻΣ ōǳǘ Ƴŀƴȅ ōŀǊǊƛŜǊǎ ƘŀǾŜ ǇǊŜǾŜƴǘŜŘ ǘƘƛǎΣ ƛƴŎƭǳŘƛƴƎ  ƭŀŎƪ ƻŦ 
ŦǳƴŘƛƴƎ ƻǊ ŦƛƴŀƴŎƛƴƎ ŀƴŘ ƭŀŎƪ ƻŦ ŀƴ ŀŘŀǉǳŀǘŜ ǊƻƻŦΦммо Lƴ ŀŘŘƛǘƛƻƴΣ Ƴŀƴȅ ƭƻǿπƛƴŎƻƳŜ !ƳŜǊƛŎŀƴǎ ŀƴŘ 
ōǳǎƛƴŜǎǎŜǎ ƛƴ ƭƻǿπƛƴŎƻƳŜ ŎƻƳƳǳƴƛǘƛŜǎ ǊŜƴǘ ǘƘŜƛǊ ƘƻƳŜǎ ŀƴŘ ƻŦŦƛŎŜǎΣ ƳŀƪƛƴƎ ǳǇƎǊŀŘŜǎ ƘŀǊŘŜǊ ǘƻ ŀǊǊŀƴƎŜ 
ŀƴŘ Ǉŀȅ ōŀŎƪ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ƻǊ ōƛƭƭ ǎŀǾƛƴƎǎΦ  

¦ǘƛƭƛǘƛŜǎ ŀƴŘ ƻǘƘŜǊ ŜƴŜǊƎȅπǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ Ŏŀƴ ƳŀƪŜ ǎƻƭŀǊ t±πƳŀǊƪŜǘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŀǾŀƛƭŀōƭŜ ǘƻ ƭƻǿπ
ƛƴŎƻƳŜ ŎǳǎǘƻƳŜǊǎ ǘƘǊƻǳƎƘ ŀǊǊŀƴƎŜƳŜƴǘǎ ƭƛƪŜ ŎƻƳƳǳƴƛǘȅ ǎƻƭŀǊΣ ǿƘƛŎƘ Ƴŀȅ ǇǊƻǾƛŘŜ ŎŀǎƘπŦƭƻǿπǇƻǎƛǘƛǾŜ 
ǎƻƭǳǘƛƻƴǎ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ŀ ƭŀǊƎŜ Řƻǿƴ ǇŀȅƳŜƴǘΣ ŦŀǾƻǊŀōƭŜ ŎǊŜŘƛǘ ǊŀǘƛƴƎΣ ƻǊ ƻǿƴŜǊπƻŎŎǳǇƛŜŘ ǎƛƴƎƭŜπ
ŦŀƳƛƭȅ ƘƻƳŜΦ hƴŜ ŎƻƳƳƻƴ ƳƻŘŜƭ ƛǎ ŦƻǊ ŎƻƳƳǳƴƛǘȅ ǎƻƭŀǊ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇŜǊǎ ǘƻ ŦƻǊƳ tt!ǎ ǿƛǘƘ ǘƘŜ ǳǘƛƭƛǘȅ 
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ŦƻǊ ŀ ǎƻƭŀǊ ŘŜǾŜƭƻǇƳŜƴǘ ƭƻŎŀǘŜŘ ƛƴ ŀ ŎƻƳƳǳƴƛǘȅ ƻǊ ƻŦŦǎƛǘŜΦ ! ǎǇŜŎƛŦƛŜŘ ƴǳƳōŜǊ ƻŦ ŎǳǎǘƻƳŜǊǎ Ŏŀƴ ǘƘŜƴ 
ǎǳōǎŎǊƛōŜ ǘƻ ǘƘŜ ǇǊƻƎǊŀƳ ŦƻǊ ŀ ƳƻƴǘƘƭȅ ŦŜŜ ŀƴŘ ǊŜŎŜƛǾŜ ŀ ǾƛǊǘǳŀƭ ƴŜǘ ƳŜǘŜǊƛƴƎ ōƛƭƭ ŎǊŜŘƛǘ ŦƻǊ ŀ ǇƻǊǘƛƻƴ ƻŦ 
ŜƴŜǊƎȅ ǇǊƻŘǳŎŜŘΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ƻƴǎƛǘŜΣ ŎƻƳƳǳƴƛǘȅΣ ŀƴŘ ǎƘŀǊŜŘ ǎƻƭŀǊ ǇǊƻƎǊŀƳǎ Ŏŀƴ ǳǎŜ CŜŘŜǊŀƭ ƭƻǿπ
ƛƴŎƻƳŜ ŜƴŜǊƎȅ ŀǎǎƛǎǘŀƴŎŜ ǘƘǊƻǳƎƘ ǇǊƻƎǊŀƳǎ ƭƛƪŜ [LI9!tΣ ²!tΣ ŀƴŘ [ƻǿπƛƴŎƻƳŜ IƻǳǎƛƴƎ ¢ŀȄ /ǊŜŘƛǘǎ ǘƻ 
ōŜƴŜŦƛǘ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ōŜ ŘŜŜƳŜŘ ƛƴŜƭƛƎƛōƭŜ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǳǇƎǊŀŘŜǎΦ ¢ƘŜ /ƭŜŀƴ 
9ƴŜǊƎȅ {ŀǾƛƴƎǎ ŦƻǊ !ƭƭ !ƳŜǊƛŎŀƴǎ LƴƛǘƛŀǘƛǾŜ ƛǎ ŀ ŎǊƻǎǎπŀƎŜƴŎȅ ƛƴƛǘƛŀǘƛǾŜ ǿƛǘƘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŦǊƻƳ 5h9Σ 9t!Σ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻǳǎƛƴƎ ŀƴŘ ¦Ǌōŀƴ 5ŜǾŜƭƻǇƳŜƴǘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ό¦{5!ύΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 
[ŀōƻǊΣ /ƻǊǇƻǊŀǘƛƻƴ ŦƻǊ bŀǘƛƻƴŀƭ ŀƴŘ /ƻƳƳǳƴƛǘȅ {ŎƛŜƴŎŜΣ ŀƴŘ ¢ǊŜŀǎǳǊȅΦ ¢ƘŜ ƛƴƛǘƛŀǘƛǾŜ ŦƻŎǳǎŜǎ ƻƴ ŜƴǎǳǊƛƴƎ 
ǘƘŀǘ ƭƻǿπƛƴŎƻƳŜ ƘƻǳǎŜƘƻƭŘǎ ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ǎƻƭŀǊ ƻǇǘƛƻƴǎ ǘƘǊƻǳƎƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǘƘŜǎŜ ƳŜŎƘŀƴƛǎƳǎΦ 

2.2.6 Electricity Issues in Small, Rural, and Islanded Communities 

wǳǊŀƭ ŀƴŘ ƛǎƭŀƴŘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ŀǊŜ ƳƛŎǊƻŎƻǎƳǎ ƻŦ ǘƘŜ ƭŀǊƎŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘΣ ōǳǘ ǘƘŜȅ ŀƭǎƻ ŦŀŎŜ 
ǳƴƛǉǳŜ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ ōŜƛƴƎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ƎǊƛŘ ƻǊ ōŜƛƴƎ ƭƻŎŀǘŜŘ ƛƴ ƭƻǿπǇƻǇǳƭŀǘƛƻƴ ŀǊŜŀǎΦ wǳǊŀƭ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ƘŀǾŜ ŀ ǎƳŀƭƭŜǊ ŎǳǎǘƻƳŜǊ ōŀǎŜ ōǳǘ ƳƻǊŜ ƳƛƭŜǎ ƻŦ ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŀƴ 
ǳǘƛƭƛǘƛŜǎ ǎŜǊǾƛƴƎ ǳǊōŀƴ ŀǊŜŀǎΦ wǳǊŀƭ ŜƭŜŎǘǊƛŎ ŎƻƻǇŜǊŀǘƛǾŜǎ όŎƻπƻǇǎύ ŎƻǾŜǊ ǘƘǊŜŜ ǉǳŀǊǘŜǊǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ 
ƳŀǎǎΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ƳŜƳōŜǊǎƘƛǇ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пн Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜΦммп tŜǊ ƳƛƭŜ ƻŦ ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜΣ ŎƻπƻǇǎ 
ǎŜǊǾŜ ŀƴ ŀǾŜǊŀƎŜ ƻŦ тΦп ŎƻƴǎǳƳŜǊǎ ŀƴŘ ŎƻƭƭŜŎǘ ŀƴƴǳŀƭ ǊŜǾŜƴǳŜ ƻŦ ŀōƻǳǘ ϷмрΣлллΣ ǿƘƛƭŜ Lh¦ǎ ǎŜǊǾŜ ŀƴ 
ŀǾŜǊŀƎŜ ƻŦ оп ŎǳǎǘƻƳŜǊǎ ŀƴŘ ŎƻƭƭŜŎǘ ϷтрΣрллΦ ¢Ƙƛǎ ŘƛǎǇŀǊƛǘȅ ƛƴ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ǊŜǾŜƴǳŜ ǇŜǊ ƭƛƴŜπƳƛƭŜ ǇƻǎŜǎ 
ŀ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǊǳǊŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦммр   

LǎƭŀƴŘŜŘ ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŀŎǘǳŀƭ ƛǎƭŀƴŘǎ ƻǊ άƛǎƭŀƴŘŜŘέ ōȅ ōŜƛƴƎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ƭŀǊƎŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘ όŜΦƎΦΣ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ǎŜǊǾƛƴƎ ǎƳŀƭƭ ǾƛƭƭŀƎŜǎ ƛƴ ǊǳǊŀƭ !ƭŀǎƪŀύΦ LǎƭŀƴŘŜŘ ǎȅǎǘŜƳǎ ŀƭǎƻ ƘŀǾŜ ǎƳŀƭƭ ŎǳǎǘƻƳŜǊ ōŀǎŜǎΣ 
ǿƛǘƘ ƘƛƎƘ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ ƘƛƎƘ ǎƘƛǇǇƛƴƎ Ŏƻǎǘǎ ŦƻǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳŜƭ ǎǳǇǇƭƛŜǎΦ ¢ƘŜȅ Ƴŀȅ ŀƭǎƻ ƴŜŜŘ ŀ 
ƘƛƎƘ ƭŜǾŜƭ ƻŦ ǊŜŘǳƴŘŀƴŎȅ ŘǳŜ ǘƻ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ƎŜƴŜǊŀƭ ƛǎƻƭŀǘƛƻƴΦммс  

DǊƛŘ ƻǇŜǊŀǘƻǊǎ ŦŀŎŜ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ŘŜƭƛǾŜǊƛƴƎ ǊŜƭƛŀōƭŜΣ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǊŜƳƻǘŜ ŀǊŜŀǎ ǿƘƛƭŜ ŀŘŘƛƴƎ 
ƛƴǘŜǊƳƛǘǘŜƴǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ƻǘƘŜǊ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ Ŏŀƴ ǇǊƻǾƛŘŜ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ŀƴŘ ŎƭŜŀƴŜǊ 
ŜƭŜŎǘǊƛŎƛǘȅΦ !ǎǎƛǎǘŀƴŎŜ ǿƛǘƘ ŦƛƴŀƴŎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ƛƳǇǊƻǾŜŘ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŎƻǳƭŘ 
ƘŜƭǇ ǇǊƻǾƛŘŜ ƳƻǊŜ ŀŦŦƻǊŘŀōƭŜΣ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǊǳǊŀƭ ŀƴŘ ƛǎƭŀƴŘŜŘ ŎƻƳƳǳƴƛǘƛŜǎΦ LƳǇǊƻǾŜŘ ŀŎŎŜǎǎ ǘƻ 
ōǊƻŀŘōŀƴŘ ƛƴ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ǿƻǳƭŘ ƘŜƭǇ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ 5wΣ ǎǘƻǊŀƎŜΣ 5DΣ ŀƴŘ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ǘƘŀǘ ǊŜƭȅ ƻƴ ōǊƻŀŘōŀƴŘΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ǘǊŀƛƴƛƴƎ Ƴŀȅ ŀƭǎƻ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ŜƴŀōƭŜ ǊŜǎƛŘŜƴǘǎ ƻŦ 
ǎƳŀƭƭΣ ǊŜƳƻǘŜ ŎƻƳƳǳƴƛǘƛŜǎ ǘƻ ƻǇŜǊŀǘŜ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ǿƘŜƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ 
ŘŜǇƭƻȅŜŘΦ 

/ƻπƻǇǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ǇǊƻǾƛŘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǊǳǊŀƭ ŀƴŘ ƛǎƭŀƴŘŜŘ ŎƻƳƳǳƴƛǘƛŜǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŜȄǇŜǊǘƛǎŜ ƛƴ 
ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ Ŏŀƴ ǇǊƻǾƛŘŜ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ǘƻ ƛǎƭŀƴŘŜŘ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ƛƴǘŜƎǊŀǘƛƻƴ 
ƻŦ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ŀŘŘƛƴƎ ǎǘƻǊŀƎŜΣ ƻǊ ƳŀƪƛƴƎ ƻǘƘŜǊ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƭƛǾŜǊȅΦ CƻǊ 
ŜȄŀƳǇƭŜΣ Iŀǿŀƛƛ ƛǎ ǘƘŜ ŦƛǊǎǘ ǎǘŀǘŜ ǘƻ ƭŜƎƛǎƭŀǘŜ ŀ млл ǇŜǊŎŜƴǘ όōȅ нлпрύ wt{Φ Iŀǿŀƛƛ ƛǎ ŀƭǊŜŀŘȅ ŦŀŎƛƴƎ 
ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǇƭŀƴƴƛƴƎΣ ƎǊƛŘ ƻǇŜǊŀǘƛƻƴǎΣ ŀƴŘ ǎƛǘƛƴƎ ƛǎǎǳŜǎ ǘƘŀǘ ƻǘƘŜǊ ǎǘŀǘŜǎ ǿƛǘƘ ƘƛƎƘ wt{ ǿƛƭƭ ōŜ ŦŀŎƛƴƎ 
ǎƻƻƴΦ  

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ Ƙŀǎ ŀ ǊƻƭŜ ƛƴ ŜƴŎƻǳǊŀƎƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǊǳǊŀƭ 
ŀǊŜŀǎΦ 5h9 ŀƴŘ ƻǘƘŜǊ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ǎŜǾŜǊŀƭ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǊŜƴŜǿŀōƭŜ ǇǊƻƎǊŀƳǎ ŀǾŀƛƭŀōƭŜ 
ǘƻ ǊŜǎƛŘŜƴǘǎ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΣ ŜǾŜƴ ƛŦ ǘƘŜȅ ŀǊŜ ƴƻǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ŦƻǊ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎΤ ǘƘŜǎŜ 
ƛƴŎƭǳŘŜǘƘŜ bŀǘƛƻƴŀƭ /ƻƳƳǳƴƛǘȅ {ƻƭŀǊ tŀǊǘƴŜǊǎƘƛǇΣ ²!tΣ ǘƘŜ .ŜǘǘŜǊ .ǳƛƭŘƛƴƎǎ /ƘŀƭƭŜƴƎŜΣ ŀƴŘ ƻǘƘŜǊǎΦммтΣ ммуΣ 
ммф ¦{5!Ωǎ wǳǊŀƭ ¦ǘƛƭƛǘƛŜǎ {ŜǊǾƛŎŜ όw¦{ύ ǇǊƻǾƛŘŜǎ ŦƛƴŀƴŎƛƴƎ ŦƻǊ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ όǿƘƻƭŜǎŀƭŜ ŀƴŘ ǊŜǘŀƛƭ 
ǇǊƻǾƛŘŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅύ ǘƘŀǘ ǎŜǊǾŜ ŎǳǎǘƻƳŜǊǎ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΦмнл w¦{ ƭƻŀƴǎ ƛƴŎƭǳŘŜ ŦƛƴŀƴŎƛƴƎ ŦƻǊ ƎŜƴŜǊŀǘƛƻƴ 
ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƳƻŘŜǊƴƛȊŀǘƛƻƴΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ƘƻǿŜǾŜǊΣ ǘƘŜ w¦{ ƭƻŀƴ 
ǇǊƻƎǊŀƳ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǎǳōǎŎǊƛōŜŘΦ 
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2.2.6.1  Powering Isolated Communities in Alaska 

wǳǊŀƭ !ƭŀǎƪŀ ŎƻƳƳǳƴƛǘƛŜǎ ƘŀǾŜ ƘƛƎƘ ǎŜŀǎƻƴŀƭ ƭƻŀŘ ǇŜŀƪǎΣ ǿƛǘƘ ƘƛƎƘ ŘŜƳŀƴŘ ƛƴ ǘƘŜ ǿƛƴǘŜǊ ŦƻǊ ƘŜŀǘƛƴƎ ŀƴŘ 
ƭƛƎƘǘƛƴƎΦ aŀƴȅ ǎƳŀƭƭŜǊ !ƭŀǎƪŀ ŎƻƳƳǳƴƛǘƛŜǎ ǊŜƭȅ ƻƴ ŘƛŜǎŜƭ ŦǳŜƭ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ Ǉŀȅ ϷлΦрл ǘƻ 
ϷлΦул ǇŜǊ ƪ²Ƙ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ Ŏƻǎǘ ƻŦ ŦǳŜƭ ŀƴŘ ǎƘƛǇǇƛƴƎΣ ƘƛƎƘŜǊ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŘǳŜ ǘƻ ǘƘŜ ǎƳŀƭƭ ǎŎŀƭŜ ƻŦ 
ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ƎǊŜŀǘŜǊ ƴŜŜŘ ŦƻǊ ǊŜŘǳƴŘŀƴŎȅ ƛƴ ƎŜƴŜǊŀǘƛƻƴ όǎŜŜ CƛƎǳǊŜ нπуύΦмнм  

.ŀǘǘŜǊȅ ǎǘƻǊŀƎŜ Ƙŀǎ ƛƳǇǊƻǾŜŘ ǊŜƭƛŀōƛƭƛǘȅ ƛƴ !ƭŀǎƪŀ ŎƻƳƳǳƴƛǘƛŜǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƭŀǊƎŜǊ ƎǊƛŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ 
ǇŀǊǘ ƻŦ ǘƘŜ ǎǘŀǘŜΦмнн ¢ƘŜ ōŀǘǘŜǊƛŜǎ ƘŀǾŜ ōŜŜƴ ƛƴǎǘŀƭƭŜŘ ǇǊƛƳŀǊƛƭȅ ŦƻǊ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ǾƻƭǘŀƎŜ ǊŜƎǳƭŀǘƛƻƴΣ ƴƻǘ 
ǘƻ ǎǘƻǊŜ ƛƴǘŜǊƳƛǘǘŜƴǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦмно !ƭŀǎƪŀƴǎ ƘŀǾŜ ŜȄǇŜǊƛŜƴŎŜŘ ŦŜǿŜǊ ƻǳǘŀƎŜǎΣ ŀƴŘ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ 
ǳǎŜ ƭŜǎǎ ǎǇƛƴƴƛƴƎ ǊŜǎŜǊǾŜ ŎŀǇŀŎƛǘȅ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ƭŀǊƎŜπǎŎŀƭŜ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜΦмнп 

Figure 2-8. Electricity Costs in Rural Alaska125 

 

 

The Alaska Village Electric Cooperative serves more than 50 small communities dispersed across large 
distances and in remote regions with harsh climatic conditions. These factors contribute to average 
electricity prices being approximately five times the U.S. national average.  

!ƭŀǎƪŀƴ ŎƻπƻǇǎ ŀǊŜ ƛƴǎǘŀƭƭƛƴƎ ƳƻǊŜ ǿƛƴŘ ŜƴŜǊƎȅ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǇƻǿŜǊπŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ ǘƻ 
ōŜǘǘŜǊ ƳŀƴŀƎŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ǘƘŀǘ ǇǊƛƳŀǊƛƭȅ Ǌǳƴ ƻƴ ŘƛŜǎŜƭ ŦǳŜƭΦмнс ¢ƘŜ !ƭŀǎƪŀ /ŜƴǘŜǊ ŦƻǊ 9ƴŜǊƎȅ ŀƴŘ 
tƻǿŜǊ Ƙŀǎ ǎǘǳŘƛŜŘ ǿŀȅǎ ǘƻ ǊŜŘǳŎŜ ǊŜƭƛŀƴŎŜ ƻƴ ŘƛŜǎŜƭ ƎŜƴŜǊŀǘƛƻƴΣ ǿƘƛƭŜ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŜ ŘƛŦŦƛŎǳƭǘȅ ƛƴ 
ŜƭƛƳƛƴŀǘƛƴƎ ŘƛŜǎŜƭ ƎŜƴŜǊŀǘƻǊǎ ōŜŎŀǳǎŜ ǘƘŜȅ ǇǊƻǾƛŘŜ ƛƳǇƻǊǘŀƴǘ ǎŜǊǾƛŎŜǎ ōŜȅƻƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴмнт 
ƛƴŎƭǳŘƛƴƎ ǿŀǎǘŜ ƘŜŀǘ ŀƴŘ ƛƴŜǊǘƛŀ ŦƻǊ ƭƻŎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎΦмну {ȅǎǘŜƳǎ ǘƘŀǘ ǳǎŜ ōƻǘƘ ŘƛŜǎŜƭ ŀƴŘ ǿƛƴŘ 
ŜƴŜǊƎȅ ƘŀǾŜ ǊŜŘǳŎŜŘ ŦǳŜƭ Ŏƻǎǘǎ ŀƴŘ ŜƳƛǎǎƛƻƴǎ ōǳǘ ŀǊŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ŀƴŘ ǊŜǉǳƛǊŜ ƳƻǊŜ ǘǊŀƛƴƛƴƎ ŦƻǊ 
ƻǇŜǊŀǘƻǊǎΦмнф !ƭǎƻΣ ƛƳǇǊƻǾŜŘ ōǊƻŀŘōŀƴŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ƭŀǊƎŜ Řŀǘŀ ǎǘǊŜŀƳǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ƳŀƴŀƎƛƴƎ ǘƘŜǎŜ 
ŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎ ǿƻǳƭŘ ƳŀƪŜ ƛǘ ŜŀǎƛŜǊ ǘƻ Ǌǳƴ ǘƘŜƳ ƛƴ ǊŜƳƻǘŜ ŀǊŜŀǎ ŀƴŘ ƻƴ ƛǎƭŀƴŘǎΦмол 
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2.2.6.2  Innovative Rural Electric Co-Op Programs 

²ƘƛƭŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛǎ ƳƻǊŜ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ǘƘŀƴ ōǳƛƭŘƛƴƎ ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǊǳǊŀƭ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻƎǊŀƳǎ ŦŀŎŜ ŀ ǳƴƛǉǳŜ ŎƘŀƭƭŜƴƎŜΦ wǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƘŀǾŜ ŀ ƎǊŜŀǘŜǊ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƭƻǿπǘƻπƳƻŘŜǊŀǘŜπ
ƛƴŎƻƳŜ ŦŀƳƛƭƛŜǎ ǿƘƻ Ƴŀȅ ƘŀǾŜ ǇǊƻōƭŜƳǎ ŦƛƴŀƴŎƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎΦ !ƭǎƻΣ ǎŜŀǎƻƴŀƭ ŘŜƳŀƴŘ 
ǇŜŀƪǎ ǊŜƭŀǘŜŘ ǘƻ ŀƎǊƛŎǳƭǘǳǊŜ Ŏŀƴ ƳŀƪŜ ǘƘŜ ǇŀȅōŀŎƪ ǘƛƳŜ ƭƻƴƎŜǊ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ŀƴŘ Ŏƻπ
ƻǇǎ ǎŜǊǾƛƴƎ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎ Ƴŀȅ ƘŀǾŜ ƭŜǎǎ ŀŎŎŜǎǎ ǘƻ ŎŀǇƛǘŀƭ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ŜȄǇŜǊǘƛǎŜ ǘƘŀƴ Lh¦ǎΦмом Lƴ ǎǇƛǘŜ 
ƻŦ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ƻǇŜǊŀǘƛƴƎ ƛƴ ƛǎƻƭŀǘŜŘ ŀǊŜŀǎΣ ŎƻπƻǇ ǎŀƭŜǎ ƎǊŜǿ оΦо ǇŜǊŎŜƴǘ ƛƴ нлмп ŎƻƳǇŀǊŜŘ ǘƻ мΦм 
ǇŜǊŎŜƴǘ ƎǊƻǿǘƘ ŀŎǊƻǎǎ ǘƘŜ ŜƴǘƛǊŜ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ƛƴŘǳǎǘǊȅΦмон 

/ƻπƻǇǎ ƘŀǾŜ ƛƴǎǘŀƭƭŜŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀŘǾŀƴŎŜŘ ƳŜǘŜǊƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ό!aLύΣ ǿƛǘƘ рм ǇŜǊŎŜƴǘ 
ǇŜƴŜǘǊŀǘƛƻƴΣ ŎƻƳǇŀǊŜŘ ǘƻ пм ǇŜǊŎŜƴǘ ŦƻǊ Lh¦ǎ ŀƴŘ нс ǇŜǊŎŜƴǘ ƻŦ ǇǳōƭƛŎƭȅ ƻǿƴŜŘ ǳǘƛƭƛǘƛŜǎΦмоо wǳǊŀƭ ŜƭŜŎǘǊƛŎ 
ŎƻπƻǇǎ ƘŀǾŜ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ōŜƛƴƎ ǎƳŀƭƭŜǊ ŀƴŘ ƳƻǊŜ ƴƛƳōƭŜ ǘƘŀƴ ƭŀǊƎŜ Lh¦ǎ ǊŜƎǳƭŀǘŜŘ ōȅ t¦/ǎΣ ŀƴŘ ǘƘŜȅ 
Ŏŀƴ ƳƻǊŜ Ŝŀǎƛƭȅ ŀŘƻǇǘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇǊƻƎǊŀƳǎ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜƛǊ ƳŜƳōŜǊǎΦ {ƻƳŜ 
ǊǳǊŀƭ ŎƻπƻǇǎ ŀǊŜ ŀŘŘƛƴƎ ōƛƻŘƛƎŜǎǘŜǊǎ ǘƻ ŎƻƴǾŜǊǘ ǎƻƭƛŘ ǿŀǎǘŜ ŦǊƻƳ ŘŀƛǊȅ Ŏƻǿǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΣ ǎƳŀǊǘ ŜƭŜŎǘǊƛŎ 
ǿŀǘŜǊ ƘŜŀǘŜǊǎ ǘƻ ǎǘƻǊŜ ǿƛƴŘ ŜƴŜǊƎȅΣ ƛƳǇǊƻǾŜŘ ŦƻǊŜŎŀǎǘƛƴƎ ŦƻǊ ǎƻƭŀǊ ŀƴŘ ǿƛƴŘ ŜƴŜǊƎȅΣ ŀƴŘ ƻǘƘŜǊ 5w 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǊŜǎƻǳǊŎŜǎ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΦ aŀƴȅ ƻŦ ǘƘŜǎŜ 5w ŀƴŘ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ŎƻǳƭŘ ōŜ ŜȄǇŀƴŘŜŘ ǿƛǘƘ ƛƳǇǊƻǾŜŘ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀŎŎŜǎǎΦмоп  

¢ƘŜ w¦{ ǇŀǊǘƴŜǊǎ ǿƛǘƘ ŎƻƻǇŜǊŀǘƛǾŜǎ ǘƻ ŦƛƴŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎΣ Ƴŀƴȅ ƻŦ ǿƘƛŎƘ ŀǊŜ 
ƭƻǿ ƛƴŎƻƳŜΦмор wƻŀƴƻƪŜ 9ƭŜŎǘǊƛŎ /ƻƻǇŜǊŀǘƛǾŜ ƛƳǇƭŜƳŜƴǘŜŘ ŀ ǇǊƻƎǊŀƳ ǘƻ ƳŀƪŜ ƛƴǾŜǎǘƳŜƴǘǎ ǘƛŜŘ ǘƻ ŜŀŎƘ 
ƳŜǘŜǊ ŀƴŘ ŦǳƴŘŜŘ ōȅ ŀƴ w¦{ ƭƻŀƴΦмос ¢ƘŜ ŎƻπƻǇ ǇŀƛŘ ŦƻǊ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ƛƳǇǊƻǾŜŘ ƛƴǎǳƭŀǘƛƻƴΣ ŘǳŎǘ ŀƴŘ ŀƛǊ 
ǎŜŀƭƛƴƎΣ ƘŜŀǘ ŀƴŘ ǿŀǘŜǊ ǇǳƳǇ ǳǇƎǊŀŘŜǎΣ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ƭƛƎƘǘƛƴƎΦмот ¢ƘŜ ŎƻπƻǇ ǊŜŎƻǾŜǊǎ ƛǘǎ ŜŦŦƛŎƛŜƴŎȅ 
ƛƴǾŜǎǘƳŜƴǘ ǘƘǊƻǳƎƘ ŀ ǘŀǊƛŦŦ ƻƴ ǘƘŜ ōƛƭƭ ŦǊƻƳ ŎƻπƻǇ ƳŜƳōŜǊǎΣ ǿƘƻ ǎǘƛƭƭ ǎŜŜ ǎŀǾƛƴƎǎ ƻƴ ǘƘŜƛǊ ōƛƭƭ ŦǊƻƳ ǘƘŜ 
ǊŜŘǳŎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜΦмоу !ŦǘŜǊ ŜŦŦƛŎƛŜƴŎȅ ǳǇƎǊŀŘŜǎΣ ǘƘŜ ŀǾŜǊŀƎŜ ǎŀǾƛƴƎǎ ǿŀǎ ϷмнлΣ ǿƘƛŎƘ ǘƘŜ ƳŜƳōŜǊ 
ŀƴŘ ǘƘŜ ŎƻπƻǇ ǿƻǳƭŘ ǎǇƭƛǘΤ ŀƴ ŀǾŜǊŀƎŜ ƳŜƳōŜǊ ǿƻǳƭŘ ǎŀǾŜ Ϸсл ǇŜǊ ƳƻƴǘƘ ƻƴ Ƙƛǎ ƻǊ ƘŜǊ ōƛƭƭΣ ŀƴŘ ǘƘŜ Ŏƻπ
ƻǇ ǿƻǳƭŘ Ǉŀȅ ƻŦŦ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ǳǇƎǊŀŘŜ ƛƴ мл ȅŜŀǊǎΦмоф LƳǇǊƻǾŜƳŜƴǘǎ ǘƻ w¦{ ƭƻŀƴ ǇǊƻƎǊŀƳǎΣ Ƴŀƴȅ ƻŦ 
ǿƘƛŎƘ ŀǊŜ ǳƴŘŜǊǎǳōǎŎǊƛōŜŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳǎΩ ŎƻƳǇƭŜȄƛǘȅ ƻǊ ǘƘŜ ƛƴŀōƛƭƛǘȅ ǘƻ ǊŜŦƛƴŀƴŎŜ ǘƻ ƭƻǿŜǊ 
ƛƴǘŜǊŜǎǘ ǊŀǘŜǎΣ ŎƻǳƭŘ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƧŜŎǘǎ ƛƴ 
ǊǳǊŀƭ ŀǊŜŀǎΦ 

2.2.7 Electricity as a Driver of Economic Growth in Tribal 
Communities  

9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ŀƳƻƴƎ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴ ǘƘŜ ǿƻǊƭŘΣ ōǳǘ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ƻƴ LƴŘƛŀƴ 
ǊŜǎŜǊǾŀǘƛƻƴǎ ǇǊŜǎŜƴǘǎ ŀ ǎǘǊƛƪƛƴƎƭȅ ŘƛŦŦŜǊŜƴǘ ǊŜŀƭƛǘȅΦ ¢ƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎŎŜǎǎΣ ŜŎƻƴƻƳƛŎ 
ǿŜƭƭπōŜƛƴƎΣ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ǳƴŘŜǊǎŎƻǊŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜƭŜŎǘǊƛŦȅƛƴƎ ǘǊƛōŀƭ ƭŀƴŘǎΦ 

Lƴ нлмлΣ мΦм Ƴƛƭƭƛƻƴ !ƳŜǊƛŎŀƴ LƴŘƛŀƴ ƻǊ !ƭŀǎƪŀ bŀǘƛǾŜ ǇŜƻǇƭŜ ƭƛǾŜŘ ƻƴ ǊŜǎŜǊǾŀǘƛƻƴǎ ŀƴŘ !ƭŀǎƪŀ bŀǘƛǾŜ 
±ƛƭƭŀƎŜ !ǊŜŀǎΦ ¢ƘŜ bŀǾŀƧƻ bŀǘƛƻƴ ǊŜǎƛŘŜǎ ƻƴ ǘƘŜ ƭŀǊƎŜǎǘ ǊŜǎŜǊǾŀǘƛƻƴΣ ǎǇŀƴƴƛƴƎ bŜǿ aŜȄƛŎƻΣ !ǊƛȊƻƴŀΣ ŀƴŘ 
¦ǘŀƘΦ hŦ bŀǾŀƧƻ ƘƻǳǎŜƘƻƭŘǎΣ от ǇŜǊŎŜƴǘ ŀǊŜ ǿƛǘƘƻǳǘ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ по ǇŜǊŎŜƴǘ ƭƛǾŜ ōŜƭƻǿ ǘƘŜ 
ǇƻǾŜǊǘȅ ƭƛƴŜΦмпл !ƴ 9L! ǎǘǳŘȅ ƛƴ нллл ŦƻǳƴŘ ǘƘŀǘ ŀŎǊƻǎǎ ŀƭƭ ǘǊƛōŜǎΣ ƻƴŜ ƛƴ ǎŜǾŜƴ LƴŘƛŀƴ ƘƻǳǎŜƘƻƭŘǎ ƭƛǾƛƴƎ ƻƴ 
ǊŜǎŜǊǾŀǘƛƻƴǎ ǿŀǎ ǿƛǘƘƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜΦмпм 9ȄǘǊŀǇƻƭŀǘƛƴƎ ŦǊƻƳ 9L!Ωǎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ǊŀǘŜǎΣǉ ǘƻŘŀȅ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ мслΣллл ǇŜƻǇƭŜ ŀǊŜ ǿƛǘƘƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅΦ 5ŀǘŀ ŦǊƻƳ ǘƘŜ нллтςнлмм ¦Φ{Φ /Ŝƴǎǳǎ !ƳŜǊƛŎŀƴ 
/ƻƳƳǳƴƛǘȅ {ǳǊǾŜȅ ŀƭǎƻ ŎƻƴŎƭǳŘŜǎ ǘƘŀǘ ƻƴ ǘǊƛōŀƭ ƭŀƴŘǎΣ ǘƘƻǳǎŀƴŘǎ ƻŦ bŀǘƛǾŜ !ƳŜǊƛŎŀƴǎ ŀǊŜ ǎǘƛƭƭ ƭƛǾƛƴƎ 
ǿƛǘƘƻǳǘ ōŀǎƛŎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜǎΦ   

                                                           
ǉ ¢ƘŜ нллл 9L! ǎǘǳŘȅ ƛǎ ǘƘŜ Ƴƻǎǘ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƻƴ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƻƴ ǊŜǎŜǊǾŀǘƛƻƴǎΦ ! ǎǘǳŘȅ ŦǊƻƳ 5h9Ωǎ hŦŦƛŎŜ ƻŦ 
LƴŘƛŀƴ 9ƴŜǊƎȅ tƻƭƛŎȅ ŀƴŘ tǊƻƎǊŀƳǎ ƛǎ ŦƻǊǘƘŎƻƳƛƴƎΦ 
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9ŦŦƻǊǘǎ ǘƻ ŀŘŘǊŜǎǎ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ƻƴ LƴŘƛŀƴ ƭŀƴŘǎ ŦŀŎŜ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƭƭŜƴƎŜǎΦ ¢ƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴŎƭǳŘŜ 
ǊŜƳƻǘŜ ƭƻŎŀǘƛƻƴǎΣ ǿƛŘŜƭȅ ŘƛǎǇŜǊǎŜŘ ƘƻƳŜǎΣ ŀƴŘ ǘƘŜ ǇǊƻƘƛōƛǘƛǾŜ Ŏƻǎǘ ƻŦ ǳǘƛƭƛǘȅ ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜǎΦ 5ŜǎǇƛǘŜ 
ǊŜŘǳŎǘƛƻƴǎ ƛƴ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ŎƻǎǘǎΣ Ƴŀƴȅ ǘǊƛōŜǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ŀōƭŜ ǘƻ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜƛǊ ǿƛƴŘ ƻǊ 
ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎΦмпн ¢ǊƛōŜǎ ƘŀǾŜ ƭƛƳƛǘŜŘ ŀŎŎŜǎǎ ǘƻ ǇǊƛǾŀǘŜ ŎŀǇƛǘŀƭ ŦƻǊ ǇǊƻƧŜŎǘǎ ƛƴ LƴŘƛŀƴ /ƻǳƴǘǊȅΦ  

5h9Ωǎ hŦŦƛŎŜ ƻŦ LƴŘƛŀƴ 9ƴŜǊƎȅ tƻƭƛŎȅ ŀƴŘ tǊƻƎǊŀƳǎ ǊŜŎŜƴǘƭȅ ƳƻŘŜǊƴƛȊŜŘ ƛǘǎ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ǎǘǊŀǘŜƎȅ 
ǘƻ ōŜǘǘŜǊ ŀǎǎƛǎǘ ǘǊƛōŜǎ ƛƴ ƛƳǇǊƻǾƛƴƎ ŜƴŜǊƎȅ ŀŎŎŜǎǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ōȅ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŀǘ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ƻŦ ǘƻŘŀȅΩǎ 
ƎǊƛŘ ŀǊŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ǊŜǉǳƛǊŜ ƭƻƴƎŜǊπǘŜǊƳ ǇŀǊǘƴŜǊǎƘƛǇǎΦ ¢ƘŜ .ǳǊŜŀǳ ƻŦ LƴŘƛŀƴ !ŦŦŀƛǊǎ ŀǘ 
ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ LƴǘŜǊƛƻǊ Ƙŀǎ ǎŜǾŜǊŀƭ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ǘƻ !ƳŜǊƛŎŀƴ LƴŘƛŀƴ 
ǘǊƛōŜǎ ŦƻǊ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘΦ ¦{5!Ωǎ w¦{ ƻŦŦŜǊǎ ƭƻǿπŎƻǎǘ ƭƻŀƴǎ ǘƻ ǊǳǊŀƭ ǳǘƛƭƛǘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘǊƛōŀƭ 
ƛƴƛǘƛŀǘƛǾŜǎ ŦƻǊ ƛƴŎǊŜŀǎƛƴƎ ƎǊƛŘ ŀŎŎŜǎǎΣ ŀƴŘ ǎǘŀǘŜ ǇǊƻƎǊŀƳǎ ŀƭǎƻ ŜȄƛǎǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ bŜǿ aŜȄƛŎƻΣ ǘƘŜ ¢Ǌƛōŀƭ 
LƴŦǊŀǎǘǊǳŎǘǳǊŜ CǳƴŘΣ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ¢Ǌƛōŀƭ LƴŦǊŀǎǘǊǳŎǘǳǊŜ !Ŏǘ ƛƴ нллрΣ ǊŜŎƻƎƴƛȊŜǎ ǘƘŀǘ Ƴŀƴȅ ƻŦ bŜǿ 
aŜȄƛŎƻΩǎ ǘǊƛōŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƭŀŎƪ ōŀǎƛŎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴŎƭǳŘƛƴƎΣ ōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΣ ǿŀǘŜǊ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ 
ǎȅǎǘŜƳǎΣ ǊƻŀŘǎΣ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ǇƻǿŜǊ ƭƛƴŜǎΦ ¢ƘǊƻǳƎƘ ǘƘƛǎ ŎƻƳǇŜǘƛǘƛǾŜ ŦǳƴŘƛƴƎΣ ŀƭƭ CŜŘŜǊŀƭƭȅ ǊŜŎƻƎƴƛȊŜŘ 
ǘǊƛōŜǎΣ ƴŀǘƛƻƴǎΣ ŀƴŘ ǇǳŜōƭƻǎ ǿƛǘƘƛƴ bŜǿ aŜȄƛŎƻ ƘŀǾŜ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǎǳōƳƛǘ ŀ Ǌƻōǳǎǘ ǇǊƻƧŜŎǘ ǇǊƻǇƻǎŀƭ 
ŦƻǊ ǘƘŜƛǊ ŎƻƳƳǳƴƛǘƛŜǎΦ !ǘ ŜŀŎƘ ŦǳƴŘƛƴƎ ŎȅŎƭŜΣ ǘƘŜ ǇǊƻƧŜŎǘ ǇǊƻǇƻǎŀƭ ƛǎ ŜǾŀƭǳŀǘŜŘ ŀƴŘΣ ōŀǎŜŘ ƻƴ ǎŎƻǊƛƴƎΣ ƛǎ 
ŀǿŀǊŘŜŘ ŦǳƴŘǎ ǘƘǊƻǳƎƘ ǘƘŜ моπǇŜǊǎƻƴ ¢Ǌƛōŀƭ LƴŦǊŀǎǘǊǳŎǘǳǊŜ .ƻŀǊŘΣ ǿƘƛŎƘ ƛǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜƭȅ ŀǘǘŀŎƘŜŘ ǘƻ 
ǘƘŜ bŜǿ aŜȄƛŎƻ LƴŘƛŀƴ !ŦŦŀƛǊǎ 5ŜǇŀǊǘƳŜƴǘΦ  

IƻǿŜǾŜǊΣ ǘƘŜǎŜ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ǊŜǎƻǳǊŎŜǎ Ŏŀƴ ōŜ ƛƴǎǳŦŦƛŎƛŜƴǘ ǿƘŜƴ ƳŜŀǎǳǊŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƘŜƳΦ 
¢ƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƴŜǿ ǘƻƻƭǎ ŀƴŘ ¢! ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ǊŜŀƭƛǘȅ ǘƘŀǘ ǇǊƻǾƛŘƛƴƎ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǾŜǊȅ 
ŜȄǇŜƴǎƛǾŜ ŦƻǊ ǘǊƛōŀƭ ǳǘƛƭƛǘƛŜǎΦ LƴŘŜŜŘΣ ǘƘŜ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ǊǳǊŀƭ !ƳŜǊƛŎŀ ƛƴ ǘƘŜ мфолǎ ǿŀǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ 
ŜŎƻƴƻƳƛŎ ǘǊŀƴǎŦŜǊǎ ŦǊƻƳ ǳǊōŀƴ ŎǳǎǘƻƳŜǊǎ ǘƻ ǊǳǊŀƭ ŎǳǎǘƻƳŜǊǎΣ ŜΦƎΦΣ ǘƘǊƻǳƎƘ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ƛƴǘŜǊŜǎǘπŦǊŜŜ 
ƭƻŀƴǎ ŀƴŘ ƎǊŀƴǘǎ ŦǊƻƳ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΦ tǊƛƻǊƛǘƛȊƛƴƎ ǳƴƛǾŜǊǎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎŎŜǎǎ ŦƻǊ ǘŜƴǎ ƻŦ 
ǘƘƻǳǎŀƴŘǎ ƻŦ !ƳŜǊƛŎŀƴǎ ǿƛǘƘƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅ Ƴŀȅ ŀƎŀƛƴ ǊŜǉǳƛǊŜ ǎƛƎƴƛŦƛŎŀƴǘ CŜŘŜǊŀƭ ƛƴǘŜǊǾŜƴǘƛƻƴΦ  

¢ǊƛōŜǎ ŀƭǎƻ ŦŀŎŜ ǊŜƎǳƭŀǘƻǊȅ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎΦ ¢ƘŜ ǘŀȄπŜȄŜƳǇǘΣ ƴƻƴπǇǊƻŦƛǘ ǎǘŀǘǳǎ ƻŦ CŜŘŜǊŀƭƭȅ 
ǊŜŎƻƎƴƛȊŜŘ ǘǊƛōŜǎ ǇǊŜŎƭǳŘŜǎ ǘƘŜƳ ŦǊƻƳ ǘŀƪƛƴƎ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ CŜŘŜǊŀƭ tǊƻŘǳŎǘƛƻƴ ¢ŀȄ /ǊŜŘƛǘ ƻǊ 
LƴǾŜǎǘƳŜƴǘ ¢ŀȄ /ǊŜŘƛǘ ǿƛǘƘƻǳǘ Ŏƻǎǘƭȅ ŀƴŘ ŎƻƳǇƭƛŎŀǘŜŘ ŎƻǊǇƻǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎΦмпо ¢ƘŜǎŜ ǘŀȄ ŎǊŜŘƛǘǎ ƘŀǾŜ 
ǎǳǇǇƻǊǘŜŘ ŀ ŘǊŀƳŀǘƛŎ ŜȄǇŀƴǎƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ ƻƴ ƴƻƴπǘǊƛōŀƭ ƭŀƴŘǎΦ [ŜƴƎǘƘȅ ǊŜƎǳƭŀǘƻǊȅ 
ǇǊƻŎŜǎǎŜǎ ŀƭǎƻ ƳŀƪŜ ƛǘ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘŜǾŜƭƻǇ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇǊƻƧŜŎǘǎΦмпп 
{ƛǘƛƴƎ ŀƴŘ ǇŜǊƳƛǘǘƛƴƎ ǊǳƭŜǎ ŦƻǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ǊƛƎƘǘǎπƻŦπǿŀȅ ƻƴ ǘǊƛōŀƭ ƭŀƴŘǎ ǿŜǊŜ ǎƛƳǇƭƛŦƛŜŘ ŀƴŘ ŎƭŀǊƛŦƛŜŘ ƛƴ 
нлмрΣ ǿƘƛŎƘ Ƴŀȅ ƻŦŦŜǊ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǘǊƛōŜǎ ǘƻ ōǳƛƭŘ ƻǳǘ ƎǊƛŘ ŀŎŎŜǎǎ ǘƻ ǳƴŎƻƴƴŜŎǘŜŘ ǊǳǊŀƭ ŀǊŜŀǎ ŀƴŘ 
ƛƴŎǊŜŀǎŜ ŎƻƴƴŜŎǘƛƻƴǎ ǘƻ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎΦ  

LƴŘƛŀƴ [ŀƴŘǎ ƘŀǾŜ ƻǾŜǊ ф Ƴƛƭƭƛƻƴ a² ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇƻǘŜƴǘƛŀƭΣмпр ōǳǘ ƻƴƭȅ мнрςмол a² Ƙŀǎ ōŜŜƴ 
ƛƴǎǘŀƭƭŜŘ ƻƴ ǘǊƛōŀƭ ƭŀƴŘǎΣ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ ŎŀǇƛǘŀƭΦмпс aŀƪƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŀȄ ŎǊŜŘƛǘǎ ǊŜŦǳƴŘŀōƭŜ ŀƴŘ 
ǇǊƻǾƛŘƛƴƎ ƭƻŀƴ ƎǳŀǊŀƴǘŜŜǎ ǿƻǳƭŘ ƘŜƭǇ ǘǊƛōŜǎ ŘŜǾŜƭƻǇ ǘƘŜƛǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΦ {ƻƳŜ ǘǊƛōŜǎ ƘŀǾŜ 
ŀƭǎƻ ŜȄǇǊŜǎǎŜŘ ƛƴǘŜǊŜǎǘ ƛƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ǘƻ Ǌǳƴ ŜƴŜǊƎȅ ǇǊƻƎǊŀƳǎ ōȅ ŘŜǾŜƭƻǇƛƴƎ ǘǊƛōŀƭ ŜƴŜǊƎȅ 
ƻŦŦƛŎŜǎΣ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǎǘŀǘŜ ŜƴŜǊƎȅ ƻŦŦƛŎŜǎ ǘƘŀǘ Ǌǳƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ ǇǊƻƎǊŀƳǎΦмпт  

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ Ƙŀǎ ŀ ǘǊǳǎǘ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǇǊƻǘŜŎǘ ǘǊƛōŀƭ ǘǊŜŀǘȅ ǊƛƎƘǘǎΣ ƭŀƴŘΣ ŀƴŘ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ 
ƛǘ Ƙŀǎ ŀ ƭƻƴƎǎǘŀƴŘƛƴƎ ǇƻƭƛŎȅ ƻŦ ŜƴŎƻǳǊŀƎƛƴƎ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ LƴŘƛŀƴ /ƻǳƴǘǊȅΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ 
ǎǳǇǇƻǊǘƛƴƎ ƛƳǇǊƻǾŜŘ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘΣ ǘƘŜ CŜŘŜǊŀƭ 
DƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ƛƳǇǊƻǾŜ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ǘǊƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻƧŜŎǘǎΦ CǊŜǉǳŜƴǘƭȅΣ 
ǘǊƛōŀƭ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǘŀƪŜǎ ǇƭŀŎŜ ƴŜŀǊ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǎƛǘƛƴƎ ŀƴŘ ǇŜǊƳƛǘǘƛƴƎ ǇǊƻŎŜǎǎΣ ǘƻƻ ƭŀǘŜ ǘƻ ŀƭƭƻǿ ŦƻǊ 
ƳŜŀƴƛƴƎŦǳƭ ƛƴǇǳǘ ŦǊƻƳ ǘǊƛōŜǎΦ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ŘŜŦƛƴƛǘƛƻƴǎ ŦƻǊ ŎƻƴǎǳƭǘŀǘƛƻƴΣ 
ŀƴŘ ǎƻƳŜ ǘǊƛōŜǎ ƭŀŎƪ ǘƘŜ ǎǘŀŦŦ ƻǊ ǘŜŎƘƴƛŎŀƭ ŜȄǇŜǊǘƛǎŜ ǘƻ ǊŜǾƛŜǿ ǇŜǊƳƛǘǘƛƴƎ ŘƻŎǳƳŜƴǘǎΦ ¢ƘŜ CŜŘŜǊŀƭ 
DƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ƛƳǇƭŜƳŜƴǘ ǇǊƻŎŜŘǳǊŜǎ ǘƘŀǘ ŜƴǎǳǊŜ ŜŀǊƭȅ ŀƴŘ ƳŜŀƴƛƴƎŦǳƭ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ǘǊƛōŀƭ 
ƎƻǾŜǊƴƳŜƴǘǎΣ ŀƴŘ CŜŘŜǊŀƭ ǎǘŀŦŦ ǎƘƻǳƭŘ ǊŜŎŜƛǾŜ ǘǊŀƛƴƛƴƎ ŀōƻǳǘ Ƙƻǿ ǘƻ ǇǊƻǾƛŘŜ ƳŜŀƴƛƴƎŦǳƭ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǘƻ 
ǘǊƛōŜǎ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ŀŘŘǊŜǎǎŜǎ ŎƻƴŎŜǊƴǎΦ   

http://www.nmlegis.gov/lcs/legislation.aspx?chamber=H&legtype=B&legno=868&year=05
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2.3 Maximizing the Value of Energy Efficiency 

9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άŦƛǊǎǘ ŦǳŜƭΣέ ǇǊƻǾƛŘŜǎ ōŜƴŜŦƛǘǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ 
ŀǾƻƛŘŜŘ Ŏƻǎǘǎ ŦƻǊ ŜƴŜǊƎȅΣ ŀǎ ǿŜƭƭ ŀǎ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŀǇŀŎƛǘȅΤ ƭŜǎǎ ǾƻƭŀǘƛƭŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ǇǊƛŎŜǎΤ ǊŜŘǳŎŜŘ ǎŜǊǾƛŎŜ ŘƛǎŎƻƴƴŜŎǘƛƻƴǎ ŘǳŜ ǘƻ ŀǊǊŜŀǊŀƎŜǎ ƻƴ ōƛƭƭ ǇŀȅƳŜƴǘǎΤ ŀƴŘ 
ƛƳǇǊƻǾŜŘ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅ όCƛƎǳǊŜ нπфύΦ ²ƘƛƭŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǊŜŘǳŎŜǎ ŜƭŜŎǘǊƛŎƛǘȅΣ ƴŀǘǳǊŀƭ ƎŀǎΣ ŀƴŘ ƻǘƘŜǊ 
ƘƻƳŜπƘŜŀǘƛƴƎ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴΣ ƛǘ Ŝǉǳŀƭƭȅ ǎǳǇǇƻǊǘǎ ŀ Ƙƻǎǘ ƻŦ ƴƻƴπŜƴŜǊƎȅ ōŜƴŜŦƛǘǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ 
ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴŘ ǎƻŎƛŜǘȅ ŀǎ ŀ ǿƘƻƭŜΦмпуΣ мпф CƻǊ ǇŀǊǘƛŎƛǇŀƴǘǎΣ ǘƘŜǎŜ ƛƴŎƭǳŘŜ ǎǳŎƘ ōŜƴŜŦƛǘǎ ŀǎ ǊŜŘǳŎŜŘ ŜƴŜǊƎȅ 
ōƛƭƭǎ ŀƴŘ ƳƻǊŜ ŘƛǎǇƻǎŀōƭŜ ƛƴŎƻƳŜΣ ƛƴŎǊŜŀǎŜŘ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜǎΣ ƛƳǇǊƻǾŜŘ ŎƻƳŦƻǊǘΣ ƭƻǿŜǊ ƳŀƛƴǘŜƴŀƴŎŜ 
ŎƻǎǘǎΣ ƘƛƎƘŜǊ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ŀƴŘ ǇƻǎƛǘƛǾŜ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎΦǊ CƻǊ ǎƻŎƛŜǘȅ ŀǎ ŀ ǿƘƻƭŜΣ ƴƻƴπŜƴŜǊƎȅ ōŜƴŜŦƛǘǎ 
ƛƴŎƭǳŘŜ ƛƳǇǊƻǾŜŘ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴŎŜΤ ǊŜŘǳŎŜŘ ŀƛǊ ŜƳƛǎǎƛƻƴǎΣ ǿŀǘŜǊ ǎŀǾƛƴƎǎΣ ŀƴŘ ƻǘƘŜǊ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΤ ǊŜŘǳŎŜŘ Ŏƻǎǘǎ ǘƻ ƻǇŜǊŀǘŜ ǇǳōƭƛŎ ŦŀŎƛƭƛǘƛŜǎΤ Ƨƻōǎ ŎǊŜŀǘŜŘ ŀƴŘ ƭƻŎŀƭ ŜŎƻƴƻƳƛŎ 
ŘŜǾŜƭƻǇƳŜƴǘΤ ŀƴŘ ōǊƻŀŘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎΣ ǎǳŎƘ ŀǎ ǊŜŘǳŎŜŘ ŀǎǘƘƳŀ ŎŀǎŜǎ ŦǊƻƳ ŎƭŜŀƴŜǊ ŀƛǊΦ wŜƎǳƭŀǘƻǊȅ 
ŀǇǇǊƻŀŎƘŜǎ ǎǳŎƘ ŀǎ ŘŜŎƻǳǇƭƛƴƎΣ ƛƴŎŜƴǘƛǾŜǎΣ ƻǊ ƭƻǎǘ ǊŜǾŜƴǳŜ ŀŘƧǳǎǘƳŜƴǘǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǇǊƻƳƻǘŜ ǳǘƛƭƛǘȅ 
ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ .ǳƛƭŘƛƴƎ ƻǿƴŜǊǎ Ŏŀƴ ŀƭǎƻ ǳǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦƛƴŀƴŎƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ǘƻ 
ƛƳǇƭŜƳŜƴǘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ǇŜǊŦƻǊƳŀƴŎŜ ŎƻƴǘǊŀŎǘǎΣ ǇǊƻǇŜǊǘȅπ
ŀǎǎŜǎǎŜŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ƭƻŀƴǎΣ ƻǊ ŜƴŜǊƎȅπŦƻŎǳǎŜŘ ƭƻŀƴǎ ŦǊƻƳ ƴŀǘƛƻƴŀƭ ƭŜƴŘŜǊǎΦ 

Figure 2-9. Multiple Benefits of Energy Efficiency Improvements150 

 
Energy efficiency improvements include energy and non-energy benefits for individual participants, the 
electricity system, and society as a whole. 

                                                           
Ǌ CƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ Ƙƻǿ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ƳǳƭǘƛǇƭŜ ōŜƴŜŦƛǘǎ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ǎŜŜ 9t!Ωǎ Assessing the Multiple Benefits of 
Clean Energy: A Resource for States όнлммύΣ ƘǘǘǇǎΥκκǿǿǿΦŜǇŀΦƎƻǾκǎǘŀǘŜƭƻŎŀƭŎƭƛƳŀǘŜκŀǎǎŜǎǎƛƴƎπƳǳƭǘƛǇƭŜπōŜƴŜŦƛǘǎπŎƭŜŀƴπŜƴŜǊƎȅπ
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9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇƻƭƛŎƛŜǎτǎǳŎƘ ŀǎ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΣ ŀǇǇƭƛŀƴŎŜ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǎǘŀƴŘŀǊŘǎ ŀƴŘ 
ƭŀōŜƭƛƴƎΣ ŀƴŘ ǘŀǊƎŜǘŜŘ ƛƴŎŜƴǘƛǾŜǎτƘŀǾŜ ǇƭŀȅŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ ǎƭƻǿƛƴƎ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ŎƻƴǎǳƳǇǘƛƻƴΦǎ LƴŎǊŜƳŜƴǘŀƭ ŀƴƴǳŀƭ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŦǊƻƳ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊπŦǳƴŘŜŘ ŜƭŜŎǘǊƛŎ ŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ ǳǘƛƭƛǘȅ ǎŜŎǘƻǊ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜŀŎƘ ŀōƻǳǘ лΦу ǇŜǊŎŜƴǘ ǇŜǊ ȅŜŀǊ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ōȅ 
нлнрΣ ŘǊƛǾŜƴ ǇǊƛƳŀǊƛƭȅ ōȅ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǎǘŀǘŜǿƛŘŜ ǎŀǾƛƴƎǎ ƻǊ ǎǇŜƴŘƛƴƎ ǘŀǊƎŜǘǎ ǘȅǇƛŎŀƭƭȅ ŦƻŎǳǎŜŘ ƻƴ 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΦмрм 9ŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŦǳƴŘŜŘ ōȅ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΣ ŀǊŜ ƭƛƪŜƭȅ ǘƻ 
ŎƻƴǘƛƴǳŜ ǘƻ ƻŦŦǎŜǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎ ƭƻŀŘ ƎǊƻǿǘƘΦ !ŘǾŀƴŎŜǎ ƛƴ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƎǊƻǿǘƘ 
ƻŦ ǘƘŜ ōǊƻŀŘŜǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ƛƴŘǳǎǘǊȅ ƘŀǾŜ ŀƭǎƻ ǇƭŀȅŜŘ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜǎ ƛƴ 
ŀŎƘƛŜǾƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ƭŜǾŜƭǎ ƻŦ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦ 

! ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ Ŏŀƴ ƘŜƭǇ ǘƘŜ !ƳŜǊƛŎŀƴ ŜŎƻƴƻƳȅ ŎŀǇǘǳǊŜ ǾŀƭǳŜ ŦǊƻƳ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊŀŎǘƛŎŜǎΦ !ǘ ǘƘŜ CŜŘŜǊŀƭ ƭŜǾŜƭΣ 5h9 ǎǳǇǇƻǊǘǎ ŎƻǎǘπǎƘŀǊŜŘ wϧ5 ƻŦ ƴŜǿ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊŀŎǘƛŎŜǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ŀƭƭ ŜƴŘπǳǎŜ ǎŜŎǘƻǊǎ ƛƴŎƭǳŘƛƴƎ ƭƛƎƘǘƛƴƎΤ ǊŜŦǊƛƎŜǊŀǘƛƻƴΣ ŀƛǊ 
ŎƻƴŘƛǘƛƻƴƛƴƎΣ ŀƴŘ ƘŜŀǘ ǇǳƳǇ ǘŜŎƘƴƻƭƻƎƛŜǎΤ ƴŜǿ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƻƻƭǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎΤ 
ǎŜƴǎƻǊ ŀƴŘ ŎƻƴǘǊƻƭǎΤ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎΤ 9±ǎΤ ŘƛǎǘǊƛōǳǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ 
ǘŜŎƘƴƻƭƻƎƛŜǎΤ ŀƴŘ ƻǘƘŜǊǎΦ ¢ŜŎƘƴƻƭƻƎȅ ŘŜǾŜƭƻǇƳŜƴǘ ŜŦŦƻǊǘǎ ŀǊŜ ǳǎǳŀƭƭȅ ŀŎŎƻƳǇŀƴƛŜŘ ƻǊ ŦƻƭƭƻǿŜŘ ōȅ 
ǘŜŎƘƴƻƭƻƎȅ ŘŜƳƻƴǎǘǊŀǘƛƻƴǎ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘŜǎǘ ƳŜǘƘƻŘǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ƳŀǊƪŜǘ ŀŎŎŜǇǘŀƴŎŜΦ 
[ŀōŜƭƛƴƎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ όŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘǊƻǳƎƘ 9t!Ωǎ ŀƴŘ 5h9Ωǎ 9b9wD¸ {¢!w ŀƴŘ 5h9Ωǎ .ŜǘǘŜǊ 
.ǳƛƭŘƛƴƎǎ ǇǊƻƎǊŀƳǎύΣ ǇǊƻǾƛŘŜ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŎƻƴǎǳƳŜǊǎ ǘƻ ƛŘŜƴǘƛŦȅ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ 
ǊŜŘǳŎƛƴƎ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘǊƻǳƎƘ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ƴŜǿΣ ƳƻǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ǇǊƻŘǳŎǘǎΣ ƻǊ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŜȄƛǎǘƛƴƎ ōǳƛƭŘƛƴƎǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎΦ DǊŜŜƴ ōǳƛƭŘƛƴƎ ŎŜǊǘƛŦƛŎŀǘƛƻƴ 
ǇǊƻƎǊŀƳǎ ǇǊƻƳƻǘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ōǳƛƭŘƛƴƎǎΦ LƴŎŜƴǘƛǾŜǎΣ ŦƛƴŀƴŎƛƴƎΣ ŀƴŘ ǘŀǊƎŜǘŜŘ ǇǊƻŎǳǊŜƳŜƴǘ ǇǊƻƎǊŀƳǎ 
ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ƎƻǾŜǊƴƳŜƴǘǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ƘŜƭǇ ŜƴŀōƭŜ ƻǊ ƳƻǘƛǾŀǘŜ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ƘƛƎƘŜǊπŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻŘǳŎǘǎ ŀƴŘ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ƳŀǊƪŜǘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ƴŜǿΣ ƳƻǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ CƛƴŀƭƭȅΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ōǳƛƭŘƛƴƎ ŎƻŘŜǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŀǇǇƭƛŀƴŎŜǎ ŜƴǎǳǊŜ 
ŎƻƴǎƛǎǘŜƴǘ ƳŀǊƪŜǘ ŀŘƻǇǘƛƻƴ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜŦŦƛŎƛŜƴŎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜǎŜ 
ŜŦŦƻǊǘǎ ƛǎ ǘƻ ŜƴŀōƭŜ ŎƻƴǎǳƳŜǊǎ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǎŀƳŜ ƻǊ ƛƳǇǊƻǾŜŘ ŜƴŘπǳǎŜ ǎŜǊǾƛŎŜǎ ŀǘ ƭƻǿŜǊ ǘƻǘŀƭ ŎƻǎǘΣ ǿƘƛƭŜ 
ŀƭǎƻ ȅƛŜƭŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ōŜƴŜŦƛǘǎΦ ¢ƻŘŀȅΣ ǎǳŎƘ ǇǊƻƎǊŀƳǎ ŀǊŜ ŜŦŦŜŎǘƛǾŜƭȅ ǎǘƛƳǳƭŀǘƛƴƎ 
ŜŦŦƛŎƛŜƴŎȅ Ǝŀƛƴǎ ƛƴ ŀƭƭ ƴŜǿ ōǳƛƭŘƛƴƎǎ ŀƴŘ ǾŜƘƛŎƭŜǎΣ ŀƴŘ Ƴƻǎǘ ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘΦ  

CǳǊǘƘŜǊƳƻǊŜΣ ǎǳōǎǘŀƴǘƛŀƭ ŜƭŜŎǘǊƛŎ ŜŦŦƛŎƛŜƴŎȅ Ǝŀƛƴǎ ŀǊŜ ǇƻǎǎƛōƭŜ ƛƴ ŀƭƭ ŜƴŘπǳǎŜ ǎŜŎǘƻǊǎΦ ¢ƘŜ bŀǘƛƻƴŀƭ 
!ŎŀŘŜƳƛŜǎ ŦƻǳƴŘ ǘƘŀǘ Ŧǳƭƭ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ōǳƛƭŘƛƴƎǎ ŎƻǳƭŘ 
ŜƭƛƳƛƴŀǘŜ ǘƘŜ ƴŜŜŘ ǘƻ ōǳƛƭŘ ƴŜǿ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǘƘǊƻǳƎƘ нлолΦмрн LŦ 
ōǳƛƭŘƛƴƎǎ ǿŜǊŜ ǘƻ ŀŘƻǇǘ ǘƻŘŀȅΩǎ ōŜǎǘ ŀǾŀƛƭŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŜƴŜǊƎȅ ǳǎŜ ƛƴǘŜƴǎƛǘȅ όǘƘƻǳǎŀƴŘ .ǊƛǘƛǎƘ 
ǘƘŜǊƳŀƭ ǳƴƛǘǎ ǇŜǊ ǎǉǳŀǊŜ Ŧƻƻǘύ ŎƻǳƭŘ ŘŜŎǊŜŀǎŜ ōȅ ŀǘ ƭŜŀǎǘ рл ǇŜǊŎŜƴǘ ŦƻǊ ǎƛƴƎƭŜπŦŀƳƛƭȅ ƘƻƳŜǎ ŀƴŘ ōȅ пн 
ǇŜǊŎŜƴǘ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎΦмро bŜǿ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎ ŀƴŘ 5w ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ ōŜƛƴƎ ǳƴƭƻŎƪŜŘ ōȅ 
ǘƘŜ ŘƛƎƛǘƛȊŀǘƛƻƴ ƻŦ ŜƴŘπǳǎŜ ŘŜǾƛŎŜǎ ŀƴŘ ǘƘŜ ōǳƛƭŘπƻǳǘ ƻŦ ƭŀȅŜǊǎ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ŀƭƭƻǿ 
ǘƘŜƳ ǘƻ ōƻǘƘ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘŜƛǊ ǎǘŀǘŜ ŀƴŘ ōŜ ŎƻƴǘǊƻƭƭŜŘΣ ŦǳǊǘƘŜǊ ŜƴŀōƭƛƴƎ ƎǊƛŘπǎȅǎǘŜƳπǿƛŘŜ ŜŦŦƛŎƛŜƴŎƛŜǎ 
ŀƴŘ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎΦ 5ŜǾŜƭƻǇƛƴƎ ŜŦŦŜŎǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǊŜŀƭƛȊƛƴƎ ǘƘŜǎŜ ǾŀƭǳŜπŎǊŜŀǘƛƻƴ 
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ƛƳǇǊƻǾŜŘ Řŀǘŀ ƻƴ ǘƘŜ ŀŎǘǳŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ƳƻǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŀǇǇƭƛŀƴŎŜǎΣ 
ŜǉǳƛǇƳŜƴǘΣ ŀƴŘ ōǳƛƭŘƛƴƎǎΤ ǾŀǊƛŀǘƛƻƴ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ŎƻƴǎǳƳŜǊǎΤ ŀƴŘ ǘƘŜ ŎƻƴǎǘŜƭƭŀǘƛƻƴ ƻŦ 
ǇǊƻŘǳŎǘ ŀƴŘ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ǘƘŀǘ ǎŜǊǾŜ ŀƴŘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŘŜŎƛǎƛƻƴǎ ƻŦ ŎƻƴǎǳƳŜǊǎΦ  

                                                           
ǎ CƻǊ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǘƻǇƛŎǎΣ ǎǳŎƘ ŀǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŎƻŘŜǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ 
ǇŜǊŦƻǊƳŀƴŎŜ ŎƻƴǘǊŀŎǘǎ ŀƴŘ ƭƛŦŜπŎȅŎƭŜ ŎƻǎǘƛƴƎ ƛƴ ǘƘŜ ŦŜŘŜǊŀƭ ǎŜŎǘƻǊΣ ƳƛǎŎŜƭƭŀƴŜƻǳǎ ŜƭŜŎǘǊƛŎ ƭƻŀŘǎΣ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ǇƻƭƛŎƛŜǎ ϧ 
ǇǊƻƎǊŀƳǎΣ ǎŜŜ /ƘŀǇǘŜǊ LLL όBuilding a Clean Electricity FutureύΦ  
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2.3.1 Miscellaneous Electric Loads Will Be Growing Share of 
Electricity Demand in Future 

¢ƘŜ ǎƘŀǊŜǎ ƻŦ ŜƴŘπǳǎŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ƛƴ нлмп ŀǊŜ ǎŜŜƴ ƛƴCƛƎǳǊŜ 
нπмлΦ aƻǎǘ ōǳƛƭŘƛƴƎπǎŜŎǘƻǊ ŜƴŘ ǳǎŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ŘŜŎƭƛƴƛƴƎ ǎƘŀǊŜǎ ƻŦ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ŘŜƳŀƴŘΣ ǿƛǘƘ ƻƴƭȅ a9[ǎΣǘ ǊŜǎƛŘŜƴǘƛŀƭ ŀƛǊπŎƻƴŘƛǘƛƻƴƛƴƎΣ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ƻŦŦƛŎŜ ŜǉǳƛǇƳŜƴǘ ŜȄǇŜŎǘŜŘ ǘƻ 
ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ǎƘŀǊŜǎΦ ¢ƘŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ a9[ǎ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦǊƻƳ нлмп ǘƻ 
нлплΣ ŦǊƻƳ пн ǘƻ пу ǇŜǊŎŜƴǘ ƛƴ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ ŀƴŘ ŦǊƻƳ пс ǘƻ ру ǇŜǊŎŜƴǘ ƛƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ 
ǎŜŎǘƻǊΦмрп ¢ƘŜ ƛƴŎǊŜŀǎŜŘ ǎƘŀǊŜ ƻŦ ŜƴŜǊƎȅ ǳǎŜŘ ōȅ a9[ǎ Ŧƻƭƭƻǿǎ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ŜƳŜǊƎŜƴŎŜ ƻŦ ƴŜǿ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎŜǊǾƛŎŜǎ ŀƴŘ ǘƘŜ ƭŜǎǎ ŜŦŦŜŎǘƛǾŜ ŎƻǾŜǊŀƎŜ ƻŦ ƳŀƧƻǊ ƭƻŀŘǎ ōȅ ŜȄƛǎǘƛƴƎ ǇƻƭƛŎƛŜǎ ŘŜǎƛƎƴŜŘ ǘƻ ŀŎŎŜƭŜǊŀǘŜ 
ŜŦŦƛŎƛŜƴŎȅ ƎŀƛƴǎΦ !ŘŘƛǘƛƻƴŀƭ ŀŎǘƛƻƴ ƛǎ ƴŜŜŘŜŘ ǘƻ ƛƳǇǊƻǾŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ŀƴŘ ǘƻ ŦǳǊǘƘŜǊ ŜȄǇŀƴŘ ǘŜŎƘƴƻƭƻƎȅ 
ŘŜǾŜƭƻǇƳŜƴǘΣ ǇǊƻŘǳŎǘ ǘŜǎǘƛƴƎΣ ƭŀōŜƭƛƴƎΣ ŀƴŘ ƳƛƴƛƳǳƳ ǎǘŀƴŘŀǊŘǎ ǇǊƻƎǊŀƳǎ ǘƻ ōŜǘǘŜǊ ŎƻǾŜǊ a9[ǎΦ 

Figure 2-10. Share of Miscellaneous Electric Loads Compared to All Other Building Electric Loads, 
Residential and Commercial Sectors, 2014 and 2040155 

 
Compared to other loads, MELs are projected to increase significantly in their share of total delivered 
electricity in residential and commercial buildings. MELs represent a broad range of electric loads outside 
of a buildingôs core end uses of heating, ventilation, air conditioning, lighting, water heating, and 
refrigeration. Projections are based upon the business-as-usual assumptions in the EPSA Base Case. 

                                                           
ǘ CƻǊ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŘƛǎŎǳǎǎƛƻƴ ƻŦ a9[ǎΣ ǎŜŜΥ ƘǘǘǇΥκκŜƴŜǊƎȅΦƎƻǾκŜŜǊŜκōǳƛƭŘƛƴƎǎκŘƻǿƴƭƻŀŘǎκōǘƻπƛƴǾŜǎǘƛƎŀǘŜǎπƳƛǎŎŜƭƭŀƴŜƻǳǎπ
ŜƭŜŎǘǊƛŎπƭƻŀŘǎΦ 

http://energy.gov/eere/buildings/downloads/bto-investigates-miscellaneous-electric-loads
http://energy.gov/eere/buildings/downloads/bto-investigates-miscellaneous-electric-loads
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2.3.2 Energy Efficiency Codes and Standards Help Reduce 
Consumption and Save Money 

9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇƻƭƛŎƛŜǎτǎǳŎƘ ŀǎ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΣ ŜǉǳƛǇƳŜƴǘ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎΣ ƳŀƴŘŀǘƻǊȅ ŀǎ 
ǿŜƭƭ ŀǎ ǾƻƭǳƴǘŀǊȅ ƭŀōŜƭƛƴƎ ƭƛƪŜ 9b9wD¸ {¢!wΣ ŀƴŘ ǘŀǊƎŜǘŜŘ ƛƴŎŜƴǘƛǾŜǎτƘŀǾŜ ǇƭŀȅŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ 
ǎƭƻǿƛƴƎ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴΦ .ŜŎŀǳǎŜ ōǳƛƭŘƛƴƎǎ ƻŦǘŜƴ ƘŀǾŜ ƭƛŦŜǘƛƳŜǎ ƻŦ трςмлл ȅŜŀǊǎΣ 
ǇƻƭƛŎƛŜǎ ŀƴŘ ƳŀǊƪŜǘ ŦƻǊŎŜǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ŜŦŦƛŎƛŜƴŎȅ ƛƴ ōŀǎŜ ōǳƛƭŘƛƴƎ ǎȅǎǘŜƳǎ Ŏŀƴ ƘŀǾŜ ƭŀǎǘƛƴƎ ōŜƴŜŦƛǘǎΦ 
!ŘǾŀƴŎŜǎ ƛƴ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƎǊƻǿǘƘ ƻŦ ǘƘŜ ōǊƻŀŘŜǊ ŜƴŜǊƎȅπƳŀƴŀƎŜƳŜƴǘ ƛƴŘǳǎǘǊȅ ƘŀǾŜ ŀƭǎƻ 
ǇƭŀȅŜŘ ǊƻƭŜǎ ƛƴ ŎǊŜŀǘƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ǾŀƭǳŜ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦ  

.ǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΣ ŜƴŜǊƎȅ ŎƻƴǎŜǊǾŀǘƛƻƴ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ǘƘŜ ǾƻƭǳƴǘŀǊȅ 9b9wD¸ {¢!w ǇǊƻƎǊŀƳ ŦƻǊ 
ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǎŜǘ ŀ ƳƛƴƛƳǳƳ ƭŜǾŜƭ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇŜǊŦƻǊƳŀƴŎŜ ŀǎ ǿŜƭƭ ŀǎ ƭŜŀŘŜǊǎƘƛǇ 
ŜŦŦƛŎƛŜƴŎȅ ƭŜǾŜƭǎΦ /ƻŘŜǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎ ŀŘŘǊŜǎǎ ƳŀǊƪŜǘ ōŀǊǊƛŜǊǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴŎȅΣ 
ƳŀǘŜǊƛŀƭƛǘȅΣ ŀƴŘ ǎǇƭƛǘ ƛƴŎŜƴǘƛǾŜǎΦǳ ¢ƘŜǎŜ ǇƻƭƛŎƛŜǎ ƘŀǾŜ ǘƘŜ Ǝƻŀƭ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜƭȅ ǊŜŘǳŎƛƴƎ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǘƛƻƴ ǘƻ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ǘƻ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ƳŜŜǘ ƭƻƴƎπǘŜǊƳ ŜƴŜǊƎȅ ƎƻŀƭǎΦ !ǎ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎ 
ŎƻƴǘƛƴǳŜ ǘƻ ŀŘǾŀƴŎŜΣ ǎǘŀǘŜǎ ŀƴŘ ŘŜǾŜƭƻǇŜǊǎ ƻŦ ƳƻŘŜƭ ŎƻŘŜǎ ƘŀǾŜ ǘǿƻ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ 
ƛƳǇŀŎǘΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǘƘŜ ƭƻƴƎπǎǘŀƴŘƛƴƎ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ŜƴŜǊƎȅ ŎƻŘŜǎ ŀƴŘ ǊŀǘŜǇŀȅŜǊπŦǳƴŘŜŘ ŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻƎǊŀƳǎΦ ²ƘƛƭŜ ǘƘŜȅ ƻŦǘŜƴ ǎƘŀǊŜ ǎƛƳƛƭŀǊ ǇƻƭƛŎȅ ƎƻŀƭǎΣ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎǘǊƛƴƎŜƴǘ ŜƴŜǊƎȅ ŎƻŘŜǎ Ŏŀƴ ŎǊŜŀǘŜ 
ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ǇǊƻƎǊŀƳǎ ǘƘŀǘ Ŏŀƴ ƻƴƭȅ ŎƭŀƛƳ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ōŜȅƻƴŘ ǘƘŜ ŜƴŜǊƎȅ ǎŀǾŜŘ ōȅ ŎƻŘŜǎΦ aŀȄƛƳƛȊƛƴƎ 
ǾŀƭǳŜ ǘƻ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ƻǘƘŜǊ ǇŀǊǘƛŜǎ ǊŜǉǳƛǊŜǎ ǎǘŀǘŜ ǇƻƭƛŎȅƳŀƪŜǊǎ ǘƻ ŀƭƛƎƴ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ŀƭƭ ǇŀǊǘƛŜǎΣ ǘƻ 
ŜƴǎǳǊŜ ǘƘŀǘ ƳƻŘŜǊƴ ŜƴŜǊƎȅ ŎƻŘŜǎ ŀƴŘ ǾƻƭǳƴǘŀǊȅ ǇǊƻƎǊŀƳǎ ŎƻƳǇƭŜƳŜƴǘ ŜŀŎƘ ƻǘƘŜǊ ƛƴ ŀŎƘƛŜǾƛƴƎ ŀƭƭ Ŏƻǎǘπ
ŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ   

¢ƘŜ ǎŜŎƻƴŘ ƻǇǇƻǊǘǳƴƛǘȅ ƭƛŜǎ ƛƴ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴƴŜŎǘƛǾƛǘȅ ŀƴŘ ŎƻƴǘǊƻƭƭŀōƛƭƛǘȅ ƻŦ ŎƻƴǎǳƳŜǊ ŘŜǾƛŎŜǎΦ 
9ȄǇŀƴŘƛƴƎ ŎƻƴƴŜŎǘƛǾƛǘȅ Ƴŀȅ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜƴŜǊƎȅ ǳǎŜŘ ōȅ ŎƻƴǎǳƳŜǊ ŘŜǾƛŎŜǎΣ ǿƘƛƭŜ ŀƭǎƻ ƻŦŦŜǊƛƴƎ 
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ǘƘǊƻǳƎƘ ƛƳǇǊƻǾŜŘ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ 9ƴŎƻǳǊŀƎƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ŎƻƴƴŜŎǘŜŘ ŘƛƎƛǘŀƭ ŘŜǾƛŎŜǎ ƛƴ ǿŀȅǎ ǘƘŀǘ ǎŀǾŜ ŜƴŜǊƎȅ ŀƴŘ ǇǊƻǾƛŘŜ 
ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ǘƘŜ ƎǊƛŘ Ƙŀǎ ƴƻǘ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŀ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΦ /ƻŘŜǎ ǘƘŀǘ 
ŜƴŎƻǳǊŀƎŜ ŜŦŦŜŎǘƛǾŜ ǳǎŜ ƻŦ ōǳƛƭŘƛƴƎ ŀƴŘ ŘŜǾƛŎŜ ŎƻƴƴŜŎǘƛǾƛǘȅ ŀƴŘ ŎƻƴǘǊƻƭǎ Ŏŀƴ ŘƛǊŜŎǘƭȅ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ǘƻ 
ōǳƛƭŘƛƴƎ ƻŎŎǳǇŀƴǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎ ŀǎ ŀ ƎǊƛŘ ŀǎǎŜǘΦ 

2.3.3 State and Local Energy Policies and Programs Deliver 
Efficiency 

wŜŎŜƴǘ ǊŜǎŜŀǊŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƛƴŜŦŦƛŎƛŜƴǘ ōǳƛƭŘƛƴƎǎ ǘƘŀǘ ǳǎŜ ƳƻǊŜ ŜƴŜǊƎȅ ǘƘŀƴ ǎƛƳƛƭŀǊ ōǳƛƭŘƛƴƎǎ Ƴŀȅ ȅƛŜƭŘ 
ŀ ǊŜŘǳŎŜŘ ƳƻǊǘƎŀƎŜ ǾŀƭǳŜ ŘǳŜ ǘƻ ŜƴŜǊƎȅ ǇǊƛŎŜ ǊƛǎƪΦмрс LƳǇǊƻǾƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ Ŏŀƴ ƘŜƭǇ ǇǊƻǘŜŎǘ ŀƎŀƛƴǎǘ 
ǘƘƛǎ ǇƻǘŜƴǘƛŀƭ ƭƻǎǎ ƻŦ ŦƛƴŀƴŎƛŀƭ ǾŀƭǳŜΦ aŀƴȅ ¦Φ{Φ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ǊŜǇƻǊǘƛƴƎ ƻŦ ōǳƛƭŘƛƴƎǎΩ ŜƴŜǊƎȅ 
ǇŜǊŦƻǊƳŀƴŎŜ ƘŀǾŜ ƛƳǇƭŜƳŜƴǘŜŘ ŜƴŜǊƎȅ ōŜƴŎƘƳŀǊƪƛƴƎ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴŎȅ ǇƻƭƛŎƛŜǎ ŦƻǊ ōǳƛƭŘƛƴƎǎΦ ¢Ƙƛǎ 
ǊŜǇƻǊǘƛƴƎ ƛƴŎǊŜŀǎŜǎ ōǳƛƭŘƛƴƎ ƻǿƴŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ǇǊƻǇŜǊǘƛŜǎΩ ŜƴŜǊƎȅ ǳǎŀƎŜΤ ǇǊƻǾƛŘŜǎ ƎǊŜŀǘŜǊ 
ǘǊŀƴǎǇŀǊŜƴŎȅ ŦƻǊ ŎǳǊǊŜƴǘ ŀƴŘ ǇǊƻǎǇŜŎǘƛǾŜ ǘŜƴŀƴǘǎΤ ƘƛƎƘƭƛƎƘǘǎ ŎƻǎǘπŜŦŦŜŎǘƛǾŜΣ ŜƴŜǊƎȅπǎŀǾƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎΤ 
ŀƴŘ ǇǊƻǾƛŘŜǎ ƳŀǊƪŜǘ Řŀǘŀ ǘƻ ŜƴƘŀƴŎŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŜŦŦƛŎƛŜƴŎȅ ŜŦŦƻǊǘǎ ƻƴ ōŜƘŀƭŦ ƻŦ ǊŜƭŜǾŀƴǘ ŀƎŜƴŎƛŜǎΦмрт 
.ǳƛƭŘƛƴƎ ōŜƴŎƘƳŀǊƪƛƴƎ ŀƴŘ ŀǳŘƛǘƛƴƎ Řŀǘŀ ǇǊƻǾƛŘŜ ŀ ŘŀǘŀōŀǎŜ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ōŜǘǘŜǊ Ǿŀƭǳŀǘƛƻƴ 
ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ŦƻǊ ŦǳǘǳǊŜ ƻǿƴŜǊǎ ŀƴŘ ƛƴǾŜǎǘƻǊǎΦ wŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ 
ǊŜǉǳƛǊŜ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ōŜƴŎƘƳŀǊƪƛƴƎΣ ǇŜǊƛƻŘƛŎ ŜƴŜǊƎȅ ŀǳŘƛǘǎΣ ŎƻǊǊŜŎǘƛǾŜ ŀŎǘƛƻƴǎ όŜΦƎΦΣ 
ǊŜǘǊƻŎƻƳƳƛǎǎƛƻƴƛƴƎύΣ ƻǊ ǇƻƛƴǘπƻŦπǎŀƭŜ ŘƛǎŎƭƻǎǳǊŜ ƻǊ ǳǇƎǊŀŘŜǎ όƻǊ ōƻǘƘύ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ƘŀǾŜ ōŜŜƴ 
ŀŘƻǇǘŜŘ ōȅ у ǎǘŀǘŜǎ ŀƴŘ мп ŎƛǘƛŜǎ όCƛƎǳǊŜ нπммύΦ  

                                                           
ǳ /ƘŀǇǘŜǊ LLL όBuilding a Clean Electricity Futureύ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎ ŀƴŘ ŀǇǇƭƛŀƴŎŜ ǎǘŀƴŘŀǊŘǎΦ 
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Figure 2-11. U.S. Building Benchmarking and Disclosure Policies158  

 

 

A growing number of states and communities are adopting building information transparency policies. 
These include building energy benchmarking, periodic energy audits, corrective actions (e.g., 
retrocommissioning), and point-of-sale disclosure or upgrades (or both). 

bŜŀǊƭȅ ŀ ǘƘƛǊŘ ƻŦ ǎǘŀǘŜǎ ŀǊŜ ǎŀǾƛƴƎ ŀǘ ƭŜŀǎǘ м ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŜŀŎƘ ȅŜŀǊ ǘƘǊƻǳƎƘ ǇǊƻƎǊŀƳǎ 
ŦǳƴŘŜŘ ōȅ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎΦ wƻǳƎƘƭȅ ŀƴƻǘƘŜǊ ǘƘƛǊŘ ƻŦ ǎǘŀǘŜǎτƳƻǎǘ ǊŜƭŀǘƛǾŜƭȅ ƴŜǿ ǘƻ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅτ
ŀǊŜ ǎŀǾƛƴƎ ōŜǘǿŜŜƴ лΦнр ǇŜǊŎŜƴǘ ŀƴŘ лΦтр ǇŜǊŎŜƴǘ όFigure 2-12ύΦмрф aŀƴȅ ǎǘŀǘŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜƛǊ 
ŜŦŦƛŎƛŜƴŎȅ ǘŀǊƎŜǘǎ ŀǎ ǘƘŜȅ ƳŜŜǘ ƛƴƛǘƛŀƭ Ǝƻŀƭǎ ŀƴŘ ŀǊŜ ƻƴ ǘǊŀŎƪ ǘƻ ŀŎƘƛŜǾŜ ŜǾŜƴ ƘƛƎƘŜǊ ǎŀǾƛƴƎǎΦ 9ƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŦǳƴŘŜŘ ōȅ ǳǘƛƭƛǘȅ ŎǳǎǘƻƳŜǊǎ ǎǇŜƴǘ Ϸс ōƛƭƭƛƻƴ ƛƴ нлмоΦмсл Lǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜ ŀǾŜǊŀƎŜ 
ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ǎŀǾƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŀƳƻƴƎ ¦Φ{Φ ǳǘƛƭƛǘȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŀŎǊƻǎǎ ŀƭƭ ƳŀǊƪŜǘ ǎŜŎǘƻǊǎ ŦƻǊ ǘƘŜ 
ǇŜǊƛƻŘ нллф ǘƻ нлмо ƛǎ пΦс ŎŜƴǘǎ ǇŜǊ ƪ²Ƙ ǎŀǾŜŘΣ ǎǇƭƛǘ ǊƻǳƎƘƭȅ ƛƴ ƘŀƭŦ ōŜǘǿŜŜƴ ǘƘŜ ǳǘƛƭƛǘȅ όƻǊ ƻǘƘŜǊ ǇǊƻƎǊŀƳ 
ŀŘƳƛƴƛǎǘǊŀǘƻǊύ ŀƴŘ ǇǊƻƎǊŀƳ ǇŀǊǘƛŎƛǇŀƴǘǎΦмсмΣ мсн ¢Ƙƛǎ ƛǎ ƳǳŎƘ ƭƻǿŜǊ ǘƘŀƴ  ǘƘŜ ŀǾŜǊŀƎŜ ǇǊƛŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ 
ǘƘŜ ¦Φ{Φ ƛƴ нлмпΣ ǿƘƛŎƘ ǿŀǎ млΦпп ŎŜƴǘǎ ǇŜǊ ƪ²ƘΦмсо !ƴƻǘƘŜǊ ǿŀȅ ǘƻ ǾƛŜǿ ǘƘŜ ŎƻǎǘπŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 
ŜŦŦƛŎƛŜƴŎȅ ƛǎ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǘƘŜ Ŏƻǎǘ ƻŦ ŀ ƴŜǿ ǇƻǿŜǊ ǇƭŀƴǘΦ ¢ƘŜ ŀǾŜǊŀƎŜ 
ƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ ǎŀǾŜŘ ŜƴŜǊƎȅ ŦǊƻƳ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǘ 
Ϸпсκa²ƘΣ ǾŜǊǎǳǎ ǘƘŜ ƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅ ŦƻǊ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƳōƛƴŜŘπŎȅŎƭŜ ƎŜƴŜǊŀǘƛƻƴΣ ǿƛǘƘ ƛǘǎ 
ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ŦǳŜƭ ǇǊƛŎŜǎΣ ŀǘ Ϸрн ǘƻ Ϸтуκa²ƘΦ Ǿ мсп 

                                                           
Ǿ ¢Ƙƛǎ ŎƻƳǇŀǊƛǎƻƴ Ƙŀǎ ǎƻƳŜ ƭƛƳƛǘŀǘƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ Ŏƻǎǘ ƻŦ ǎŀǾŜŘ ŜƴŜǊƎȅ ǳǎǳŀƭƭȅ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǘƘŜ ƳŜǘŜǊ ƻŦ ǘƘŜ ŜƴŘπǳǎŜ 
ŎǳǎǘƻƳŜǊΣ ǿƘƛƭŜ ǘƘŜ ƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǘƘŜ ōǳǎōŀǊ ƻŦ ǘƘŜ ǇƻǿŜǊ ǇƭŀƴǘΣ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ŘƻŜǎ ƴƻǘ 
ǊŜŦƭŜŎǘ ŜƴŜǊƎȅ ƭƻǎǘ ƛƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ όƛΦŜΦΣ ƭƛƴŜ ƭƻǎǎŜǎύ ōŜǘǿŜŜƴ ǘƘŜ ƎŜƴŜǊŀǘƻǊ ŀƴŘ ŜƴŘπǳǎŜ ŎǳǎǘƻƳŜǊΦ 
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Figure 2-12. Percent Electricity Savings in 2014 from Energy Efficiency Programs Funded by Utility 
Customers165 

 

Nearly a third of states are achieving savings of at least 1 percent per year and another third of states are 
saving between 0.25 percent and 0.75 percent of retail sales. On average national savings reported in 2014 
from utility and public benefits electricity programs were equal to 0.7 percent of sales. 

aŀƴȅ ǎǘŀǘŜǎ ŀƴŘ ƭƻŎŀƭƛǘƛŜǎ ƘŀǾŜ ǇƻƭƛŎƛŜǎ ƛƴ ǇƭŀŎŜ ǘƻ ƭƻǿŜǊ ōŀǊǊƛŜǊǎ ǘƻ ŦƛƴŀƴŎƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƧŜŎǘǎΦ 
9ȄŀƳǇƭŜǎ ƻŦ ŦƛƴŀƴŎƛƴƎ ƛƴƛǘƛŀǘƛǾŜǎ ƛƴŎƭǳŘŜ ƻƴπōƛƭƭ ŦƛƴŀƴŎƛƴƎΣ ǎǘŀǘŜ ǊŜǾƻƭǾƛƴƎ ƭƻŀƴ ŦǳƴŘǎ ŦƻǊ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǇǊƻƧŜŎǘǎ όƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅύΣ ƻǘƘŜǊ {ǘŀǘŜ 9ƴŜǊƎȅ hŦŦƛŎŜ ǇǊƻƎǊŀƳǎΣмсс ǳǘƛƭƛǘȅ ŦƛƴŀƴŎƛƴƎ ǇǊƻƎǊŀƳǎΣ 
ŀƴŘ ƭƻŎŀƭ tǊƻǇŜǊǘȅ !ǎǎŜǎǎŜŘ /ƭŜŀƴ 9ƴŜǊƎȅ ǇǊƻƎǊŀƳǎмст ŦƻǊ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎΦ ²ƘƛƭŜ ŀ 
ƳŀƧƻǊƛǘȅ ƻŦ ǎǘŀǘŜǎ ƘŀǾŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ǘȅǇŜ ƻŦ 99 ŦƛƴŀƴŎƛƴƎ ǇǊƻƎǊŀƳΣ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƳǳƭǘƛǇƭŜ ǇǊƻƎǊŀƳǎ 
ŀƴŘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ǎǘŀǘŜ ǇƻǇǳƭŀǘƛƻƴ ǿƛǘƘ ŀŎŎŜǎǎ ǘƻ ǘƘŜǎŜ ǇǊƻƎǊŀƳǎ ǾŀǊȅ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦмсу !ǘ ƭŜŀǎǘ но 
ǎǘŀǘŜǎ ƘŀǾŜ ŀƴ ƻƴπōƛƭƭ ŦƛƴŀƴŎŜ ǇǊƻƎǊŀƳΣ ǿƘƛŎƘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ƘǳǊŘƭŜ ŦƻǊ ƳŀƪƛƴƎ 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ōȅ ŀƭƭƻǿƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊ ǘƻ Ǉŀȅ ŦƻǊ ǘƘŜ ǳǇƎǊŀŘŜǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ƳƻƴǘƘƭȅ 
ǳǘƛƭƛǘȅ ōƛƭƭΦмсф 

²ƘƛƭŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ ƭŀǊƎŜ ƛƴ ŀƭƭ ǎǘŀǘŜǎΣ ǘƘŜ Ƴƻǎǘ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ƳŜŀǎǳǊŜǎ ǾŀǊȅ ǊŜƎƛƻƴŀƭƭȅ ōŀǎŜŘ ƻƴ 
ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ŎƭƛƳŀǘŜΣ ŜƴŜǊƎȅ ǇǊƛŎŜǎΣ ŀƴŘ ōǳƛƭŘƛƴƎ ǇǊŀŎǘƛŎŜǎΦ hƴŜ ŜȄŀƳǇƭŜ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ 
ǎŜŎǘƻǊΣ ǿƘŜǊŜ 5h9 ŀƴŀƭȅǎƛǎ ƛŘŜƴǘƛŦƛŜŘ ŀ ǎǳƛǘŜ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǳǇƎǊŀŘŜǎ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ 
ǎǘƻŎƪ ƻŦ ¦Φ{Φ ǎƛƴƎƭŜπŦŀƳƛƭȅ ŘŜǘŀŎƘŜŘ ƘƻƳŜǎ ǿƛǘƘ ǘƻǘŀƭ ǇƻǘŜƴǘƛŀƭ ǎŀǾƛƴƎǎ ƻŦ нпр ¢²Ƙ ǇŜǊ ȅŜŀǊ όϤс ǇŜǊŎŜƴǘ 
ƻŦ ǘƘŜ ǘƻǘŀƭ ŀƴƴǳŀƭ ƴŀǘƛƻƴŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ нлмпύΦ LƴƛǘƛŀǘƛǾŜǎ ǘƻ ǳǇƎǊŀŘŜ I±!/ ǎȅǎǘŜƳǎΣ 
ǇŀǊǘƛŎǳƭŀǊƭȅ ǊŜǇƭŀŎƛƴƎ ŜƭŜŎǘǊƛŎ ŦǳǊƴŀŎŜǎ ǿƛǘƘ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ƘŜŀǘ ǇǳƳǇǎΣ ŎƻǳƭŘ ǇǊƻŘǳŎŜ ǎǳōǎǘŀƴǘƛŀƭ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎ ƛƴ ǘƘŜ {ƻǳǘƘ /Ŝƴǎǳǎ ǊŜƎƛƻƴǎ ό²Ŝǎǘ {ƻǳǘƘ /ŜƴǘǊŀƭΣ 9ŀǎǘ {ƻǳǘƘ /ŜƴǘǊŀƭΣ ŀƴŘ {ƻǳǘƘ 
!ǘƭŀƴǘƛŎύΣ ǿƘŜǊŜ ōƻǘƘ ŀǾŜǊŀƎŜ ƘƻǳǎŜƘƻƭŘ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǊŀǘŜ ŀǊŜ ƘƛƎƘŜǊ 
ǘƘŀƴ ƻǘƘŜǊ ǊŜƎƛƻƴǎΦмтл !ŘŘƛǘƛƻƴŀƭ ŀƴŀƭȅǎŜǎ Ŏŀƴ ƘŜƭǇ ǎǘŀǘŜǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ŎƻƴǎǳƳŜǊǎ ǳƴŘŜǊǎǘŀƴŘ ǿƘƛŎƘ 
ƳŜŀǎǳǊŜǎ ƻŦŦŜǊ ǘƘŜ ƎǊŜŀǘŜǎǘ ƴŜǘ ōŜƴŜŦƛǘǎ ƛƴ ǘƘŜƛǊ ǊŜƎƛƻƴΦ 

{ǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǳǘƛƭƛǘƛŜǎ ǘƘŀǘ ǘƘŜȅ ǊŜƎǳƭŀǘŜ ƻǊ ƻǿƴΣ ƭŜŀŘ ǘƘŜ ŜŦŦŜŎǘƛǾŜ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ Ƴŀƴȅ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎΦ aŀƴȅ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ 
ƳŀƴŀƎŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǊŀǘŜǇŀȅŜǊπŦǳƴŘŜŘ ǳǘƛƭƛǘȅ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ƛƴŎŜƴǘƛǾƛȊŜ ŀƴŘ 
ǇǊƻǾƛŘŜ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ ǘƻ ŎŀǇǘǳǊŜ ǾŀƭǳŜ ǘƘǊƻǳƎƘ ƛƴŎǊŜŀǎƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ōȅ 
ŎƻƴǎǳƳŜǊǎΦ wŀǘŜǇŀȅŜǊπŦǳƴŘŜŘ ǇǊƻƎǊŀƳǎ ŘƛǊŜŎǘŜŘ ŀǘ ƛƳǇǊƻǾƛƴƎ ŜƴŘπǳǎŜ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ŀǊŜ 
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ƴƻǿ ŦǳƴŘŜŘ ŀǘ Ϸсςт ōƛƭƭƛƻƴ ǇŜǊ ȅŜŀǊΦмтм ¢ǿŜƴǘȅπǎƛȄ ǎǘŀǘŜǎ ƘŀǾŜ ŜƴŀŎǘŜŘ ŀƴ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ wŜǎƻǳǊŎŜ 
{ǘŀƴŘŀǊŘ ό99w{ύΣ ǿƘƛŎƘ ǊŜǉǳƛǊŜǎ ǳǘƛƭƛǘƛŜǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ ŎǳǎǘƻƳŜǊǎΩ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ ŀ ŎŜǊǘŀƛƴ 
ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀƴƴǳŀƭ ǎŀƭŜǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ !ƳŜǊƛŎŀƴ /ƻǳƴŎƛƭ ŦƻǊ ŀƴ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴǘ 9ŎƻƴƻƳȅΣ άƛƴ нлмпΣ 
ǎǘŀǘŜǎ ǿƛǘƘ ŀƴ 99w{ ŀŎƘƛŜǾŜŘ ƛƴŎǊŜƳŜƴǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎ ƻŦ мΦн ǇŜǊŎŜƴǘ ƻŦ ǊŜǘŀƛƭ ǎŀƭŜǎ ƻƴ ŀǾŜǊŀƎŜΣ 
ŎƻƳǇŀǊŜŘ ǘƻ ŀǾŜǊŀƎŜ ǎŀǾƛƴƎǎ ƻŦ лΦо ǇŜǊŎŜƴǘ ƛƴ ǎǘŀǘŜǎ ǿƛǘƘƻǳǘ ŀƴ 99w{Φέмтн 99w{ ǇƻƭƛŎƛŜǎΣ ƻǊ ǎƛƳƛƭŀǊ 
ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ ŀ ƪŜȅ ŘǊƛǾŜǊ ƻŦ ŦǳǘǳǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƴŜŀǊƭȅ 
ǘƘǊŜŜ ǉǳŀǊǘŜǊǎ ƻŦ ŀƭƭ ƛƴǾŜǎǘƳŜƴǘΦмто !ŘŘƛǘƛƻƴŀƭƭȅΣ ōȅ нлнл ǘƘŜǎŜ ǎǘŀǘŜ 99w{ǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ ǊŜŘǳŎŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘƻǎŜ ǎǘŀǘŜǎ ōȅ у ǇŜǊŎŜƴǘ ǘƻ мл ǇŜǊŎŜƴǘ ōŜƭƻǿ ǇǊƻƧŜŎǘŜŘ ōǳǎƛƴŜǎǎπŀǎπǳǎǳŀƭΦмтп 
!ƴŀƭȅǎƛǎ ƻŦ ƻǾŜǊ нΣмлл ǇǊƻƎǊŀƳπȅŜŀǊǎ ƻŦ Řŀǘŀ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜǎŜ ǇǊƻƎǊŀƳǎ Ŏƻǎǘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ пΦс ŎŜƴǘǎ 
ǇŜǊ ƪ²Ƙ ǎŀǾŜŘΣ ƳŀƪƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŀǇǇǊƻŀŎƘ ŦƻǊ ƭƻǿŜǊƛƴƎ ŎƻƴǎǳƳŜǊ ŜƴŜǊƎȅ ōƛƭƭǎΦмтр 

¢ƘŜǊŜ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘΣ ǊŜƳŀƛƴƛƴƎ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŎǊŜŀǘƛƴƎ ǾŀƭǳŜ ǘƻ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ƻǘƘŜǊǎ ǘƘǊƻǳƎƘ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ CƛƎǳǊŜ нπмо ǎƘƻǿǎ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎ ƛƴ ǎƛƴƎƭŜπŦŀƳƛƭȅ 
ǊŜǎƛŘŜƴǘƛŀƭ ƘƻǳǎƛƴƎ ŀŎǊƻǎǎ ŜǾŜǊȅ ǎǘŀǘŜΦ ¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ Ƴƻǎǘ ǎǘŀǘŜǎ Ŏŀƴ ŎƻǎǘπŜŦŦŜŎǘƛǾŜƭȅ ǎŀǾŜ мрπ
ол ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜŘ ƛƴ ǎƛƴƎƭŜπŦŀƳƛƭȅ ŘǿŜƭƭƛƴƎǎΦ 

Figure 2-13. Potential Electricity Savings from Residential Energy Efficiency Upgrades, by State176 

 
Modeling indicates that homeowners in most States can reduce their electricity consumption by 15 to 30 
percent after implementing net present value positive energy efficiency measures, compared to current 
consumption. 
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Zero Energy Buildings 
In concept, zero energy homes (and zero energy buildings [ZEBs] in generalw) are ñenergy-efficient 
buildings where, on a source energy basis, the actual annual delivered energy is less than or equal to the 
on-site renewable exported energy.ò Other definitions use site-energy-based criteriaa less-stringent 
definition than source-based, which includes the site energy plus the energy used to provide and distribute 
it. And, others use time-dependent, valuation-based definitions, which seek to assign a valuation of energy 
produced or consumed to better reflect the actual costs of energy, as adopted by the California Public 
Utilities Commission. The difficulty in meeting ZEB criteria varies between definitions. Furthermore, the 
cost-effectiveness of ZEBs depends highly on the age and type of building, location (climate), incentives 
(e.g., utility rebates), electricity rate and structure, and the cost of renewable energy generation. 

Recent studies demonstrate that many new ZEBs in the commercial sector can be cost-effective, with 
overall costs falling within the same range as conventional, new construction projects. The explicit goal of 
net-zero energy throughout the design process is critical to minimizing construction costs. In California, for 
example, many commercial buildings are technically feasible to be ZEB using a time-dependent, valuation-
based definition. However, several building categories, such as sit-down restaurants, hospitals, and large 
offices cannot reach ZEB designation using rooftop solarthough they might reach that designation using 
parking lot PV systems. Having available roof space for onsite PV is often a challenge. Contracting with 
offsite renewable energy systems or participating in virtual net-metered or community-scale solar projects 
provide greater flexibility for buildings to be ZEB or ZEB-ready. This is an active area of policy discussion. 

Other barriers to the adoption of ZEBs are the lack of integrated design practices, cost barriers, lack of 
skilled and knowledgeable workforce in design and construction, additional design and construction cost, 
improper building management, user behavior, and integration of solar PV, either as part of the building 
construction process or as a parallel step during that process.  

Policy that encourages zero-energy homes increases demand for not only energy efficiency but also other 
distributed energy resources, such as DG and battery storage. High levels of market penetration could have 
significant impacts on the grid, reducing overall grid electricity consumption. More distributed energy 
resources driven by zero-energy targets can potentially lead to higher levels of DR. California has 
announced a target of making all new residential buildings net-zero energy by 2020. It is likely that a 
significant fraction of existing residential buildings would struggle to attain zero energy onsite due to roof 
angles, poor insulation, insufficient roof area (particularly in the case of high-rise buildings), and other 
factors. This may place a premium on finding a way to procure offsite sources to offset whatever amount 
of site energy remains. 

Using government-owned buildings, especially schools, to demonstrate the multiple benefits that ZEBs can 
help realize (such as improved student health and reduced operating costs) could lead to more widespread 
adoption of such building construction, renovation, and management practices. For example, one study 
showed that improved heat pump air conditioning in relocatable classrooms could simultaneously reduce 
the energy needed for heating, ventilation, and air conditioning by 50ï70 percent and significantly improve 
indoor air quality. More studies are needed on the cost-effectiveness of new ZEBs, considering an 
integrated package of energy efficiency measures rather than analysis of discrete measures, as well as a 
better understanding of the cost-effectiveness of ultra-low energy or ZEB retrofits. Some of the key adoption 
issues that need to be resolved for ñshared solarò or offsite renewable generation include a lack of uniformity 
and standardization of consumer contracts, rate design, and program structure, and the need for a 
framework to track and match offsite renewable resources to specific buildings claiming an offset. Thus, an 
analysis of the policy choices, impacts, and cost implications of ZEBs would be helpful. 

  

                                                           
ǿ ¢ƘŜ ǘŜǊƳ ȊŜǊƻ ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎ ό½9.ύ ǳǎŜŘ ƘŜǊŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ƳŜŀƴƛƴƎ ŀǎ ǎƛƳƛƭŀǊ ǘŜǊƳǎ ǎǳŎƘ ŀǎ ȊŜǊƻ ƴŜǘ 
ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎ ό½b9.ύ ƻǊ ƴŜǘπȊŜǊƻ ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎ όb½9.ύΦ  
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2.4 Maximizing Value of Dynamic Consumer Assets 

!ŘǾŀƴŎŜǎ ƛƴ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ƳŜǘŜǊƛƴƎΣ ǎŜƴǎƻǊǎΣ ŎƻƴǘǊƻƭǎΣ ŀƴŘ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŜƴŀōƭƛƴƎ 
ŎƻƴǎǳƳŜǊǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ƻǘƘŜǊ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ǘƻ ƳƻǊŜ ŀŎǘƛǾŜƭȅ ƻǊ ǇŀǎǎƛǾŜƭȅ ƳŀƴŀƎŜ ŜƭŜŎǘǊƛŎƛǘȅ ƭƻŀŘǎ ƛƴ 
ǊŜǎǇƻƴǎŜ ǘƻ ǇǊƛŎŜ ŀƴŘ ƻǘƘŜǊ ǎȅǎǘŜƳ ŎƻƴǎǘǊŀƛƴǘǎΦ ¢Ƙƛǎ ƛǎ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎΣ ǿƘƛŎƘ 
ǊŜǎǳƭǘ ƛƴ ǎǘŀǘƛŎ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ ŀƴ ŀǇǇƭƛŀƴŎŜΣ ŜǉǳƛǇƳŜƴǘΣ ƻǊ ōǳƛƭŘƛƴƎΦ ¢ƘŜ ǾŀƭǳŜ 
ŘŜǊƛǾŜŘ ŦǊƻƳ ŘȅƴŀƳƛŎŀƭƭȅ ƳŀƴŀƎƛƴƎ ŎƻƴǎǳƳŜǊ ŀǎǎŜǘǎ Ŏŀƴ ōŜ ŜŎƻƴƻƳƛŎΣ ŀǎ ǿŜƭƭ ŀǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ŀƴŘ Ŏŀƴ 
ŀŎŎǊǳŜ ǘƻ ǘƘŜ ŎƻƴǎǳƳŜǊΣ ǳǘƛƭƛǘȅΣ ŀƴŘ ƻǘƘŜǊǎΦ 5wΣ ǿƘƛŎƘ ŀƭƭƻǿǎ ǳǘƛƭƛǘƛŜǎΣ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΣ ƻǊ ƻǘƘŜǊ 
ƛƴǘŜǊƳŜŘƛŀǊƛŜǎ ǘƻ Ŏŀƭƭ ŦƻǊ ǎǇŜŎƛŦƛŎ ŎƘŀƴƎŜǎ ƛƴ ŘŜƳŀƴŘ ǿƘŜƴ ƴŜŜŘŜŘΣ ƻŦŦŜǊǎ ōŜƴŜŦƛǘǎ ƛƴ ŦƭŀǘǘŜƴƛƴƎ ƭƻŀŘ 
ŎǳǊǾŜǎ ŀƴŘ ǎǳǇǇƭȅƛƴƎ ŜǎǎŜƴǘƛŀƭ ǊŜƭƛŀōƛƭƛǘȅ ǎŜǊǾƛŎŜǎΣ ǎǳŎƘ ŀǎ ŦǊŜǉǳŜƴŎȅ ǊŜƎǳƭŀǘƛƻƴΦ {ƳŀǊǘ ƳŜǘŜǊ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎŜƴǎƻǊǎΣ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴπŜƴŀōƭŜŘ ŘŜǾƛŎŜǎ ŀƴŘ ŎƻƴǘǊƻƭǎ ƎƛǾŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎ ŀƴŘ 
ǳǘƛƭƛǘƛŜǎ ƴŜǿ ŀōƛƭƛǘƛŜǎ ǘƻ ƳƻƴƛǘƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ƭƻǿŜǊ ǳǎŀƎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƛƳŜΣ 
ƭƻŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΣ ƻǊ ǇǊƛŎŜ ŎƻƴǎǘǊŀƛƴǘǎΦ {ƳŀǊǘ ƳŜǘŜǊǎ ŀƭǎƻ ǇǊƻǾƛŘŜ ŀ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ōŜƴŜŦƛǘǎΣ ƛƴŎƭǳŘƛƴƎ 
ŜƴƘŀƴŎŜŘ ƻǳǘŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴΣ ƛƳǇǊƻǾŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ƳƻƴƛǘƻǊƛƴƎΣ ŀƴŘ ǳǘƛƭƛǘȅ 
ƻǇŜǊŀǘƛƻƴŀƭ ǎŀǾƛƴƎǎΦмтт hǘƘŜǊ ōŜƴŜŦƛǘǎ ƛƴŎƭǳŘŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ōǳƛƭŘƛƴƎ ǳǎŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴ ŀƴŘ ƎǊŜŀǘŜǊ 
ǿƻǊƪŜǊ ǇǊƻŘǳŎǘƛǾƛǘȅΦ !ǎ ƴƻǘŜŘΣ ǘƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛǘƘ L/¢ Ŏŀƴ ŀƭǎƻ ŎǊŜŀǘŜ ƴŜǿ ǾŀƭǳŜ ǎǘǊŜŀƳǎΦ 
¢ŀƪƛƴƎ Ŧǳƭƭ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ǾŀƭǳŜ ƻŦ ŎƻƴǎǳƳŜǊ ŀǎǎŜǘǎ ŘŜǇŜƴŘǎ ƻƴ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ǘƘŜƳτƛƴ ǇŀǊǘƛŎǳƭŀǊΣ ŎȅōŜǊ ǘƘǊŜŀǘǎ ŀƴŘ ǇǊƛǾŀŎȅ ŎƻƴŎŜǊƴǎΦ  

2.4.1 Modern Communications Networks Provide the Backbone for 
Maximizing Value of Electricity Assets 

bŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǇǊƛǾŀǘŜπǎŜŎǘƻǊ ǾŜƴŘƻǊǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ wϧ5 ŀǊŜ ƳŀƪƛƴƎ ǘƘŜƛǊ ǿŀȅ ƻƴǘƻ 
ōǳƭƪ ǇƻǿŜǊ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳǎΦ hƴ ǘƘŜ ǳǘƛƭƛǘȅ ǎƛŘŜ ƻŦ ǘƘŜ ƳŜǘŜǊΣ ǇƻǿŜǊ ǉǳŀƭƛǘȅ ƳƻƴƛǘƻǊǎΣ ǎǳōǎǘŀǘƛƻƴ 
ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴΣ ŦŀǳƭǘŜŘ ŎƛǊŎǳƛǘ ƛƴŘƛŎŀǘƻǊǎΣ ǇƘŀǎƻǊ ƳŜŀǎǳǊŜƳŜƴǘ ǳƴƛǘǎΣ ŀŘǾŀƴŎŜŘ ƳŜǘŜǊǎΣ ŀƴŘ ƻǘƘŜǊ 
ŘŜǾƛŎŜǎ ŀǊŜ ǇǊƻǾƛŘƛƴƎ Řŀǘŀ ǘƻ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊǎ ŀƴŘ ǇƭŀƴƴŜǊǎΦмту hƴ ǘƘŜ ŎƻƴǎǳƳŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ƳŜǘŜǊΣ 
ǇǊƻŘǳŎǘǎ ǎǳŎƘ ŀǎ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ƛƴǾŜǊǘŜǊǎΣ ǘƘŜǊƳƻǎǘŀǘǎΣ ŀǇǇƭƛŀƴŎŜǎΣ ŀƴŘ ƳŀŎƘƛƴŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ 
ŎƻƴƴŜŎǘƛƴƎ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ǘƻ ǘƘŜ ƛƴǘŜǊƴŜǘ ƻǊ ǘƘŜ Lƻ¢Φ ¢ƘŜ ƛƴǘŜǊǇƭŀȅ ƻŦ ǘƘŜǎŜ ǾŀǊƛƻǳǎ ŘŜǾƛŎŜǎ ƻƴ ǘƘŜ ƎǊƛŘ 
ǘƘǊƻǳƎƘ ǘƘŜ Lƻ¢ ƛǎ ƎŜƴŜǊŀǘƛƴƎ ŘǊŀƳŀǘƛŎŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ǾƻƭǳƳŜǎ ƻŦ ŘŀǘŀΦ ¸ŜǘΣ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ŀƴŘ ǇƻǿŜǊ 
ŘƛǎǇŀǘŎƘŜǊǎ ƴŜŜŘ ōŜǘǘŜǊ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ ōŜƘƛƴŘπǘƘŜπƳŜǘŜǊ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ŎŀǇŀŎƛǘȅ ǇƭŀƴƴƛƴƎ ŀƴŘ ƎǊƛŘ 
ƻǇŜǊŀǘƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǘƘŜȅ Ŏŀƴ ǊŜƭȅ ƻƴ 
ŎǳǎǘƻƳŜǊπǎƛǘŜŘ ŀǎǎŜǘǎΩ ǇƻǿŜǊ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ƻŦŦǎŜǘ ŎŀǇŀŎƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢Ƙƛǎ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǘǊǳŜ ƛŦ 
ǊŜƎǳƭŀǘƻǊǎ ŎƻƴǘƛƴǳŜ ǘƻ ǊŜǉǳƛǊŜ ǘƘŀǘ ǘƘŜȅ Ƴŀƛƴǘŀƛƴ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ 
ǘƻ ŜƴǎǳǊŜ ǎȅǎǘŜƳ ƘŜŀƭǘƘ ŀƴŘ ǇǊƻŘǳŎǘ ǉǳŀƭƛǘȅΦмтф    

hƴŜ ƳŜǘŀπŀƴŀƭȅǎƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜ ŜŦŦŜŎǘƛǾŜ ǳǎŜ ƻŦ L/¢ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǊŜŘǳŎŜ ǘƻǘŀƭ ¦Φ{Φ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǘƛƻƴ ōȅ мн ǇŜǊŎŜƴǘ ǘƻ нн ǇŜǊŎŜƴǘ ōȅ нлнлΦмул ²ƘƛƭŜ L/¢ ŘŜǾƛŎŜǎ ŎƻƴǎǳƳŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ǘƘŜȅ ŀƭǎƻ 
ƛƴŎǊŜŀǎŜ ŜŎƻƴƻƳƛŎ ǇǊƻŘǳŎǘƛǾƛǘȅ ŀƴŘ Ŏŀƴ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ CƻǊ ŜǾŜǊȅ ƪ²Ƙ ŎƻƴǎǳƳŜŘ ōȅ L/¢ 
ǎȅǎǘŜƳǎΣ ƛǘ Ƙŀǎ ōŜŜƴ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ мл ƪ²Ƙ ŀǊŜ ǎŀǾŜŘ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅΦмум IƻǿŜǾŜǊΣ ŘŜǇƭƻȅƳŜƴǘ 
ƻŦ L/¢Σ !aLΣ ŀƴŘ ƎǊƛŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƭǎƻ ǊŀƛǎŜ ƛǎǎǳŜǎ ŎƻƴŎŜǊƴƛƴƎ Řŀǘŀ ǇǊƛǾŀŎȅΣ ƻǿƴŜǊǎƘƛǇΣ 
ŀƴŘ ŀŎŎŜǎǎΦ 

¢ƘŜ ōǊƻŀŘŜǊ ŎƻƳƳǳƴƛǘȅ ǎŜǊǾŜŘ ōȅ ǘƘŜ ǳǘƛƭƛǘȅ Ƴŀȅ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜ ǳǘƛƭƛǘȅ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƴŜǘǿƻǊƪǎŀ 
ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ ǎȅǎǘŜƳǎ ǘƘŀǘ Ŏŀƴ ŎǊŜŀǘŜ ƴŜǿ ǾŀƭǳŜ ǘƻ ǘƘŜ ŜŎƻƴƻƳȅΦ CƻǊ ŜȄŀƳǇƭŜΣ /ƘŀǘǘŀƴƻƻƎŀΩǎ 
ƳǳƴƛŎƛǇŀƭƭȅ ƻǿƴŜŘ ǳǘƛƭƛǘȅΣ ǘƘŜ 9ƭŜŎǘǊƛŎ tƻǿŜǊ .ƻŀǊŘ ό9t.ύΣ ōǳƛƭǘ ŀ ŦƛōŜǊ ƴŜǘǿƻǊƪ ǘƘǊƻǳƎƘƻǳǘ ƛǘǎ ǎŜǊǾƛŎŜ 
ǘŜǊǊƛǘƻǊȅ ǘƻ ƻŦŦŜǊ ǘƘŜ ŦŀǎǘŜǎǘ ōǊƻŀŘōŀƴŘ ǎŜǊǾƛŎŜ ǘƻ ƛǘǎ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ŜƴŀōƭŜ ŀ ǎƳŀǊǘ ƎǊƛŘ ǎȅǎǘŜƳ ǘƘŀǘ ǿƻǳƭŘ 
ǎŀǾŜ ŜƴŜǊƎȅ ŀƴŘ ōŜ ƳƻǊŜ ǊŜƭƛŀōƭŜΦмун 9t. ƛƴǎǘŀƭƭŜŘ ŦƛōŜǊ ƻǇǘƛŎǎ ǘƘǊƻǳƎƘƻǳǘ ƛǘǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΣ ƛƴŎƭǳŘƛƴƎ 
ǊǳǊŀƭ ŀǊŜŀǎ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜǎΣ ǿƘƛŎƘ ŜƴŀōƭŜŘ 9t. ǘƻ ŀǳǘƻƳŀǘŜ ŎƻƴǘǊƻƭ ƻŦ ƛǘǎ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ 
ǎǳōπǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳǎΦмуо 
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Lƴ нллфΣ 5h9 ŀǿŀǊŘŜŘ 9t. ϷмммΦс Ƴƛƭƭƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ {ƳŀǊǘ DǊƛŘ LƴǾŜǎǘƳŜƴǘ tǊƻƎǊŀƳΣ ŦǳƴŘŜŘ ōȅ ǘƘŜ 
!ƳŜǊƛŎŀƴ wŜŎƻǾŜǊȅ ŀƴŘ wŜƛƴǾŜǎǘƳŜƴǘ !ŎǘΣ ǘƻ ƛƴǎǘŀƭƭ мтлΣллл ǎƳŀǊǘ ƳŜǘŜǊǎ ŀƴŘ ƎǊƛŘπŀǳǘƻƳŀǘƛƻƴ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ƛƳǇǊƻǾŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜŘǳŎŜ ŎƻƴǎǳƳŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭǎ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦмуп ¢ƘŜ 
ǳǇƎǊŀŘŜŘ ǎȅǎǘŜƳ Ƙŀǎ ŀƭǊŜŀŘȅ ŀƭƭƻǿŜŘ 9t. ǘƻ ǉǳƛŎƪƭȅ ǊŜǎǘƻǊŜ ǇƻǿŜǊ ŀŦǘŜǊ ǘǿƻ ƳŀƧƻǊ ǿŜŀǘƘŜǊπǊŜƭŀǘŜŘ 
ƻǳǘŀƎŜǎΣ ǎŀǾƛƴƎ Ƴƛƭƭƛƻƴǎ ƻŦ ŘƻƭƭŀǊǎ ŦƻǊ 9t. ŀƴŘ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦмур  

Lƴ нлмлΣ 9t. ŀƴƴƻǳƴŎŜŘ ƛǘ ǿƻǳƭŘ ƻŦŦŜǊ ǘƘŜ ŦƛǊǎǘ мπƎƛƎŀōƛǘπǇŜǊπǎŜŎƻƴŘ όDōǇǎύ ǎŜǊǾƛŎŜ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΣ ǿƘƛŎƘ 
ƛǎ мл ǘƻ нл ǘƛƳŜǎ ŦŀǎǘŜǊ ǘƘŀƴ ǘƘŜ ōǊƻŀŘōŀƴŘ 9t. ƘŀŘ ōŜŜƴ ƻŦŦŜǊƛƴƎΦмус ¢ƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ мπDōǇǎ ƛƴǘŜǊƴŜǘ 
ǎŜǊǾƛŎŜ Ƙŀǎ ƘŜƭǇŜŘ ƎǊƻǿ /ƘŀǘǘŀƴƻƻƎŀΩǎ ŜŎƻƴƻƳȅ ŀƴŘ ŜƴŎƻǳǊŀƎŜŘ ōǳǎƛƴŜǎǎŜǎ ǘƻ ƛƴǾŜǎǘ ƛƴ ǘƘŜ ŎƛǘȅΦмут ¢ƘŜ 
CŜŘŜǊŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ /ƻƳƳƛǎǎƛƻƴ όC//ύ Ƙŀǎ ŀǘǘŜƳǇǘŜŘ ǘƻ ǊŜƳƻǾŜ ōŀǊǊƛŜǊǎ ǘƻ ōǊƻŀŘōŀƴŘ ŜȄǇŀƴǎƛƻƴ 
ŀƴŘ ǇǊƻƳƻǘŜ ŎƻƳǇŜǘƛǘƛƻƴ ƛƴ ¢ŜƴƴŜǎǎŜŜ ōȅ ŀƭƭƻǿƛƴƎ 9t. ǘƻ ŜȄǇŀƴŘ ƻǳǘǎƛŘŜ ƛǘǎ ǎŜǊǾƛŎŜ ŀǊŜŀΣ ōǳǘ ŀ CŜŘŜǊŀƭ 
ŀǇǇŜŀƭǎ ŎƻǳǊǘ ǊŜŎŜƴǘƭȅ ƘŜƭŘ ǘƘŀǘ ǘƘŜ C// ŘƛŘ ƴƻǘ ƘŀǾŜ ŀǳǘƘƻǊƛǘȅ ǘƻ Řƻ ǎƻΦмуу  

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ C//Σ мл ǇŜǊŎŜƴǘ ƻŦ !ƳŜǊƛŎŀƴǎ ŀƴŘ оф ǇŜǊŎŜƴǘ ƻŦ ǊǳǊŀƭ !ƳŜǊƛŎŀƴǎ ƭŀŎƪ ŀŎŎŜǎǎ ǘƻ ŀŘǾŀƴŎŜŘ 
ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦмуф ¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΣ ǘƘǊƻǳƎƘ ǘƘŜ wǳǊŀƭ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ !ŎǘΣ Ƙŀǎ ŀ ƭƻƴƎ ƘƛǎǘƻǊȅ 
ƻŦ ǎǳǇǇƻǊǘƛƴƎ ŜȄǇŀƴǎƛƻƴ ƻŦ ŀŎŎŜǎǎ ǘƻ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎŜǊǾƛŎŜǎ ƛƴ ǊǳǊŀƭ !ƳŜǊƛŎŀΣ 
ǿƛǘƘ ƳŀƧƻǊ ƛƴƛǘƛŀǘƛǾŜǎ ŎƻƴǘƛƴǳƛƴƎ ǘƻŘŀȅ ŦƻǊ ƛƳǇƭŜƳŜƴǘƛƴƎ ŘŜƳŀƴŘ ǎƛŘŜ ƳŀƴŀƎŜƳŜƴǘΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ǇǊƻƎǊŀƳǎΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎΣ ŀƴŘ ƻǘƘŜǊ ƛƴƛǘƛŀǘƛǾŜǎΦмфл /ƻƴƎǊŜǎǎ Ƙŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ƛǘ ƛǎ CŜŘŜǊŀƭ 
ǇƻƭƛŎȅ ǘƻ ǇǊƻǾƛŘŜ ƭƻŀƴǎ ǘƻ ǊǳǊŀƭ ŜƭŜŎǘǊƛŎ ŎƻπƻǇǎ ŀǘ ƛƴǘŜǊŜǎǘ ǊŀǘŜǎ ǘƘŀǘ ŀƭƭƻǿ ǘƘŜƳ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ Ǝƻŀƭǎ ƻŦ ǘƘŜ 
wǳǊŀƭ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ !ŎǘΣ ƛƴŎƭǳŘƛƴƎ ƛƳǇǊƻǾƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ 
ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻǎǘǎΦмфм мфн Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘΣ ¦{5! ǇǊƻǾƛŘŜǎ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ 
ŀƴŘ ŎǊŜŀǘŜǎ Ǉƛƭƻǘ ǇǊƻƧŜŎǘǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǊǳǊŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ŀƴŘ ǇǊƻƳƻǘƛƴƎ ǊǳǊŀƭ ŜŎƻƴƻƳƛŎ 
ŘŜǾŜƭƻǇƳŜƴǘΦмфо  

2.4.2 Customer Engagement 

!ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ /ƘŀǇǘŜǊ L όTransforming the Nation’s Electricity System: The Second Installment of the 
QERύΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ōŜŎƻƳƛƴƎ ƳƻǊŜ ŘƛƎƛǘŀƭΣ ŎƻƴƴŜŎǘŜŘΣ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘΦ ¢ƘŜǎŜ ǘǊŜƴŘǎΣ ŀƴŘ ǘƘŜ 
ƴŜǿ ǎŜǊǾƛŎŜǎ ŀƴŘ ŀǎǎŜǘǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳ ƛƴŎƭǳŘƛƴƎ ŘƛǎǘǊƛōǳǘŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ό59wύΣ ƘƻƳŜ ŀǳǘƻƳŀǘƛƻƴΣ 
ŀƴŘ 5wΣ ŀǊŜ ŎƘŀƴƎƛƴƎ ǘƘŜ ǇƘȅǎƛŎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ǿƘƛƭŜ ŀƭǎƻ ŀƭǘŜǊƛƴƎ ŎǳǎǘƻƳŜǊǎΩ ƛƴǘŜǊŜǎǘ ŀƴŘ 
ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜΦ hƴŜ ǎǘǳŘȅ ƻŦ ƎǊƛŘ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ŦƻǳƴŘ ǘƘŀǘ ŎƻƴǎǳƳŜǊǎ ǿƛǘƘ ŀ ǎƳŀǊǘ 
ƳŜǘŜǊ ƛƴ ǘƘŜƛǊ ƘƻƳŜ ŜȄǇŜŎǘ ƳƻǊŜ ŦǊƻƳ ǘƘŜƛǊ ǳǘƛƭƛǘȅ ƛƴ ǘŜǊƳǎ ƻŦ ƴƻǘƛŦƛŎŀǘƛƻƴǎ ƻƴ ǇƻǘŜƴǘƛŀƭ ōƛƭƭ ǎŀǾƛƴƎǎ ƻǊ 
ŜȄŎŜǎǎŜǎΦмфп ²ƘƛƭŜ Ƴŀƴȅ ŎǳǎǘƻƳŜǊǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ŘŜǎƛǊŜ άǇƭŀƛƴ Ǿŀƴƛƭƭŀέмфр ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜΣ ƛƴŎǊŜŀǎƛƴƎƭȅΣ 
ǳǘƛƭƛǘƛŜǎ ŀǊŜ ǿƻǊƪƛƴƎ ǘƻ ōŜǘǘŜǊ ŜƴƎŀƎŜ ŀƴŘ ƛƴŦƻǊƳ ǘƘŜƛǊ ƳƻǊŜ ŜƴŜǊƎȅπƛƴǾƻƭǾŜŘ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ŀǊŜ ƳƻǾƛƴƎ 
ǘƻǿŀǊŘ ƳƻǊŜ ŎǳǎǘƻƳŜǊπŎŜƴǘǊƛŎ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΦ 

9ƴƎŀƎƛƴƎ ŎǳǎǘƻƳŜǊǎ Ƙŀǎ ŘƛǎǘƛƴŎǘ ōŜƴŜŦƛǘǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎτŜƴƎŀƎŜŘ ƘƻǳǎŜƘƻƭŘǎ ŀŘŘ ϷплςϷфл ŀƴƴǳŀƭƭȅ ǘƻ ŀ 
ǊŜƎǳƭŀǘŜŘ ǳǘƛƭƛǘȅΩǎ ōƻǘǘƻƳ ƭƛƴŜ όǎŜŜ ¢ŀōƭŜ нπм ŦƻǊ ŀ ōǊŜŀƪŘƻǿƴ ƻŦ ǎŀǾƛƴƎǎύΣ ŀƴŘ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎ ǊŜǇƻǊǘ 
ǳǇ ǘƻ ŀ ф ǇŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǎŀǘƛǎŦŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜƛǊ ǳǘƛƭƛǘȅΦмфс ¦ǘƛƭƛǘƛŜǎ ŦǳǊǘƘŜǊ ōŜƴŜŦƛǘ ŦǊƻƳ Ǌƻōǳǎǘ 
ŎǳǎǘƻƳŜǊπŜƴƎŀƎŜƳŜƴǘ ƛƴƛǘƛŀǘƛǾŜǎ ŀǎ ǘƘŜ ƎǊƛŘ ŀƴŘ ǘƘŜ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ Ŏƻƴǘƛƴǳŀƭƭȅ ŜǾƻƭǾŜ ŀƴŘ 
ƳƻŘŜǊƴƛȊŜ ǘƻ ƳŜŜǘ ƴŜǿ ǘŜŎƘƴƻƭƻƎȅ ŘŜƳŀƴŘǎΣ ǎȅǎǘŜƳ ŎƘŀƴƎŜǎΣ ŀƴŘ ǇƻƭƛŎȅ ƎƻŀƭǎΦ ¦ǘƛƭƛǘƛŜǎ ǿƛǘƘ ƳƻǊŜ 
ǎŀǘƛǎŦƛŜŘ ŎǳǎǘƻƳŜǊǎ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ŀǇǇǊƻǾŜŘ ŦƻǊ ǊŀǘŜ ƛƴŎǊŜŀǎŜǎ ŦƻǊ ƴŜǿ ƛƴǾŜǎǘƳŜƴǘǎ ǘƘŀƴ ǘƘƻǎŜ ǿƛǘƘ 
ƭƻǿŜǊ ŎǳǎǘƻƳŜǊπǎŀǘƛǎŦŀŎǘƛƻƴ ǊŀǘƛƴƎǎΦмфт !ŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǳǊǾŜȅ ƻŦ мпп ǇƻǿŜǊπǎŜŎǘƻǊ ŜȄŜŎǳǘƛǾŜǎΣ ƻƴƭȅ н 
ǇŜǊŎŜƴǘ ǘƘƛƴƪ ǘƘŜƛǊ ǳǘƛƭƛǘȅ Ƙŀǎ ƎƻƻŘ ŎǳǎǘƻƳŜǊ ƻǳǘǊŜŀŎƘ ǇǊƻƎǊŀƳǎΣмфу ōǳǘ ƳƻǊŜ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ƛƴǾŜǎǘƛƴƎ ƛƴ ƴŜǿ 
ƳŀǊƪŜǘ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǇǊƻƎǊŀƳǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ LƴŎǊŜŀǎƛƴƎƭȅΣ ƭƻǿπǘƻǳŎƘ ƛƴǘŜǊŀŎǘƛƻƴΣ ǎŜƭŦπǎŜǊǾƛŎŜΣ 
ŀƴŘ ǎƻŎƛŀƭ ƳŜŘƛŀ ŜƴƎŀƎŜƳŜƴǘǎ ŀǊŜ ǘƘǊŜŜ ŎƻƳƳƻƴ ŎǳǎǘƻƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜƛǊ 
ǳǘƛƭƛǘȅΦмфф ¢ƘŜǎŜ ŜƴƎŀƎŜƳŜƴǘǎ Ŏŀƴ ƛƴŎƭǳŘŜ ǎƳŀǊǘ ǇƘƻƴŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǊŜŀƭπǘƛƳŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƘƻƳŜ 
ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ ŜπōƛƭƭƛƴƎ ŦƻǊ ƳƻƴǘƘƭȅ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭǎΦ  
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Table 2-1. Potential Annual Cost Savings from Customer Engagement Solutions200 

 
Customer engagement can provide cost savings to utilities across several functions: program marketing, 
customer care, energy efficiency, and demand response. 

2.4.3 Privacy Concerns Could Limit Utilization of Consumer Data 

tƻƭƛŎȅƳŀƪŜǊǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ƎǊŀǇǇƭƛƴƎ ǿƛǘƘ ǇǊƛǾŀŎȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŀǎ 
ǘƘŜ ŀƳƻǳƴǘ ƻŦ Řŀǘŀ ƎŜƴŜǊŀǘŜŘ ŀōƻǳǘ ŎƻƴǎǳƳŜǊǎΩ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŀƎŜ ƎǊƻǿǎ ŜȄǇƻƴŜƴǘƛŀƭƭȅΦ CƻǊ ǊŜǎƛŘŜƴǘƛŀƭ 
ŎƻƴǎǳƳŜǊǎΣ ŎƻƴŎŜǊƴǎ ǊŜǾƻƭǾŜ ŀǊƻǳƴŘ ŎƻƴǘǊƻƭ ƻŦ ǿƘŜƴΣ ǿƘŜǊŜΣ ƘƻǿΣ ŀƴŘ ǿƛǘƘ ǿƘƻƳ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǎƘŀǊŜǎ 
Ƙƛǎ ƻǊ ƘŜǊ ƻǿƴ ǇŜǊǎƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǊƛƎƘǘ ǘƻ ŀŎŎŜǎǎ ǇŜǊǎƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƎƛǾŜƴ ǘƻ ƻǘƘŜǊǎΣ 
ǘƻ ŎƻǊǊŜŎǘ ƛǘΣ ŀƴŘ ǘƻ ŜƴǎǳǊŜ ƛǘ ƛǎ ǎŀŦŜƎǳŀǊŘŜŘ ŀƴŘ ŘƛǎǇƻǎŜŘ ƻŦ ŀǇǇǊƻǇǊƛŀǘŜƭȅΦнлм hǘƘŜǊ ŀǎǇŜŎǘǎ ƻŦ ǇǊƛǾŀŎȅ 
ƛƴŎƭǳŘŜ ǇǊƛǾŀŎȅ ƻŦ ǘƘŜ ǇŜǊǎƻƴΣ ǇǊƛǾŀŎȅ ƻŦ ǇŜǊǎƻƴŀƭ ōŜƘŀǾƛƻǊΣ ŀƴŘ ǇǊƛǾŀŎȅ ƻŦ ǇŜǊǎƻƴŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦнлн 
{ƻƳŜ ŎƻƴǎǳƳŜǊǎ ŀǊŜ ǊŜǎƛǎǘŀƴǘ ǘƻ !aL ŘǳŜ ǘƻ ǘƘŜ ǎǇŜŎƛŦƛŎƛǘȅ ƻŦ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ƻƴ ŜƴŜǊƎȅπǳǎŜ Řŀǘŀ ƛƴ ǎƳŀƭƭŜǊ 
ŀƴŘ ǎƘƻǊǘŜǊ ǘƛƳŜ ƛƴŎǊŜƳŜƴǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀŎǘǳŀƭ ŀǇǇƭƛŀƴŎŜǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜƛǊ ƭƻŀŘ ǇǊƻŦƛƭŜ 
όǊŜŦǊƛƎŜǊŀǘƻǊΣ ǘƻŀǎǘŜǊΣ ǿŀǎƘƛƴƎ ƳŀŎƘƛƴŜΣ ƪŜǘǘƭŜΣ ǇƭŀǎƳŀ ¢±Σ ƻǾŜƴΣ ŜǘŎΦύ ŀƴŘ ǘƛƳŜǎ ƻŦ ǳǎŀƎŜΦ ¢ƘŜǎŜ Řŀǘŀ Ŏŀƴ 
ǊŜǾŜŀƭ ōǳƛƭŘƛƴƎ ƻŎŎǳǇŀƴŎȅΣ ōŜƘŀǾƛƻǊŀƭ ǇŀǘǘŜǊƴǎΣ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ǇǊŜŦŜǊŜƴŎŜǎΦ ²ƘƛƭŜ ǎƻƳŜ ŎƻƴǎǳƳŜǊǎ ǎŜŜƳ 
ǘƻ ǇǊŜŦŜǊ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ǘƻ ƘŀǾŜ ǎǳŎƘ ǎƳŀǊǘ ŀǇǇƭƛŀƴŎŜǎ ŀƴŘ ŜǾŜƴ ǘƻ ōŜ ŀōƭŜ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜƳ ǊŜƳƻǘŜƭȅΣ ƻǘƘŜǊ 
ŎƻƴǎǳƳŜǊǎ Řƻ ƴƻǘΦ  

tǊƛǾŀŎȅ ŎƻƴŎŜǊƴǎ ŀǊŜ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳŜǊǎΦ {ƳŀǊǘ ōǳƛƭŘƛƴƎǎ Ƴŀȅ ŀŘƧǳǎǘ ōǳƛƭŘƛƴƎ ŎƻƴǘǊƻƭǎΣ 
ƛƴŎƭǳŘƛƴƎ I±!/Σ ƭƛƎƘǘƛƴƎΣ ŀƴŘ ǎŜŎǳǊƛǘȅ ǎȅǎǘŜƳǎ ōŀǎŜŘ ǳǇƻƴ ƻŎŎǳǇŀƴŎȅ ƭŜǾŜƭǎ ŀƴŘ ƻŎŎǳǇŀƴŎȅ ƳƛƎǊŀǘƛƻƴ 
ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ōǳƛƭŘƛƴƎΦ [ŀǊƎŜǊ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊǎ Ƴŀȅ ƘŀǾŜ ƭŜƎƛǘƛƳŀǘŜ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ 
ǎƛƳƛƭŀǊ ǳǎŀƎŜ ŘŀǘŀΣ ǎǳŎƘ ŀǎ ƪƴƻǿƛƴƎ Ƙƻǿ ƳǳŎƘ ŀƴŘ ǿƘŜƴ ŀ ǎǇŜŎƛŦƛŎ ǘȅǇŜ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜǉǳƛǇƳŜƴǘ ƛǎ 
ƻǇŜǊŀǘƛƻƴŀƭΣ ōŜƛƴƎ ƛƴǘŜǊŎŜǇǘŜŘΣ ƻǊ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜƛǊ ŎƻƳǇŜǘƛǘƻǊǎΦ /ƻƳǇŜǘƛǘƻǊǎΣ ǇƻǘŜƴǘƛŀƭ ǎǳƛǘƻǊǎΣ ŀƴŘ ŜǾŜƴ 
ŀǎǘǳǘŜ ƛƴǾŜǎǘƻǊǎ ŎƻǳƭŘ ōŜ ƪŜŜƴ ǘƻ ƭŜŀǊƴ ŦŀŎƛƭƛǘȅ ǳǘƛƭƛȊŀǘƛƻƴΣ ǇǊƻŘǳŎǘƛƻƴ ǊŀǘŜǎΣ ŀƴŘ ƻǘƘŜǊ ǎŀƭƛŜƴǘ ƻǇŜǊŀǘƛƻƴŀƭ 
ŘŜǘŀƛƭǎ ōŜŦƻǊŜ ǎǳŎƘ ƛƴŦƻǊƳŀǘƛƻƴ ōŜŎƻƳŜǎ ǇǳōƭƛŎ ŀŦǘŜǊ ǇǊƻŘǳŎǘ ǎŀƭŜǎ ǾƻƭǳƳŜǎ ŀǊŜ ŀƴƴƻǳƴŎŜŘ ƻǊ ŘƛǎŎƭƻǎŜŘΦ 
{ƛƳƛƭŀǊƭȅΣ ƎƻǾŜǊƴƳŜƴǘŀƭ ŎǳǎǘƻƳŜǊǎΣ ƛƴŎƭǳŘƛƴƎ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ƴŀǘƛƻƴŀƭ ŘŜŦŜƴǎŜ ŀƎŜƴŎƛŜǎ ƻǊ ǘƘŜƛǊ 
ŎƻƴǘǊŀŎǘƻǊǎΣ Ƴŀȅ ƘŀǾŜ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ǳƴŦǊƛŜƴŘƭȅ ǇŀǊǘƛŜǎ ƻǊ ŦƻǊŜƛƎƴ ƎƻǾŜǊƴƳŜƴǘǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴ 
ŀƎŜƴŎȅΩǎ ƻǊ ŎƻƴǘǊŀŎǘƻǊΩǎ ƎǊƛŘ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ǳǎŀƎŜΣ ŀƴŘ ǇŀǘǘŜǊƴǎΦ   

[ŀǳƴŎƘŜŘ ƛƴ нлмн ōȅ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΣ ǘƘŜ DǊŜŜƴ .ǳǘǘƻƴ LƴƛǘƛŀǘƛǾŜнло ƛǎ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǘƘŜ 
ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅ ƛƴŘǳǎǘǊȅ ǘƻ ǇǊƻǾƛŘŜ ŎƻƴǎǳƳŜǊǎ ǿƛǘƘ ŜŀǎȅΣ ǎŜŎǳǊŜ ŀŎŎŜǎǎ ǘƻ ǘƘŜƛǊ ƻǿƴ ŜƴŜǊƎȅ ǳǎŀƎŜ 



Chapter II: The Electricity Sector: Maximizing Economic Value and Consumer Equity 

Transforming the Nationôs Electricity Sector: The Second Installment of the QER | January 2017 2-38 

ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ŀ ŎƻƴǎǳƳŜǊπŦǊƛŜƴŘƭȅ ŀƴŘ ŎƻƳǇǳǘŜǊπŦǊƛŜƴŘƭȅ ŦƻǊƳŀǘΦнлп aƻǊŜ ǘƘŀƴ сл Ƴƛƭƭƛƻƴ ƘƻǳǎŜƘƻƭŘǎ 
ŀƴŘ ōǳǎƛƴŜǎǎŜǎ Ŏŀƴ ǳǘƛƭƛȊŜ DǊŜŜƴ .ǳǘǘƻƴ ǘƻ ŀŎŎŜǎǎ ŜƴŜǊƎȅπǳǎŀƎŜ Řŀǘŀ ŦǊƻƳ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅΦ ²ƘƛƭŜ ǘƘƛǎ 
ǇǊƻƎǊŀƳ ǇǊƻǾƛŘŜǎ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ǘƘŜƛǊ ƻǿƴ ŜƴŜǊƎȅ ǳǎŜ ŘŀǘŀΣ ǎǘǊŜŀƳƭƛƴŜŘ ǎƘŀǊƛƴƎ ƻŦ Řŀǘŀ ǿƛǘƘ ǘƘƛǊŘ 
ǇŀǊǘƛŜǎΣ ŀǎ ŜȄƛǎǘǎ ǿƛǘƘ Ǝƭƻōŀƭ ǇƻǎƛǘƛƻƴƛƴƎ ǎȅǎǘŜƳ όDt{ύ ŘŀǘŀΣ ƛǎ ǎǘƛƭƭ ƴƻǘ ŀǾŀƛƭŀōƭŜΦ ¢ƘŜ нлмс hǊŀƴƎŜ .ǳǘǘƻƴ 
ǇǊƻƎǊŀƳ ōǳƛƭŘǎ ƻƴ DǊŜŜƴ .ǳǘǘƻƴ ŀƴŘ ŜǎǘŀōƭƛǎƘŜǎ ǎƻƭŀǊ ŘŀǘŀΦ  

5h9 Ƙŀǎ ǇǳōƭƛǎƘŜŘ ŀ ǾƻƭǳƴǘŀǊȅ ŎƻŘŜ ƻŦ ŎƻƴŘǳŎǘ ŦƻǊ Řŀǘŀ ǇǊƛǾŀŎȅ ǊŜƭŀǘŜŘ ǘƻ ŜƴŘπǳǎŜǊ ŜƴŜǊƎȅπŎƻƴǎǳƳǇǘƛƻƴ 
ŘŀǘŀΦ ¦ǘƛƭƛǘƛŜǎ Ŏŀƴ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜƛǊ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ŎǳǎǘƻƳŜǊǎΩ Řŀǘŀ ǇǊƛǾŀŎȅ ǘƘǊƻǳƎƘ ǾƻƭǳƴǘŀǊȅ 
ŀŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ 5ŀǘŀDǳŀǊŘ 9ƴŜǊƎȅ 5ŀǘŀ tǊƛǾŀŎȅ tǊƻƎǊŀƳΩǎ ǎǘŀƴŘŀǊŘǎΦ ¢ƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ŜƴǎǳǊŜ ŎǳǎǘƻƳŜǊǎ 
ŀƴŘ ǊŜƎǳƭŀǘƻǊǎ ǘƘŀǘ ǳǎŜǊǎ ƻŦ ŎǳǎǘƻƳŜǊ Řŀǘŀ ŀŘƘŜǊŜ ǘƻ ŀ ƳƛƴƛƳǳƳ ŀƴŘ ǿŜƭƭπŀǊǘƛŎǳƭŀǘŜŘ ƭŜǾŜƭ ƻŦ Řŀǘŀ ǇǊƛǾŀŎȅΦ 
! ŎƻƳǇŀƴȅΩǎ ŎƭŀƛƳ ƻŦ ŀŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ 5ŀǘŀDǳŀǊŘ ǇǊƛƴŎƛǇƭŜǎ ƛǎ ŜƴŦƻǊŎŜŀōƭŜ ōȅ ǘƘŜ CŜŘŜǊŀƭ ¢ǊŀŘŜ 
/ƻƳƳƛǎǎƛƻƴ ŀƴŘ ǎǘŀǘŜ ŎƻƴǎǳƳŜǊπǇǊƻǘŜŎǘƛƻƴ ŀƎŜƴŎƛŜǎΦ 

2.4.4 Demand-Side Options Can Be Used to Avoid Costs of New 
Infrastructure 

aŀƴȅ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŦŀŎƛƴƎ ǘƘŜ ǇǊƻǎǇŜŎǘǎ ƻŦ ƭŀǊƎŜ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘΣ ŜǎǇŜŎƛŀƭƭȅΣ 
ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ǳǇƎǊŀŘŜǎΦ ¢ƘŜ 9Řƛǎƻƴ CƻǳƴŘŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ǘƻǘŀƭ ¦Φ{Φ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŀǇƛǘŀƭ 
ƛƴǾŜǎǘƳŜƴǘǎ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ нлмл ǘƻ нлол ǿƛƭƭ ōŜ Ϸрун ōƛƭƭƛƻƴ ƛƴ ƴƻƳƛƴŀƭ ǘŜǊƳǎΦнлр DŜƻƎǊŀǇƘƛŎŀƭƭȅ ǘŀǊƎŜǘŜŘ 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ 59w ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŎƻǎǘπŜŦŦŜŎǘƛǾŜƭȅ ŘŜŦŜǊΣ ǊŜŘǳŎŜΣ ƻǊ ǊŜǇƭŀŎŜ ŎŀǇŀŎƛǘȅ 
ǳǇƎǊŀŘŜǎ ŦƻǊ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳǎ ōȅ ǊŜƭƛŀōƭȅ ǊŜŘǳŎƛƴƎ ƳŀȄƛƳǳƳ ŘŜƳŀƴŘ ƛƴ ǎǇŜŎƛŦƛŎ ƎǊƛŘ 
ŀǊŜŀǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ ŜȄƛǎǘƛƴƎ ŀǎǎŜǘǎΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ Ŏƻǎǘ ǎŀǾƛƴƎǎΣ ǇƻǘŜƴǘƛŀƭ ōŜƴŜŦƛǘǎ ƻŦ ƴƻƴπ
ǿƛǊŜ ŀƭǘŜǊƴŀǘƛǾŜǎ ƛƴŎƭǳŘŜ ƳƛǘƛƎŀǘƛƴƎ ǎƛǘƛƴƎ ŎƻƴŎŜǊƴǎ ǊŜƭŀǘŜŘ ǘƻ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎΤ ŜƴƎŀƎƛƴƎ ŎƻƴǎǳƳŜǊǎ ŀƴŘ 
ǘƘŜƛǊ ŀƎŜƴǘǎ όŜΦƎΦΣ ŀƎƎǊŜƎŀǘƻǊǎύ ƛƴ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎƻƭǳǘƛƻƴǎΤ ŜƴŀōƭƛƴƎ ƎǊŀŘǳŀƭ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ όǊŜŘǳŎƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛƴŎƻǊǊŜŎǘ ƭƻŀŘ ǇǊƻƧŜŎǘƛƻƴǎύΤ ƛƳǇǊƻǾƛƴƎ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ 
ǘƘǊƻǳƎƘ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ƳŜŀǎǳǊŜǎΤ ŀƴŘ ŀŎŎŜƭŜǊŀǘƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ǘƛƳŜ ŦǊŀƳŜǎΦ ¢ƘŜǎŜ ŀƭǘŜǊƴŀǘƛǾŜǎ Ŏŀƴ ōŜ 
ƛŘŜƴǘƛŦƛŜŘ ǘƘǊƻǳƎƘ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƭŀƴƴƛƴƎ ŦƻǊ ǎǇŜŎƛŦƛŎ ƎŜƻƎǊŀǇƘƛŎ ŀǊŜŀǎΦ hǊŘŜǊǎ уфл ŀƴŘ 
мллл ōȅ C9w/ όŘƛǎŎǳǎǎŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ LLLΣ Building a Clean Electricity Futureύ ǊŜǉǳƛǊŜ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ǇǊƻǾƛŘŜǊǎ ǘƻ ŎƻƳǇŀǊŀōƭȅ ǘǊŜŀǘ ŀƭƭ ǊŜǎƻǳǊŎŜǎ ƛƴ ŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎΣ ǿƘƛŎƘ Ƴŀȅ 
ƛƴŎƭǳŘŜ ƛŘŜƴǘƛŦȅƛƴƎ Ƙƻǿ ǘƘŜȅ ǿƛƭƭ ǘǊŜŀǘ ŘŜƳŀƴŘ ǊŜǎƻǳǊŎŜǎ ƻƴ ŀ ŎƻƳǇŀǊŀōƭŜ ōŀǎƛǎ ǿƛǘƘ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 
ƎŜƴŜǊŀǘƛƻƴ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ǇǳǊǇƻǎŜǎ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƭŀƴƴƛƴƎΦнлсΣнлтΣ нлу ¢ƘŜ .ƻƴƴŜǾƛƭƭŜ tƻǿŜǊ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ 
ŀƴŘ ǎƻƳŜ ǎǘŀǘŜǎ όŜΦƎΦΣ aŀƛƴŜ ŀƴŘ ±ŜǊƳƻƴǘύ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ōŜŜƴ ŜŀǊƭȅ 59w ŀŘƻǇǘŜǊǎΦ  

¢ƘŜ .Ǌƻƻƪƭȅƴ vǳŜŜƴǎ 5ŜƳŀƴŘ aŀƴŀƎŜƳŜƴǘ ǇǊƻƧŜŎǘ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ǳǘƛƭƛǘȅ Ǉƭŀƴ ŦƻǊ ǳǎƛƴƎ ŘŜƳŀƴŘπǎƛŘŜ 
ƻǇǘƛƻƴǎΣ ŀƭƻƴƎ ǿƛǘƘ ǳǘƛƭƛǘȅ ǊŜǎƻǳǊŎŜǎΣ ǘƻ ŀǾƻƛŘ ǎǇŜƴŘƛƴƎ ϷмΦн ōƛƭƭƛƻƴ ŦƻǊ ƴŜǿ ǎǳōǎǘŀǘƛƻƴǎΣ ŦŜŜŘŜǊǎΣ ŀƴŘ 
ǎǿƛǘŎƘƛƴƎ ǎǘŀǘƛƻƴǎ ǘƻ ƳŜŜǘ ŀ сфπa² ǎƘƻǊǘŦŀƭƭ ƛƴ ǘƘŜ ƎǊƻǿƛƴƎ .Ǌƻƻƪƭȅƴ ŀƴŘ vǳŜŜƴǎ ōƻǊƻǳƎƘǎ ƻŦ bŜǿ ¸ƻǊƪ 
/ƛǘȅΦ /ƻƴǎƻƭƛŘŀǘŜŘ 9ŘƛǎƻƴΩǎ ό/ƻƴ9ŘΩǎύ .Ǌƻƻƪƭȅƴ vǳŜŜƴǎ 5ŜƳŀƴŘ aŀƴŀƎŜƳŜƴǘ ǇǊƻƧŜŎǘ ǿƛƭƭ Ŏƻǎǘ ŀƴ 
ŜǎǘƛƳŀǘŜŘ Ϸнлл ƳƛƭƭƛƻƴΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ мт a² ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ рн a² ƻŦ ŘŜƳŀƴŘπǎƛŘŜ 
ǎƻƭǳǘƛƻƴǎ ƻƴ ōƻǘƘ ǘƘŜ ǳǘƛƭƛǘȅ ŀƴŘ ŎǳǎǘƻƳŜǊ ǎƛŘŜǎ ƻŦ ǘƘŜ ƳŜǘŜǊΦ 5ŜƳŀƴŘπǎƛŘŜ ƻǇǘƛƻƴǎ ƛƴŎƭǳŘŜ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ǿƛǘƘ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎΣ 5w ŀǳŎǘƛƻƴǎΣ ŀƴŘ ŀ /ItπŀŎŎŜƭŜǊŀǘƛƻƴ 
ǇǊƻƎǊŀƳΦ /ƻƴ9Ř ƘŜƭŘ ƛǘǎ ŦƛǊǎǘ 5w ŀǳŎǘƛƻƴ ƛƴ ŜŀǊƭȅ !ǳƎǳǎǘ нлмс ŀƴŘ ŀǿŀǊŘŜŘ мл ŎƻƴǘǊŀŎǘǎ ǘƘŀǘ ǿƻǳƭŘ ǊŜǎǳƭǘ 
ƛƴ нн a² ƻŦ ǇŜŀƪ ŘŜƳŀƴŘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ нлму ǿƛǘƘ ǇŀȅƳŜƴǘǎ ǘƻ ǇǊƻǾƛŘŜǊǎ ǊŀƴƎƛƴƎ ŦǊƻƳ Ϸнмрς
Ϸфууκƪ²κȅŜŀǊ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǇƻǿŜǊ ǊŜŘǳŎǘƛƻƴ ŀƴŘ ŘŜƳŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ǳǎŜŘΦ 
¢ƘŜ ŀǿŀǊŘŜŘ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǎƛƎƴƛƴƎ ǳǇ /ƻƴ9Ř ŎǳǎǘƻƳŜǊǎ ǿƛƭƭƛƴƎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ ǳǎŀƎŜ 
ŘǳǊƛƴƎ ǇŜŀƪ ƘƻǳǊǎ ƻǊ ŘŜǇƭƻȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƭƛƪŜ ǎƻƭŀǊ ƻǊ ǎǘƻǊŀƎŜ ǘƻ Ŏǳǘ ǘƘŜƛǊ ŎƻƴǎǳƳǇǘƛƻƴΦ ¢ƘŜ ǳǘƛƭƛǘȅ ǿƛƭƭ 
ŀƭǎƻ ōŜ ŘŜǇƭƻȅƛƴƎ ǎŜǾŜǊŀƭ 59wΣ ƛƴŎƭǳŘƛƴƎ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴΣ ŦǳŜƭ ŎŜƭƭǎΣ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜΣ ŀƴŘ ǾƻƭǘŀƎŜπ
ƻǇǘƛƳƛȊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅΣ ǘƻ ǊŜŘǳŎŜ ǇŜŀƪ ŘŜƳŀƴŘ ŀƴŘ ǎŀǾŜ ŜƴŜǊƎȅΦ 

aƻǊŜ ǘƘŀƴ нрл ŜƭŜŎǘǊƛŎ ŎƻƻǇŜǊŀǘƛǾŜǎ ƛƴ ор ¦Φ{Φ {ǘŀǘŜǎ ǳǎŜ ƭŀǊƎŜπŎŀǇŀŎƛǘȅ ŜƭŜŎǘǊƛŎπǊŜǎƛǎǘŀƴŎŜ ǿŀǘŜǊ ƘŜŀǘŜǊǎ 
ǘƻ ǎƘƛŦǘ ŘŜƳŀƴŘ ŀǿŀȅ ŦǊƻƳ ǇŜŀƪ ƘƻǳǊǎΦнлф ¢ƘŜǎŜ ƭŀǊƎŜΣ ƛƴǎǳƭŀǘŜŘ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ǎǘƻǊŜ ǿŀǘŜǊ ƘŜŀǘŜŘ ǿƛǘƘ 
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ƭƻǿπŎƻǎǘ ǇƻǿŜǊ ŘǳǊƛƴƎ ǘƛƳŜǎ ƻŦ ƻŦŦπǇŜŀƪ ŘŜƳŀƴŘ ŦƻǊ ǳǎŜ ŘǳǊƛƴƎ ǘƛƳŜǎ ƻŦ ƘƛƎƘπŎƻǎǘ ǇŜŀƪ ŜƴŜǊƎȅ ŘŜƳŀƴŘΣ 
ŜƴŀōƭƛƴƎ ŎƻπƻǇǎ ǘƻ ƻǇǘƛƳƛȊŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘΦ [ŀǊƎŜ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŦƛŎŀƴǘ ŀƴŘ 
ŎƻƴǎƛǎǘŜƴǘ ŀƳƻǳƴǘǎ ƻŦ ƭƻŀŘΣ ƳŀƪƛƴƎ ǘƘŜƳ ƛŘŜŀƭ ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ ǳǘƛƭƛǘȅ 5w ǇǊƻƎǊŀƳǎΦнмл .ŀǎƛƴ 9ƭŜŎǘǊƛŎ /ƻπhǇΣ 
ǿƘƛŎƘ ǊŜƭƛŜǎ ƻƴ ǘƘŜǎŜ ƭŀǊƎŜǊ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ŦƻǊ Ƴŀƴȅ 5w ǇǊƻƎǊŀƳǎΣ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜǎŜ ƎǊƛŘπǘƛŜŘ ǿŀǘŜǊ 
ƘŜŀǘŜǊǎ ƘŜƭǇ ǊŜŘǳŎŜ рлл a² ƻŦ ŀƴƴǳŀƭ ǇŜŀƪ ŘŜƳŀƴŘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦнмм  

¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ 59w ǘƻ ƻŦŦǎŜǘ ǘǊŀŘƛǘƛƻƴŀƭ ǎȅǎǘŜƳ ǳǇƎǊŀŘŜǎ ǇǊŜǎŜƴǘǎ ŀ ƴŜǿ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴ ŀƴŘ 
ŎƘŀƭƭŜƴƎŜǎ Ƙƻǿ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŎƻƳǇŜƴǎŀǘŜŘΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ bŜǿ ¸ƻǊƪ wŜŦƻǊƳƛƴƎ ǘƘŜ 9ƴŜǊƎȅ 
±ƛǎƛƻƴ ƻǊŘŜǊ ƻƴ ǊŀǘŜƳŀƪƛƴƎ ŀƴŘ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜǾŜƴǳŜπƳƻŘŜƭ ŦǊŀƳŜǿƻǊƪΣнмн ǘƘŜ bŜǿ ¸ƻǊƪ tǳōƭƛŎ {ŜǊǾƛŎŜ 
/ƻƳƳƛǎǎƛƻƴ ŜȄǇŜŎǘǎ ǘƘŀǘ ƴŜǿ ŜŀǊƴƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ƛƴ ǘƘŜ ƴŜŀǊ ǘŜǊƳ ǿƛƭƭ ōŜ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ 
ƻǳǘŎƻƳŜπōŀǎŜŘ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ ǊŜǾŜƴǳŜǎ ŜŀǊƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ŦŀŎƛƭƛǘŀǘƛƻƴ ƻŦ ŎƻƴǎǳƳŜǊπŘǊƛǾŜƴ ƳŀǊƪŜǘǎΦ

2.4.5 Aggregation of Individual Consumer Transactions Can Create 
Economies of Scale and New Business Models 

!ƎƎǊŜƎŀǘƛƻƴ Ŏŀƴ ōŜ ƻŦ ŜƛǘƘŜǊ ƭƻŀŘ όƛΦŜΦΣ ŎƻƴǎǳƳŜǊǎ ƧƻƛƴƛƴƎ ǘƻƎŜǘƘŜǊ ǘƻ ŀƎƎǊŜƎŀǘŜ ǇǳǊŎƘŀǎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅύ 
ƻǊ ƻŦ ǎƻƳŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎǳǇǇƭȅπ ŀƴŘ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎƻǳǊŎŜǎΦ /ƘŀƴƎŜǎ ƛƴ ǘŜŎƘƴƻƭƻƎȅ ŀǎ ǿŜƭƭ ŀǎ ǎǘŀǘŜ 
ǇƻƭƛŎȅ ƘŀǾŜ ƭŜŘ ǘƻ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ǘǿƻ ƴŜǿŜǊ ŦƻǊƳǎ ƻŦ ŀƎƎǊŜƎŀǘƛƻƴΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 5wΥ ǾƛǊǘǳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘ 
ό±ttύ ŀƎƎǊŜƎŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŎƘƻƛŎŜ ŀƎƎǊŜƎŀǘƛƻƴ ό//!ύΦ 

DR aggregation ƛǎ ōŜƛƴƎ ǇǳǊǎǳŜŘ ōȅ ōƻǘƘ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŎƻƳǇŀƴƛŜǎ ǿƘƻ ǘƘŜƴ ǘŀƪŜ ǘƘŜ ŀƎƎǊŜƎŀǘŜŘ 
5w ŀƴŘ ōƛŘ ƛǘ ƛƴ w¢hκL{h ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘǎΣ ǎǳŎƘ ŀǎ tWaΣ L{hπbŜǿ 9ƴƎƭŀƴŘΣ aL{hΣ /ŀƭƛŦƻǊƴƛŀ L{hΣ ŀƴŘ 
bŜǿ ¸ƻǊƪ L{hΣ ƻǊ ŘŜƭƛǾŜǊ ƛǘ ǘƻ ŎƻƴǘǊŀŎǘŜŘ ǳǘƛƭƛǘƛŜǎΦȄ 5w ƛƴ ǘƘŜǎŜ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘǎ ƘŜƭǇǎ ƭƻǿŜǊ ǿƘƻƭŜǎŀƭŜ 
ǇǊƛŎŜǎΤ ŀŘŘǎ ǘƻ ǊŜǎƻǳǊŎŜ ŘƛǾŜǊǎƛǘȅΣ ǿƘƛŎƘ Ŏŀƴ ƘŜƭǇ ǊŜƭƛŀōƛƭƛǘȅΤ ŀƴŘ Ŏŀƴ ŀƭǎƻ ƘŜƭǇ ƛƴǘŜƎǊŀǘŜ ƻǘƘŜǊ ǊŜǎƻǳǊŎŜǎ 
ǎǳŎƘ ŀǎ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊΦ hƴŜ ŜǎǘƛƳŀǘŜ ƛǎ ǘƘŀǘ он D² ƻŦ 5w ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƴƻǿ ŀǾŀƛƭŀōƭŜΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀǊŜ 
ōǊƛƴƎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊ ŘƛǊŜŎǘƭȅ ƛƴǘƻ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎΦнмо 

¢ƘŜ ǳǎŜ ƻŦ ŀƎƎǊŜƎŀǘŜŘ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ƛƴ w¢hκL{h ƳŀǊƪŜǘǎ ǿŀǎ ƎǊŜŀǘƭȅ ŀƛŘŜŘ ōȅ C9w/Ωǎ ƛǎǎǳŀƴŎŜ ƻŦ 
hǊŘŜǊ bƻΦ тпрΣ ǿƘƛŎƘ ǎŀƛŘ ǘƘŀǘ ŀ άŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǊŜǎƻǳǊŎŜ must be compensated ŦƻǊ ǘƘŜ ǎŜǊǾƛŎŜ ƛǘ 
ǇǊƻǾƛŘŜǎ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ƳŀǊƪŜǘ ŀǘ ǘƘŜ ƳŀǊƪŜǘ ǇǊƛŎŜ ŦƻǊ ŜƴŜǊƎȅΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ƭƻŎŀǘƛƻƴŀƭ ƳŀǊƎƛƴŀƭ 
ǇǊƛŎŜΦέнмп {ƛƴŎŜ ǘƘŜǊŜ ƛǎ ŀ ƳƛȄƛƴƎ ƻŦ ǊŜǘŀƛƭπƭŜǾŜƭ ǎŜǊǾƛŎŜǎ ǿƛǘƘ ǿƘƻƭŜǎŀƭŜπƭŜǾŜƭ ǎŜǊǾƛŎŜǎΣ C9w/Ωǎ hǊŘŜǊ bƻΦ тпр 
ǊŀƛǎŜŘ ŀ ƴǳƳōŜǊ ƻŦ ǎǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƛǎǎǳŜǎΣ ǿƘƛŎƘ ǘƘŜ ¦Φ{Φ {ǳǇǊŜƳŜ /ƻǳǊǘ ŀŘŘǊŜǎǎŜŘΦнмр 

Virtual power plants (VPPs), pioneered in the 1980s in Austin, Texas, are systems that integrate a 
wide variety of power resources, such as smaller, local renewable or gas-fired generation, energy 
storage, and energy efficiency DR programs. They do this by aggregating many diverse customers 
from different customer classes “under one type of pricing, demand response, or distributed energy 
resource program.”216 Customers are not necessarily grouped by program or type, but they can 
also be aggregated by another defining characteristic, for example location ( 

CƛƎǳǊŜ нπмпύΦ .ȅ ǊŜƳƻǘŜƭȅ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜǎŜ ±ttǎ ŀƴŘ ŀƎƎǊŜƎŀǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ǇǊƻŘǳŎǘǎΣ ǳǘƛƭƛǘƛŜǎ ŀǊŜ 
ŀōƭŜ ǘƻ ōŜǘǘŜǊ ŦƻǊŜŎŀǎǘ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ 
!ŘŘƛǘƛƻƴŀƭƭȅΣ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ 5w ǇǊƻƎǊŀƳǎ ŀƭƭƻǿǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŀ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘΦ ¦ǘƛƭƛǘƛŜǎ ƛƴ ǎŜǾŜǊŀƭ 
ǎǘŀǘŜǎ ŀǊŜ ōŜƎƛƴƴƛƴƎ ǘƻ ŦƻŎǳǎ ƻƴ ǘƻŘŀȅΩǎ ƴŜǿŜǊ ǾŜǊǎƛƻƴ ƻŦ ±ttǎΦ Lƴ YŜƴǘǳŎƪȅΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ DƭŀǎƎƻǿ 
9ƭŜŎǘǊƛŎ tƭŀƴǘ .ƻŀǊŘ ƛǎ ƛƴǎǘŀƭƭƛƴƎ ŀ ǎȅǎǘŜƳ ƻŦ ōŀǘǘŜǊƛŜǎ ǘƘŀǘ Ŏŀƴ ǊŜƭŜŀǎŜ ǇƻǿŜǊ ŘǳǊƛƴƎ ǇŜŀƪ ŘŜƳŀƴŘ ǘƛƳŜǎΦнмт 
{ƛƳƛƭŀǊ ǇǊƻƎǊŀƳǎ ŀǊŜ ōŜƛƴƎ ǇƛƭƻǘŜŘ ƛƴ bŜǿ ¸ƻǊƪ ŀƴŘ ±ŜǊƳƻƴǘΦнму ¢ƻŘŀȅΣ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ L/¢ ŀǊŜ ŀƭƭƻǿƛƴƎ 
ŦƻǊ ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ƳƻǊŜ ŜƭŀōƻǊŀǘŜ ŦƻǊƳǎ ƻŦ ±ttǎΦ  

                                                           
Ȅ /ƘŀǇǘŜǊ LLL όBuilding a Clean Electricity Futureύ ŘƛǎŎǳǎǎŜǎ ǎǘŀǘŜǎ ǊŜƎǳƭŀǘƻǊȅ ŀŎǘƛƻƴǎ ǘƘŀǘ ƛƳǇŀŎǘŜŘ 5wΦ 
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Figure 2-14. Aggregations of Demand Response and Distributed Generation219 

 
Aggregators acting as VPPs collect power and services from distributed resources including community 
solar, rooftop solar, EVs, distributed storage, and grid-controlled and price-reactive household devices. 
Aggregators are then able to bid these services collectively into wholesale electricity markets to meet 
system operation needs.  

Community choice aggregation ŜƴŀōƭŜǎ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ǘƻ ŀƎƎǊŜƎŀǘŜ ǘƘŜ ōǳȅƛƴƎ ǇƻǿŜǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭ 
ŎǳǎǘƻƳŜǊǎ ƛƴ ƻǊŘŜǊ ǘƻ ǎŜŎǳǊŜ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŎƻƴǘǊŀŎǘǎ ƻƴ ŀ ŎƻƳƳǳƴƛǘȅǿƛŘŜ ōŀǎƛǎΣ ǿƘƛƭŜ 
ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŜȄƛǎǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻǾƛŘŜǊ ŦƻǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎŜǊǾƛŎŜǎΦннл {ŜǾŜƴ ǎǘŀǘŜǎτ
aŀǎǎŀŎƘǳǎŜǘǘǎΣ bŜǿ ¸ƻǊƪΣ hƘƛƻΣ /ŀƭƛŦƻǊƴƛŀΣ bŜǿ WŜǊǎŜȅΣ wƘƻŘŜ LǎƭŀƴŘΣ ŀƴŘ LƭƭƛƴƻƛǎτǇŀǎǎŜŘ //! ƭŀǿǎ ŀǎ 
ǇŀǊǘ ƻŦ ŜƭŜŎǘǊƛŎπǊŜǎǘǊǳŎǘǳǊƛƴƎ ƭŜƎƛǎƭŀǘƛƻƴ ƛƴ ǘƘŜ ƭŀǘŜ мффлǎ ŀƴŘ ŜŀǊƭȅ нлллǎΦ Lƴ нлмоΣ //!ǎ ǿŜǊŜ ŀōƭŜ ǘƻ 
ǎŜŎǳǊŜ ƳƻǊŜ ǘƘŀƴ ф Ƴƛƭƭƛƻƴ a²Ƙ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нΦп Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎΦ aƻǎǘ //!ǎ 
ŀǊŜ ϦƻǇǘπƻǳǘϦ ŜƴǘƛǘƛŜǎΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊ ƛǎ ōȅ ŘŜŦŀǳƭǘ ǇŀǊǘ ƻŦ ǘƘŜ ŀƎƎǊŜƎŀǘƛƻƴ ǳƴƭŜǎǎ ǘƘŜ 
ŎǳǎǘƻƳŜǊ ƻǇǘǎ ƻǳǘΦ  

¢ƘŜ community solar model ƛǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƳŜǘƘƻŘ ƻŦ ƻǊƎŀƴƛȊƛƴƎ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ǎƻƭŀǊ ŦŀŎƛƭƛǘƛŜǎΦ Lƴ ǘƘƛǎ 
ǎǘǊǳŎǘǳǊŜΣ ǎƻƭŀǊ ŦŀŎƛƭƛǘƛŜǎ ǎǳǇǇƭȅ ǇƻǿŜǊ ǘƻ ƳǳƭǘƛǇƭŜ ŎǳǎǘƻƳŜǊǎΣ ŜƴŀōƭƛƴƎ ǘƘŜ ǇƭŀŎŜƳŜƴǘ ŀƴŘ ǎƘŀǊƛƴƎ ƻŦ ǎƻƭŀǊ 
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ƛƴǎǘŀƭƭŀǘƛƻƴǎ ōȅ ŀ ŘƛǾŜǊǎŜ ƎǊƻǳǇ ƻŦ ŎǳǎǘƻƳŜǊǎΦ ¢Ƙƛǎ ƳƻŘŜƭ ƛǎ ƳŜƴǘƛƻƴŜŘ ǎŜǇŀǊŀǘŜƭȅ ōŜŎŀǳǎŜ ƛǘ Ŏŀƴ ōŜ 
ŘŜǾŜƭƻǇŜŘ Ǿƛŀ ƳǳƭǘƛǇƭŜ ƻǿƴŜǊǎƘƛǇ ŦƻǊƳǎΣ ƛƴŎƭǳŘƛƴƎ ƧƻƛƴǘΣ ƳǳƴƛŎƛǇŀƭΣ ŀƴŘ ǳǘƛƭƛǘȅΦ

2.4.6 Interconnection and Interoperability Standards 

LƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǎǘŀƴŘŀǊŘǎτǘƘŜ ǎŜǘǎ ƻŦ ǊǳƭŜǎ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 5D ƻǊ ǎǘƻǊŀƎŜ ǘƻ 
ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘτǇǊŜǎŎǊƛōŜ ǘƘŜ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ǘŜŎƘƴƻƭƻƎƛŜǎ Ƴǳǎǘ ǇƻǎǎŜǎǎ ƛƴ ƻǊŘŜǊ ǘƻ ōŜ 
ŀƭƭƻǿŜŘ ǘƻ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ƎǊƛŘΦ ¢ƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ŀǊŜ ǾƻƭǳƴǘŀǊȅΣ ōǳǘ Ƴŀƴȅ ǎǘŀǘŜ t¦/ǎ ǊŜǉǳƛǊŜ ǘƘŜƛǊ 
ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǳǘƛƭƛǘƛŜǎ ǘƻ ŀŘƻǇǘ ǘƘŜƳ ŀƴŘ ǘƘǳǎ ƘŀǾŜ ōŜŎƻƳŜ ŘŜπŦŀŎǘƻ ƛƴŘǳǎǘǊȅ ǎǘŀƴŘŀǊŘǎΦ Lƴ нлмоΣ ǘƘŜ 
LƴǎǘƛǘǳǘŜ ƻŦ 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ 9ƭŜŎǘǊƻƴƛŎǎ 9ƴƎƛƴŜŜǊǎ όL999ύΣ ǿƘƛŎƘ ŀǳǘƘƻǊǎ ǘƘŜ ǎǘŀƴŘŀǊŘǎΣ ƭŀǳƴŎƘŜŘ ŀ Ŧǳƭƭ 
ǊŜǾƛǎƛƻƴ ƻŦ ƛǘǎ {ǘŀƴŘŀǊŘ мрпт ά{ǘŀƴŘŀǊŘ ŦƻǊ LƴǘŜǊŎƻƴƴŜŎǘƛƴƎ 5ƛǎǘǊƛōǳǘŜŘ wŜǎƻǳǊŎŜǎ ǿƛǘƘ 9ƭŜŎǘǊƛŎ tƻǿŜǊ 
{ȅǎǘŜƳǎΣέ ǿƛǘƘ ŜȄǇŜǊǘǎ ŀǘ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ ŀƴŘ {ŀƴŘƛŀ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊƛŜǎ 
ƭŜŀŘƛƴƎ ǘƘŜ {ǘŀƴŘŀǊŘ ¢ŜŎƘƴƛŎŀƭ tŀƴŜƭΦннм ¢ƘŜ ǊŜǾƛǎƛƻƴΣ ǿƘƛŎƘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊǿŀȅΣ ǎƘƻǳƭŘ ŎƭŀǊƛŦȅ ŦǳƴŎǘƛƻƴǎ 
ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ 5wΣ ƛƴǘŜǊƻǇŜǊŀōƭŜ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ t± ǊŜƭŀǘŜŘ ǘƻ ŀŘǾŀƴŎŜŘ 
ƛƴǾŜǊǘŜǊ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŎŀǇŀōƛƭƛǘƛŜǎΣ ŎƻƴǘǊƻƭǎΣ ŀƴŘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅΣ ŀƳƻƴƎ ƻǘƘŜǊ ǘƻǇƛŎǎΦ 
¢ƘŜǎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ŀǊŜ ŦƻǳƴŘŀǘƛƻƴŀƭ ŦƻǊ ǳǎƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ ōŀŎƪπǳǇ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ t± ƎŜƴŜǊŀǘƻǊǎ 
ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ǘƘŜ ƎǊƛŘ ƛƴ ǘƘŜ ƭƻƴƎ ǘŜǊƳΦ Lƴ ǘƘŜ ǎƘƻǊǘ ǘŜǊƳΣ ǘƘŜȅ ǿƛƭƭ ŜƴŀōƭŜ ƎǊŜŀǘŜǊ ƘƻǎǘƛƴƎ 
ŎŀǇŀŎƛǘȅ ŀƴŘ ƳƛǘƛƎŀǘŜ ǎƻƳŜ ƛƴǘŜƎǊŀǘƛƻƴ ŎƘŀƭƭŜƴƎŜǎΦ 

L999 Ǉƭŀƴǎ ǊŜƎǳƭŀǊ ƳŜŜǘƛƴƎǎ ŀƴŘ ŎƻƴƴŜŎǘǎ ǎǳōƧŜŎǘ ƳŀǘǘŜǊ ŜȄǇŜǊǘǎ ƛƴ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ƛƴŘǳǎǘǊȅ ǘƻ 
ŎƻƭƭŀōƻǊŀǘŜ ƻƴ ŀƳŜƴŘƛƴƎ ǎǘŀƴŘŀǊŘǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ƭŀǘŜǎǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŜǾƻƭǾƛƴƎ ǘŜŎƘƴƻƭƻƎȅΦ ¢ƘŜ 
ǇǊƛƳŀǊȅ ŎƘŀƭƭŜƴƎŜ ǘƻ ŎƻƳǇƭŜǘƛƴƎ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǎǘŀƴŘŀǊŘΣ ƪƴƻǿƴ ŀǎ L999 {ǘŀƴŘŀǊŘ мрпт ǊŜǾƛǎƛƻƴΣ ƛǎ 
ŎƛǊŎǳƭŀǘƛƴƎ ǘƘŜ ǇǊƻǇƻǎŜŘ ǊŜǾƛǎŜŘ ǎǘŀƴŘŀǊŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ŀǊōƛǘǊŀǘƛƴƎ ŎƻƳƳŜƴǘǎ ǘƘǊƻǳƎƘ ǘƘŜ 
ōŀƭƭƻǘ ǇǊƻŎŜǎǎΦ L999 ŜȄǇŜŎǘǎ ƻǾŜǊ мΣллл ŎƻƳƳŜƴǘǎ ƻƴ ǘƘŜ ŦƻǊǘƘŎƻƳƛƴƎ ǊŜǾƛǎƛƻƴΣ ŜŀŎƘ ƻŦ ǿƘƛŎƘ ŀ ƳŜƳōŜǊ 
ƻŦ ǘƘŜ ǿƻǊƪƛƴƎ ƎǊƻǳǇ Ƴǳǎǘ ŀŘŘǊŜǎǎΦ ¢ƘŜ ǿƻǊƪƛƴƎ ƎǊƻǳǇ ŜȄǇŜŎǘǎ ǘƻ ŜƴǘŜǊ ǘƘŜ ƛƴƛǘƛŀƭ ōŀƭƭƻǘƛƴƎ ǇǊƻŎŜǎǎ ƛƴ 
ŜŀǊƭȅ нлмтΦ LŦ ǘƘŜ ŀǾŜǊŀƎŜ ƳƻƴǘƘƭȅ ǊŀǘŜ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t± ŀŘƻǇǘƛƻƴ ŦǊƻƳ !ǇǊƛƭ нлмр ǘƻ !ǇǊƛƭ нлмс 
ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ мл D² ǿƛƭƭ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ƎǊƛŘ ōȅ ǘƘŜ ŜƴŘ ƻŦ нлмуΣ ƳƻǊŜ ǘƘŀƴ ŘƻǳōƭƛƴƎ 
ǘƘŜ ŎǳǊǊŜƴǘ ŎŀǇŀŎƛǘȅΦннн IƻǿŜǾŜǊΣ ŜǾŜƴ ŀŦǘŜǊ L999 ŀŘƻǇǘǎ ǘƘŜ ǊŜǾƛǎŜŘ ǎǘŀƴŘŀǊŘǎΣ t¦/ǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ǿƛƭƭ ƴŜŜŘ 
ǘƻ ŎƻƴǎƛŘŜǊ ŀƴŘ ŀŘƻǇǘ ǘƘŜƳ ƛƴ ƻǊŘŜǊ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀŘǾŀƴŎŜŘ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŀƴŘ ƛƴǘŜǊƻǇŜǊŀōƭŜ ƻǇŜǊŀǘƛƻƴ 
ƻŦ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ŘŜǾƛŎŜǎΦ bƻǘŀōƭȅ ǘƘŜ ŎǳǊǊŜƴǘ ǇǳōƭƛǎƘŜŘ ǎǘŀƴŘŀǊŘ όмрптΦŀύ ŜƴŎƻƳǇŀǎǎŜǎ ŀǎǇŜŎǘǎ ƻŦ 
ŜȄǘŜƴŘŜŘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ŎŀǇŀōƛƭƛǘƛŜǎΣнно ōǳǘ ƛǘ Ƙŀǎ ƴƻǘ ōŜŜƴ ǿƛŘŜƭȅ ŀŘƻǇǘŜŘΦ 9ȄǇŜŘƛǘƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘƛƻƴ 
ŀƴŘ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘŜ мрпт {ǘŀƴŘŀǊŘ ǊŜǾƛǎƛƻƴ ǿƛƭƭ ƛƳǇǊƻǾŜ ǎƻƳŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǇǊŜπŜȄƛǎǘƛƴƎ 
ǎȅǎǘŜƳǎΦ Lǘ ǿƛƭƭ ŀƭǎƻ ŀƭƭƻǿ ŀ ƎǊŜŀǘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƴŜŀǊπǘŜǊƳ ŎŀǇŀŎƛǘȅ ŀŘŘƛǘƛƻƴǎ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ Ƴŀƴȅ 
ƛƳǇƻǊǘŀƴǘ ƎǊƛŘ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ŎǳǊǊŜƴǘ ǎǘŀƴŘŀǊŘǎ Řƻ ƴƻǘ ŀŘŘǊŜǎǎΦ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ L999 ǎǘŀƴŘŀǊŘǎΣ bŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŎŀƭ /ƻŘŜ ǎǘŀƴŘŀǊŘǎ ƘŀǾŜ ŎƘŀƴƎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǿƛǘƘ ŜŀŎƘ 
ǊŜǾƛǎƛƻƴ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΦ ¢Ƙƛǎ ŎƘŀƴƎŜ Ƙŀǎ ōŜŜƴ ƛƴ ǊŜǎǇƻƴǎŜ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ŜǾƻƭǳǘƛƻƴ ƻŦ ǎƻƭŀǊ ǘŜŎƘƴƻƭƻƎȅ 
ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀ ǎǘŀōƭŜ ƳŀǊƪŜǘ ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ǎŀŦŜΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ Ŏƻǎǘπ
ŜŦŦŜŎǘƛǾŜ ǎƻƭŀǊ t±Φ  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴΣ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ƛǎ ŀ ŎǊƛǘƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ǎŜŀƳƭŜǎǎ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƎǊƛŘπ
ŎƻƴƴŜŎǘŜŘ ŘŜǾƛŎŜǎΦннп ¢ƘŜ bŀǘƛƻƴŀƭ LƴǎǘƛǘǳǘŜ ƻŦ {ǘŀƴŘŀǊŘǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ όbL{¢ύ ŘŜŦƛƴŜǎ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ 
ŀǎ άΧǘƘŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ ƴŜǘǿƻǊƪǎΣ ǎȅǎǘŜƳǎΣ ŘŜǾƛŎŜǎΣ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ƻǊ ŎƻƳǇƻƴŜƴǘǎ ǘƻ ŜȄŎƘŀƴƎŜ 
ŀƴŘ ǊŜŀŘƛƭȅ ǳǎŜ ƛƴŦƻǊƳŀǘƛƻƴτǎŜŎǳǊŜƭȅΣ ŜŦŦŜŎǘƛǾŜƭȅΣ ŀƴŘ ǿƛǘƘ ƭƛǘǘƭŜ ƻǊ ƴƻ ƛƴŎƻƴǾŜƴƛŜƴŎŜ ǘƻ ǘƘŜ ǳǎŜǊΦέннр 
LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎƻǎǘπŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ƎǊƛŘπƳƻŘŜǊƴƛȊŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎ ōȅ 
ƳƛǘƛƎŀǘƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ŘƛǾŜǊǎŜ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜŎƻƳƛƴƎ ǇǊŜƳŀǘǳǊŜƭȅ ƻōǎƻƭŜǘŜΤ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ōŀŎƪǿŀǊŘ 
ŎƻƳǇŀǘƛōƛƭƛǘȅ ǿƛǘƘ ŀƭǊŜŀŘȅπŘŜǇƭƻȅŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎΤ ŜƴŀōƭƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ 
ǎƻŦǘǿŀǊŜ ƻŦ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ŘŜǾƛŎŜǎΤ ŀƴŘ ŜƴǎǳǊƛƴƎ ǘƘŜ ǎŜŎǳǊƛǘȅ ƻŦ ŘŜǾƛŎŜǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƎǊƛŘΦннс ¢ƘŜ 
9ƴŜǊƎȅ LƴŘŜǇŜƴŘŜƴŎŜ ŀƴŘ {ŜŎǳǊƛǘȅ !Ŏǘ ƻŦ нллт ƳŀƴŘŀǘŜŘ ǘƘŀǘ bL{¢ ŘŜǾŜƭƻǇ ŀ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǇǊƻǘƻŎƻƭǎ 
ŦƻǊ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ƻŦ ǎƳŀǊǘ ƎǊƛŘ ŘŜǾƛŎŜǎΦ bL{¢Σ ƛƴ ŎƻƻǇŜǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ƛƴŘǳǎǘǊȅπƭŜŘ {ƳŀǊǘ DǊƛŘ 
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LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ tŀƴŜƭΣ ŘŜǾŜƭƻǇŜŘ ƛƴƛǘƛŀƭ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ŎƻƴǘƛƴǳŜǎ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ ǎǘŀƴŘŀǊŘǎ ǿƛǘƘ ǘƘŜ 
ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƻŦ 5h9 ŀƴŘ ƛƴŘǳǎǘǊȅ ƎǊƻǳǇǎΦ 

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŘƻŜǎ ƴƻǘ ƳŀƴŘŀǘŜ ǘƘŜ ǳǇǘŀƪŜ ƻŦ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ŀƴŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǎǘŀƴŘŀǊŘǎΣ 
ōǳǘ ƛǘ ǎǳǇǇƻǊǘǎ ŀƴŘ Ŏŀƴ ǎǇŜŜŘ ǳǇ ǘƘŜ ǎǘŀƴŘŀǊŘǎπŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻŎŜǎǎŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŀƴƛƳŀǘŜ ƴŀǘƛƻƴŀƭ 
ƳŀǊƪŜǘǎ ŦƻǊ ƎǊƛŘπŎƻƴƴŜŎǘŜŘ ŘŜǾƛŎŜǎΦ aŀƴȅ ŎƻƴǎǳƳŜǊπƭŜǾŜƭ ŀƴŘ ƎǊƛŘπƭŜǾŜƭ ŘŜǾƛŎŜǎ ŀǊŜ ŜƛǘƘŜǊ ƻƴ ǘƘŜ ƳŀǊƪŜǘ 
ƻǊ ǳƴŘŜǊ ŘŜǾŜƭƻǇƳŜƴǘΦ ²ƘŜƴ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎΩ ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘǎΣ ǘƘŜǎŜ ŘŜǾƛŎŜǎ Ŏŀƴ 
ƻŦŦŜǊ ōŜƴŜŦƛǘǎ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ǿƘƻ ǳǎŜ ǘƘŜƳ ŀƴŘ Ŏŀƴ ǎǳǇǇƻǊǘ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ōǊƻŀŘŜǊ ƎǊƛŘ ǎȅǎǘŜƳΦ 
IƻǿŜǾŜǊΣ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŀƭƛȊŜ ōŜƴŜŦƛǘǎΣ ŘŜǾƛŎŜǎ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘŜƛǊ 
ƻǇŜǊŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΩ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ŀƴŘ ƻǘƘŜǊ ŘŜǾƛŎŜǎΦ 

2.5 The Changing Preferences of Electricity 
Consumers: Impacts on Policies and 
Regulations 

¢ƘŜ ƴŜǿ ƎǊƛŘ ŀƴŘ ŜƴŘπǳǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿ 
ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ƻǇŜǊŀǘƛƻƴŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ Ŏŀƴ ǇǊƻǾƛŘŜ ƴŜǿ ŀƴŘ ŘƛŦŦŜǊŜƴǘ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ǘƘŀƴ Ƴŀƴȅ ƻŦ 
ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŦƻǊƳŜŘ ǘƘŜ ōŀŎƪōƻƴŜ ƻŦ ǘƘŜ нлǘƘπŎŜƴǘǳǊȅ ƎǊƛŘΦ Lƴ Ƴŀƴȅ ƛƴǎǘŀƴŎŜǎΣ ǘƘŜ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎ Ŏŀƴ ǇǊƻǾƛŘŜ ƴŜǿ ōŜƴŜŦƛǘǎ ǘƻ ǎȅǎǘŜƳ ǇŀǊǘƛŎƛǇŀƴǘǎ ōǳǘ Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǇǊƻǾƛŘŜ ŀƭƭ ǎŜǊǾƛŎŜǎ 
ƴŜŎŜǎǎŀǊȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ǳƴŘŜǊ ŎǳǊǊŜƴǘ ƻǇŜǊŀǘƛƴƎ ǇǊƻǘƻŎƻƭǎΦ Lƴ ǘƘŜ ǳƴǊŜǎǘǊǳŎǘǳǊŜŘ ƎǊƛŘΣ ǿƘƛŎƘ 
ǎǘƛƭƭ ǎŜǊǾŜǎ ƭŀǊƎŜ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΣ ŀ ǾŜǊǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ǳǘƛƭƛǘȅ ǇǊƻǾƛŘŜǎ Ƴƻǎǘ ƎǊƛŘ ǎŜǊǾƛŎŜǎ όŜƴŜǊƎȅΣ 
ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎΣ ŜǘŎΦύ ǘƘǊƻǳƎƘ ŎŜƴǘǊŀƭƛȊŜŘ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǳǘƛƭƛǘȅπƻǿƴŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŜǉǳƛǇƳŜƴǘΦ Lǘ ǘƘŜƴ 
ŎƘŀǊƎŜǎ ŎƻƴǎǳƳŜǊǎ ŦƻǊ ǘƘŜ Ŏƻǎǘ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ǘƘŜȅ ŎƻƴǎǳƳŜΣ ǘƘŜ ǎŜǊǾƛŎŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǇǊƻǾƛŘŜ ǘƘŀǘ ŜƴŜǊƎȅΣ 
ŀƴŘ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƎŜƴŜǊŀǘŜǎ ŀƴŘ ǘǊŀƴǎƳƛǘǎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅΦ ²ƛǘƘ ǘƘŜ ŀŘǾŜƴǘ ƻŦ ŎƻƳǇŜǘƛǘƛǾŜ 
ƳŀǊƪŜǘǎΣ ŜƴŜǊƎȅ ŀƴŘ ƻǘƘŜǊ ǎŜǊǾƛŎŜǎ Ŏŀƴ ƴƻǿ ōŜ ŀŎǉǳƛǊŜŘ ŦǊƻƳ ƻǘƘŜǊ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎΦ ! 
ǊŀƴƎŜ ƻŦ ŀŎǘƻǊǎ ŜƴƎŀƎŜŘ ƛƴ ǘƘŜ ǎȅǎǘŜƳΣ ǿƘƻǎŜ ƴǳƳōŜǊǎ ŀǊŜ ƎǊƻǿƛƴƎ ŘŀƛƭȅΣ Ŏŀƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭƭȅ ǇǊƻǾƛŘŜ ǘƘŜ 
ǎŜǊǾƛŎŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ Ƴŀƛƴǘŀƛƴ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǎǳǇǇƻǊǘΦ 5ŜǎǇƛǘŜ ƛƴŎǊŜŀǎƛƴƎ ŎǳǎǘƻƳŜǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ 
ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ŜƴǎǳǊƛƴƎ ǊŜƭƛŀōƛƭƛǘȅ ƻƴ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƳǇƭƛŎŀǘŜŘ ǎȅǎǘŜƳ ƭŀǊƎŜƭȅ Ŧŀƭƭǎ ǘƻ ǘƘŜ ƎǊƛŘ 
ƻǇŜǊŀǘƻǊΦ ¢ƘŜ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ŘȅƴŀƳƛŎΣ ŎƻƴǎǳƳŜǊπƻǿƴŜŘ ŀǎǎŜǘǎ ǘƘŀǘ ƎŜƴŜǊŀǘŜ ǇƻǿŜǊ ŀƴŘ ǇǊƻǾƛŘŜ 5w 
ǎŜǊǾƛŎŜǎ ŎƘŀƭƭŜƴƎŜǎ ǘƘŜ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ǊŜƎǳƭŀǘƻǊȅ ǎǘǊǳŎǘǳǊŜǎΦ ¢ƘŜǎŜ ǊŜƎǳƭŀǘƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ƎƻǾŜǊƴ 
ŎƻƳǇŜƴǎŀǘƛƻƴ ŦƻǊ ŜƴŜǊƎȅΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ŀƴŘ ƘŀǾŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ 
ƻǾŜǊǎŜŜƛƴƎ ǘƘŜ ǎȅǎǘŜƳΣ ǿƘƛŎƘ Ƙŀǎ ŜǾƻƭǾŜŘ ǎƭƻǿƭȅ ǎƛƴŎŜ ǘƘŜ мфолǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
ǊŜƎǳƭŀǘƻǊǎ ŀƴŘ ǇƻƭƛŎȅƳŀƪŜǊǎ ŀǊŜ ǿƻǊƪƛƴƎ ǿƛǘƘƛƴ ǘƻ ǘǊŀƴǎŦƻǊƳ ŀƴ ƛƴŘǳǎǘǊȅ ǘƘŀǘ ƛǎ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀ ǿŀǾŜ ƻŦ 
ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŎƻƴǎǳƳŜǊ ŘŜƳŀƴŘǎΣ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎΦ tǳōƭƛŎ ƻŦŦƛŎƛŀƭǎ ŀƴŘ ǎƳŀƭƭ ǳǘƛƭƛǘȅ ƳŀƴŀƎŜǊǎ ŀǊŜ 
ǘǊȅƛƴƎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ƻŦǘŜƴ ƘƛƎƘƭȅ ǘŜŎƘƴƛŎŀƭ 
ŀƴŘ ŘŜƳŀƴŘǎ ŀ ƴŜǿ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ŀƴŘ ǎƪƛƭƭ ǎŜǘ ǘƘŀƴ ǘƘƻǎŜ ǇǊŜǾƛƻǳǎƭȅ ǊŜǉǳƛǊŜŘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΦ 
CƻǊ ŜȄŀƳǇƭŜΣ bŜǿ ̧ ƻǊƪ {ǘŀǘŜΩǎΣ wŜŦƻǊƳƛƴƎ ǘƘŜ 9ƴŜǊƎȅ ±ƛǎƛƻƴ ƛǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŜŦŦƻǊǘ ǘƻ άƘŜƭǇ ŎƻƴǎǳƳŜǊǎ 
ƳŀƪŜ ƳƻǊŜ ƛƴŦƻǊƳŜŘ ŜƴŜǊƎȅ ŎƘƻƛŎŜǎΣ ŘŜǾŜƭƻǇ ƴŜǿ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ǇǊƻǘŜŎǘ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ǿƘƛƭŜ ŎǊŜŀǘƛƴƎ ƴŜǿ Ƨƻōǎ ŀƴŘ ŜŎƻƴƻƳƛŎ ƻǇǇƻǊǘǳƴƛǘȅ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎǘŀǘŜΦϦннт bŜǿ 
ŎƻƳǇŜƴǎŀǘƻǊȅ ƳƻŘŜƭǎ ǘƻ ƛƴŎŜƴǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƳƛȄ ƻŦ ǊŜǎƻǳǊŎŜǎ ƻƴ ǘƘŜ ƎǊƛŘ ŀƴŘ ƴŜǿ ǘƻƻƭǎ ŦƻǊ 
ŎƻƻǊŘƛƴŀǘƛƴƎ ŀŎǊƻǎǎ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ŀƭƛƎƴ ǘƘŜ ǇƻƭƛŎȅ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎ ǘƘŀǘ ŜƴǎǳǊŜ 
ǎŜŎǳǊŜΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΦ  
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2.5.1 Compensating Providers of Grid Services 

¢ƘŜ ŀŎŎǳǊŀǘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀƴŘ Ǿŀƭǳŀǘƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǇǊƻǾƛŘŜ ǘƻ ǘƘŜ ƎǊƛŘ Ŏŀƴ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ŎƭŜŀǊŜǊ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ǘƻ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǿƴŜǊǎΦ ¢Ƙƛǎ ŎƭŀǊƛǘȅ ŜƴǎǳǊŜǎ ǘƘŀǘ 
ǘǊŀŘŜƻŦŦǎ ŀƳƻƴƎ ǎȅǎǘŜƳ ŀǘǘǊƛōǳǘŜǎ ƭƛƪŜ ŀŦŦƻǊŘŀōƛƭƛǘȅΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ŀǊŜ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ 
ŎƻƴǎƛŘŜǊŜŘΣ ŀƴŘ ǘƘŀǘ ŘŜǎƛǊŀōƭŜ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ŎƻƳǇŜƴǎŀǘŜŘ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ƛƴ ŀ ǊŀǇƛŘƭȅ ŜǾƻƭǾƛƴƎ ǎȅǎǘŜƳΦ 
¦ǘƛƭƛǘƛŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ǊŜƭŀǘƛǾŜ Ŏƻǎǘ ƻŦ ŘŜƳŀƴŘπǎƛŘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ 
ƭƻŀŘπƳŀƴŀƎŜƳŜƴǘ ƛƴǾŜǎǘƳŜƴǘǎ ŎƻƳǇŀǊŜŘ ǘƻ ǎǳǇǇƭȅπǎƛŘŜΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ƻǊ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ 
ǳǘƛƭƛǘȅ ŀƴŘ ǊŜƎƛƻƴŀƭ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴǘŜǊŎƻƴƴŜŎǘπǿƛŘŜ ŀƴŘ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎȅ ƳŀƪƛƴƎΦннуΣ ннфΣ нолΣ 
ном hŦǘŜƴΣ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ŘŜƳŀƴŘπǎƛŘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǘƻ ōŀƭŀƴŎŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎȅǎǘŜƳ ŀǊŜ ƭŜǎǎ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ŀŘŘƛǘƛƻƴŀƭ ǎǳǇǇƭȅ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ǊŀƴƎŜ ƻŦ ǉǳŀƴǘƛŦƛŀōƭŜ ōŜƴŜŦƛǘǎΦнонΣ ноо 
IƻǿŜǾŜǊΣ ŎǳǊǊŜƴǘ ƳŜǘƘƻŘǎ ŦƻǊ ŎƻƴǎƛŘŜǊƛƴƎ ōŜƴŜŦƛǘǎ ƻŦ ŀƴŘ ǇǊƻŎǳǊƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŘƛŦŦŜǊǎ ŦǊƻƳ ǎǳǇǇƭȅπ
ǎƛŘŜ ƛƴǾŜǎǘƳŜƴǘ ŘŜŎƛǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ Ƙƻǿ ǇŀǊǘƛŎƛǇŀƴǘ Ŏƻǎǘǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ǳǘƛƭƛǘȅ ǘƻ 
ŀŎǉǳƛǊŜ ǊŜǎƻǳǊŎŜǎ ƻǳǘǎƛŘŜ ƛǘǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ǘƻ ƳŜŜǘ ŘŜƳŀƴŘΦноп  

2.5.2 Valuation of Grid Services 

! ōǊƻŀŘ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ Ǿŀƭǳŀǘƛƻƴ ǊŜǾŜŀƭǎ ƎŀǇǎ ƛƴ Ƙƻǿ ƳŀǊƪŜǘǎΣ ƛƴŎŜƴǘƛǾŜǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ǊŀǘŜǎ 
ŎƻƳǇŜƴǎŀǘŜ ŀƴŘ ǾŀƭǳŜ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜŘ ōȅ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎȅǎǘŜƳ ǘƻǇƻƭƻƎƛŜǎΦ !ǎ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŘǊƛǾŜ ŎƘŀƴƎŜǎ ƛƴ ƎǊƛŘ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎΣ ǳƴŀƴǘƛŎƛǇŀǘŜŘ ƎŀǇǎ ƛƴ ǾŀƭǳŀǘƛƻƴΣ ǿƘƛŎƘ 
ƛƴŀŘǾŜǊǘŜƴǘƭȅ ŜȄŎƭǳŘŜ ŜȄƛǎǘƛƴƎ ƻǊ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǊ ǎŜǊǾƛŎŜǎΣ ǿƛƭƭ ƭƛƪŜƭȅ ŜƳŜǊƎŜΦ CǳǘǳǊŜ ǇƻƭƛŎȅ 
ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ Ƴŀȅ ŎǊŜŀǘŜ ƴŜǿ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǾŀƭǳƛƴƎ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ Ǿŀƭǳŀǘƛƻƴ 
ƳŜǘƘƻŘƻƭƻƎƛŜǎ Ŏŀƴ ƘŜƭǇ ƛŘŜƴǘƛŦȅ ŀƴŘ ƳƛǘƛƎŀǘŜ ƎŀǇǎΦ IƻǿŜǾŜǊΣ ŎƭƻǎƛƴƎ ǘƘŜǎŜ ƎŀǇǎ ƻŦǘŜƴ ǊŜǉǳƛǊŜǎ ǎǇŜŎƛŦƛŎ 
ŜŦŦƻǊǘǎ ǘƻ ŀŘŘǊŜǎǎ ŦƛƴŀƴŎŜΣ ƳŀǊƪŜǘ ǊǳƭŜǎΣ ƛƴŎŜƴǘƛǾŜǎΣ ŀƴŘ ǇƻƭƛŎƛŜǎΦ ²ƘƛƭŜ Ǿŀƭǳŀǘƛƻƴ ǊŜƳŀƛƴǎ ŀ ƘƛƎƘπƭŜǾŜƭ 
ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΣ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŜȄƛǎǘ ǘƻ Ŧƛƭƭ ŎǳǊǊŜƴǘΣ ŎƭŜŀǊƭȅ ŘŜŦƛƴŜŘ ƎŀǇǎ ǊŜƭŀǘŜŘ ǘƻ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǊŜƭƛŀōƛƭƛǘȅΣ ǎŜŎǳǊƛǘȅΣ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ōŜƴŜŦƛǘǎ ƻŦ ƴŜǿ ǎŜǊǾƛŎŜǎΦ  

¢ƘŜ ǾŀƭǳŜ ǘƘŀǘ ƴŜǿ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ǇǊƻǾƛŘŜΣ ōƻǘƘ ƛƴŘƛǾƛŘǳŀƭƭȅ ŀƴŘ ƛƴ ŀƎƎǊŜƎŀǘŜΣ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎΥ 

 Type of resource: 5ƛŦŦŜǊŜƴǘ ǊŜǎƻǳǊŎŜǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǊƻǾƛŘŜ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ 
ǎƛǘǳŀǘƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀƴŘ t± ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǊƻǾƛŘŜ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ǘƻ ǘƘŜ 
ƎǊƛŘΣ ƻǘƘŜǊ ŘŜǾƛŎŜǎ όŜΦƎΦΣ ŜŦŦƛŎƛŜƴǘ ǿƛƴŘƻǿǎύ ǿƛƭƭ ƴƻǘΦ 

 Location: ¢ƘŜ ǾŀƭǳŜ ǘƘŀǘ ŀ ǊŜǎƻǳǊŎŜ Ŏŀƴ ǇǊƻǾƛŘŜ ŘŜǇŜƴŘǎ ƻƴ ƛǘǎ ƭƻŎŀǘƛƻƴ ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻǊ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳΦ CƻǊ ŜȄŀƳǇƭŜΣ ǇƭŀŎƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ƻƴ t± ƴŜŀǊ Ǉƻƛƴǘǎ ƻŦ ŎƻƴƎŜǎǘƛƻƴ 
Ƴŀȅ ƘŀǾŜ ƳǳŎƘ ƳƻǊŜ ǾŀƭǳŜ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ǘƘŀƴ ǇƭŀŎŜǎ ǿƛǘƘ ƴƻ ŎƻƴƎŜǎǘƛƻƴΦ 

 Time: ²ƘŜƴ ǘƘŜ ǊŜǎƻǳǊŎŜ ǇǊƻǾƛŘŜǎ ǘƘŜ ǎŜǊǾƛŎŜ ƛǎ ƛƳǇƻǊǘŀƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ƳŜŀǎǳǊŜǎ ǊŜŘǳŎŜ ǇŜǊƛƻŘǎ ƻŦ ǇŜŀƪ ƭƻŀŘΣ ǘƘƻǎŜ ƳŜŀǎǳǊŜǎ Ƴŀȅ ōŜ ŀōƭŜ ǘƻ ŘŜŦŜǊ ōǳƛƭŘƛƴƎ ƴŜǿ 
ƎŜƴŜǊŀǘƛƻƴ ƻǊ ŘƛǎǘǊƛōǳǘƛƻƴκǘǊŀƴǎƳƛǎǎƛƻƴ ǳǇƎǊŀŘŜǎΦ 

/ǳǊǊŜƴǘƭȅΣ Ƴŀƴȅ Ǿŀƭǳŀǘƛƻƴ ŜŦŦƻǊǘǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƻŦ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǘ ǘƻ ōŜ 
Ŧǳƭƭȅ ŜŦŦŜŎǘƛǾŜΣ Ǿŀƭǳŀǘƛƻƴ Ƴǳǎǘ ōŜ ŘƻƴŜ ƛƴ ŀ ǎȅǎǘŜƳ ŎƻƴǘŜȄǘΣ ŀƴŘ ŜǎǘƛƳŀǘƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭ 
ǘŜŎƘƴƻƭƻƎȅ ƻǳǘǎƛŘŜ ǘƘŜ ǎȅǎǘŜƳ ŎƻƴǘŜȄǘ ƛǎ ǎǳōƻǇǘƛƳŀƭΦнор /ƘŀƴƎŜǎ ǘƻ ǘƘŜ ǎȅǎǘŜƳΣ ǿƘŜǘƘŜǊ ǊŜƎǳƭŀǘƻǊȅ 
ŎƘŀƴƎŜǎ ƻǊ ǘŜŎƘƴƻƭƻƎȅ ŎƘŀƴƎŜǎΣ Ŏŀƴ ƘŀǾŜ ōƻǘƘ ƭƻŎŀǘƛƻƴŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎȅǎǘŜƳ ƛƳǇŀŎǘǎΦ vǳŀƴǘƛŦȅƛƴƎ ǘƘŜ 
ǾŀƭǳŜ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǘŜŎƘƴƻƭƻƎȅ ǎƘƻǳƭŘ ƛƴǾƻƭǾŜ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ǎǘŀǘŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ 
ǘŜŎƘƴƻƭƻƎȅ ǿŀǎ ƛƴǎǘŀƭƭŜŘΦ  
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2.5.3 Rate Designs for Valuing New Services 

9ƭŜŎǘǊƛŎƛǘȅ ǊŀǘŜǎ ŀǊŜ ǘƘŜ ǎŎƘŜŘǳƭŜ ƻŦ ǇǊƛŎŜǎ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ŎƘŀǊƎŜ ŜƴŘ ǳǎŜǊǎ ŦƻǊ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǎŜǊǾƛŎŜΦ 
wŀǘŜƳŀƪƛƴƎΣ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǊŀǘŜǎΣ ƛǎ ŀƴ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǇǊƻŎŜǎǎ ŘŜǎƛƎƴŜŘ ǘƻ ǊŜŎƻǾŜǊ ŜȄǇŜŎǘŜŘ 
Ŏƻǎǘǎ ŀƴŘ ǇǊƻǾƛŘŜ ǘƘŜ ǳǘƛƭƛǘȅ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŜŀǊƴ ŀƴ ŀƭƭƻǿŜŘ ǊŀǘŜ ƻŦ ǊŜǘǳǊƴΦ ¢ƘǊƻǳƎƘ ŎƻǎǘπƻŦπǎŜǊǾƛŎŜ 
ǊŀǘŜǎΣ ǳǘƛƭƛǘƛŜǎ ŜŀǊƴ ŀ ŦŀƛǊ ǊŜǘǳǊƴ ƻƴ ƛƴǾŜǎǘŜŘ ŎŀǇƛǘŀƭ ŀƴŘ ǊŜŎƻǾŜǊ ǘƘŜ Ŏƻǎǘ ƻŦ ŘŜǇǊŜŎƛŀǘƛƻƴΣ ƻǇŜǊŀǘƛƴƎ 
ŜȄǇŜƴǎŜǎΣ ŀƴŘ ǘŀȄŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ǊŜŎƻǾŜǊȅ ƻŦ Ŏƻǎǘǎ ƛƴ ǊŀǘŜƳŀƪƛƴƎ ƛƴǘǊƻŘǳŎŜǎ ōŜƘŀǾƛƻǊŀƭ ƛƴŎŜƴǘƛǾŜǎ ǘƻ 
ǳǘƛƭƛǘƛŜǎΦ ¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǊŀǘŜǎ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ǘƻ ŎƻƴǎǳƳŜǊǎΦ wŀǘŜǎ ŀǊŜ 
ǘƘŜ ǇǊƛƳŀǊȅ ƳŜŎƘŀƴƛǎƳ ōȅ ǿƘƛŎƘ ǳǘƛƭƛǘƛŜǎ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŎǳǎǘƻƳŜǊǎ ǘƻ ƛƴŦƻǊƳ ǘƘŜƛǊ ŎƻƴǎǳƳǇǘƛƻƴ 
ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ōŜƘŀǾƛƻǊΦ ¦Φ{Φ {ǳǇǊŜƳŜ /ƻǳǊǘ ǇǊŜŎŜŘŜƴǘǎ ǘƘŀǘ ŦǊŀƳŜ ǘƘŜ ƭŜƎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǊŜƎǳƭŀǘƛƻƴ 
ƘŜƭǇ ǎƘŀǇŜ ǊŀǘŜƳŀƪƛƴƎΦȅ  

¢ƘŜ ǊŀǘŜƳŀƪƛƴƎ ǇǊƻŎŜǎǎ ōŜƎƛƴǎ ŦƛǊǎǘ ǿƛǘƘ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜǾŜƴǳŜ ǊŜǉǳƛǊŜƳŜƴǘ ŀƴŘ Ŧƻƭƭƻǿǎ 
ǿƛǘƘ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǊŀǘŜǎΦ ¢ƘŜ ǊŜǾŜƴǳŜ ǊŜǉǳƛǊŜƳŜƴǘ ƛǎ ŀ ŦƻǊŜŎŀǎǘ ƻŦ ǘƘŜ ōǳŘƎŜǘ ǘƘŀǘ ǘƘŜ ǳǘƛƭƛǘȅ ǿƛƭƭ ǊŜǉǳƛǊŜ 
ǘƻ ƳŜŜǘ ŜȄǇŜŎǘŜŘ ŎǳǎǘƻƳŜǊǎΩ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎ ŘǳǊƛƴƎ ŀ Ǉŀǎǘ ƻǊ ŦǳǘǳǊŜ ǘŜǎǘ ȅŜŀǊΦ ¢ƘŜ ōŀǎƛŎ ŦƻǊƳǳƭŀ ŦƻǊ 
ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜǾŜƴǳŜ ǊŜǉǳƛǊŜƳŜƴǘ ƛǎΥ  

Revenue Requirement = (Rate of Return x Depreciated Rate Base) + Depreciation 

+ Operations and Maintenance (including Fuel) + Taxes 

¢ƘŜ ǊŀǘŜπŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ōŀƭŀƴŎŜǎ ǘƘŜ ǇǊƛŎŜǎ ŎǳǎǘƻƳŜǊǎ ǎŜŜ ǿƛǘƘ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŎƻǾŜǊ ƛǘǎ ǊŜǾŜƴǳŜ 
ǊŜǉǳƛǊŜƳŜƴǘΦ ¢ƘŜ ǇǊƻŎŜǎǎ ǊŜǉǳƛǊŜǎ ŀƭƭƻŎŀǘƛƴƎ ǳǘƛƭƛǘȅ Ŏƻǎǘǎ ǘƻ ŘƛŦŦŜǊŜƴǘ ŎǳǎǘƻƳŜǊ ŎƭŀǎǎŜǎ όŜΦƎΦΣ ǊŜǎƛŘŜƴǘƛŀƭΣ 
ŎƻƳƳŜǊŎƛŀƭΣ ƛƴŘǳǎǘǊƛŀƭύ ŀƴŘ ǘƻ ŘƛŦŦŜǊŜƴǘ ǊŀǘŜ ŎŀǘŜƎƻǊƛŜǎ όŜΦƎΦΣ ŜƴŜǊƎȅ ŎƘŀǊƎŜǎΣ ŘŜƳŀƴŘ ŎƘŀǊƎŜǎύΦ ! ƪŜȅ ǎǘŜǇ 
ƛƴ ǘƘŜ ǊŀǘŜπŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ƛǎ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ Ŏƻǎǘ Ŏŀǳǎŀǘƛƻƴ όǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ƛƴŎǳǊǊƛƴƎ 
ǘƘŀǘ ŎƻǎǘύΣ ǿƘƛŎƘ ƘŜƭǇǎ ŘŜǾŜƭƻǇ ǊŀǘŜǎ ǿƘŜǊŜōȅ ŘƛŦŦŜǊŜƴǘ ŎǳǎǘƻƳŜǊǎ Ǉŀȅ ǘƘŜ Ŏƻǎǘ ƻŦ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ǎŜǊǾƛŎŜ 
ǘƘŜȅ ǳǎŜΦ ±ŀǊƛƻǳǎ ŜƭŜƳŜƴǘǎ ƻŦ Ŏƻǎǘǎ όŜΦƎΦΣ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻǎǘǎΣ ƳŜǘŜǊƛƴƎΣ ǘǊŀƴǎƳƛǎǎƛƻƴύ ŀǊŜ ǘƘǳǎ ŀƭƭƻŎŀǘŜŘ ǘƻ 
ŜŀŎƘ ŎǳǎǘƻƳŜǊ ŎƭŀǎǎΦ LŘŜŀƭƭȅΣ ŜŀŎƘ ŎǳǎǘƻƳŜǊ ǿƻǳƭŘ Ǉŀȅ ƻƴƭȅ ǘƘŜ Ŏƻǎǘ ƻŦ ǇǊƻǾƛŘƛƴƎ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ǘƘŜ 
ŎǳǎǘƻƳŜǊ ǳǎŜǎΦ !ǎ ŘƛǎŎǳǎǎŜŘΣ ǘƘƛǎ ƛǎ ŀƴ ŀǎǇƛǊŀǘƛƻƴŀƭ Ǝƻŀƭ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ƻŦǘŜƴ Řƻ ƴƻǘ ŀŎƘƛŜǾŜ ƛƴ ǇǊŀŎǘƛŎŜΦ 

{ƻƳŜ ƧǳǊƛǎŘƛŎǘƛƻƴǎ Ƴŀȅ ƘŀǾŜ ǊŀǘŜǎ ƛƴ ŜŦŦŜŎǘ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ǘƛƳŜ ǇŜǊƛƻŘΣ ǎǳŎƘ ŀǎ о ȅŜŀǊǎΣ ǿƘƛƭŜ ƻǘƘŜǊ 
ƧǳǊƛǎŘƛŎǘƛƻƴǎ Ƴŀȅ ŀƭƭƻǿ ǊŀǘŜǎ ǘƻ ǊŜƳŀƛƴΣ ƛƴ ŜŦŦŜŎǘΣ ƛƴŘŜŦƛƴƛǘŜƭȅΣ ǳƴƭŜǎǎ ǘƘŜ ǳǘƛƭƛǘȅΣ ǘƘŜ t¦/Σ ƻǊ ŀ ǘƘƛǊŘ ǇŀǊǘȅ 
ǿƛǘƘ ǎǘŀƴŘƛƴƎ ǎŜŜƪ ŀ ǊŀǘŜ ŀŘƧǳǎǘƳŜƴǘ Ǿƛŀ ŀ ŎƻƳǇƭŀƛƴǘΦ  

/ƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴŎƭǳŘŜ ǘƘŜ ƴŜŜŘǎ ƻŦ ŎǳǊǊŜƴǘ ǾŜǊǎǳǎ ŦǳǘǳǊŜ ǊŀǘŜǇŀȅŜǊǎΤ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ ƻǊ ŘŜƳƻƎǊŀǇƘƛŎ 
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǊŀǘŜǇŀȅŜǊǎΤ ŦǳƴŘƛƴƎ ŦƻǊ ŀƴȅ ǇǳōƭƛŎ ōŜƴŜŦƛǘ ǇǊƻƎǊŀƳǎΣ ƭƛƪŜ ŜŦŦƛŎƛŜƴŎȅΣ wϧ5Σ ƻǊ ƭƻǿπƛƴŎƻƳŜ 
ŀǎǎƛǎǘŀƴŎŜ ǇǊƻƎǊŀƳǎΤ ŜǾƻƭǾƛƴƎ ǘŜŎƘƴƻƭƻƎȅΤ ŀƴŘ ǎƻŎƛŀƭ Ǝƻŀƭǎ ƭƛƪŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜΦ CƛƎǳǊŜ нπмр 
ōŜƭƻǿ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƻǊŘŜǊ ŀƴŘ ǘƛƳŜƭƛƴŜ ƻŦ ŀ ǘȅǇƛŎŀƭ ǎǘŀǘŜ ǊŀǘŜπŎŀǎŜ ǇǊƻŎŜŜŘƛƴƎΦ 

                                                           
ȅ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ Knoxville v. Knoxville Water Company, 212 U.S. 1 (1909)Σ ǘƘŜ ¦Φ{Φ {ǳǇǊŜƳŜ /ƻǳǊǘ ǊŜŎƻƎƴƛȊŜŘ ǘƘŜ ǊƛƎƘǘ ƻŦ ŀ 
ǳǘƛƭƛǘȅ ǘƻ ǊŜŎƻǾŜǊ ǘƘŜ ƛƴƛǘƛŀƭ Ŏƻǎǘ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴǾŜǎǘƳŜƴǘ ǘƘǊƻǳƎƘ ŘŜǇǊŜŎƛŀǘƛƻƴ ŎƘŀǊƎŜǎΦ Lƴ Bluefield Water Works &
Improvement Company v. Public Service Commission, 62 U.S. 679 (1923), ǘƘŜ ¦Φ{Φ {ǳǇǊŜƳŜ /ƻǳǊǘ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ 
άǘƘŜ ǊŜǘǳǊƴ ǎƘƻǳƭŘ ōŜ ǊŜŀǎƻƴŀōƭȅ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŀǎǎǳǊŜ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ǎƻǳƴŘƴŜǎǎ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅ ŀƴŘ ǎƘƻǳƭŘ ōŜ 
ŀŘŜǉǳŀǘŜΧǘƻ Ƴŀƛƴǘŀƛƴ ŀƴŘ ǎǳǇǇƻǊǘ ŎǊŜŘƛǘΧέ  
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Figure 2-15. Timeline of a Typical Rate Case Proceeding236 

 
Rate cases are lengthy and complex, often lasting a year or more. Depending on how utilities calculate 
their costs, this often leads to ñregulatory lag,ò wherein rates come into effect long after utilities have made 
investments. Thus, utilities are typically recovering past, not current, costs.  

¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ ǊŀǘŜπŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ōŜƎƛƴǎ ǿƛǘƘ ŀ Ŏƻǎǘ ǎǘǳŘȅ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛȊŜǎ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅΩǎ 
Ŏƻǎǘ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ǎŜǊǾƛŎŜ ǘƻ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ŘŜǘŜǊƳƛƴŜǎ Ŏƻǎǘ ŎŀǳǎŀǘƛƻƴΦ bƻǘŜ ǘƘŀǘ ǘƘŜ costs ƻŦ ǇǊƻǾƛŘƛƴƎ 
ǎŜǊǾƛŎŜ ŀǊŜ ǘƘŜ ǉǳŀƴǘƛŦƛŀōƭŜ ǾŀƭǳŜǎ ƻŦ ŀǎǎŜǘǎ ŀƴŘ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ŀŎŎǊǳŜ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅΤ ǘƘŜ price or charge ƛǎ 
ǘƘŜ ŎŀǎƘ ǾŀƭǳŜ ƻŦ ǘƘŜ ǎŜǊǾƛŎŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǊŀǘŜ ǊŜƎǳƭŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǎǳōǎƛŘƛŜǎǘƘŜ ǳǘƛƭƛǘȅ ǊŜŎƻǾŜǊǎ costsΣ 
ǿƘƛƭŜ ǘƘŜ ŎǳǎǘƻƳŜǊ ǎŜŜǎ prices and chargesΦ 9ƭŜƳŜƴǘǎ ƻŦ Ŏƻǎǘ Ŧŀƭƭ ƛƴǘƻ ǘƘǊŜŜ ōŀǎƛŎ ŎŀǘŜƎƻǊƛŜǎΥ  

мΦ Fixed costs ŀǊŜ ǘƘŜ ōŀǎƛŎ Ŏƻǎǘǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ǎŜǊǾƛŎŜ ǘƘŀǘ Řƻ ƴƻǘ ǾŀǊȅ ǿƛǘƘ ǘƘŜ ƭŜǾŜƭ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ŎƻƴǎǳƳǇǘƛƻƴΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ŦƛȄŜŘ Ŏƻǎǘ ƛǎ ǘƘŜ Ŏƻǎǘ ƻŦ ŀ ƳŜǘŜǊΣ ŀ ƴŜŎŜǎǎŀǊȅ ŜƭŜƳŜƴǘ ŦƻǊ ǇǊƻǾƛŘƛƴƎ 
ǎŜǊǾƛŎŜ ǘƘŀǘ ƛǎ ŦǳƴŎǘƛƻƴŀƭ ǿƘŜǘƘŜǊ ǘƘŜ ŎǳǎǘƻƳŜǊ ǳǎŜǎ ǾŜǊȅ ƭƛǘǘƭŜ ƻǊ ŀ ƎǊŜŀǘ ŘŜŀƭ ƻŦ ŜƴŜǊƎȅΦ 

нΦ Capacity costs ƳŜŀǎǳǊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǳǎŀƎŜ ƻƴ ǎȅǎǘŜƳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿƘŜǊŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎǳǎǘƻƳŜǊ 
ŎƻƴǎǳƳǇǘƛƻƴ Ŏŀƴ ǘǊƛƎƎŜǊ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ƛƴǾŜǎǘƳŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴŎǊŜŀǎŜǎ ƛƴ ŀƛǊ 
ŎƻƴŘƛǘƛƻƴƛƴƎ ǳǎŜ Ŏŀƴ ƴŜŎŜǎǎƛǘŀǘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘΣ ǿƘŜǊŜ ǘƘŜ ǎƛȊŜ ƻŦ ŀ ǎǳōǎǘŀǘƛƻƴ 
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ǎǳǇǇƻǊǘƛƴƎ ŀ ǊŜǎƛŘŜƴǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƭŀǘŜǊŀƭ ǇƻǿŜǊ ƭƛƴŜ ƛǎ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƴŜŜŘ ǘƻ ǊŜƭƛŀōƭȅ ǎŜǊǾŜ ǘƘŜ 
ǇŜŀƪ ǳǎŀƎŜΣ ǘȅǇƛŎŀƭƭȅ ŘǊƛǾŜƴ ōȅ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ƻƴ ǘƘŜ ƘƻǘǘŜǎǘ Řŀȅ ƻŦ ǘƘŜ ȅŜŀǊΦ /ŀǇŀŎƛǘȅ όŘŜƳŀƴŘύ 
ŎƘŀǊƎŜǎ Ŏŀƴ ōŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎƛƎƴŀƭ ŎǳǎǘƻƳŜǊǎΩ ŜȄǇŜŎǘŜŘ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ƴŜǿ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ 
ǇǊƻǾƛŘŜ ŀ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ǊŜŎƻǾŜǊƛƴƎ ǘƘƻǎŜ ŎƻǎǘǎΣ ƻƴŎŜ ƛƴŎǳǊǊŜŘΦ 

оΦ Variable costs ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǘƘŜ ŜƴŜǊƎȅ Ŏƻǎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇǊƻǾƛŘƛƴƎ ǎŜǊǾƛŎŜΣ ǎǳŎƘ ŀǎ ŦǳŜƭΦ 
±ŀǊƛŀōƭŜ Ŏƻǎǘǎ ŎƘŀƴƎŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ŀƴŘ ǘƘŜ ǘȅǇŜǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ 
ŎŀǇŀŎƛǘȅ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳΦ 

Lƴ ŀƴ ƛŘŜŀƭ ǊŀǘŜƳŀƪƛƴƎ ǎŎƘŜƳŜΣ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ Ŏƻǎǘ ǿƻǳƭŘ Ŧƛǘ ƴŀǘǳǊŀƭƭȅ ƛƴǘƻ ǘƘŜ ǘƘǊŜŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ 
ǊŀǘŜǎΥ όмύ ŦƛȄŜŘ όŎǳǎǘƻƳŜǊύ ŎƘŀǊƎŜǎΣ όнύ ŎŀǇŀŎƛǘȅ όŘŜƳŀƴŘύ ŎƘŀǊƎŜǎΣ ŀƴŘ όоύ ŜƴŜǊƎȅ όǾŀǊƛŀōƭŜύ ŎƘŀǊƎŜǎΦ ¢ƘŜ 
ŦƛȄŜŘ ŎǳǎǘƻƳŜǊ ŎƘŀǊƎŜ ǿƻǳƭŘ ǊŜŦƭŜŎǘ ǘƘŜ ŦƛȄŜŘ Ŏƻǎǘǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ŀ ǎŜǊǾƛŎŜΦ ¢ƘŜ ǾŀǊƛŀōƭŜ ŜƴŜǊƎȅ ŎƘŀǊƎŜ 
ǿƻǳƭŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅΣ ŘŜǘŜǊƳƛƴŜŘ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ƻǊ ōȅ ǘƘŜ ŦǳŜƭ ŀƴŘ 
ƻǘƘŜǊ ǾŀǊƛŀōƭŜ Ŏƻǎǘǎ ǊŜǉǳƛǊŜŘ ǘƻ ƻǇŜǊŀǘŜ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ƻǿƴ ƎŜƴŜǊŀǘƛƻƴΦ /ŀǇŀŎƛǘȅ Ŏƻǎǘǎ ǾŀǊȅ ōȅ ŘŜƳŀƴŘ ŀƴŘ 
ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƳŀȄƛƳǳƳ ǎȅǎǘŜƳ ǳǎŀƎŜ ōŜŎŀǳǎŜ ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ƳŜŜǘ ǇŜŀƪ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǘƛƻƴΦ ¢ƘŜ ŘŜƳŀƴŘ ŎƘŀǊƎŜ ƛǎ ŀ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ōƻǘƘ ǊŜŎƻǾŜǊƛƴƎ ŎŀǇŀŎƛǘȅ Ŏƻǎǘǎ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ŀ ǇǊƛŎŜ 
ǎƛƎƴŀƭ ǘƻ ŎǳǎǘƻƳŜǊǎ ŀōƻǳǘ ǘƘŜƛǊ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ Ŏƻǎǘǎ ŀǘ ǘƘŜ ǇŜŀƪΦ ¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ ŘŜƳŀƴŘ ŎƘŀǊƎŜ ƛǎ ǎŜǘ 
ŀƴƴǳŀƭƭȅΣ ǎŜǊǾƛƴƎ ŀǎ ŀ ǊŀǘŎƘŜǘ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ōƛƭƭǎΦȊ 

¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ǳǘƛƭƛǘƛŜǎ ǊŜŎƻǳǇŜŘ ǘƘŜƛǊ Ŏƻǎǘǎ ŦǊƻƳ ŎǳǎǘƻƳŜǊǎ ōȅ ŎƘŀǊƎƛƴƎ ŀ ǘǿƻπǇŀǊǘ ǊŀǘŜ ǘƘŀǘ ŎƻƴǎƛǎǘŜŘ ƻŦ 
ŀ ǾƻƭǳƳŜǘǊƛŎ ŎƘŀǊƎŜ ŎƻƳǇƻƴŜƴǘ ŀƴŘ ŀ ŦƛȄŜŘ ŎƘŀǊƎŜ ŎƻƳǇƻƴŜƴǘΦ ±ƻƭǳƳŜǘǊƛŎ ŎƘŀǊƎŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ 
ŀƳƻǳƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀ ŎǳǎǘƻƳŜǊ ŀŎǘǳŀƭƭȅ ǳǎŜǎ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ŀǊŜ ŀǎǎŜǎǎŜŘ ǇŜǊ ƪ²ƘΦ /ǳǎǘƻƳŜǊǎ Ǉŀȅ ǘƘŜ 
ŦƛȄŜŘ ŎƘŀǊƎŜ ǊŜƎŀǊŘƭŜǎǎ ƻŦ Ƙƻǿ ƳǳŎƘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŜȅ ŎƻƴǎǳƳŜΦŀŀ !ƴŀƭȅǎǘǎ ƘŀǾŜ ƎŜƴŜǊŀƭƭȅ ōǊƻƪŜƴ Řƻǿƴ ǘƘŜ 
ŦƛȄŜŘ Ŏƻǎǘǎ ǘƘŀǘ ǘƘŜ ǳǘƛƭƛǘȅ ƛƴŎǳǊǎ ƛƴǘƻ ǘǿƻ ŎŀǘŜƎƻǊƛŜǎΥ ǎȅǎǘŜƳπǿƛŘŜ ŦƛȄŜŘ Ŏƻǎǘǎ ŀƴŘ ŎǳǎǘƻƳŜǊπǎǇŜŎƛŦƛŎ ŦƛȄŜŘ 
ŎƻǎǘǎΦ ! ŎǳǎǘƻƳŜǊπǎǇŜŎƛŦƛŎ ŦƛȄŜŘ Ŏƻǎǘ ƛǎ ǘƘŜ Ŏƻǎǘ ǘƘŜ ǳǘƛƭƛǘȅ ƛƴŎǳǊǎ ǿƘŜƴ ƛǘ ƛǎ ǎŜǊǾƛŎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊτŦƻǊ 
ŜȄŀƳǇƭŜΣ ǘƘŜ Ŏƻǎǘǎ ǘƻ ƳŜǘŜǊ ǘƘŜ ŎǳǎǘƻƳŜǊ ŀƴŘ ƛǎǎǳŜ ŀ ōƛƭƭΦ ¢Ƙƛǎ Ŏƻǎǘ ƛǎ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ 
ǳǎŀƎŜΦ ! ǎȅǎǘŜƳπǿƛŘŜ ŦƛȄŜŘ Ŏƻǎǘ ƛǎ ǘƘŜ Ŏƻǎǘ ƻŦ ƘŀǾƛƴƎΣ ǊǳƴƴƛƴƎΣ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘτ
ǊŜƎŀǊŘƭŜǎǎ ƻŦ Ƙƻǿ Ƴŀƴȅ ŎǳǎǘƻƳŜǊǎ ƛǘ ƛǎ ǎŜǊǾƛƴƎΦнот IƛǎǘƻǊƛŎŀƭƭȅΣ ŎƻƴǎǳƳŜǊ ŘŜƳŀƴŘ ŀƭƭƻǿŜŘ ǳǘƛƭƛǘƛŜǎ ǘƻ 
ǎŜŎǳǊŜƭȅ ǊŜŎƻǳǇ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ŦƛȄŜŘ Ŏƻǎǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ǾƻƭǳƳŜǘǊƛŎ ǊŀǘŜΦ ¦ǘƛƭƛǘƛŜǎ ǿŜǊŜ ŀōƭŜ ǘƻ ŀǎǎŜǎǎ ƻƴƭȅ ŀ 
ƭƛƳƛǘŜŘ ŦƛȄŜŘ ŎƘŀǊƎŜ ǘƻ ŜŀŎƘ ŎǳǎǘƻƳŜǊΣ ǿƘƛŎƘ ƎŜƴŜǊŀƭƭȅ ŘƛŘ ƴƻǘ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ ǘƘŜ ǘǊǳŜ ŦƛȄŜŘ Ŏƻǎǘǎ ŀ 
ǳǘƛƭƛǘȅ ǿŀǎ ƛƴŎǳǊǊƛƴƎΦ CƻǊ ǘȅǇƛŎŀƭ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎΣ ŦƛȄŜŘ Ŏƻǎǘǎ ƳŀƪŜ ǳǇ ŀ ƳǳŎƘ ƭŀǊƎŜǊ ǇǊƻǇƻǊǘƛƻƴ ƻŦ 
ǘƻǘŀƭ Ŏƻǎǘǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ǘƘŀƴ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭǎ ǊŜŦƭŜŎǘΦōō Σноу 

²ƘƛƭŜ ŎƻƴǎǳƳŜǊǎ ƻƴƭȅ ǎŜŜ ŀ ǎƳŀƭƭ ŦƛȄŜŘ ŎƘŀǊƎŜ ƻƴ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭ ŀƴŘ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ōƛƭƭ ŎƻƳǇǊƛǎŜǎ ǘƘŜ 
ǾŀǊƛŀōƭŜ ŎƘŀǊƎŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜŘΣ ǳǘƛƭƛǘƛŜǎΩ Ŏƻǎǘǎ Řƻ ƴƻǘ ǊŜŦƭŜŎǘ ǘƘƛǎ ōǊŜŀƪŘƻǿƴΦ ¦ǘƛƭƛǘƛŜǎΩ 
Ŏƻǎǘǎ ŦƻǊ ŀ ǘȅǇƛŎŀƭ ōƛƭƭ ŀǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ ǾŀǊƛŀōƭŜ ŀƴŘ ŦƛȄŜŘ ŎƻǎǘǎΦ ²ƘƛƭŜΣ ƘƛǎǘƻǊƛŎŀƭƭȅΣ ŎǳǎǘƻƳŜǊ ŘŜƳŀƴŘ 
ŀƭƭƻǿŜŘ ǳǘƛƭƛǘƛŜǎ ǘƻ ǎŜŎǳǊŜƭȅ ǊŜŎƻǳǇ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ŦƛȄŜŘ Ŏƻǎǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ǾƻƭǳƳŜǘǊƛŎ ǊŀǘŜΣ ǘƘŜ ŎǳǊǊŜƴǘ 
ǎǘŀƎƴŀƴǘ ƻǊ ŘŜŎƭƛƴƛƴƎ ŘŜƳŀƴŘ ƛǎ ŎŀǳǎƛƴƎ ǳǘƛƭƛǘƛŜǎ ǘƻ ǳƴŘŜǊŎƻǾŜǊ ŦƛȄŜŘ ŎƻǎǘǎΦ  

                                                           
Ȋ ! ǊŀǘŎƘŜǘ ƛǎ ŀ ŎƛǊŎǳƳǎǘŀƴŎŜ ƛƴ ǿƘƛŎƘ ǘƘŜ ǊŀǘŜ ǿƛƭƭ ƴƻǘ ŘŜŎƭƛƴŜ ǳƴǘƛƭ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǇŜǊƛƻŘ ŜƭŀǇǎŜǎ όƻŦǘŜƴΣ м ȅŜŀǊύΦ ¢ƘǳǎΣ ŀ 
ŘŜƳŀƴŘ ŎƘŀǊƎŜΣ ōŀǎŜŘ ƻƴ ŀ ŘŜƳŀƴŘ ƻŦ о ƪƛƭƻǿŀǘǘǎ ǎŜǘ ƛƴ ƳƻƴǘƘ ƻƴŜ όǎŀȅΣ WŀƴǳŀǊȅύΣ ƳƛƎƘǘ ƛƴŎǊŜŀǎŜ ƛŦ ŀ ƘƛƎƘŜǊ ŘŜƳŀƴŘΣ р 
ƪƛƭƻǿŀǘǘǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛǎ ǎŜǘ ƛƴ ƳƻƴǘƘ ǘǿƻ όCŜōǊǳŀǊȅύΤ ōǳǘ ƭƻǿŜǊ ŘŜƳŀƴŘ ƛƴ ǎǳōǎŜǉǳŜƴǘ ƳƻƴǘƘǎ ǿƛƭƭ ƴƻǘ ǊŜŘǳŎŜ ǘƘŜ ŘŜƳŀƴŘ 
ŎƘŀǊƎŜ ǳƴǘƛƭ ǘƘŜ ǇŜǊƛƻŘ Ƙŀǎ ŜȄǇƛǊŜŘΦ  
ŀŀ CƛȄŜŘ ŎƘŀǊƎŜǎ Ƴŀȅ ǾŀǊȅ ōȅ Ŏƭŀǎǎ ƻŦ ŎƻƴǎǳƳŜǊτƛƴŘǳǎǘǊƛŀƭΣ ŎƻƳƳŜǊŎƛŀƭΣ ƻǊ ǊŜǎƛŘŜƴǘƛŀƭτōǳǘ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǳǎŀƎŜ ǇŜǊ ōƛƭƭƛƴƎ 
ǇŜǊƛƻŘ Ƴŀȅ ƴƻǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŎƭŀǎǎŜǎΦ 
ōō ά! ǘȅǇƛŎŀƭ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊ ǳǎŜǎ фун ƪ²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǇŜǊ ƳƻƴǘƘΣ ǿƛǘƘ ŀ ōƛƭƭ ŀǾŜǊŀƎƛƴƎ ϷммлΦ ¢ƘŜ ōƛƭƭ ƛǎ ƳŀŘŜ ǳǇ ƻŦ 
ǘƘǊŜŜ Ŏƻǎǘ ŎƻƳǇƻƴŜƴǘǎΥ Ϸтл Ŏŀƴ ōŜ ŀƭƭƻŎŀǘŜŘ ǘƻ ƎŜƴŜǊŀǘƛƻƴΣ Ϸол ǘƻ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ Ϸмл ǘƻ ǘǊŀƴǎƳƛǎǎƛƻƴΦ bŜŀǊƭȅ ŀƭƭ ǘƘŜ 
ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ Ŏƻǎǘǎ ŀǊŜ ŦƛȄŜŘ όƻǊ ŎŀǇŀŎƛǘȅπǘȅǇŜύ Ŏƻǎǘǎ ǘƘŀǘ Řƻ ƴƻǘ ǾŀǊȅ ōŀǎŜŘ ƻƴ ƘƻǳǊƭȅ ŎǳǎǘƻƳŜǊ ƭƻŀŘǎΣ ǿƘƛƭŜ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ ул ǇŜǊŎŜƴǘ ƻŦ ƎŜƴŜǊŀǘƛƻƴ Ŏƻǎǘǎ ŀǊŜ ǾŀǊƛŀōƭŜΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ Ϸрп ƻŦ ǘƘŜ ǘȅǇƛŎŀƭ ōƛƭƭ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ŎŀǇŀŎƛǘȅ ƻǊ ŦƛȄŜŘ 
ŎƻǎǘǎΣ ŀƴŘ Ϸрс Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŜƴŜǊƎȅπǊŜƭŀǘŜŘ ƻǊ ǾŀǊƛŀōƭŜ ŎƻǎǘǎΦ ¸ŜǘΣ ŀ ǘȅǇƛŎŀƭ ǊŜǎƛŘŜƴǘƛŀƭ ŦƛȄŜŘ ŎƘŀǊƎŜ ƛǎ ŀǊƻǳƴŘ Ϸмл ǇŜǊ 
ƳƻƴǘƘΦέ 
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IƻǿŜǾŜǊΣ ǘƘŜ ŎǳǊǊŜƴǘ ǘǊŜƴŘ ƻŦ ǎǘŀƎƴŀƴǘ ƻǊ ŘŜŎƭƛƴƛƴƎ ŘŜƳŀƴŘ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ŘǊƻǇ ƛƴ ǊŜǾŜƴǳŜ ŦǊƻƳ 
ǾƻƭǳƳŜǘǊƛŎ ŎƘŀǊƎŜǎ Ƙŀǎ ǊŜƴŘŜǊŜŘ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƛƴŜŦŦŜŎǘƛǾŜΣ ƭŜŀǾƛƴƎ ǳǘƛƭƛǘƛŜǎ ǘƻ ŦƛƴŘ ƴŜǿ ƳŜǘƘƻŘǎ ǘƻ ǊŜŎƻǾŜǊ 
ǘƘŜƛǊ ŦƛȄŜŘ ŎƻǎǘǎΦ {ƻƳŜ ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ǇǊƻǇƻǎŜŘ ŎƻƴǾŜǊǘƛƴƎ ǎȅǎǘŜƳπǿƛŘŜ ŦƛȄŜŘ Ŏƻǎǘǎ ƛƴǘƻ ŦƛȄŜŘ ŎƘŀǊƎŜǎ ǘƻ 
ŎƻƴǎǳƳŜǊǎΣ ōǳǘ ǘƘƛǎ ƛǎ ƴƻǘ ǿƛǘƘƻǳǘ ŎƻƴǘǊƻǾŜǊǎȅΦ !ǎ ǘƘŜ wƻŎƪȅ aƻǳƴǘŀƛƴ LƴǎǘƛǘǳǘŜ ŎƻƴŎƭǳŘŜŘΥ άLŦ ƛƴŎǊŜŀǎƛƴƎ 
ǇƻǊǘƛƻƴǎ ƻŦ ŎǳǎǘƻƳŜǊ ōƛƭƭǎ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŦƛȄŜŘ ƳƻƴǘƘƭȅ ŎƘŀǊƎŜǎτŀƴŘ ƭŜǎǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 
ǾƻƭǳƳŜǘǊƛŎ ŎƘŀǊƎŜǎ ƻǊ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ŎƘŀǊƎŜǎ ǘƘŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊ Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƛƴŦƭǳŜƴŎŜτǘƘŜ ƛƴŎŜƴǘƛǾŜ 
ǘƻ ŎƻƴǎŜǊǾŜ ŎƻǳƭŘ ōŜ ŘƛƳƛƴƛǎƘŜŘΦέноф IƻǿŜǾŜǊΣ ǊŀƛǎƛƴƎ ŦƛȄŜŘ Ŏƻǎǘǎ ŦƻǊ ŀƭƭ ŎǳǎǘƻƳŜǊǎ Ŏŀƴ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ 
ƛƳǇŀŎǘ ƭƻǿπǳǎŀƎŜ ŎǳǎǘƻƳŜǊǎ ŦƻǊ ǿƘƻƳ ƘƛƎƘ ŦƛȄŜŘ Ŏƻǎǘǎ ǿƻǳƭŘ ŎƻƳǇǊƛǎŜ ŀ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜǊ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 
ōƛƭƭΦ IƛƎƘ ŦƛȄŜŘ Ŏƻǎǘǎ ǎƛƳƛƭŀǊƭȅ ƛƳǇŀŎǘ ƭƻǿπƛƴŎƻƳŜ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ƻǘƘŜǊ ǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴǎΦнпл  

2.5.3.1 Time-Varying Rates Can Shift Demand 

IƛǎǘƻǊƛŎŀƭƭȅΣ ǾƻƭǳƳŜǘǊƛŎ ŎƘŀǊƎŜǎ ǘƻ ŜƴŘ ǳǎŜǊǎ ƘŀǾŜ ōŜŜƴ ǳƴƛŦƻǊƳ ƛƴ ǘƛƳŜΣ ōǳǘ ǎȅǎǘŜƳ Ŏƻǎǘǎ ǾŀǊȅ ōȅ ǎŜŀǎƻƴ 
ŀƴŘ ōȅ ƘƻǳǊ ƻŦ ŘŀȅΣ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ƳŀǊƎƛƴŀƭ Ŏƻǎǘ ƻŦ ƎŜƴŜǊŀǘƛƻƴΣ ǘƘŜ Ŏƻǎǘ ƻŦ ƳŀƛƴǘŀƛƴƛƴƎ ŎŀǇŀŎƛǘȅΣ ŀƴŘ 
ƛƳǇŀŎǘǎ ƻƴ ŎƻƴƎŜǎǘƛƻƴ ƻƴ ǇƘȅǎƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢ƛƳŜπǾŀǊȅƛƴƎ ǇǊƛŎƛƴƎ ƛǎ ƻƴŜ ǿŀȅ ǘƻ ƛƴŘǳŎŜ ŎƻƴǎǳƳŜǊǎ ǘƻ 
ǎƘƛŦǘ ǘƘŜƛǊ ŘŜƳŀƴŘ ǘƻ ƭŜǎǎπŜȄǇŜƴǎƛǾŜ ǘƛƳŜǎΣ ŀƴŘ ƛǘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎƘƛŦǘ ǾŀƭǳŜ ŦǊƻƳ ƻǿƴŜǊǎ ƻŦ 
ƎŜƴŜǊŀǘƛƻƴ ŀǎǎŜǘǎ ǘƻ ŎƻƴǎǳƳŜǊǎΦнпмΣ нпн ±ŀǊƛŀǘƛƻƴǎ ƛƴ ŎƻƴǎǳƳŜǊ ǇǊƛŎŜǎ Ŏŀƴ ōŜ ǎŎƘŜŘǳƭŜŘ ƛƴ ŀŘǾŀƴŎŜ ƻǊ Ŏŀƴ 
ǊŜŦƭŜŎǘ ǊŜŀƭπǘƛƳŜ ǿƘƻƭŜǎŀƭŜ ŜƴŜǊƎȅ ǇǊƛŎŜǎΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǘƛƳŜπǾŀǊȅƛƴƎ ǊŀǘŜ ƛǎ ǘƛƳŜπƻŦ ǳǎŜ ό¢h¦ύ 
ǇǊƛŎƛƴƎΣ ǿƘƛŎƘ ǳǎŜǎ ŀ ǇǊŜŘŜǘŜǊƳƛƴŜŘ ǎŎƘŜŘǳƭŜ ƻŦ ǎŜŀǎƻƴŀƭ ŀƴŘ Řŀƛƭȅ ǇǊƛŎŜ ǾŀǊƛŀǘƛƻƴǎΦ {ƻƳŜ ǳǘƛƭƛǘƛŜǎ ŀǊŜ 
ƳƻǾƛƴƎ ǘƻǿŀǊŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ¢h¦ ŀǎ ǘƘŜ ŘŜŦŀǳƭǘ ǊŀǘŜΦ  

¢h¦ ǇǊƛŎƛƴƎ ǳǎǳŀƭƭȅ ŘƻŜǎ ƴƻǘ ǊŜŦƭŜŎǘ ǘƘŜ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ƘƻǳǊǎ ǘƘŀǘ ƘŀǾŜ ǘƘŜ ǾŜǊȅ ƘƛƎƘŜǎǘ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜǎ 
ŀƴŘ ŎƻƴƎŜǎǘƛƻƴ ǇǊƻōƭŜƳǎΦ ¢ǿƻ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ Řƻ ŀǊŜ ǊŜŀƭπǘƛƳŜ ǇǊƛŎƛƴƎ όw¢tύΣ ǘƘǊƻǳƎƘ ǿƘƛŎƘ 
ŎƻƴǎǳƳŜǊǎ ŜȄǇŜǊƛŜƴŎŜ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜǎ ŘƛǊŜŎǘƭȅΣ ŀƴŘ ŎǊƛǘƛŎŀƭ ǇŜŀƪ ǇǊƛŎƛƴƎΣ ǿƘƛŎƘ ƎƛǾŜǎ ŎƻƴǎǳƳŜǊǎ 
ƻŎŎŀǎƛƻƴŀƭ ƭŀǊƎŜ ǊŀǘŜ ƧǳƳǇǎ ŀǘ ǎƘƻǊǘ ƴƻǘƛŎŜ ǿƘŜƴ ǎȅǎǘŜƳ Ŏƻǎǘǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ƘƛƎƘΦ w¢t ǇǊƻǾƛŘŜǎ ǘƘŜ Ƴƻǎǘ 
ŜŎƻƴƻƳƛŎŀƭƭȅ ŜŦŦƛŎƛŜƴǘ ƛƴŎŜƴǘƛǾŜǎΣ ŀƴŘ ƛǘ ŎƻǳƭŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜŎƻƴƻƳƛŎ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 
ǎǳōǎǘŀƴǘƛŀƭƭȅΦ hƴŜ ŜǎǘƛƳŀǘŜ ŦƻǳƴŘ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ tWa ŎǳǎǘƻƳŜǊǎ ƻƴ w¢t ŦǊƻƳ мл ǘƻ нл 
ǇŜǊŎŜƴǘ ŎƻǳƭŘ ƛƳǇǊƻǾŜ ŜŎƻƴƻƳƛŎ ŜŦŦƛŎƛŜƴŎȅ ōȅ Ϸмнл Ƴƛƭƭƛƻƴ ǇŜǊ ȅŜŀǊΦŎŎΣ нпо IƻǿŜǾŜǊΣ w¢t ŀƴŘ ŎǊƛǘƛŎŀƭ ǇŜŀƪ 
ǇǊƛŎƛƴƎ ƛƴǘǊƻŘǳŎŜ ǘƘŜ Ǌƛǎƪ ƻŦ ǾƻƭŀǘƛƭŜ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜǎ ǘƻ ǘƘŜ ŎƻƴǎǳƳŜǊΣ ǘƘƻǳƎƘ ŦƛƴŀƴŎƛŀƭ ƛƴǎǘǊǳƳŜƴǘǎ Ŏŀƴ 
ƳƛǘƛƎŀǘŜ ǊƛǎƪǎΦ  

/ƻƴǎǳƳŜǊ ŀŘǾƻŎŀǘŜǎ ƘŀǾŜ ƻǇǇƻǎŜŘ ǘƛƳŜπǾŀǊȅƛƴƎ ǇǊƛŎƛƴƎ ƻƴ ǘƘŜ ƎǊƻǳƴŘǎ ǘƘŀǘ ƛǘ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ƭƻǿπƛƴŎƻƳŜ 
ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳŜǊǎΣ ōǳǘ ǘƘŜǊŜ ƛǎ ƴƻǘ ŎƭŜŀǊ ŜǾƛŘŜƴŎŜ ǘƻ ǎǳǇǇƻǊǘ ǘƘŀǘ ŎƭŀƛƳΦ ! ǎǳǊǾŜȅ ƻŦ ƳǳƭǘƛǇƭŜ ¢h¦ 
ǇǊƻƎǊŀƳǎ ŦƻǳƴŘ ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ ǘƻ ƘŀǾŜ ōƻǘƘ ŦƭŀǘǘŜǊ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜǎ ŀƴŘ ƭŜǎǎ ŀōƛƭƛǘȅ ƻƴ ŀǾŜǊŀƎŜ 
ǘƻ ǎƘƛŦǘ ǘƘŜƛǊ ŘŜƳŀƴŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǇǊƛŎŜΦнпп ¢Ƙƛǎ ƳŜŀƴǘ ǘƘŀǘΣ ƻƴ ŀǾŜǊŀƎŜΣ ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ 
ōŜƴŜŦƛǘǘŜŘ ŦǊƻƳ ¢h¦ ǿƛǘƘƻǳǘ ŀƴȅ ŎƘŀƴƎŜ ƛƴ ǘƘŜƛǊ ōŜƘŀǾƛƻǊΦ IƻǿŜǾŜǊΣ ǘƘŜȅ ǿŜǊŜ ƭŜǎǎ ŀōƭŜ ǘƘŀƴ ƻǘƘŜǊ 
ŎƻƴǎǳƳŜǊǎ ǘƻ ǊŜŎƻǳǇ ŀŘŘƛǘƛƻƴŀƭ ōŜƴŜŦƛǘǎ ōȅ ŎƘŀƴƎƛƴƎ ōŜƘŀǾƛƻǊΦ !ŎǊƻǎǎ ǘƘŜ ŦƛǾŜ ¢h¦ ǇǊƻƎǊŀƳǎ ǎǘǳŘƛŜŘΣ ǘƘŜ 
ƴŜǘ ŜŦŦŜŎǘǎ ƻƴ ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎ ŎƻǳƭŘ ōŜ ǇƻǎƛǘƛǾŜ ƻǊ ƴŜƎŀǘƛǾŜΦнпр 

2.5.3.2 Locational Pricing Difficult to Implement  

¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ƭƻŎŀǘƛƻƴŀƭ ƛƳǇŀŎǘǎ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻǎǘ Řƻ ƴƻǘ ƛƴŦƻǊƳ ǊŜǘŀƛƭ ǊŀǘŜǎΣ ǿƘƛŎƘ ƛǎ ŀƴŀƭƻƎƻǳǎ ǘƻ 
ǳƴƛŦƻǊƳ ŎƘŀǊƎŜǎ ŀǘ ǘƘŜ Ǉƻǎǘ ƻŦŦƛŎŜ ŦƻǊ ƳŀƛƭƛƴƎ ŀ ƭŜǘǘŜǊ ǘƻ ŀƴ ǳǊōŀƴ ƻǊ ŀ ǊǳǊŀƭ ƘƻƳŜΦ ²ƘŜǘƘŜǊ ƭƛǾƛƴƎ ƛƴ ŀ 
ŘŜƴǎŜ ǳǊōŀƴ ƴŜƛƎƘōƻǊƘƻƻŘ ƻǊ ƛƴ ǘƘŜ ƻƴƭȅ ƘƻǳǎŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŀ ŎƻǳƴǘǊȅ ǊƻŀŘΣ ŀƭƭ ŎƻƴǎǳƳŜǊǎ ƛƴ ŀ ǎŜǊǾƛŎŜ 
ǘŜǊǊƛǘƻǊȅ Ǉŀȅ ǘƘŜ ǎŀƳŜ ŎƘŀǊƎŜǎ ŦƻǊ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳΦ IƻǿŜǾŜǊΣ ǎȅǎǘŜƳ ǇƭŀƴƴƛƴƎ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ŀǊŜ 
ƴƻǿ ǊŜŀŎƘƛƴƎ ŀ ƭŜǾŜƭ ƻŦ ǎƻǇƘƛǎǘƛŎŀǘƛƻƴ ǘƘŀǘ ŀƭƭƻǿǎ ŜƴƎƛƴŜŜǊǎ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ƭƻŎŀǘƛƻƴŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ Ŏƻǎǘǎ 
ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ŘŜǇŜƴŘ ƻƴ ƭƻŎŀƭƛȊŜŘ ǘŜŎƘƴƛŎŀƭ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ ǇƘȅǎƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ƭƛƪŜ ŦŜŜŘŜǊ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƭƛƴŜ ŎƻƴǎǘǊŀƛƴǘǎΣ ŀƴŘ ƭƻŎŀƭ ŘŜƳŀƴŘΦ 

                                                           
ŎŎ CƻǊ ŎƻƳǇŀǊƛǎƻƴΣ ǘƘŜ ǘƻǘŀƭ ǊŜǘŀƛƭ ǇǊƛŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘǊŀƴǎŀŎǘŜŘ ǘƘǊƻǳƎƘ tWa ƛƴ ŀ ȅŜŀǊ ƛǎ ŀōƻǳǘ Ϸслтл ōƛƭƭƛƻƴΦ 
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wŜŎŜƴǘ ǇƻƭƛŎƛŜǎ ŦǊƻƳ ǎŜǾŜǊŀƭ ǎǘŀǘŜ t¦/ǎ ƘŀǾŜ ǎǳƎƎŜǎǘŜŘ ǊŜƎǳƭŀǘƻǊȅ ƛƴǘŜǊŜǎǘ ƛƴ ƭƻŎŀǘƛƻƴπōŀǎŜŘ ǇǊƛŎƛƴƎ ŦƻǊ 
ǊŀǘŜǇŀȅŜǊǎ Řƻǿƴ ǘƻ ǘƘŜ ŦŜŜŘŜǊ ƭŜǾŜƭΦ wŜƎǳƭŀǘƻǊǎ ƛƴ aƛƴƴŜǎƻǘŀ ŎǳǊǊŜƴǘƭȅ ŀƭƭƻǿ ǳǘƛƭƛǘƛŜǎ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ǘƘŜ 
ƭƻŎŀǘƛƻƴπǎǇŜŎƛŦƛŎ ƴŜǘ ōŜƴŜŦƛǘǎ ƻŦ 5D ƛƴǘƻ ǇǊƛŎŜǎ ŎƘŀǊƎŜŘ ŦƻǊ ǇŀǊǘƛŎǳƭŀǊ ǊŀǘŜǇŀȅŜǊǎΦŘŘΣ нпс wŜƎǳƭŀǘƻǊǎ ƛƴ bŜǿ 
¸ƻǊƪΣ IŀǿŀƛƛΣ ŀƴŘ /ŀƭƛŦƻǊƴƛŀ ƘŀǾŜ ǊŜŎŜƴǘƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴǘŜǊŜǎǘ ƛƴ ƭƻŎŀǘƛƻƴπōŀǎŜŘ ǊŀǘŜǎΦнптΣ нпу 

IƻǿŜǾŜǊΣ Ƴƻǎǘ ŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ ƭƻŎŀǘƛƻƴŀƭ ǾŀƭǳŜ ŀǊŜ ƴƻǘ ǿƛǘƘƛƴ ŎǳǎǘƻƳŜǊǎΩ ŎƻƴǘǊƻƭΣ ƻǊ ŜǾŜƴ ǿƛǘƘƛƴ ǘƘŜ 
ŎƻƴǎǳƳŜǊΩǎ ƪƴƻǿƭŜŘƎŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ŀ ǎŜŎƻƴŘŀǊȅ ǘǊŀƴǎŦƻǊƳŜǊ ƛǎ ŎƭƻǎŜ ǘƻ ƛǘǎ ǊŜǎŜǊǾŜ ƳŀǊƎƛƴ ŀƴŘ 
ǎƻƳŜƻƴŜ ǿƘƻ ƭƛǾŜǎ ƴŜŀǊōȅ ōǳȅǎ ŀƴ 9±Σ ǘƘŜ ǳǘƛƭƛǘȅ Ƴŀȅ ƘŀǾŜ ǘƻ ǳǇƎǊŀŘŜ ǘƘŜ ǘǊŀƴǎŦƻǊƳŜǊΣ ƛƴŎǳǊǊƛƴƎ ŀ ǾŜǊȅ 
ǎǳōǎǘŀƴǘƛŀƭ ƭƻŎŀƭ ŎƻǎǘΦ LŦ ǘƘŀǘ ǳǘƛƭƛǘȅ ƛǎ ŀǇǇƭȅƛƴƎ ƭƻŎŀǘƛƻƴŀƭ ǇǊƛŎŜǎΣ ŀƭƭ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ƻƴ ǘƘŀǘ ŦŜŜŘŜǊ ǿƻǳƭŘ 
ǎŜŜ ǘƘŜƛǊ ǇǊƛŎŜǎ Ǝƻ ǳǇ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ƻƴŜ ƴŜƛƎƘōƻǊΩǎ ŘŜŎƛǎƛƻƴΦ [ƻŎŀǘƛƻƴŀƭ Ŏƻǎǘǎ Ƴŀȅ ǊŜŦƭŜŎǘ ǇƘȅǎƛŎŀƭ 
ƎŜƻƎǊŀǇƘȅΣ ƭƻŎŀƭ ŜŎƻƴƻƳƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŀƴŘ ƭŜƎŀŎȅ ǇƭŀƴƴƛƴƎ ŘŜŎƛǎƛƻƴǎ ƳŀŘŜ ōȅ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ ǘƘŜǎŜ 
ŎƻƳǇƭŜȄƛǘƛŜǎ ƛƴǘǊƻŘǳŎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƛƴŜǉǳƛǘƛŜǎ ǘƻ ŎƻƴǎǳƳŜǊǎΦ ! ŦŜŜŘŜǊπōȅπŦŜŜŘŜǊ ŜŎƻƴƻƳƛŎ ŀƴŘ 
ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǾŀƭǳŜ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ t± ƛƴ tŀŎƛŦƛŎ Dŀǎ ϧ 9ƭŜŎǘǊƛŎ /ƻƳǇŀƴȅΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ 
ŦƻǳƴŘ ǘƘŀǘ фл ǇŜǊŎŜƴǘ ƻŦ ŦŜŜŘŜǊǎ ƘŀŘ ƴŜƛǘƘŜǊ Ŏƻǎǘǎ ƴƻǊ ōŜƴŜŦƛǘǎ ŦǊƻƳ ŘƛǎǘǊƛōǳǘŜŘ t±Σ ŀƴŘ ǘƘŜ ƘƛƎƘŜǎǘ 
ƭƻŎŀǘƛƻƴŀƭ ǾŀƭǳŜ ƻƴ ŀƴȅ ŦŜŜŘŜǊ ǿŀǎ ƻƴƭȅ ŀōƻǳǘ Ϸсл ǇŜǊ ƪ² ǇŜǊ ȅŜŀǊΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ōŜ ƭƛƳƛǘŜŘ 
ōŜƴŜŦƛǘ ǘƻ ƛƴǎǘƛǘǳǘƛƴƎ ƭƻŎŀǘƛƻƴŀƭ ǇǊƛŎŜǎΦнпф  

2.5.4 Net Metering for Distributed Generation 

bŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ŀ ǊŀǘŜ ƳŜŎƘŀƴƛǎƳ ǿƘŜǊŜƛƴ ŎǳǎǘƻƳŜǊǎ ǿƛǘƘ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ƭƛƪŜ ǊƻƻŦǘƻǇ ǎƻƭŀǊ ŀǊŜ 
ŎƘŀǊƎŜŘ ŦƻǊ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜƛǊ ƴŜǘ ŎƻƴǎǳƳǇǘƛƻƴ όŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜŘ ƭŜǎǎ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎŜŘ ōȅ ǎƻƭŀǊύΣ 
ŎǊŜŘƛǘƛƴƎ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀǘ ǘƘŜ Ŧǳƭƭ ǊŜǘŀƛƭ ǊŀǘŜΦ ! ǇǊƻǾƛǎƛƻƴ ƛƴ ǘƘŜ 9ƴŜǊƎȅ tƻƭƛŎȅ !Ŏǘ ƻŦ нллр ǊŜǉǳƛǊŜŘ 
ǎǘŀǘŜǎ ǘƻ ŎƻƴǎƛŘŜǊ ƴŜǘ ƳŜǘŜǊƛƴƎ ŀǎ ŀƴ ƻǇǘƛƻƴ ŦƻǊ ŎƻƳǇŜƴǎŀǘƛƴƎ ƻǿƴŜǊǎ ƻŦ 5DΦ /ǳǊǊŜƴǘƭȅΣ пм ǎǘŀǘŜǎ ŀƴŘ ǘƘŜ 
5ƛǎǘǊƛŎǘ ƻŦ /ƻƭǳƳōƛŀ ƘŀǾŜ ŀ ǎǘŀǘŜǿƛŘŜ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎȅΣ ŀƴŘ с ǎǘŀǘŜǎ ƘŀǾŜ ŀƭǘŜǊƴŀǘƛǾŜ ŎƻƳǇŜƴǎŀǘƛƻƴ 
ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ 5D όǎŜŜ CƛƎǳǊŜ нπмсύΦ {ǘŀǘŜǎ ŀŘƻǇǘŜŘ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎƛŜǎ ƳƻǘƛǾŀǘŜŘ ōȅ ŀ ŘŜǎƛǊŜ ǘƻ 
ƎŜƴŜǊŀǘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ȊŜǊƻπ ƻǊ ƭƻǿπŜƳƛǘǘƛƴƎ ǎƻǳǊŎŜǎΣ ǘƻ ǎǳǇǇƻǊǘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŀ ƴŜǿ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ 
ǘƻ ƎƛǾŜ ŎƻƴǎǳƳŜǊǎ ǘƘŜ ƻǇǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜƛǊ ƻǿƴ ǇƻǿŜǊΦнрл ¢ƘŜ ǇƻƭƛŎȅ Ƙŀǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ 
ŘŜǇƭƻȅƳŜƴǘ ƻŦ мнΣолл a² ƻŦ ƛƴǎǘŀƭƭŜŘ ŘƛǎǘǊƛōǳǘŜŘ t± ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀǎ ƻŦ {ŜǇǘŜƳōŜǊ нлмсΦнрм 

/ƻƴǎǳƳŜǊǎ ǿƛǘƘ 5D ŀǊŜ ǎǘƛƭƭ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ Ƴŀƛƴ ƎǊƛŘΣ ŀƭƭƻǿƛƴƎ ǘƘŜƳ ǘƻ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŜ ǇƘȅǎƛŎŀƭ 
ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ƎǊƛŘ ǘƘŀǘ ǇǊƻǾƛŘŜǎ ōŀƭŀƴŎƛƴƎ ǎŜǊǾƛŎŜǎΣ ǊŜƭƛŀōƛƭƛǘȅΣ ŀƴŘ ōŀǎŜ ƭƻŀŘ ŀƴŘ ǇŜŀƪƛƴƎ ƎŜƴŜǊŀǘƛƻƴ 
ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǿƘŜƴ ǘƘŜ 5D ǎƻǳǊŎŜ ƛǎ ƴƻǘ ǇǊƻŘǳŎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƻƴǎƛǘŜ t± ƘƻǎǘǎΣ Ƴŀƴȅ ǳǘƛƭƛǘƛŜǎ 
ƘŀǾŜ ŜȄǇŀƴŘŜŘ ƴŜǘ ƳŜǘŜǊƛƴƎ ǘƻ ŎǳǎǘƻƳŜǊǎ ǿƘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ƻŦŦǎƛǘŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴΣ ǎǳŎƘ ŀǎ ŎƻƳƳǳƴƛǘȅ 
ǎƻƭŀǊΣ ǘƘǊƻǳƎƘ ǾƛǊǘǳŀƭ ƴŜǘ ƳŜǘŜǊƛƴƎΦŜŜ {ǳŎƘ ǇǊƻƎǊŀƳǎ ŜȄǘŜƴŘ ǘƘŜ ōƛƭƭ ǎŀǾƛƴƎǎ ǘƻ ŎƻƴǎǳƳŜǊǎ ǿƘƻ Řƻ ƴƻǘ ƘŀǾŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǎǇŀŎŜ ŦƻǊ ǎƻƭŀǊ ƻƴ ǘƘŜƛǊ ƻǿƴ ǇǊŜƳƛǎŜǎ ƻǊ ǿƘƻ ŀǊŜ ǳƴŀōƭŜ ǘƻ ŦƛƴŀƴŎŜ ǎƻƭŀǊ ƻƴ ǘƘŜƛǊ ƻǿƴ όŜΦƎΦΣ 
ƭƻǿπƛƴŎƻƳŜ ŎƻƴǎǳƳŜǊǎύΦ  

  

                                                           
ŘŘ ¢ƘŜ aƛƴƴŜǎƻǘŀ ±ŀƭǳŜ ƻŦ {ƻƭŀǊ aŜǘƘƻŘƻƭƻƎȅ ŀƭƭƻǿǎ ŦƻǊ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ 59w ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ƛǘǎ ǾŀƭǳŜ ǘƻ ǘƘŜ 
ƎǊƛŘΣ ōǳǘ ƛǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ŀŎǘǳŀƭƭȅ ŜȄŜǊŎƛǎŜŘ ǘƘŀǘ ŘƛǎŎǊŜǘƛƻƴΦ 
ŜŜ ±ƛǊǘǳŀƭ ƴŜǘ ƳŜǘŜǊƛƴƎ ŎŀƭŎǳƭŀǘŜǎ ŀ ǎƘŀǊŜ ƻŦ ƴŜǘ ƳŜǘŜǊƛƴƎ ŦƻǊ ŀƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎ ƛƴ ŀ ƎǊƻǳǇΤ ƛǘ ƛǎ ǳǎǳŀƭƭȅ ŀŘƳƛƴƛǎǘŜǊŜŘ ǘƘǊƻǳƎƘ ŀ 
ǎǳōǎŎǊƛǇǘƛƻƴ ǇǊƻƎǊŀƳΣ ǿƘŜǊŜ ŎƻƴǎǳƳŜǊǎ Ŏŀƴ Ŝŀǎƛƭȅ ǿƛǘƘŘǊŀǿ ŦǊƻƳ ǘƘŜ ǇǊƻƎǊŀƳΦ 
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Figure 2-16. Current Net Metering and Distributed Generation Compensation Policies 252 

 
Georgia, Hawaii, Mississippi, and Nevada offer alternative compensation mechanisms for DG such as net 
billing, which typically provides a rate of compensation for grid exports below the retail rate. 

¢ƘŜǊŜ ŀǊŜ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƳŜǘƘƻŘǎ ŦƻǊ ǾŀƭǳƛƴƎ 5DΦ bŜǘ ƳŜǘŜǊƛƴƎ ǾŀƭǳŜǎ 5D ŀǘ ǘƘŜ ǊŜǘŀƛƭ ǊŀǘŜΦ !ǘ ƭƻǿ 
ǇŜƴŜǘǊŀǘƛƻƴ ƭŜǾŜƭǎ ŀƴŘ ǿƛǘƘ ŦŜǿ ƻǇǘƛƻƴǎ ŦƻǊ ŀƭǘŜǊƴŀǘƛǾŜ ƳŜǘŜǊƛƴƎΣ ƴŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ŀ ǊŜŀǎƻƴŀōƭŜ ŀǇǇǊƻŀŎƘ 
ǘƻ ǇǊƻǾƛŘƛƴƎ ǾŀƭǳŜ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊ ŀƴŘ ǘƘŜ ǳǘƛƭƛǘȅΦ !ǎ 5D ǇŜƴŜǘǊŀǘƛƻƴ ƛƴŎǊŜŀǎŜǎΣ ǘƘƛǎ ŀǎǎǳƳǇǘƛƻƴ ōŜŎƻƳŜǎ 
ƭŜǎǎ ǾŀƭƛŘΦ ¢ƘŜǊŜ ŀǊŜ ŜȄǘŜǊƴŀƭ ōŜƴŜŦƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 5DΦ {ƻƭŀǊ t± ŘƛǎǇƭŀŎŜǎ ŎŀǊōƻƴπ
ŜƳƛǘǘƛƴƎ ǎƻǳǊŎŜǎΦ Lǘ Ŏŀƴ ŀƭǎƻ ǊŜŘǳŎŜ ŎƻƴƎŜǎǘƛƻƴ ƻƴ ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜǎΣ ŀƭǘƘƻǳƎƘ ƛǘ Ŏŀƴ ŀƭǎƻ ƛƴŎǊŜŀǎŜ 
ŎƻƴƎŜǎǘƛƻƴǘƘŜ ƴŜǘ ŜŦŦŜŎǘ ōŜƛƴƎ ƭƻŎŀǘƛƻƴπ ŀƴŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴπǎǇŜŎƛŦƛŎΦ  

!ǎ 5D Ƙƻǎǘǎ ǊŜŎŜƛǾŜ ǘƘŜ ǊŜǘŀƛƭ ǊŀǘŜ ŦƻǊ ŜȄǇƻǊǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅΣ ǎƻƳŜ ƘŀǾŜ ŎƭŀƛƳŜŘ ǘƘŀǘ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ 
ŀǾƻƛŘ ǇŀȅƛƴƎ ǘƘŜ Ŧǳƭƭ ƻƴƎƻƛƴƎ Ŏƻǎǘǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ŘƛǎǘǊƛōǳǘƛƻƴπǎȅǎǘŜƳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 
ǘƘŜ Ŏƻǎǘǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ǇƻǿŜǊ ǿƘŜƴ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƻǊǎ ŀǊŜ ƴƻǘ ƎŜƴŜǊŀǘƛƴƎ όŀǎ ŀǘ ƴƛƎƘǘ ǿƛǘƘ ǎƻƭŀǊύΦнро 
aƻǊŜƻǾŜǊΣ ōŜŎŀǳǎŜ ǾƻƭǳƳŜǘǊƛŎ rates ŀǎ ŘŜǎƛƎƴŜŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƴƻǘ ŀ ǘǊǳŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅΩǎ 
ǾŀǊƛŀōƭŜ costs όǘƘŜȅ ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘŜ ŀ ǎǳōǎǘŀƴǘƛŀƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ŦƛȄŜŘ ŎƻǎǘǎΣ ŀǎ ǿŜƭƭύ ƴŜǘ ƳŜǘŜǊŜŘ 
ŎǳǎǘƻƳŜǊǎ ǿƘƻ ǊŜŘǳŎŜ ǘƘŜ ǾƻƭǳƳŜǘǊƛŎ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜƛǊ ōƛƭƭ ǿƛƭƭ ƭƛƪŜƭȅ Ǉŀȅ ŀ ƭƻǿŜǊ ŀƳƻǳƴǘ ǘƻǿŀǊŘ ǘƘŜ 
ǳǘƛƭƛǘȅΩǎ ŦƛȄŜŘ ŎƻǎǘǎΦ 9ŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ Ŏŀƴ ƘŀǾŜ ǎƛƳƛƭŀǊ ŜŦŦŜŎǘǎΦ ¢Ƙƛǎ Ŏŀƴ ƭŜŀŘ ǘƻ ǊŜǾŜƴǳŜ ǎƘƛŦǘǎ ŦǊƻƳ ƭƻǿπ
ŘŜƳŀƴŘ ŀƴŘ ƴŜǘ ƳŜǘŜǊŜŘ ŎƻƴǎǳƳŜǊǎ ǘƻ ƻǘƘŜǊǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ƭƻŎŀǘƛƻƴ ŀƴŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦнрп /ƻƴǘŜƴǘƛƻǳǎ 
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ŘƛǎŎǳǎǎƛƻƴǎ ŀǊƻǳƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ƴŜǘ ƳŜǘŜǊƛƴƎ ƛƴŎƭǳŘŜ ǿƘŜǘƘŜǊ ǊŀǘŜǎ ǎǘǊǳŎǘǳǊŜŘ ƛƴ ǘƘƛǎ ƳŀƴƴŜǊ Ŏŀƴ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƳǇǊƻǇŜǊ Ǿŀƭǳŀǘƛƻƴ ƻŦ ƎǊƛŘ ǎŜǊǾƛŎŜǎΣ ǊŜǾŜƴǳŜ ǎƘƛŦǘǎΣ ŀƴŘ Ŏƻǎǘ ǎƘƛŦǘǎ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ƎǊƛŘ 
ŦǊƻƳ 5D ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƻ ƻǊ ŦǊƻƳ ƴƻƴπǇŀǊǘƛŎƛǇŀƴǘǎΦ ¢ƘŜǎŜ ǎƘƛŦǘǎ Ŏŀƴ ōŜ ǎƛƎƴƛŦƛŎŀƴǘΣ ǿƛǘƘ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅ 
ǇŜǊŦƻǊƳŜŘ ŦƻǊ ǘƘŜ /t¦/ ŦƻǊŜŎŀǎǘƛƴƎ ǘƘŀǘ ǘƘŜ Ŏƻǎǘ ǎƘƛŦǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƴŜǘ ƳŜǘŜǊƛƴƎ ǿƻǳƭŘ ōŜ ϷмΦм ōƛƭƭƛƻƴ 
ǇŜǊ ȅŜŀǊ ōȅ нлнлΦнрр 

{ƻƳŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǊŜǾŜƴǳŜ ǎƘƛŦǘǎ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƛƳǇƭȅ ǘƘŀǘ ƴŜǘ 
ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ ŀǊŜ ƴƻǘ ŎƻǾŜǊƛƴƎ ǘƘŜƛǊ Ŏƻǎǘ ƻŦ ǎŜǊǾƛŎŜΦ {ǘǳŘƛŜǎ ƻŦ ƴŜǘ ƳŜǘŜǊƛƴƎ ƛƴ bŜǾŀŘŀ ŀƴŘ /ŀƭƛŦƻǊƴƛŀ 
ǎǳƎƎŜǎǘŜŘ ǘƘŀǘΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ƭƻǎǘ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ŦƛȄŜŘ ŎƻǎǘǎΣ ŀ ƴǳƳōŜǊ ƻŦ ŎƭŀǎǎŜǎ ƻŦ ƴŜǘ ƳŜǘŜǊŜŘ 
ŎǳǎǘƻƳŜǊǎ ƘŀǾŜ ōŜŜƴ ǇŀȅƛƴƎ ƳƻǊŜ ǘƘŀƴ ƛǘ Ŏƻǎǘǎ ǘƻ ǎŜǊǾŜ ǘƘŜƳΦŦŦΣ нрсΣ нрт Lƴ ŎƻƴǘǊŀǎǘΣ ŀ ǎǘǳŘȅ ǇŜǊŦƻǊƳŜŘ ŦƻǊ 
ǘƘŜ [ƻǳƛǎƛŀƴŀ tǳōƭƛŎ {ŜǊǾƛŎŜ /ƻƳƳƛǎǎƛƻƴ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ Řƻ ƴƻǘ ŎƻǾŜǊ ǘƘŜƛǊ Ŏƻǎǘ 
ƻŦ ǎŜǊǾƛŎŜΦнру LŦΣ ŀǎ ǘƘŜ ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎΣ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ ŀǊŜ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ŎƻǾŜǊƛƴƎ ǘƘŜƛǊ Ŏƻǎǘǎ 
ǿƘƛƭŜ ŎǊŜŀǘƛƴƎ ŀ ǊŜǾŜƴǳŜ ǎƘƛŦǘ ǘƻ ƻǘƘŜǊ ŎǳǎǘƻƳŜǊǎΣ ǊŀǘŜǎ Ƴŀȅ ƴŜŜŘ ǘƻ ōŜ ōŜǘǘŜǊ ŀƭƛƎƴŜŘ ǿƛǘƘ Ŏƻǎǘǎ ŀƴŘ 
ōŜƴŜŦƛǘǎ ŀŎǊƻǎǎ ǘƘŜ ǎȅǎǘŜƳΦ  

Lƴ ŀŘŘƛǘƛƻƴΣ ƛƴ ǎƻƳŜ ƛƴǎǘŀƴŎŜǎΣ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ Ƴŀȅ ŜȄŎŜŜŘ ǘƘŜ ǊŜǘŀƛƭ ǊŀǘŜ ŦǊƻƳ ƴŜǘ 
ƳŜǘŜǊƛƴƎ ǇǊƻƎǊŀƳǎ ŀƴŘ ǊŜǎǳƭǘ ƛƴ ŀ ǎƘƛŦǘ ƻŦ ōŜƴŜŦƛǘǎ ŦǊƻƳ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ ǘƻ ƻǘƘŜǊ ƘƻǳǎŜƘƻƭŘǎΦнрф 
aŀƴȅ ǎǘǳŘƛŜǎ ƘŀǾŜ ŀǘǘŜƳǇǘŜŘ ǘƻ ǉǳŀƴǘƛŦȅ ƴƻǘ Ƨǳǎǘ Ƙƻǿ 5D ŀŘŘǎ Ŏƻǎǘǎ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōǳǘ Ƙƻǿ 
ŘƛǎǘǊƛōǳǘŜŘ t± ƛƴŎǊŜŀǎŜǎ ǎƻŎƛŀƭ ōŜƴŜŦƛǘǎ ōȅ ǊŜŘǳŎƛƴƎ DID ŜƳƛǎǎƛƻƴǎΣ ŀƛǊ ǇƻƭƭǳǘƛƻƴΣ ŜȄǇƻǎǳǊŜ ǘƻ ŦǳŜƭ ǇǊƛŎŜ 
ǾƻƭŀǘƛƭƛǘȅΣ ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀǘ ǘƛƳŜǎ ƻŦ ǇŜŀƪ ƭƻŀŘΦƎƎΣ нсл 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƳŜǘƘƻŘ 
ǳǎŜŘ ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻƴǎƛŘŜǊŜŘΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ ƘŀǾŜ ōŜŜƴ 
ŜǎǘƛƳŀǘŜŘ ŀǘ ƳƻǊŜ ǘƘŀƴ мл ŎŜƴǘǎ ǇŜǊ ƪ²Ƙ ŀƴŘ ǘƘŜ ŦǳŜƭ ǇǊƛŎŜ Ǌƛǎƪ ǊŜŘǳŎǘƛƻƴ ŀǘ ŀ ǎƛƳƛƭŀǊ ǾŀƭǳŜΦнсм .ȅ ƛƴŎƭǳŘƛƴƎ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΣ ǎŜǾŜǊŀƭ ǎǘŀǘŜǎ ƘŀǾŜ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ǘƻǘŀƭ ǾŀƭǳŜ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ t± ŜȄŎŜŜŘǎ ǘƘŜ ǊŜǘŀƛƭ 
ǊŀǘŜΦ нсн aŀƴȅ ƻŦ ǘƘŜǎŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ŀǊŜ άŜȄǘŜǊƴŀƭƛǘƛŜǎέ ǘƘŀǘ ŀǊŜ ƴƻǿ ƴƻǘ ǘȅǇƛŎŀƭƭȅ ǇŀǊǘ ƻŦ ǳǘƛƭƛǘȅ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ IƻǿŜǾŜǊΣ ƛǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǎȅǎǘŜƳ ōŜƴŜŦƛǘǎ ŀŎŎǊǳŜ Ŝǉǳŀƭƭȅ ŦǊƻƳ 
ōƻǘƘ ŘƛǎǘǊƛōǳǘŜŘ t± ŀƴŘ ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴΤ ōǳǘΣ ƛƴ ƎŜƴŜǊŀƭΣ ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƴƻǘ 
ŜƭƛƎƛōƭŜ ŦƻǊ ƴŜǘπƳŜǘŜǊƛƴƎπƭƛƪŜ ŎƻƳǇŜƴǎŀǘƛƻƴ ǎǘǊǳŎǘǳǊŜǎΦƘƘ  

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ŜǾŀƭǳŀǘƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ ŜƴŜǊƎȅ ƛƴǾŜǎǘƳŜƴǘǎΣ ǎƻƳŜ ǎǘŀǘŜ ǊŜƎǳƭŀǘƻǊǎ ŀǊŜ 
ǊŜŜǾŀƭǳŀǘƛƴƎ ŎƻƳǇŜƴǎŀǘƛƻƴ ƳƻŘŜƭǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŜȄǇƭƻǊƛƴƎ ƛƴƴƻǾŀǘƛǾŜ ǿŀȅǎ ǘƻ ǾŀƭǳŜ ǘƘŜ Ŏƻǎǘǎ ŀƴŘ 
ōŜƴŜŦƛǘǎ ƻŦ 59w ǘƻ ǘƘŜ ƎǊƛŘ ŀƴŘ ƛƳǇǊƻǾŜ ƳŀǊƪŜǘ ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ ŀƭƛƎƴ ƛƴǾŜǎǘƳŜƴǘǎΣ ōŜƘŀǾƛƻǊ ŀƴŘ 
ƻǇŜǊŀǘƛƻƴǎΦ bŜǘ ƳŜǘŜǊƛƴƎ ƻƴƭȅ ŎƻƳǇŜƴǎŀǘŜǎ ŦƻǊ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ǿƛǘƘƻǳǘ ǇǊƻǾƛǎƛƻƴǎ ŦƻǊ ǇŀȅƳŜƴǘǎ ŦƻǊ ƎǊƛŘ 
ǎŜǊǾƛŎŜǎ ǎǳŎƘ ŀǎ ǾƻƭǘκǾŀǊ όǾƻƭǘπŀƳǇŜǊŜ ǊŜŀŎǘƛǾŜύ ǎǳǇǇƻǊǘ ŀƴŘ ƻǘƘŜǊ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎΦ bŜǿ ŎƻƳǇŜƴǎŀǘƛƻƴ 
ŀǊǊŀƴƎŜƳŜƴǘǎ ŎƻǳƭŘ ƛƴŎŜƴǘ ŎǳǎǘƻƳŜǊǎ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎΣ ōǳǘ ǿƛǘƘƻǳǘ ƴŜǿ ǇŀȅƳŜƴǘ ŀǊǊŀƴƎŜƳŜƴǘǎΣ 
ŎǳǎǘƻƳŜǊǎ ŀǊŜ ŘƛǎƛƴŎŜƴǘƛǾƛȊŜŘ ǘƻ ǇǊƻǾƛŘŜ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ Ƴŀȅ ǊŜŘǳŎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅ ŜȄǇƻǊǘŜŘ ǘƻ 
ǘƘŜ ƎǊƛŘΦ !ǎ ƻŦ hŎǘƻōŜǊ нлмрΣ нр ǎǘŀǘŜǎ ŀǊŜ ǊŜǾƛŜǿƛƴƎ ƴŜǘ ƳŜǘŜǊƛƴƎΦнсо ¢ŀōƭŜ нπн ƭƛǎǘǎ ǎƻƳŜ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ 
ƴŜǘ ƳŜǘŜǊƛƴƎ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ 9ŀǊƭȅ ƳƻǾŜǊǎ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ǘŜǎǘ ōŜŘǎ ǘƻ ƎǳƛŘŜ ƻǘƘŜǊ ǎǘŀǘŜǎ ŎƻƴǎƛŘŜǊƛƴƎ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦ !ǎ ǘƘƛǎ ƘŀǇǇŜƴǎΣ ƘƻǿŜǾŜǊΣ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ƘŀǾŜ ŀƭǊŜŀŘȅ ƛƴǾŜǎǘŜŘ ƛƴ ŘƛǎǘǊƛōǳǘŜŘ t± Ƴŀȅ ŦŀŎŜ 
ǎǳōǎǘŀƴǘƛŀƭ ŜŎƻƴƻƳƛŎ ƭƻǎǎ ƛŦ ǘƘŜȅ ŀǊŜ ƴƻǘ ƎǊŀƴŘŦŀǘƘŜǊŜŘ ŀƴŘ ǿƛƭƭ ōŜƎƛƴ ǘƻ ǊŜŎŜƛǾŜ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǊŜŘǳŎŜŘ 
ǊŀǘŜǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŜȅ ǇǊƻǾƛŘŜ ǘƻ ǘƘŜ ƎǊƛŘΦ wŜƎǳƭŀǘƻǊȅ ǳƴŎŜǊǘŀƛƴǘȅ Ŏŀƴ ŀƭǎƻ ƳŀƪŜ ƛǘ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ 
ǎŜŎǳǊŜ ŦƛƴŀƴŎƛƴƎ ŀƴŘ Ŏŀƴ ŘǊƛǾŜ ǳǇ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǇƛǘŀƭ ŦƻǊ 5DΦ 9ŘǳŎŀǘƛƴƎ ŀƴŘ ƛƴŦƻǊƳƛƴƎ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ǎƳŀƭƭ 
ŎƻƳƳŜǊŎƛŀƭ ŎƻƴǎǳƳŜǊǎ ŀōƻǳǘ ǇƻǘŜƴǘƛŀƭ ǊŜƎǳƭŀǘƻǊȅ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 59w ƛƴǾŜǎǘƳŜƴǘǎ ǎƘƻǳƭŘ ōŜ ŀ 

                                                           
ŦŦ ¢ƘŜ /t¦/ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ ƛƴ нлмм ƴƻƴπǊŜǎƛŘŜƴǘƛŀƭ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ όрс ǇŜǊŎŜƴǘ ƻŦ ƴŜǘ ƳŜǘŜǊŜŘ ǎȅǎǘŜƳǎύ ǇŀƛŘ ммн 
ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ Ŏƻǎǘ ǘƻ ǎŜǊǾŜ ǘƘŜƳΣ ǿƘƛƭŜ ǊŜǎƛŘŜƴǘƛŀƭ ƴŜǘ ƳŜǘŜǊŜŘ ŎǳǎǘƻƳŜǊǎ ǇŀƛŘ ум ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ Ŏƻǎǘ ǘƻ ǎŜǊǾŜ ǘƘŜƳΦ 
ƎƎ DŜƴŜǊŀǘƛƻƴ ŀǘ ǘƛƳŜǎ ƻŦ ǇŜŀƪ ƭƻŀŘ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǾŀƭǳŀōƭŜ ǿƘŜƴ ǘƘŜǊŜ ƛǎ ƭƛǘǘƭŜ ǎƻƭŀǊ ƛƴǎǘŀƭƭŜŘΤ ǘƘƛǎ ǾŀƭǳŜ ŘŜŎƭƛƴŜǎ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ 
ƛƴǎǘŀƭƭŀǘƛƻƴǎΦ  
ƘƘ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƻǘŀƭ ǎȅǎǘŜƳ Ŏƻǎǘǎ ŦƻǊ ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ ŦƻǊ ŀƴ ŜǉǳƛǾŀƭŜƴǘ ŎŀǇŀŎƛǘȅ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ t± 
ŘǳŜ ǘƻ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜΦ  
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ǇǊƛƻǊƛǘȅΦ !ǎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƳŀǊƪŜǘǎ ŜǾƻƭǾŜΣ ǎǘŀǘŜǎ Ŏŀƴ ōǳƛƭŘ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ǘƻ ǾŀƭǳŜ 5DΣ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ 
5wΣ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ŀƴŘ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ƛƴŎƭǳŘŜ ǘƘŜƳ ƛƴ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎΦ 

bŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ŀ ŦƛǊǎǘ ǎǘŜǇ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƳŜǘƘƻŘǎ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŎǳǎǘƻƳŜǊǎ ŦƻǊ ǘƘŜ ǎŜǊǾƛŎŜǎ ŀƴŘ 
ƎŜƴŜǊŀǘƛƻƴ ǘƘŜȅ ǇǊƻǾƛŘŜ ǘƻ ǘƘŜ ƎǊƛŘΦ {ƻƳŜ ƻŦ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ƴŜǘ ƳŜǘŜǊƛƴƎ Ƴŀȅ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ŎǊŜŀǘƛƴƎ 
ǎŜǇŀǊŀǘŜ ǊŀǘŜ ŎƭŀǎǎŜǎ ŦƻǊ 5D ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴŘ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŜƭŜƳŜƴǘǎ ƻŦ ƴŜǘ ƳŜǘŜǊƛƴƎ ƛƴǘƻ ƳƻǊŜ 
ǎƻǇƘƛǎǘƛŎŀǘŜŘ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ŦƻǊ ǘƘŀǘ ŎǳǎǘƻƳŜǊ ŎƭŀǎǎΦ aƻǾƛƴƎ ŦƻǊǿŀǊŘΣ ǎǘŀǘŜǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ǿƛƭƭ ƭƛƪŜƭȅ ƭƻƻƪ 
ǘƻ ǳǎŜ ƳƻǊŜ Ǌƻōǳǎǘ Ǿŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘǎΦ !ŎŎƻǊŘƛƴƎƭȅΣ ƴŜǿ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ŎƻƴǎǳƳŜǊ ŎƻƳǇŜƴǎŀǘƛƻƴ 
ǇƻƭƛŎƛŜǎ ŦƻǊ ǎƻƳŜ ŎƻƴǎǳƳŜǊǎƳƻǊŜ ǇǊŜŎƛǎŜ ǘƻƻƭǎ ǘƘŀƴ ŎǳǊǊŜƴǘ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎƛŜǎǿƛƭƭ ŜƴŀōƭŜ ŜŦŦƛŎƛŜƴǘ 
ŎƻƳǇŜƴǎŀǘƛƻƴ ŦƻǊ ŀ ǿƛŘŜǊ ŀǊǊŀȅ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ ƎǊƻǳǇ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŜƭƛƎƛōƭŜ ŦƻǊ 
ŎƻƳǇŜƴǎŀǘƛƻƴ Ƴŀȅ ƭƛƪŜƭȅ ƎǊƻǿ ǘƻ ƛƴŎƭǳŘŜ ƳƻǊŜ ŦƭŜȄƛōƭŜ ŎƻƴǾŜǊǘƻǊǎΣ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ ƭƻŀŘπŎƻƴǘǊƻƭƭŜŘ 
Ƙƻǘ ǿŀǘŜǊ ƘŜŀǘŜǊǎΣ ŀƴŘ ƻǘƘŜǊ ǎƳŀǊǘ ƎǊƛŘπŎƻƴǘǊƻƭƭŜŘ ŘŜǾƛŎŜǎ ǘƘŀǘ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ŀƴŎƛƭƭŀǊȅ ŀƴŘ ƭƻŀŘπǎƘƛŦǘƛƴƎ 
ǎŜǊǾƛŎŜǎΦ ²ƘŜƴ ǊŜŘŜǎƛƎƴƛƴƎ ǊŀǘŜǎ ǘƘŀǘ ŜƴŀōƭŜ ŎǳǎǘƻƳŜǊǎ ǘƻ ǇǳǊǎǳŜ ƻǇǘƛƻƴǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǘƘŜƳ ŀƴŘ ǘƘŜ 
ǳǘƛƭƛǘȅ ǾŀƭǳŜπōŀǎŜŘ ƻǇǘƛƻƴǎΣ ǊŜŎƻǾŜǊƛƴƎ ǘƘŜ Ŏƻǎǘ ƻŦ ǇǊƻǾƛŘƛƴƎ ŘƛǎǘǊƛōǳǘƛƻƴ ǎŜǊǾƛŎŜǎ ƛǎ ƻŦ ŎǊƛǘƛŎŀƭ ƛƳǇƻǊǘŀƴŎŜΦ 
!ǎ ǎǳŎƘΣ ŀƴ ƛǎǎǳŜ ƛǎ ǘƘŜ ǇǊƻǇŜǊ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ Ŏƻǎǘǎ ŀƴŘ ǘƘŜ ōŜƴŜŦƛǘǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ 
ƎǊƻǿƛƴƎ ŀǊǊŀȅ ƻŦ ŎǳǎǘƻƳŜǊ ƻǇǘƛƻƴǎΦ 

/ƻƴǎǳƳŜǊǎ ǿƘƻ ǿŀƴǘ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ ŜȄƛǎǘƛƴƎ ǎŜǊǾƛŎŜ ƻǇǘƛƻƴǎ ǎƻƳŜǘƛƳŜǎ ƎŜǘ ƭƻǎǘ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎΦ ¢ƘŜǎŜ 
ŎƻƴǎǳƳŜǊǎ ǇƻǎŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ ǊŜƭŜǾŀƴǘ ǊŜƎǳƭŀǘƻǊǎ ŀƴŘ ƳŀǊƪŜǘǇƭŀŎŜ ƻǇŜǊŀǘƻǊǎΦ ¢ƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 
ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǇǊŜǎŜƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŜƴƘŀƴŎŜŘ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ƘŜƭǇ ƳŜŜǘ ŎƻƴǎǳƳŜǊ 
ŜȄǇŜŎǘŀǘƛƻƴǎΦ IƻǿŜǾŜǊΣ ƛƴ ŀŎƘƛŜǾƛƴƎ ǘƘƛǎ ƛƴŎǊŜŀǎŜŘ ŦƭŜȄƛōƛƭƛǘȅΣ ǊŜƎǳƭŀǘƻǊǎ ŀƴŘ ƳŀǊƪŜǘ ƻǇŜǊŀǘƻǊǎ ǎƘƻǳƭŘ 
ŀŎǘƛǾŜƭȅ ƳƛƴƛƳƛȊŜ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻƴ ƴƻƴπǇŀǊǘƛŎƛǇŀǘƛƴƎ ŎƻƴǎǳƳŜǊǎΣ ǘƘƻǳƎƘ ǇǳōƭƛŎ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜǎ Ƴŀȅ 
ŜȄǇŀƴŘ ǘƘŜ ǎŎƻǇŜ ƻŦ ƛƳǇŀŎǘǎ ŎƻƴǎƛŘŜǊŜŘΦ bŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǊŀǘŜ ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ t±Σ ōǳǘ 
Ƴŀƴȅ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŜȄǇƭƻǊƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜ ǎǘǊǳŎǘǳǊŜǎΦ  

Table 2-2. Alternative Rate Options for Distributed Solar 

The increasing penetration of rooftop solar and advanced metering is driving and enabling regulatory 
changes. Regulators and utilities are considering alternative rate options for compensating customers for 
grid services while continuing to support new technology, maintain infrastructure, and ensure affordability 
for all customers.  
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2.5.4.1 Providing Incentives through Ratemaking 

/ƻǎǘπƻŦπǎŜǊǾƛŎŜ ǊŀǘŜƳŀƪƛƴƎ ŎǊŜŀǘŜǎ ǳƴƛǉǳŜ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǘƘŜ ǳǘƛƭƛǘȅ ǘƘŀǘ ŘƛŦŦŜǊ ŦǊƻƳ ǘƘƻǎŜ ŜȄǇŜǊƛŜƴŎŜŘ ōȅ 
ŦƛǊƳǎ ƛƴ ŎƻƳǇŜǘƛǘƛǾŜ ƳŀǊƪŜǘǎ ŀǊŜ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ǇǊƻŘǳŎǘƛƻƴΦ wŜƎǳƭŀǘƛƻƴ Ŏŀƴ 
ōŜ ŀ ǎǳōǎǘƛǘǳǘŜ ŦƻǊ ŎƻƳǇŜǘƛǘƛǾŜ ƳŀǊƪŜǘ ǇǊŜǎǎǳǊŜǎΤ ƛǘ ŎǊŜŀǘŜǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ƛƴŎŜƴǘƛǾŜǎΣ ŘǊƛǾŜƴ ōȅ ǘƘŜ ǳƴƛǉǳŜ 
ǘǊŜŀǘƳŜƴǘ ƻŦ ŘƛŦŦŜǊŜƴǘ Ŏƻǎǘ ŜƭŜƳŜƴǘǎΣ ōƻǘƘ ƛƴ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǊŀǘŜǎ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ōŜǘǿŜŜƴ 
ǊŀǘŜ ŎŀǎŜǎΦ  

!ǎ ŜȄǇƭŀƛƴŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎŜŎǘƛƻƴΣ ǘƘŜ ǊŀǘŜπƳŀƪƛƴƎ ǇǊƻŎŜǎǎ ŘŜǘŜǊƳƛƴŜǎ Ƙƻǿ ƳǳŎƘ ŀ ǳǘƛƭƛǘȅ Ŏŀƴ ŜŀǊƴΣ 
ōŀǎŜŘ ƻƴ ǘƘŜ ǘǿƻ ǇǊƛƳŀǊȅ ŦŀŎǘƻǊǎΥ όмύ ǘƘŜ ŀƭƭƻǿŜŘ ǊŜǘǳǊƴ ƻƴ ŎŀǇƛǘŀƭΣ ŀƴŘ όнύ ǘƘŜ ǳǘƛƭƛǘȅ ǊŀǘŜ ōŀǎŜΦ ¦ǘƛƭƛǘƛŜǎ 
ŜŀǊƴ ǇǊƻŦƛǘ ŦǊƻƳ ŀ ǊŜǘǳǊƴ ƻƴ ŎŀǇƛǘŀƭΦ ¢ƘǳǎΣ ƛŦ ƛǘ Ŏƻǎǘǎ ŀ ǳǘƛƭƛǘȅ ƭŜǎǎ ǘƻ ǊŀƛǎŜ ƳƻƴŜȅ ǘƘŀƴ ƛǘ ŜŀǊƴǎ ƻƴ ƛǘǎ 
ƛƴǾŜǎǘƳŜƴǘ ƛǘ ǿƛƭƭ ƘŀǾŜ ŀƴ ƛƴŎŜƴǘƛǾŜ ǘƻ ƻǾŜǊπƛƴǾŜǎǘΦ ! ǊŜǾŜǊǎŜ ōƛŀǎ ƛǎ ŎǊŜŀǘŜŘ ƛŦ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǇƛǘŀƭ ƛǎ ǎŜǘ ǘƻƻ 
ƭƻǿ ƻǊ ǊŜƎǳƭŀǘƛƻƴ ŎǊŜŀǘŜǎ ƻōǎǘŀŎƭŜǎ ǘƻ Ŧǳƭƭȅ ǊŜŎƻǾŜǊƛƴƎ ŎŀǇƛǘŀƭΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ǇǊƻƳƻǘƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ǿƛǘƘƻǳǘ ŦƛȄŜŘπŎƻǎǘ ǊŜŎƻǾŜǊȅ ǘǊǳŜπǳǇǎΣ ƛƴ ǿƘƛŎƘ ƻǾŜǊπǊŜŎƻǾŜǊȅ ŀƴŘ ǳƴŘŜǊπǊŜŎƻǾŜǊȅ ƻŦ ǊŜǾŜƴǳŜǎ ŀǊŜ 
ŜǾŀƭǳŀǘŜŘ ŀƴŘ ŀǊŜ ŜƛǘƘŜǊ ǊŜǘǳǊƴŜŘ ƻǊ ŎƘŀǊƎŜŘ ǘƻ ŎǳǎǘƻƳŜǊǎΦ  

wŜƎǳƭŀǘƻǊȅ ƛƴŎŜƴǘƛǾŜǎ ǿƛƭƭ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŜƴǘƘǳǎƛŀǎƳ ǿƛǘƘ ǿƘƛŎƘ ǳǘƛƭƛǘƛŜǎ ǇǳǊǎǳŜ ŘƛŦŦŜǊŜƴǘ 
ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎ ǘƘŜȅ ŀǊŜ ǿƛƭƭƛƴƎ ǘƻ ǇǳǊǎǳŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƻ 
ŜƴŎƻǳǊŀƎŜ ǳǘƛƭƛǘȅ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΣ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳƳƛǎǎƛƻƴǎ ƘŀǾŜ ǳǎŜŘ ǘƘǊŜŜ 
ŀǇǇǊƻŀŎƘŜǎΥ 

мΦ /ƻǎǘ ǊŜŎƻǾŜǊȅ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŜȄǇŜƴǎŜǎ 
нΦ /ƻƳǇŜƴǎŀǘƛƻƴ ŦƻǊ ƭƻǎǘ ƳŀǊƎƛƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿŜǊ ŜƴŜǊƎȅ ǎŀƭŜǎ 
оΦ LƴŎŜƴǘƛǾŜǎΣ ǎǳŎƘ ŀǎ ǎƘŀǊŜ ǘƘŜ ǎŀǾƛƴƎǎ ŀǇǇǊƻŀŎƘŜǎΣ ǘƻ ƳƻǘƛǾŀǘŜ ǳǘƛƭƛǘƛŜǎ ǘƻ ǇǳǊǎǳŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ 

¢ƘŜ ƛƴŘǳǎǘǊȅ ƛǎ ƴƻǿ ŦŀŎƛƴƎ ŀƴ ŀƴŀƭƻƎƻǳǎ ǎƛǘǳŀǘƛƻƴ ǿƛǘƘ 59wΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜǊŜ ƴŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ǾƛŜǿŜŘ ŀǎ 
ŀ ƳŜŎƘŀƴƛǎƳ ōȅ ǿƘƛŎƘ ǳǘƛƭƛǘƛŜǎ ǿƻǳƭŘ ƭƻǎŜ ǊŜǾŜƴǳŜǎΦ Lǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ ǘƘŀǘ ŎƻƳǇƭƛŎŀǘŜǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ 
ǳǘƛƭƛǘƛŜǎ ǘƻ ǇǊƻǾƛŘŜ ŎǳǎǘƻƳŜǊǎ ǘƘŜ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ǳƴǊŜƎǳƭŀǘŜŘ ŎƻƳǇŜǘƛǘƻǊǎ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜΦ ¢ƘŜ ǎǘǊǳŎǘǳǊŜ 
ƻŦ ƴŜǿ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ǿƛƭƭ ŎǊŜŀǘŜ ƛƴŎŜƴǘƛǾŜǎ ǘƘŀǘ ƎǳƛŘŜ ǳǘƛƭƛǘȅ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ŘŜŎƛǎƛƻƴǎ ƛƴ ǘƘŜ 
ŦǳǘǳǊŜΦ Lƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ǘƘƛǎ ƴŜǿ ǊŜƎƛƳŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǇǊƻǾƛŘŜ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǳǘƛƭƛǘƛŜǎ ǘƻ 
ōƻǘƘ ǇǳǊǎǳŜ ŀƴŘ ŜƴŀōƭŜ ƴƻƴπǳǘƛƭƛǘȅ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ǘƻ ƳŜŜǘΣ ƴŀǘƛƻƴŀƭ Ǝƻŀƭǎ ƻŦ ŀ ǎŜŎǳǊŜΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ 
ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ 

2.5.4.2 Providing Resources to Inform Rate Design 

wŜƎǳƭŀǘƻǊǎ Ƴǳǎǘ ŘŜǎƛƎƴ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜ ǘƻ ŎǳǎǘƻƳŜǊǎΣ ƛƴŎŜƴǘ ŘŜǎƛǊŜŘ ǇƻƭƛŎȅ 
ƻǳǘŎƻƳŜǎΣ ŀƭƭƻǿ ŦƻǊ ŀ ŦŀƛǊ ǊŜǘǳǊƴ ƻƴ ƛƴǾŜǎǘƳŜƴǘΣ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀŦŦƻǊŘŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ ǘƘŜ ŎƻƴǎǳƳŜǊΦ 
wŜƎǳƭŀǘƻǊǎ ŦƛƴŘ ǘƘŜƳǎŜƭǾŜǎ ƛƴ ŀ ƴŜǿ ŜƴǾƛǊƻƴƳŜƴǘ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǊŀǇƛŘƭȅ ŎƘŀƴƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ Ǿŀǎǘ 
ŀƳƻǳƴǘǎ ƻŦ Řŀǘŀ ōŜƛƴƎ ǇǊƻŘǳŎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎȅǎǘŜƳΣ ŀƴŘ ŀ ǎǳƛǘŜ ƻŦ ƴŜǿ ǎǘŀƪŜƘƻƭŘŜǊǎ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ 
ǊŀǘŜ ŎŀǎŜǎΦ !ƴ ƛƳǇƻǊǘŀƴǘ CŜŘŜǊŀƭ ǊƻƭŜ Ƴŀȅ ōŜ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ōŜǎǘ ŀƴŀƭȅǘƛŎ ǇǊŀŎǘƛŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǊŀǘŜƳŀƪƛƴƎ 
ŀƴŘ ǘƻ ŜƴǎǳǊŜ Ŧǳƭƭ ǘǊŀƴǎǇŀǊŜƴŎȅ ǘƻ ŎƻǎǘƛƴƎ ŜȄŜǊŎƛǎŜǎ ƛƴ ōƻǘƘ Lh¦πǊŜƎǳƭŀǘƛƻƴ ŦƻǊǳƳǎ ŀƴŘ ǇǳōƭƛŎ Ŝƴǘƛǘȅ 
ŦƻǊǳƳǎΦ LƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀ ƎǊƻǿƛƴƎ ƪŜȅ ŦŀŎǘƻǊ ƛƴ ŀƭƭ ŀǎǇŜŎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾƛŎŜΣ ŦǊƻƳ ǇƻǿŜǊ Ǉƭŀƴǘ 
ƳŀƴŀƎŜƳŜƴǘ ǘƻ ŎǳǎǘƻƳŜǊ ƛƴǘŜǊŦŀŎŜǎΣ ŀƴŘ ŎǳǎǘƻƳŜǊπǎƛŘŜπƻŦπǘƘŜπƳŜǘŜǊ ŘŜǾƛŎŜǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ƳŀƪŜǎ ƛǘ ŀ ƪŜȅ Ǿŀƭǳŀǘƛƻƴ ŦŀŎǘƻǊΣ ŀǎ ǿŜƭƭΦ ¢ƘŜ ǊƛƎƘǘ ƛƴŦƻǊƳŀǘƛƻƴ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ 
ǊƛƎƘǘ ǿŀȅ Ŏŀƴ ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘ ǾŀƭǳŜπŜƴƘŀƴŎƛƴƎ ŜŦŦŜŎǘǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛƴŦƻǊƳŀǘƛƻƴ ŜǎǎŜƴǘƛŀƭƭȅ ŎǊŜŀǘŜǎ ǾŀƭǳŜ 
ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŀȅǎΥ 

 LƴŎǊŜŀǎƛƴƎ ǘǊŀƴǎǇŀǊŜƴŎȅ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ƴŜǿ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǿƛǘƘ ƘƛƎƘ ǇƻǘŜƴǘƛŀƭ ǊŜǿŀǊŘǎ ƛƳǇǊƻǾŜǎ 
ŜŎƻƴƻƳƛŎ ǇǊƻŦƛǘŀōƛƭƛǘȅ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ Ǌƛǎƪǎ ŀƴŘ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǇƛǘŀƭΦ 

 wŜŘǳŎƛƴƎ ǳƴŎŜǊǘŀƛƴǘȅΣ ǎǳŎƘ ŀǎ ƭƻǿŜǊƛƴƎ ƛƴƛǘƛŀƭ ŎƻǎǘǎΣ ƳŀƛƴǘŀƛƴƛƴƎ ŀ ƭƻǿŜǊ ƭƛŦŜπŎȅŎƭŜ ŎƻǎǘΣ ǊŜŘǳŎƛƴƎ 
ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ Ǌƛǎƪǎ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ǊƛǎƪǎΣ ƻǊ ǊŜŘǳŎƛƴƎ ŎƻƴǎǘǊŀƛƴǘǎ ōŀǊǊƛŜǊǎ ǘƘŀǘ 
ƭƛƳƛǘ ƎǊƻǿǘƘΣ ƛƴƴƻǾŀǘƛƻƴΣ ŀƴŘ ƛƳǇǊƻǾŜŘ ǇŜǊŦƻǊƳŀƴŎŜΦ 
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 9ȄǇƭƻƛǘƛƴƎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƘŀǾƛƴƎ ǎǳǇŜǊƛƻǊ ƛƴŦƻǊƳŀǘƛƻƴΣ ǎǳŎƘ ŀǎ ǎŀǾƛƴƎ ǘƛƳŜ ŀƴŘ ŜŦŦƻǊǘΣ 
ƻǊ ǊŜŘǳŎƛƴƎ ƭŀƎ ǘƛƳŜǎΣ ƻǊ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎŎŀƭŜ ŀƴŘ ƛƳƳŜŘƛŀŎȅ ƻŦ ǊŜǿŀǊŘǎΦ  

5h9 Ƙŀǎ ōŜƎǳƴ ŀ ǇǊƻŎŜǎǎ ƻŦ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ 59wΣ ǇǊƻǾƛŘƛƴƎ ŀ ǘŀȄƻƴƻƳȅ ƻŦ ŎƻǎǘǎΣ ŀƴŘ 
ŦǊŀƳƛƴƎ ǘƘŜ ŘƛǎǇǳǘŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ǿŀƭǳŀǘƛƻƴ ƻŦ ŜŀŎƘ Ŏƻǎǘ ŜƭŜƳŜƴǘΦнсп ¢ƘŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ Ƴŀƴȅ 
ǎƳŀǊǘ ƎǊƛŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǿŜǊŜ ŀƭǎƻ ŎŀǇǘǳǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ {ƳŀǊǘ DǊƛŘ LƴǾŜǎǘƳŜƴǘ DǊŀƴǘ tǊƻƎǊŀƳ ŀƴŘ {ƳŀǊǘ 
DǊƛŘ 5ŜƳƻƴǎǘǊŀǘƛƻƴ tǊƻƎǊŀƳ ƻŦ ǘƘŜ wŜŎƻǾŜǊȅ !ŎǘΦнср Lƴ ŀŘŘƛǘƛƻƴΣ ŀ ŎƻƴǎƻǊǘƛǳƳ ƻŦ bŀǘƛƻƴŀƭ [ŀōǎΣ ǘƘŜ 
¢ŜƴƴŜǎǎŜŜ ±ŀƭƭŜȅ !ǳǘƘƻǊƛǘȅΣ ǘƘŜ bŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ wŜƎǳƭŀǘƻǊȅ ¦ǘƛƭƛǘȅ /ƻƳƳƛǎǎƛƻƴŜǊǎΣ ŀƴŘ ǇƭŀƴƴƛƴƎ 
ŎƻƭƭŀōƻǊŀǘƛǾŜǎ ƛƴ ǘƘŜ 9ŀǎǘŜǊƴ LƴǘŜǊŎƻƴƴŜŎǘ ŀǊŜ ŘŜǾŜƭƻǇƛƴƎ ŀ ƎǊƛŘπǎŜǊǾƛŎŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎπǾŀƭǳŀǘƛƻƴ 
ŦǊŀƳŜǿƻǊƪ ǳƴŘŜǊ ǘƘŜ 5h9 DǊƛŘ aƻŘŜǊƴƛȊŀǘƛƻƴ [ŀō /ƻƴǎƻǊǘƛǳƳΦнсс !ǎ ǇŀǊǘ ƻŦ ƛǘǎ ƛƴǘŜƎǊŀǘŜŘ ƎǊƛŘ ŜŦŦƻǊǘΣ 
9ƭŜŎǘǊƛŎ tƻǿŜǊ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ƛǎ ŘŜǾŜƭƻǇƛƴƎ ŀ ōŜƴŜŦƛǘπŎƻǎǘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǉǳŀƴǘƛŦȅƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 
59w ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ōǳƭƪ ǇƻǿŜǊ ǎȅǎǘŜƳǎΦ LƳǇƻǊǘŀƴǘƭȅΣ ǎƘŀǊƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƴŀǘƛƻƴŀƭƭȅ ƻƴ Ǿŀƭǳŀǘƛƻƴ 
ƻŦ Ŏƻǎǘǎ ŀƴŘ ƳŜǘƘƻŘǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ǊŀǘŜǎ ŘƻŜǎ ƴƻǘ ƛƳǇƭȅ ŀ ƴŀǘƛƻƴŀƭƭȅ ǇǊŜǎŎǊƛōŜŘ ƳŜǘƘƻŘ ƻŦ ŘŜǘŜǊƳƛƴƛƴƎ 
Ŏƻǎǘǎ ŀƴŘ ǊŀǘŜǎΤ ǎǳŎƘ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƛǎ ŀ ǎǘŀǘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΦ  

¢ƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ƎǊŜŀǘ ŘŜŀƭ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ƛƴ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΣ ǊŀǘŜ ŘŜǎƛƎƴΣ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳǎŜŘ 
ǘƻ ǇǊƻǾƛŘŜ ǎŜǊǾƛŎŜ ǘƻ ŎǳǎǘƻƳŜǊǎΦ /ƻǎǘǎ ŘǊƛǾŜǊǎ ŀǊŜ ǎƘƛŦǘƛƴƎΣ ƴŜǿ Ŏƻǎǘǎ ŀǊŜ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘΣ ŀƴŘ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŀǘŜ ŘŜǎƛƎƴ Ƙŀǎ ƛƴŎǊŜŀǎŜŘτōƻǘƘ ŦƻǊ ŜƴƎŜƴŘŜǊƛƴƎ ŎǳǎǘƻƳŜǊ ǊŜǎǇƻƴǎŜ ŀƴŘ ŀǎ ŀ ƳŜǘƘƻŘ ƻŦ 
ŜƴŎƻǳǊŀƎƛƴƎ ŎƻƳǇƻƴŜƴǘ ŀƴŘ ǎȅǎǘŜƳ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ 59wΦ ¢ƘŜ bŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ wŜƎǳƭŀǘƻǊȅ ¦ǘƛƭƛǘȅ 
/ƻƳƳƛǎǎƛƻƴŜǊǎ Ƙŀǎ ŦǊŀƳŜŘ Ƴŀƴȅ ƻŦ ǘƘŜ ƛǎǎǳŜǎ ǘƘŀǘ ƴŜŜŘ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŀǘƛƻƴ ƛƴ ƛǘǎ ǊŜŎŜƴǘƭȅ ǊŜƭŜŀǎŜŘ ǊŀǘŜπ
ŘŜǎƛƎƴ ƳŀƴǳŀƭΦнст DƛǾŜƴ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŀǘŜǎƴƻǘ ƻƴƭȅ ŦƻǊ ŎƻƳǇŜƴǎŀǘƛƴƎ ǳǘƛƭƛǘƛŜǎΣ ōǳǘΣ ƛƴŎǊŜŀǎƛƴƎƭȅΣ 
ŀǎ ŀ ǾŜƘƛŎƭŜ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ǘƻ ŎǳǎǘƻƳŜǊǎ ǿƘƻ ǇǊƻǾƛŘŜ ǘǊŀƴǎŀŎǘƛǾŜ ƭƻŀŘ ŀƴŘ 59wƛǘ ǿƻǳƭŘ ōŜ 
ǾŜǊȅ ǾŀƭǳŀōƭŜ ŦƻǊ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀ ƴŀǘƛƻƴŀƭ ǊŜǾƛŜǿ ƻŦ ǊŜǘŀƛƭ ǊŀǘŜǎ ŀƴŘ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ 
ŀ ƴŀǘƛƻƴŀƭ ǊŜǇƻǎƛǘƻǊȅ ƻŦ ǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴΦ  

2.5.5 Adapting the Distribution Utility Business Model 

¢ƘŜ ŜƭŜŎǘǊƛŎ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅ ƴƻǿ ŦŀŎŜǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΦ ¢ƘŜ ŜƳŜǊƎŜƴǘ ǊƻƭŜ ƻŦ ǘƘŜ 
ŎƻƴǎǳƳŜǊ ŀǎ ǇǊƻǎǳƳŜǊ ŀƴŘ ƴŜǿ ƛƳǇŜǊŀǘƛǾŜǎΣ ǎǳŎƘ ŀǎ ǊŜǎƛƭƛŜƴŎŜΣ ŀ ŎƭŜŀƴŜǊ ŜƴŜǊƎȅ ŦǳǘǳǊŜΣ ŀƴŘ ƎǊƛŘ ǎŜŎǳǊƛǘȅΣ 
ŀǊŜ ŘǊƛǾƛƴƎ ǘƘŜ ŎǳǊǊŜƴǘ ŜǾƻƭǳǘƛƻƴΦ !ŘŘƛǘƛƻƴŀƭ ƛƴǾŜǎǘƳŜƴǘǎ ǘƻ ǎǳǇǇƻǊǘ ŜƴƘŀƴŎŜŘ ǎŜǊǾƛŎŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘΣ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƴŜǿ ǘǊŀƴǎŀŎǘƛǾŜ ǊƻƭŜ ŦƻǊ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ǘƘŜ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ǘƘŀǘ ǿƛƭƭ 
ǎǳǇǇƻǊǘ ǘƘŜ ŘƛƎƛǘŀƭ ŜŎƻƴƻƳȅΦ 

Lǘ ƛǎ ŎǊƛǘƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ŀƭǘŜǊƴŀǘƛǾŜ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ǇǊŀŎǘƛŎŜǎ ŀǊŜ 
ƛƴŜȄǘǊƛŎŀōƭȅ ƭƛƴƪŜŘΦ aƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ǊŀǘŜƳŀƪƛƴƎπōŀǎŜŘ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ Ƴǳǎǘ ōŜΥ 
ŀŎŎŜǇǘŀōƭŜ ǘƻ ǎǘŀǘŜ ǊŜƎǳƭŀǘƻǊǎΣ ǊŜǎǇƻƴǎƛǾŜ ǘƻ ŎǳǎǘƻƳŜǊǎΣ ŦƛƴŀƴŎƛŀƭƭȅ ǘŜƴŀōƭŜ ǘƻ ǳǘƛƭƛǘȅ ǎƘŀǊŜƘƻƭŘŜǊǎΣ ŀƭƭ 
ǿƘƛƭŜ ǎǳǇǇƻǊǘƛƴƎ ƛƴƴƻǾŀǘƛƻƴ όǿƘŜǘƘŜǊ ōȅ ǘƘŜ ǳǘƛƭƛǘȅ ƻǊ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎύΦ ¢ƘŜ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ƛǎ ǇŀǊǘ 
ƻŦ ŀ ǘǊƛŀŘ ƻŦ ƛƴǘŜǊǊŜƭŀǘŜŘ ŜƭŜƳŜƴǘǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŜŎƻƴƻƳƛŎκƳŀǊƪŜǘ 
ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ŎǳǎǘƻƳŜǊ ǎŜǊǾƛŎŜΦнсу  

aŀƴȅ ǇŜƻǇƭŜ ƘŀǾŜ ǇǊƻǇƻǎŜŘ ƳƻŘŜƭǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ǇƻǘŜƴǘƛŀƭ ŦǳǘǳǊŜ ŜǾƻƭǳǘƛƻƴǎ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅΦ 
hƴŜ ŀǳǘƘƻǊ ǊŜǇǊŜǎŜƴǘǎ ǳǘƛƭƛǘȅ ŜǾƻƭǳǘƛƻƴ ŜƴŘǇƻƛƴǘǎ ƻƴ ŀ ǎǇŜŎǘǊǳƳ ōŜǘǿŜŜƴ ǘǿƻ ƳƻŘŜƭǎΥ ǘƘŜ {ƳŀǊǘ 
LƴǘŜƎǊŀǘƻǊ ŀƴŘ ǘƘŜ 9ƴŜǊƎȅ {ŜǊǾƛŎŜǎ ¦ǘƛƭƛǘȅΦнсф ¢ƘŜ {ƳŀǊǘ LƴǘŜƎǊŀǘƻǊ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ŀƴ ƻǇŜǊŀǘƻǊ ƻŦ ǘƘŜ 
ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘ ƛƴ ƳǳŎƘ ǘƘŜ ǎŀƳŜ ǿŀȅ ǘƘŀǘ ŀƴ L{h ƻǇŜǊŀǘŜǎ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘ ŀƴŘ ǿƘƻƭŜǎŀƭŜ ǇƻǿŜǊ 
ƳŀǊƪŜǘǎΦ Lǘ ƛǎ ŀ ǇƭŀǘŦƻǊƳ ŦƻǊ ǘǊŀƴǎŀŎǘƛƻƴǎΣ ōǳǘ ƛǘ ŘƻŜǎ ƴƻǘ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŜƴŜǊƎȅ ǘǊŀƴǎŀŎǘƛƻƴǎΦ ¢ƘŜ 9ƴŜǊƎȅ 
{ŜǊǾƛŎŜǎ ¦ǘƛƭƛǘȅ ǎƘŀǊŜǎ ǘƘŜ ōŀǎƛŎ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜ {ƳŀǊǘ LƴǘŜƎǊŀǘƻǊΣ ōǳǘ ƛǎ ŀƭǎƻ ŀ ǇǊƻǾƛŘŜǊ ƻŦ ǎŜǊǾƛŎŜǎΦ Lǘ ƛǎ ŀƴ 
ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ǾŜǊǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ǳǘƛƭƛǘȅΦ ¢ǿƻ ǉǳŜǎǘƛƻƴǎ ǿƛƭƭ ŘŜǘŜǊƳƛƴŜ Ƙƻǿ ǘƘŜ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ 
ŜǾƻƭǾŜǎΥ  

мΦ ²Ƙŀǘ ǎŜǊǾƛŎŜǎ Ŏŀƴ όŀƴŘ ǎƘƻǳƭŘύ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘƛŜǎ ǇǊƻǾƛŘŜ ƴƻǿ ŀƴŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΚ 
нΦ Iƻǿ ǎƘƻǳƭŘ ǳǘƛƭƛǘȅ ǊŀǘŜǎ ōŜ ŘŜǎƛƎƴŜŘ ǘƻ ǇǊƻǾƛŘŜ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ǘƻ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ 
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ǳǘƛƭƛǘƛŜǎ ŦƻǊ ǘƘŜ ǎŜǊǾƛŎŜǎ ǘƘŜȅ ǊŜƴŘŜǊΣ ƛƴŎƭǳŘƛƴƎ ƛƴŎŜƴǘƛǾŜǎ ǘƻ ǇǊƻǾƛŘŜ ōƻǘƘ ǘǊŀŘƛǘƛƻƴŀƭ ŀƴŘ 
ƴƻƴǘǊŀŘƛǘƛƻƴŀƭ ǎŜǊǾƛŎŜǎΚ 

!ǘ ƛǎǎǳŜ ƛǎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ŜƴǘƛǘƛŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǎŜǊǾƛŎŜǎ ŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ǇǊŜƳƛǎŜǎΣ ǘƘŜ ǘŜǊƳǎ ƻŦ 
ŎƻƳǇŜƴǎŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǳǘƛƭƛǘƛŜǎ ǘƻ ǊŜŎƻǾŜǊ ǘƘŜ Ŏƻǎǘ ƻŦ ŀŎǘƛƴƎ ŀǎ ǘƘŜ ŎƻƴŘǳƛǘ ǘƻ ǘƘŜ 
ƎǊƛŘΦ 

2.5.5.1 Models for Provision of Demand-Side Services 

¢ƘŜǊŜ ŀǊŜ ŀƭǘŜǊƴŀǘƛǾŜ ǾŜƘƛŎƭŜǎ ŦƻǊ ŘŜƭƛǾŜǊƛƴƎ ǎŜǊǾƛŎŜǎ ǘƻ ŎǳǎǘƻƳŜǊǎΦ !ƴ ŜǎǎŜƴǘƛŀƭ ǉǳŜǎǘƛƻƴ ƛƴ ŘǊŀǿƛƴƎ ǘƘŜ 
ŦǳǘǳǊŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ǳǘƛƭƛǘƛŜǎ ƛǎ ǿƘŜǘƘŜǊ ǘƘŜȅ ǿƛƭƭ ǇǊƻǾƛŘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǎŜǊǾƛŎŜǎ ŀƴŘ ǳƴŘŜǊ ǿƘŀǘ ǘŜǊƳǎΦ 
¢ƘŜ ŀƴǎǿŜǊ ǿƛƭƭ ŀƭǎƻ Ǉƭŀȅ ŀ ƭŀǊƎŜ ǊƻƭŜ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ƻŦ ŎƻƳǇŜǘƛǘƛǾŜ ǇǊƻǾƛŘŜǊǎΦ ¢ƘŜǊŜ 
ŀǊŜ ŦƻǳǊ ōŀǎƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΥƛƛ 

мΦ tǊƻƎǊŀƳǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎ όŜΦƎΦΣ ƛƴǘŜƎǊŀǘŜŘ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ǘƻ 
ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅύ ŀƴŘ ŀŘƳƛƴƛǎǘŜǊŜŘ ōȅ ǘƘŜ ǳǘƛƭƛǘȅ 

нΦ tǊƻƎǊŀƳǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎ όŜΦƎΦΣ ƛƴǘŜƎǊŀǘŜŘ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ǘƻ 
ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅύ ŀƴŘ ŀŘƳƛƴƛǎǘŜǊŜŘ ōȅ ŀ ǘƘƛǊŘ ǇŀǊǘȅ 
ƻǇŜǊŀǘƛƴƎ ǳƴŘŜǊ ŀ ǎǘŀǘŜ ƻǊ ǳǘƛƭƛǘȅ ǇǊƻƎǊŀƳ 

оΦ ! ƳŀǊƪŜǘπōŀǎŜŘ ŀǇǇǊƻŀŎƘΣ ƛƴ ǿƘƛŎƘ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎ ǎŜŜƪ ǇǊƻŦƛǘ ōȅ ǎŜƭƭƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 
ǎŜǊǾƛŎŜǎ ǘƻ ŎǳǎǘƻƳŜǊǎ  

пΦ ! ƳŀǊƪŜǘπōŀǎŜŘ ŀǇǇǊƻŀŎƘΣ ƛƴ ǿƘƛŎƘ ƛƴŘƛǾƛŘǳŀƭ ŎǳǎǘƻƳŜǊǎ ŀŎǘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜ 
ǎƛƎƴŀƭǎΦ  

Lƴ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ŀǇǇǊƻŀŎƘŜǎΣ ŦǳƴŘǎ ŦƻǊ ǇǊƻƎǊŀƳǎ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ ǳǘƛƭƛǘȅ ǘƘǊƻǳƎƘ ŎǳǎǘƻƳŜǊǎΩ ōƛƭƭǎΦ 
/ǳǎǘƻƳŜǊǎ ŘƛǊŜŎǘƭȅ ŦƛƴŀƴŎŜ ǘƘŜ ƭŀǎǘ ǘǿƻ ŀǇǇǊƻŀŎƘŜǎΦ LƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜ ŦƻǳǊ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǘƘŜ ǇǊƻǾƛǎƛƻƴ 
ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƭƛǎǘŜŘ ŀōƻǾŜΣ ǎŜǾŜǊŀƭ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŀǊŜ ǇƻǎǎƛōƭŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ 
ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŀ ǳǘƛƭƛǘȅ ŀƴŘ ƛǘǎ ǊŜƎǳƭŀǘƻǊ ǘŀƪŜ ό¢ŀōƭŜ нπоύΦ 

 

                                                           
ƛƛ 9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎ ƘŀǾŜ ǇƭŀȅŜŘ ŀ Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ǘǊŀƴǎŦƻǊƳƛƴƎ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ŀǾŀƛƭŀōƭŜ ǇǊƻŘǳŎǘǎΦ ¢Ƙƛǎ ǎŜŎǘƛƻƴ ƛǎ 
ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǘƘŜ ŎƘƻƛŎŜ ŀƴŘ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǘƘƻǎŜ ǇǊƻŘǳŎǘǎΦ 
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Table 2-3. Energy Efficiency Business Models270, 271 

 
An array of actors in the electricity sector including utilities, private-sector companies, and state agencies 
offer energy efficiency programs. Energy efficiency programs are available both in wholesale electricity 
market areas and within regulated vertically integrated utility areas. 

2.5.5.2  Models for Integrating Distributed Generation 

5ƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ŘŜƭƛǾŜǊǎ ǇƻǿŜǊ ƛƴǘƻ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘ ƴŜŀǊ ǘƘŜ ƭƻŀŘ ŎŜƴǘŜǊΦ ¢ȅǇƛŎŀƭƭȅΣ 5D ƛǎ ƻƴ 
ǘƘŜ ŎǳǎǘƻƳŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ƳŜǘŜǊΥ ǘƘŜ ŎǳǎǘƻƳŜǊ ƛƴǎǘŀƭƭǎ ƎŜƴŜǊŀǘƛƻƴΣ ǎǘƻǊŀƎŜΣ ƻǊ ŀ ŎƻƴǘǊƻƭƭŀōƭŜ ƭƻŀŘ ŀƴŘ ǘƛŜǎ 
ƛƴǘƻ ǘƘŜ ƎǊƛŘ Ǿƛŀ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅΦ ¦ǘƛƭƛǘƛŜǎ Ŏŀƴ ƛƴǘŜƎǊŀǘŜ 5D ǳǎƛƴƎ ŀ ǾŀǊƛŜǘȅ ƻŦ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ό¢ŀōƭŜ 
нπпύΦ ¢ƘŜǎŜ ƳƻŘŜƭǎ ŎƻǳƭŘ ōŜ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊ ǎƛŘŜΣ ǿƘŜǊŜ ǳǘƛƭƛǘƛŜǎ ǎŜƭƭ 5D ǇǊƻŘǳŎǘǎ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ 
ŎƻƴǎǳƳŜǊ ƻǊ ƻƴ ǘƘŜ ǳǘƛƭƛǘȅπǎƛŘŜΣ ǿƘŜǊŜ 5D ǇǊƻǾƛŘŜǊǎ ǎŜƭƭ ŜƴŜǊƎȅ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅΦ !ƭǘƘƻǳƎƘ ŀǎ 5D 
ǇǊƻǾƛŘŜ ƳƻǊŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ Ƴŀȅ ōŜŎƻƳŜ ŀ ǎƘŀǊŜŘ 
ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŀƳƻƴƎ ǳǘƛƭƛǘƛŜǎΣ ŎǳǎǘƻƳŜǊπƻǿƴŜŘ 5DΣ ŀƴŘ ƻǘƘŜǊ 5DπǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΦ  

¢ƻŘŀȅΣ Ƴƻǎǘ 5D ƛƴǎǘŀƭƭŀǘƛƻƴǎ ƻŎŎǳǊ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ƳŜǘŜǊΦнтн 9ȄŎŜǇǘ ƛƴ ǊŀǊŜ ŎŀǎŜǎΣ ǘƘŜ 
ŎǳǎǘƻƳŜǊ ǊŜƳŀƛƴǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘΣ ǿƘƛŎƘ ǎŜǊǾŜǎ ŀƴȅ ƭƻŀŘ ǳƴƳŜǘ ōȅ ǘƘŜ 5DΦ ²ƘŜƴ ǘƘŜ 
5D ǎȅǎǘŜƳ ǇǊƻŘǳŎŜǎ ǇƻǿŜǊ ƛƴ ŜȄŎŜǎǎ ƻŦ ŎǳǎǘƻƳŜǊ ƴŜŜŘǎΣ ǘƘŀǘ ǇƻǿŜǊ Ƴŀȅ ōŜ ǎƻƭŘ ƛƴǘƻ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ 
ǎȅǎǘŜƳΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘƛǎ 5D ƛǎ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊ ǎƛŘŜΣ ǿƛǘƘ ǾŜǊȅ ŦŜǿ ŎǳǎǘƻƳŜǊǎ ǎŜƭƭƛƴƎ ǇƻǿŜǊ ōŀŎƪ ǘƻ 
ǘƘŜ ƎǊƛŘΦ {ŀƭŜǎ ǘƻ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǳǘƛƭƛǘȅ ŎƻǳƭŘ ƻŎŎǳǊ ǳƴŘŜǊ ŀ ƴŜǘ ƳŜǘŜǊƛƴƎ ŀǊǊŀƴƎŜƳŜƴǘΣ ŀ ǾŀƭǳŜ ƻŦ 
ǎƻƭŀǊ ǘŀǊƛŦŦΣ ŀ ŦŜŜŘπƛƴ ǘŀǊƛŦŦΣƧƧ ŀ tǳōƭƛŎ ¦ǘƛƭƛǘȅ wŜƎǳƭŀǘƻǊȅ tƻƭƛŎƛŜǎ !Ŏǘ ŎƻƴǘǊŀŎǘΣ ƻǊ ŀǎ ŀ ƴŜƎƻǘƛŀǘŜŘ ǿƘƻƭŜǎŀƭŜ 
ǎŀƭŜΦ  

 

                                                           
ƧƧ CŜŜŘπƛƴ ǘŀǊƛŦŦǎ ŀǊŜ ǎŜǘ ǇǊƛŎŜǎ ǇŀƛŘ ōȅ ǳǘƛƭƛǘƛŜǎ ǘƻ ŎǳǎǘƻƳŜǊǎ ŦƻǊ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦ
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Table 2-4. Business Models for Distributed Generation 

 
Utilities can integrate DG using a variety of business models to accommodate varying local and regional 
circumstances, market and infrastructure topologies, and consumer preferences.  

2.5.5.3 Limitations on the Scope of Utility Activities 

¢ƘŜ ǎŎƻǇŜ ƻŦ ǳǘƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ŘŜŦƛƴŜǎ ǘƘŜ ƭƛƴŜǎ ƻŦ ōǳǎƛƴŜǎǎ ǘƘŀǘ ƛǘ Ŏŀƴ ǇǳǊǎǳŜΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ŦǳƴŘŀƳŜƴǘŀƭ 
ǊŜŀǎƻƴǎ ŦƻǊ ƭƛƳƛǘƛƴƎ ǎŎƻǇŜΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ǇǊŜǾŜƴǘ ŎǊƻǎǎπǎǳōǎƛŘƛȊŀǘƛƻƴ ƻŦ ǳǘƛƭƛǘȅ ŀŦŦƛƭƛŀǘŜ ŀŎǘƛǾƛǘƛŜǎΣ 
ƛƴ ǿƘƛŎƘ ǊŀǘŜǇŀȅŜǊǎ ǎǳōǎƛŘƛȊŜ ƴƻƴπŎƻǊŜ ǳǘƛƭƛǘȅ ŀŎǘƛǾƛǘƛŜǎΦ C9w/ ŀƴŘ ǎǘŀǘŜ t¦/ǎ ƭŀǊƎŜƭȅ ŦƻǊƳŀƭƛȊŜŘ ǊŜƎǳƭŀǘƻǊȅ 
ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ǇǊŜǾŜƴǘ ŎǊƻǎǎπǎǳōǎƛŘƛȊŀǘƛƻƴǎΦ ¢ƘŜ ǎŜŎƻƴŘ ǊŜŀǎƻƴ ǘƻ ƭƛƳƛǘ ǳǘƛƭƛǘȅ ŀŎǘƛǾƛǘȅΣ ŀƴŘ ǘƘŜ ƻƴŜ ǘƘŀǘ ƛǎ 
Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴ ŦǊŀƳƛƴƎ ǘƘŜ ŦǳǘǳǊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǘƛƭƛǘȅ ƳƻŘŜƭΣ ƛǎ ǘƻ ǇǊŜǎŜǊǾŜ ŎƻƴǎǳƳŜǊ ōŜƴŜŦƛǘǎ ƻŦ 
ŎƻƳǇŜǘƛǘƛƻƴ ōȅ ŜƴŀōƭƛƴƎ ŎƻƳǇŜǘƛǘƛǾŜ ǇǊƻǾƛŘŜǊǎ ƻŦ ǇƻǿŜǊ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǘƘŜ 
ƳŀǊƪŜǘΦ ¢ƘŜ ƭŀǘǘŜǊ ǊŀǘƛƻƴŀƭŜ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŀƭƭƻǿŜŘ ǘƻ ǇǳǊǎǳŜΦ 

¦ǘƛƭƛǘȅ ǊŜǎǘǊǳŎǘǳǊƛƴƎ ƎǊŜŀǘƭȅ ŀƭǘŜǊŜŘ ǘƘŜ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ƛƴ ǎƻƳŜ ǎǘŀǘŜǎ ōȅ ōǊŜŀƪƛƴƎ ǳǇ 
ǾŜǊǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ƛƴǘǊƻŘǳŎƛƴƎ ŎƻƳǇŜǘƛǘƛƻƴ ŀƴŘ ŎǳǎǘƻƳŜǊ ŎƘƻƛŎŜΦнто ¦ǘƛƭƛǘƛŜǎΩ ŘƛǾŜǎǘƛǘǳǊŜ ƻŦ 
ƎŜƴŜǊŀǘƛƻƴ ŀƭƭŀȅŜŘ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ŀƴǘƛπŎƻƳǇŜǘƛǘƛǾŜ ōŜƘŀǾƛƻǊΣ ǎǳŎƘ ŀǎ ŎǊƻǎǎπǎǳōǎƛŘƛŜǎ ōŜǘǿŜŜƴ ŀŦŦƛƭƛŀǘŜǎ 
ŀƴŘ ŦŀǾƻǊŜŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ŀŦŦƛƭƛŀǘŜǎ ƛƴ ǘƘŜ ƴŜǿ ƳŀǊƪŜǘΦ  

t¦/ǎ ƛƴ ǊŜǎǘǊǳŎǘǳǊŜŘ ǎǘŀǘŜǎ ŦǊŜǉǳŜƴǘƭȅ ŜƴŎƻǳǊŀƎŜŘ ƻǊ ǊŜǉǳƛǊŜŘ ŘƛǾŜǎǘƛǘǳǊŜ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ŀǎǎŜǘǎ ǎƻ ǘƘŀǘ ǘƘŜ 
ǳǘƛƭƛǘƛŜǎ ƴƻ ƭƻƴƎŜǊ ŎƻƴǘǊƻƭƭŜŘ ǘƘŜƛǊ ƻǿƴ ƎŜƴŜǊŀǘƛƻƴΦ !ǎ ǿŀǎ ǘƘŜ ŎŀǎŜ ƛƴ bŜǿ ¸ƻǊƪΣ ǘƘŜ ǇǊƛƳŀǊȅ ǊŀǘƛƻƴŀƭŜ ŦƻǊ 
ŘƛǾŜǎǘƛǘǳǊŜ ǿŀǎ ǘƻ ōǊŜŀƪ ǘƘŜ ŜŎƻƴƻƳƛŎ ǘƛŜ ōŜǘǿŜŜƴ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 
ƎŜƴŜǊŀǘƛƻƴ ǎŜǊǾƛŎŜǎ ǘƻ ŎǊŜŀǘŜ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘΦ .ŜǘǿŜŜƴ мффу ŀƴŘ нллмΣ ǳǘƛƭƛǘƛŜǎ 
ŘƛǾŜǎǘŜŘ ƳƻǊŜ ǘƘŀƴ олл ŜƭŜŎǘǊƛŎπƎŜƴŜǊŀǘƛƴƎ Ǉƭŀƴǘǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƴŜŀǊƭȅ нл ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ 
ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅΦнтп Lƴ мффтΣ ƻƴƭȅ мΦс ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǿŀǎ ǇǊƻŘǳŎŜŘ ōȅ ƴƻƴπǳǘƛƭƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ 
ǊƛǎƛƴƎ ǘƻ нр ǇŜǊŎŜƴǘ ōȅ нллн ŀƴŘ ƴŜŀǊƭȅ ор ǇŜǊŎŜƴǘ ƛƴ нлмнΦнтр  
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¦ƭǘƛƳŀǘŜƭȅΣ ǘƘŜ ǉǳŜǎǘƛƻƴ ƛǎ ƴƻǘ ǿƘŀǘ ǘƘŜ ǳǘƛƭƛǘȅ ŀŦŦƛƭƛŀǘŜ ƛǎ ǇŜǊƳƛǘǘŜŘ ǘƻ ŘƻΣ ōǳǘ ǿƘƛŎƘ ŦǳƴŎǘƛƻƴǎ ǘƘŜ ǳǘƛƭƛǘȅ 
ƛǘǎŜƭŦ ƛǎ ŀƭƭƻǿŜŘ ǘƻ ǇŜǊŦƻǊƳΦ {ƻƳŜ ōŀǎƛŎ ǉǳŜǎǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ 
ǎŎƻǇŜ ƻŦ ǳǘƛƭƛǘȅ ŀŎǘƛǾƛǘƛŜǎΥ  

 5ƻŜǎ ǇǊƻƘƛōƛǘƛƴƎ ǳǘƛƭƛǘȅ ŀŎǘƛǾƛǘȅ ƳŜŀƴ ƎƛǾƛƴƎ ǳǇ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜ ŀƴŘ ǎŎƻǇŜΚ  
 ²ƘƛŎƘ ƻǇǘƛƻƴ ǇǊƻǾƛŘŜǎ ŎǳǎǘƻƳŜǊǎ ǿƛǘƘ ǘƘŜ ƭƻǿŜǎǘ Ŏƻǎǘ ƻŦ ǎŜǊǾƛŎŜΚ 
 Iƻǿ Ŏŀƴ ǘƘŜ ǳǘƛƭƛǘȅ ŜȄǇŀƴŘ ŎƻƴǎǳƳŜǊ ŎƘƻƛŎŜΚ 

/ŀƭƛŦƻǊƴƛŀΩǎ ǇƻƭƛŎȅ ƛǎ ŀ ƘȅōǊƛŘ ŀǇǇǊƻŀŎƘΣ ŀƭƭƻǿƛƴƎ ƴŜǘ ƳŜǘŜǊƛƴƎ ǿƛǘƘ ǘƘƛǊŘπǇŀǊǘȅ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘǊƻǳƎƘ tt!ǎ 
ŀƴŘ ǳǘƛƭƛǘȅ ƛƴǾŜǎǘƳŜƴǘ ƛƴ t±Φ {ǘŀǘŜ Lh¦ǎ ŀǊŜ ŀƭƭƻǿŜŘ ǘƻ ƻǿƴ ŀƴŘ ƻǇŜǊŀǘŜ ǎƻƭŀǊ t± ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ŜȄŜŎǳǘŜ 
ǎƻƭŀǊ t± tt!ǎ ǿƛǘƘ ƛƴŘŜǇŜƴŘŜƴǘ ǇƻǿŜǊ ǇǊƻŘǳŎŜǊǎ ǘƘǊƻǳƎƘ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ǎƻƭƛŎƛǘŀǘƛƻƴ ǇǊƻŎŜǎǎΦнтс /ŀƭƛŦƻǊƴƛŀ 
Ƙŀǎ ŀƭǎƻ ǇǳǊǎǳŜŘ ŀ ƘȅōǊƛŘ ŀǇǇǊƻŀŎƘ ǘƻ ǳǘƛƭƛǘȅκƳŀǊƪŜǘ ǇǊƻǾƛǎƛƻƴ ǘƘŀǘ ǇǊƻƳƻǘŜǎ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎȅ ǘƘŀǘ 
ŜƴƘŀƴŎŜǎ ƎǊƛŘ ƻǇǘƛƳƛȊŀǘƛƻƴΣ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΣ ŀƴŘ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ DID ŜƳƛǎǎƛƻƴǎΣ 
ŀƴŘ ŜȄǇƭƛŎƛǘƭȅ ǇǊƻǾƛŘŜǎ ŀ ǊƻƭŜ ŦƻǊ ǘƘŜ ǳǘƛƭƛǘȅΦ ¦ƴŘŜǊ /ŀƭƛŦƻǊƴƛŀ {ǘŀǘŜ [ŀǿ !ǎǎŜƳōƭȅ .ƛƭƭ нрмпΣ ǘƘŜ /t¦/ ƛǎ 
ǊŜǉǳƛǊŜŘ ǘƻ ŜǎǘŀōƭƛǎƘ ǇǊƻŎǳǊŜƳŜƴǘ ǘŀǊƎŜǘǎ ŦƻǊ ǘƘŜ ǎǘŀǘŜΩǎ ǘƘǊŜŜ Lh¦ǎ ǘƻ ŀŎǉǳƛǊŜ ǾƛŀōƭŜ ŀƴŘ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ 
ǎǘƻǊŀƎŜΦ Lƴ hŎǘƻōŜǊ нлмоΣ ǘƘŜ /t¦/ ŜǎǘŀōƭƛǎƘŜŘ ǇǊƻŎǳǊŜƳŜƴǘ ǘŀǊƎŜǘǎ ǘƘŀǘ ǊŜǉǳƛǊŜŘ ǘƘŜ ǘƘǊŜŜ Lh¦ǎ ǘƻ 
ǇǊƻŎǳǊŜ мΣонр a² ƻŦ ǎǘƻǊŀƎŜ ōȅ нлнлΣ ǿƛǘƘ ǘŀǊƎŜǘǎ ŘƛǾƛŘŜŘ ŀƳƻƴƎ ǘƘǊŜŜ ƛƴŘǳǎǘǊȅ ǎŜƎƳŜƴǘǎΥ ǘǊŀƴǎƳƛǎǎƛƻƴπ
ŎƻƴƴŜŎǘŜŘΣ ŘƛǎǘǊƛōǳǘƛƻƴπƭŜǾŜƭΣ ŀƴŘ ŎǳǎǘƻƳŜǊπǎƛŘŜπƻŦςǘƘŜπƳŜǘŜǊ ŀǇǇƭƛŎŀǘƛƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜΩǎ 
ǇƻƭƛŎȅ ƻƴ ǊƻƻŦǘƻǇ ǎƻƭŀǊ ƛƴǎǘŀƭƭŀǘƛƻƴǎΣ ǳǘƛƭƛǘƛŜǎ ŀǊŜ ŀƭƭƻǿŜŘ ǘƻ ƻǿƴ ǳǇ ǘƻ рл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜƛǊ ŎǳƳǳƭŀǘƛǾŜ 
ǘŀǊƎŜǘǎΦнтт !ƴƻǘƘŜǊ ŜȄŀƳǇƭŜΥ ǘƘŜ {ǘŀǘŜ ƻŦ bŜǿ ¸ƻǊƪΩǎ wŜŦƻǊƳƛƴƎ ǘƘŜ 9ƴŜǊƎȅ ±ƛǎƛƻƴ ƛƴƛǘƛŀǘƛǾŜ ŀƭǎƻ ǎŜŜƪǎ ǘƻ 
ǊŜŦƻǊƳ ǘƘŜ ǳǘƛƭƛǘȅ ōǳǎƛƴŜǎǎ ƳƻŘŜƭΦ ¢ƘŜ bŜǿ ¸ƻǊƪ tǳōƭƛŎ {ŜǊǾƛŎŜ /ƻƳƳƛǎǎƛƻƴ ƛƴ нлмп ƛǎǎǳŜŘ ŀ ǇǊƻǇƻǎŀƭ ǘƘŀǘ 
ǿƻǳƭŘ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǳǘƛƭƛǘȅ ŀǎ ŀ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ǇƭŀǘŦƻǊƳ ό5{tύ ǇǊƻǾƛŘŜǊΦ ¢ƘŜ ǇǊƻǇƻǎŀƭ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ 
ǘǿƻ ǘǊŀŎƪǎΦ ¢ǊŀŎƪ м ŀŘŘǊŜǎǎŜŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 59w ǿƛǘƘ ǘƘŜ ǳǘƛƭƛǘȅ ŀǎ 5{t ǇǊƻǾƛŘŜǊǎΣ ŀƴŘ ¢ǊŀŎƪ н 
ŀŘŘǊŜǎǎŜǎ ǊŜŦƻǊƳ ƻŦ ǳǘƛƭƛǘȅ ǊŀǘŜƳŀƪƛƴƎ ŀƴŘ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘŜ 5{t ƳƻŘŜƭΦ 

2.5.5.4 Nature of Consumer Protection Changing with New Players 

¢ƘŜ ƴŀǘǳǊŜ ƻŦ ŎƻƴǎǳƳŜǊ ǇǊƻǘŜŎǘƛƻƴ ƛǎ ŎƘŀƴƎƛƴƎΦ IƛǎǘƻǊƛŎŀƭƭȅΣ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ǎǘǊǳŎǘǳǊŜ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ 
ƻǾŜǊǎŜŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǳǘƛƭƛǘȅ ŀƴŘ ŎƻƴǎǳƳŜǊǎΣ ŀƴŘ t¦/ǎ ƘŀǾŜ ǘƘŜ ŀǳǘƘƻǊƛǘȅ ŀƴŘ ƻōƭƛƎŀǘƛƻƴ 
ǘƻ ǇǊƻǘŜŎǘ ŎƻƴǎǳƳŜǊǎ ǘƘǊƻǳƎƘ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇŀŎǘΦ t¦/ǎ ŀǎǎǳǊŜ ǊŜŀǎƻƴŀōƭŜ 
ǇǊƛŎŜǎ ŀƴŘ ŀŎǘ ŀǎ ŀƴ ŀǊōƛǘŜǊ ƻŦ ŎƻƴǎǳƳŜǊ ŎƻƳǇƭŀƛƴǘǎΦ /ƻƴǎǳƳŜǊǎ Ŏŀƴ ŀŎǉǳƛǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ƻƴπǇǊŜƳƛǎŜ 
5DΣ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ŘƛǊŜŎǘ ǇǳǊŎƘŀǎŜ ƻǊ ƭƻƴƎπǘŜǊƳ ǘǊŀƴǎŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘƛǊŘπǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎ ǿƘŜǊŜ ǇŜǊƳƛǘǘŜŘΦ 
bƻƴπǳǘƛƭƛǘȅ ŜƴǘƛǘƛŜǎ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ƻǘƘŜǊ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎΣ ƭƛƪŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǊŜǘǊƻŦƛǘǎΦ ¢ƘŜǎŜ ǘƘƛǊŘπ
ǇŀǊǘȅ ǇǊƻǾƛŘŜǊǎ ŎǊŜŀǘŜ ƴŜǿ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ǘƘŜ ŎƻƴǎǳƳŜǊ ǘƘŀǘ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇŀŎǘ ŘƛŘ ƴƻǘ ŜƴǾƛǎƛƻƴΦ 
¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴǎǳƳŜǊ ŀƴŘ ǘƘŜǎŜ ƴƻƴπǳǘƛƭƛǘȅ ŜƴǘƛǘƛŜǎ ŀǊŜ ǳǎǳŀƭƭȅ ƎƻǾŜǊƴŜŘ ōȅ ŎƻƴǘǊŀŎǘ 
ƭŀǿΦ Lƴ ŎŀǎŜǎ ǿƘŜǊŜ ǎǳŎƘ ŎƻƴǘǊŀŎǘǳŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƛƴŎƭǳŘŜ ŦǊŀǳŘǳƭŜƴǘ ŎƻƴŘǳŎǘΣ ǘƘŜ CŜŘŜǊŀƭ ¢ǊŀŘŜ 
/ƻƳƳƛǎǎƛƻƴ ŀƴŘ ǎǘŀǘŜ ŀǘǘƻǊƴŜȅǎ ƎŜƴŜǊŀƭτƴƻǘ t¦/ǎτƘŀǾŜ ƻǾŜǊǎƛƎƘǘ ŀǳǘƘƻǊƛǘȅΦ  

²ƘŜƴ ŎǳǎǘƻƳŜǊǎ ŘŜŎƛŘŜ ǘƻ ŘŜǾŜƭƻǇ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎ ƻƴ ǘƘŜƛǊ ǇǊŜƳƛǎŜǎΣ ǘƘŜȅ Ƴǳǎǘ ƳŀƪŜ ǘǿƻ ƛƳǇƻǊǘŀƴǘ 
ŘŜŎƛǎƛƻƴǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ όмύ ǿƘŜǘƘŜǊ ǘƻ ōǳȅΣ ƭŜŀǎŜΣ ƻǊ ŜƴǘŜǊ ƛƴǘƻ ŀ tt! ŀƴŘ όнύ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǎƻƭŀǊ ŦŀŎƛƭƛǘȅΦ 
¢ȅǇƛŎŀƭ ŎǳǎǘƻƳŜǊǎ ǘƛŜ ǘƘŜǎŜ ŘŜŎƛǎƛƻƴǎ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘȅ ǘƘŜȅ ƻŎŎǳǇȅΣ ŀƴŘ ǘƘŜȅ Ƴŀȅ ƴƻǘ ƘŀǾŜ ŀŘŜǉǳŀǘŜ 
ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ Ǌƛǎƪǎ ŀƴŘ ƛƳǇŀŎǘǎΦ ¢ƘŜ ǇǊƛƴŎƛǇŀƭ ǎƻǳǊŎŜ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǾŜƴŘƻǊǎ ǘƘŀǘ 
ǿŀƴǘ ǘƻ ŜƛǘƘŜǊ ǎŜƭƭ ƻǊ ŜƴǘŜǊ ƛƴǘƻ ƭƻƴƎπǘŜǊƳ ŎƻƴǘǊŀŎǘǎΦнтуΣ нтф 

¢ƘŜǊŜ ŀǊŜ ǘǿƻ ǘȅǇŜǎ ƻŦ ƭƻƴƎπǘŜǊƳ ŎƻƴǘǊŀŎǘǎΥ όмύ ŀ ŎǳǎǘƻƳŜǊ ǎƛƎƴǎ ŀ ǘǊŀŘƛǘƛƻƴŀƭ ƭŜŀǎŜ ŀƴŘ Ǉŀȅǎ ǘƻ ǳǎŜ ŀ ǎƻƭŀǊ 
ǎȅǎǘŜƳΣ ƻǊ όнύ ŀ ŎǳǎǘƻƳŜǊ ǎƛƎƴǎ ŀ tt! ŀƴŘ Ǉŀȅǎ ŀ ǎŜǘ ƳƻƴǘƘƭȅ ǊŀǘŜ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ƛǎ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ 
ƭŜƴƎǘƘǎ ƻŦ ǘƘŜ ŎƻƴǘǊŀŎǘǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ нлςол ȅŜŀǊǎ όŀƭǘƘƻǳƎƘ ǎƻƳŜ ŀǊŜ ǎƘƻǊǘŜǊύ ŀƴŘ Ŏƻƴǘŀƛƴ ǘƘŜ ǇǊƻǾƛǎƛƻƴ 
ǘƘŀǘ ŀƴȅ ŜȄŎŜǎǎ ǇƻǿŜǊ ǇǊƻŘǳŎŜŘ ǿƛƭƭ ōŜ ǎƻƭŘ ǘƻ ǘƘŜ ƎǊƛŘ ŀǘ ǘƘŜ ǊŜǘŀƛƭ ǊŀǘŜ όƴŜǘ ƳŜǘŜǊƛƴƎύΦ .ȅ нлмпΣ тн 
ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎƻƭŀǊ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǿŀǎ ǎƻƭŘ ǳƴŘŜǊ ǎƻƭŀǊ ƭŜŀǎŜǎ ŀƴŘ tt!ǎΦ нулΣ нум 5ƛŦŦŜǊŜƴǘ 
ǎǘŀǘŜǎ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ǇƻƭƛŎƛŜǎ ƻƴ ǘƘƛǊŘπǇŀǊǘȅ ŦƛƴŀƴŎƛƴƎΦ !ǎ ƻŦ aŀǊŎƘ нлмсΣ нр ǎǘŀǘŜΣ Ǉƭǳǎ ǘƘŜ 5ƛǎǘǊƛŎǘ ƻŦ 
/ƻƭǳƳōƛŀ ŀƴŘ tǳŜǊǘƻ wƛŎƻ ŀƭƭƻǿŜŘ ǘƘƛǊŘπǇŀǊǘȅ ǎƻƭŀǊ tt!ǎΤ у ǎǘŀǘŜǎ ǇǊƻƘƛōƛǘŜŘ ǘƘƛǊŘπǇŀǊǘȅ ǎƻƭŀǊ tt!ǎΤ ŀƴŘ 
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ǘƘŜ ƭŜƎŀƭ ǎǘŀǘǳǎ ǿŀǎ ǳƴŎƭŜŀǊ ƛƴ мс ǎǘŀǘŜǎΦнун ¢ƘŜ {ƻƭŀǊ 9ƴŜǊƎȅ LƴŘǳǎǘǊƛŜǎ !ǎǎƻŎƛŀǘƛƻƴ ǇǳōƭƛǎƘŜŘ ƛƴ нлмр ǘƘŜ 
{ƻƭŀǊ .ǳǎƛƴŜǎǎ /ƻŘŜ ŀƴŘ ōŜǎǘ ǇǊŀŎǘƛŎŜǎ ŦƻǊ ŎƻƴǎǳƳŜǊ ǇǊƻǘŜŎǘƛƻƴΣ ōȅ ǿƘƛŎƘ ƳŜƳōŜǊ ŎƻƳǇŀƴƛŜǎ Ƴǳǎǘ 
ŀōƛŘŜΦнуо  

wŜǘŀƛƭ ƻǇŜƴ ŀŎŎŜǎǎ ŀƭƭƻǿǎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǎƘƻǇ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ŎƻƳǇŜǘƛǘƛǾŜΣ ŀƭǘŜǊƴŀǘƛǾŜ ǇǊƻǾƛŘŜǊǎΦ 
9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ƴƻǘ ŀ ǘȅǇƛŎŀƭ ƎƻƻŘ ǘƘŀǘ ƭŜƴŘǎ ƛǘǎŜƭŦ ǘƻ ŎƻƳǇŀǊƛǎƻƴ ǎƘƻǇǇƛƴƎΣ ƎƛǾŜƴ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴǘ 
ǘŜǊƳǎ ǘƘŀǘ ŀŦŦŜŎǘ ǘƘŜ ǳƭǘƛƳŀǘŜ ŘŜƭƛǾŜǊŜŘ ǇǊƛŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΦ !ǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ ƭƻǿπƛƴŎƻƳŜ ŀƴŘ ǾǳƭƴŜǊŀōƭŜ 
ǇƻǇǳƭŀǘƛƻƴǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ǳƴǎŎǊǳǇǳƭƻǳǎ ōŜƘŀǾƛƻǊΦ ¢ƘŜ ǎǘŀŦŦ ƻŦ ǘƘŜ bŜǿ ̧ ƻǊƪ tǳōƭƛŎ {ŜǊǾƛŎŜ 
/ƻƳƳƛǎǎƛƻƴ ǊŜŎŜƴǘƭȅ ŦƻǳƴŘ ǘƘŀǘ ǎƛƴŎŜ нлмп ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎ ǇŀƛŘ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ǎǳǇǇƭƛŜǊǎ Ϸумт 
Ƴƛƭƭƛƻƴ ƳƻǊŜ ǘƘŀƴ ƛŦ ǘƘŜȅ ƘŀŘ ǊŜƳŀƛƴŜŘ ǿƛǘƘ ǘƘŜƛǊ ǳǘƛƭƛǘȅ ŦƻǊ Ǝŀǎ ŀƴŘ ŜƭŜŎǘǊƛŎ ǎǳǇǇƭȅΦнупΣ нурΣ нус ¢ƘŜ bŜǿ ¸ƻǊƪ 
tǳōƭƛŎ {ŜǊǾƛŎŜ /ƻƳƳƛǎǎƛƻƴ ƛǎ ƴƻǿ ǊŜπŜȄǇƭƻǊƛƴƎ ƛǘǎ ǊƻƭŜ ƛƴ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ǇǊƻǘŜŎǘƛƴƎ ŎƻƴǎǳƳŜǊǎ ǿƘƻ 
ǇǳǊŎƘŀǎŜ ǇƻǿŜǊ ŦǊƻƳ ŀƭǘŜǊƴŀǘƛǾŜ ǇǊƻǾƛŘŜǊǎΦ   

¢ƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƳŀǊƪŜǘǎ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴ ŎƻƳǇŜǘƛǘƛƻƴ ŀƴŘ ǘƘŜ ƻŦŦŜǊƛƴƎ ƻŦ ƴŜǿ ǎŜǊǾƛŎŜ 
ƻǇǘƛƻƴǎ ǘƻ ŎǳǎǘƻƳŜǊǎτƭŀǊƎŜƭȅ ōȅ ƴƻƴπǳǘƛƭƛǘȅ ǇǊƻǾƛŘŜǊǎΦ 5ƻƛƴƎ ǎƻ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ƛƴƴƻǾŀǘƛƻƴΣ ōǳǘ ƛǘ Ƙŀǎ ŀƭǎƻ 
ƳŀŘŜ ǘƘŜ ǊƻƭŜ ƻŦ ŎǳǎǘƻƳŜǊ ǇǊƻǘŜŎǘƛƻƴ ƳƻǊŜ ŀƳōƛƎǳƻǳǎΣ ŎǊŜŀǘƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ŘŜǾŜƭƻǇ ƳŜŎƘŀƴƛǎƳǎ ǘƻ 
ƛƴŎǊŜŀǎŜ ǘǊŀƴǎǇŀǊŜƴŎȅΦ tŀǊǘ ƻŦ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ƴŜǿ ǘƻƻƭǎ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǘƘƛǊŘπǇŀǊǘȅ 
ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ŎǳǎǘƻƳŜǊǎτŦǊƻƳ ŦǊŀǳŘǳƭŜƴǘ ŎƭŀƛƳǎ ǘƻ ŦŀƛƭǳǊŜ ǘƻ ƳŜŜǘ ŎƻƴǘǊŀŎǘǳŀƭ ƻōƭƛƎŀǘƛƻƴǎΦ {ǘŀǘŜ 
t¦/ǎ Ƴŀȅ ǊŜǉǳƛǊŜ ƴŜǿ ǇƻǿŜǊǎ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜƛǊ ƘƛǎǘƻǊƛŎ ǊƻƭŜ ƻŦ ǇǊƻǘŜŎǘƛƴƎ ŎǳǎǘƻƳŜǊǎΦ 

2.6 Federal and State Jurisdictional Issues 

¢ƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǊŀƛǎŜ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǿƘƻ ǎƘƻǳƭŘ ǊŜƎǳƭŀǘŜ ƴŜǿ ǎŜǊǾƛŎŜǎ ŀƴŘ 
ƳŀǊƪŜǘ ŜƴǘǊŀƴǘǎ ŀƴŘ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ƭƻƴƎπŘƛǎǘŀƴŎŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀŎǊƻǎǎ ǎǘŀǘŜ ŀƴŘ w¢h ōƻǳƴŘŀǊƛŜǎΦ ¢ƘŜǊŜ ƛǎ 
ƛƴŎǊŜŀǎŜŘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǘŜƴǎƛƻƴǎ ōŜǘǿŜŜƴ ŜȄƛǎǘƛƴƎ ǊŜƎǳƭŀǘƻǊȅ ōƻŘƛŜǎ ŀǘ ǘƘŜ ǎǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ ƭŜǾŜƭǎΣ ŀƴŘ 
ǘƘŜ CŜŘŜǊŀƭ tƻǿŜǊ !ŎǘΩǎ όCt!Ωǎύ ōǊƛƎƘǘ ƭƛƴŜ ŘŜƭƛƴŜŀǘƛƴƎ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ƧǳǊƛǎŘƛŎǘƛƻƴ ŀǳǘƘƻǊƛǘƛŜǎ ƛǎ 
ƛƴŎǊŜŀǎƛƴƎƭȅ ōƭǳǊǊŜŘΦ /ŜǊǘŀƛƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ 5DΣ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ƭƻŀŘ ŎƻƴǘǊƻƭǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ 
ŘŜƳŀƴŘ ƳŀƴŀƎŜƳŜƴǘΣ ƳƛŎǊƻƎǊƛŘǎΣ ŀƴŘ ǎǘƻǊŀƎŜ ŀǊŜ ƴƻǘ ŀǎ ŎƭŜŀǊƭȅ ŘŜƭƛƴŜŀǘŜŘ ŀǎ ōŜƛƴƎ ǎƻƭŜƭȅ ǿƛǘƘƛƴ ǘƘŜ 
ǊŜŀƭƳ ƻŦ ǿƘƻƭŜǎŀƭŜ ƻǊ ǊŜǘŀƛƭ ƧǳǊƛǎŘƛŎǘƛƻƴΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ŀǘǘǊƛōǳǘŜǎ ǘƘŀƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜȄƛǎǘŜŘ ǿƘŜƴ ǘƘŜ Ct! ǿŀǎ ŜƴŀŎǘŜŘΣ ŀƴŘ ǘƘŜȅ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ǇǊƻǾƛŘƛƴƎ ƳǳƭǘƛǇƭŜ ǎŜǊǾƛŎŜǎ 
ŀŎǊƻǎǎ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ōƻǳƴŘŀǊƛŜǎΦ  

2.6.1 Distributed Generation 

hǾŜǊ ǘƘŜ Ǉŀǎǘ мр ȅŜŀǊǎΣ C9w/ Ƙŀǎ ƛǎǎǳŜŘ ŀ ǎŜǊƛŜǎ ƻŦ ƻǊŘŜǊǎ ƭŀǊƎŜƭȅ ŘƛǎŎƭŀƛƳƛƴƎ ƧǳǊƛǎŘƛŎǘƛƻƴ ŦǊƻƳ ǊŜǎƻǳǊŎŜǎ 
ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇǊƻƎǊŀƳǎΦ C9w/Ωǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ ƛǘǎ ƧǳǊƛǎŘƛŎǘƛƻƴ ŜǎǎŜƴǘƛŀƭƭȅ ŀƭƭƻǿ ǎǘŀǘŜ ƴŜǘ 
ƳŜǘŜǊƛƴƎ ǇǊƻƎǊŀƳǎ ǘƻ ŎƻƴǘƛƴǳŜ ǿƛǘƘƻǳǘ ǘǊƛƎƎŜǊƛƴƎ CŜŘŜǊŀƭ ǊŜƎǳƭŀǘƻǊȅ ŀǇǇƭƛŎŀōƛƭƛǘȅ ǘƘŀǘ ŎƻǳƭŘ ǎǘȅƳƛŜ ǎǘŀǘŜ 
ƛƴƛǘƛŀǘƛǾŜǎΦ ¢ƘŜǎŜ ŘŜŎƛǎƛƻƴǎ ǊŜǎǘ ƻƴ ŀ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǎǘǊǳŎǘ ǘƘŀǘ ŎƻƴǎǳƳŜǊǎ ǿƛǘƘ ƻƴǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜ 
άƻŦŦǎŜǘǘƛƴƎέ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǘƘǳǎ ƴƻǘ ŜƴƎŀƎŜŘ ƛƴ ƳŀƪƛƴƎ ǿƘƻƭŜǎŀƭŜ ǎŀƭŜǎ ǊŜƎǳƭŀǘŜŘ ǳƴŘŜǊ ǘƘŜ Ct!Φ  

¢ƘŜ ƻǾŜǊŀƭƭ ǎȅǎǘŜƳ ƛƳǇŀŎǘ ƻŦ 5D ƛǎ ŀƭǎƻ ƛƴŎǊŜŀǎƛƴƎ ŀǎ ƛǘǎ ŘŜǇƭƻȅƳŜƴǘ ŜȄǇŀƴŘǎΦ aƻǊŜ ƻŦǘŜƴΣ 5D ƛǎ ōŜƛƴƎ 
ŎƻƳōƛƴŜŘ ǿƛǘƘ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ƻƴǎƛǘŜ ǎǘƻǊŀƎŜΣ 5wΣ ŀƴŘ ŜƴƘŀƴŎŜŘ ǘŜŎƘƴƛŎŀƭ ŎƻƴǘǊƻƭǎΣ ŀƴŘ ƛǘ ƛǎ 
ōŜƛƴƎ ǳǎŜŘ ǘƻ ǎŜǊǾŜ ǿƘƻƭŜǎŀƭŜ ŎŀǇŀŎƛǘȅΣ ŜƴŜǊƎȅΣ ŀƴŘ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘǎ ǘƘǊƻǳƎƘ ŀƎƎǊŜƎŀǘƛƻƴΦ LŦ ǘƘŜ 
ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƻǊǎ ǇǊƻǾƛŘƛƴƎ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ǎǘƛƭƭ ŎƻƴƴŜŎǘŜŘ ŎƭƻǎŜ ǘƻ ƭƻŀŘ ŀƴŘ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀǘŜπ
ǊŜƎǳƭŀǘŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳΣ ǘƘŜƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ŀƴŘ ǊŜǘŀƛƭ ƳŀǊƪŜǘǎ ŀƴŘ CŜŘŜǊŀƭ 
ŀƴŘ ǎǘŀǘŜ ǊŜƎǳƭŀǘƻǊǎ ǿƛƭƭ ōŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀǾƻƛŘ ŀƴŘ ǊŜǎƻƭǾŜ ŎƻƴŦƭƛŎǘǎΦ  

hƴŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ 5D ƛǎ ŦƻǊ ƳƛŎǊƻƎǊƛŘǎΣ ǿƘƛŎƘ ǊŀƛǎŜǎ ƴŜǿ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƛǎǎǳŜǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ 
ŀ ǎƛƴƎƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻǾƛŘŜǊ ƛǎ ƎǊŀƴǘŜŘ ŀ ƳƻƴƻǇƻƭȅ ŦǊŀƴŎƘƛǎŜΣ ǊŜƎǳƭŀǘƛƻƴǎ Ƴŀȅ ǇǊƻƘƛōƛǘ ŀƴȅ ƻǘƘŜǊ Ŝƴǘƛǘȅ 
ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƴƎ ƴŜǿ ŜƭŜŎǘǊƛŎƛǘȅπǊŜƭŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǊ ǇǊƻǾƛŘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ŜƴŘ ǳǎŜǊǎΦнутΣ нуу hǘƘŜǊ 
ǊŜƎǳƭŀǘƻǊȅ ƛǎǎǳŜǎ Ƴŀȅ ŀǊƛǎŜ ƛƴ ǘƘŜ ŎŀǎŜ ǿƘŜǊŜ ŀ ƳƛŎǊƻƎǊƛŘ ƻǇŜǊŀǘƻǊ ǇǳǊŎƘŀǎŜǎ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ƻǿƴŜǊǎ ƻŦ 
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ŘƛǎǘǊƛōǳǘŜŘ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜƛǊ ǎȅǎǘŜƳ ŀƴŘ ǊŜǎŜƭƭǎ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƻǘƘŜǊ ǳǎŜǊǎ ǿƛǘƘƛƴ ǘƘŜ ƳƛŎǊƻƎǊƛŘΦ ¢ƘŜ 
Ct! ŎƻǳƭŘ ŎƻƴǎƛŘŜǊ ǎǳŎƘ ŀ ǘǊŀƴǎŀŎǘƛƻƴ ŀǎ ŀ ǎŀƭŜ ŦƻǊ ǊŜǎŀƭŜΣ ǿƘƛŎƘ CŜŘŜǊŀƭ ƭŀǿ ǇǊƻƘƛōƛǘǎΦнуф 5ŜǎǇƛǘŜ ƭƛƴƎŜǊƛƴƎ 
ǊŜƎǳƭŀǘƻǊȅ ŀƴŘ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǳƴŎŜǊǘŀƛƴǘƛŜǎΣ ǘƘŜ ƴǳƳōŜǊ ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƻŦ ƳƛŎǊƻƎǊƛŘǎ ŎƻƴǘƛƴǳŜǎ ǘƻ ƎǊƻǿΦнфл 

2.6.2 Demand Response 

Lƴ нллуΣнфм C9w/ ƛǎǎǳŜŘ hǊŘŜǊ bƻΦ тмф ǘƻΣ ŀƳƻƴƎ ƻǘƘŜǊ ƻōƧŜŎǘƛǾŜǎΣ ŜƴǎǳǊŜ ǘƘŜ ŎƻƳǇŀǊŀōƭŜ ǘǊŜŀǘƳŜƴǘ ƻŦ 
5w ƛǎ ǘƻ ƻǘƘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ƻǊƎŀƴƛȊŜŘ ƳŀǊƪŜǘǎ ŀƴŘ ǘƻ ǇŜǊƳƛǘ 5w ŀƎƎǊŜƎŀǘƻǊǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ƳŀǊƪŜǘǎ ƻƴ 
ōŜƘŀƭŦ ƻŦ ǊŜǘŀƛƭ ŎǳǎǘƻƳŜǊǎΦнфн IƻǿŜǾŜǊΣ ǎǘŀǘŜǎ Ŏŀƴ ƻǇǘ ƻǳǘ ƻŦ C9w/Ωǎ 5w ǇƻƭƛŎȅ ŀƴŘ ŦƻǊŜŎƭƻǎŜ 5w 
ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ƳŀǊƪŜǘǎΦ  

C9w/ ƛǎǎǳŜŘ C9w/ hǊŘŜǊ bƻΦ тпр ƛƴ нлммΣ ǊŜǉǳƛǊƛƴƎ ǘƘŀǘ 5w ǊŜǎƻǳǊŎŜǎ ǊŜŎŜƛǾŜ ŎƻƳǇŜƴǎŀǘƛƻƴ ŦƻǊ ǘƘŜ 
ǎŜǊǾƛŎŜǎ ǘƘŜȅ ǇǊƻǾƛŘŜ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ƳŀǊƪŜǘ ŀǘ ǘƘŜ ƭƻŎŀǘƛƻƴŀƭ ƳŀǊƪŜǘ ǇǊƛŎŜ ŦƻǊ ŜƴŜǊƎȅΦнфо C9w/ ŜȄǇŜǊƛŜƴŎŜŘ 
ǇǳǎƘōŀŎƪ ŦǊƻƳ ǳǘƛƭƛǘȅ ŀƴŘ ƎŜƴŜǊŀǘƻǊ ŎƻƳǇŜǘƛǘƻǊǎ ǘƻ 5wΣ ōǳǘ ǘƘŜ {ǳǇǊŜƳŜ /ƻǳǊǘ ǳƭǘƛƳŀǘŜƭȅ ǳǇƘŜƭŘ ǘƘŜ 
ƻǊŘŜǊ ƛƴ Elec. Power Supply Ass’n v. FERCΦ ¢ƘŜ /ƻǳǊǘ ŦƻǳƴŘ ǘƘŀǘ hǊŘŜǊ bƻΦ тпр ŘƛŘ ƴƻǘ ŘƛǊŜŎǘƭȅ ǊŜƎǳƭŀǘŜ 
ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ŀƴŘ ǘƘǳǎ ǿŀǎ ǿƛǘƘƛƴ C9w/Ωǎ ƧǳǊƛǎŘƛŎǘƛƻƴΦ ¢ƘŜ ŀōƛƭƛǘȅ ƻŦ ŜƴŘπǳǎŜ ŎǳǎǘƻƳŜǊǎ ǘƻ ƻŦŦŜǊ 5w 
ŎƻƳƳƛǘƳŜƴǘǎ ƛƴ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘΣ ŀƴŘ ǘƻ ōŜ ŎƻƳǇŜƴǎŀǘŜŘ ŦƻǊ ǘƘƻǎŜ ŎƻƳƳƛǘƳŜƴǘǎΣ ƛǎ ƳŀŘŜ ǇƻǎǎƛōƭŜ 
ōȅ ǘŜŎƘƴƻƭƻƎȅ ŎƘŀƴƎŜǎ ǘƘŀǘ ŀƭƭƻǿ ǘƘƻǎŜ ŎǳǎǘƻƳŜǊǎ ǘƻ ōŜ ŀƎƎǊŜƎŀǘŜŘΣ ƳƻƴƛǘƻǊŜŘΣ ŀƴŘ ƳŜǘŜǊŜŘΦ ¢ƘǳǎΣ ŜƴŘ 
ǳǎŜǊǎ όǘƻ ǿƘƻƳ ǎŀƭŜǎ ŀǊŜ ŎƭŜŀǊƭȅ ǿƛǘƘƛƴ ǎǘŀǘŜ ƧǳǊƛǎŘƛŎǘƛƻƴύ ǿŜǊŜ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ǿƘƻƭŜǎŀƭŜ ŜƴŜǊƎȅ ƳŀǊƪŜǘǎΣ 
ǎǳōƧŜŎǘ ǘƻ C9w/ ƻǾŜǊǎƛƎƘǘΣ ǇǊŜǎŜƴǘƛƴƎ ŀ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ǊŜƎǳƭŀǘƛƻƴ ǳƴŘŜǊ ǘƘŜ Ct! ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǇǊƻǾƛǎƛƻƴǎΦ 

2.6.3 Energy Storage 

9ƴŜǊƎȅ ǎǘƻǊŀƎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴŎƭǳŘŜ ŀƴȅ ŦŀŎƛƭƛǘȅ ǘƘŀǘ Ŏŀƴ ǊŜŎŜƛǾŜ ŜƭŜŎǘǊƛŎ ŜƴŜǊƎȅ ŦǊƻƳ ǘƘŜ ƎǊƛŘ ŀƴŘ ǎǘƻǊŜ ƛǘ 
ŦƻǊ ƭŀǘŜǊ ƛƴƧŜŎǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ōŀŎƪ ǘƻ ǘƘŜ ƎǊƛŘΦнфп ! ǾŀǊƛŜǘȅ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ Ŧƛǘ ƛƴǘƻ ǘƘŀǘ ŎŀǘŜƎƻǊȅ ƛƴŎƭǳŘƛƴƎ 
ōŀǘǘŜǊƛŜǎ όƎǊƛŘ ǎŎŀƭŜ ƻǊ ǘƘƻǎŜ ƛƴ 9±ǎύΣ ŦƭȅǿƘŜŜƭǎΣ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊΣ ŀƴŘ ǇǳƳǇŜŘ ƘȅŘǊƻΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ǾŀǊȅ ƛƴ ŎŀǇŀŎƛǘȅ ŀƴŘ Ƴŀȅ ōŜ ŎƻƴƴŜŎǘŜŘ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘΣ ŀ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳΣ ƻǊ ōŜƘƛƴŘπ
ŀπŎǳǎǘƻƳŜǊ ƳŜǘŜǊΦ 9ƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛǎ ǳƴƛǉǳŜ ōŜŎŀǳǎŜ ƛǘ Ŏŀƴ ǘŀƪŜ ŜƴŜǊƎȅ ƻǊ ǇƻǿŜǊ ŦǊƻƳ ǘƘŜ ƎǊƛŘΣ ŀŘŘ ŜƴŜǊƎȅ 
ƻǊ ǇƻǿŜǊ ǘƻ ǘƘŜ ƎǊƛŘΣ ŀƴŘ ǎǳǇǇƭȅ ŀ ǊŀƴƎŜ ƻŦ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ƻƴ ǎƘƻǊǘ όǎǳōπǎŜŎƻƴŘύ ŀƴŘ ƭƻƴƎŜǊ όƘƻǳǊǎύ ǘƛƳŜ 
ǎŎŀƭŜǎΦ Lƴ ŎŜǊǘŀƛƴ ŎŀǎŜǎΣ ŀ ǎƛƴƎƭŜ ǎǘƻǊŀƎŜ ǊŜǎƻǳǊŎŜ ƻǊ ŀƴ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ǎǘƻǊŀƎŜ ǊŜǎƻǳǊŎŜǎ Ŏŀƴ ǇǊƻǾƛŘŜ 
ƳǳƭǘƛǇƭŜ ǎŜǊǾƛŎŜǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ǎǳŎƘ ŀǎ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ƻǊ ƻǘƘŜǊ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎΣ ŘƛǎǇŀǘŎƘŀōƭŜ 
ƻǳǘǇǳǘ ŀƪƛƴ ǘƻ ƎŜƴŜǊŀǘƛƻƴΣ ƻǊ ŘƛǎǇŀǘŎƘŀōƭŜ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ǎƻƳŜǿƘŀǘ ƭƛƪŜ 5wΦ  

{ǘŀǘŜπƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ǊŜǘŀƛƭ ǊŀǘŜǎ ŦƻǊ ǎƻƳŜ ǳǘƛƭƛǘƛŜǎ ƛƴŎƭǳŘŜ ŘŜƳŀƴŘ ŎƘŀǊƎŜǎ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ 
ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎΦ .ŀǘǘŜǊȅ ǎǘƻǊŀƎŜ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜŎƻƳŜ ŀƴ ŜŎƻƴƻƳƛŎŀƭ ƳŜŀƴǎ ǘƻ ƳŀƴŀƎŜ ŎǳǎǘƻƳŜǊ 
ŘŜƳŀƴŘ ŎƘŀǊƎŜǎ ŀǎ ǎȅǎǘŜƳ ǇǊƛŎŜǎ ŘǊƻǇ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ŀ ŎƘŀƴƎƛƴƎ ǊŜǎƻǳǊŎŜ 
ƳƛȄΦнфр   

IƻǿŜǾŜǊΣ ŘŜǇƭƻȅƛƴƎ ǎǘƻǊŀƎŜ ǊŜǎƻǳǊŎŜǎ ǎƻƭŜƭȅ ǳǎƛƴƎ ǘƘŜ ŜȄƛǎǘƛƴƎ ǊŜƎǳƭŀǘƻǊȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ όǿƘƻƭŜǎŀƭŜ 
ŜƴŜǊƎȅ ŀƴŘ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘǎΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴύ Ŏŀƴ ƭƛƳƛǘ ǘƘŜ ŀǾŀƛƭŀōƭŜ άǳǎŜ ŎŀǎŜǎΦέ 
Lǘ Ŏŀƴ ŀƭǎƻ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎǘƻǊŀƎŜ ǊŜǎƻǳǊŎŜ Ŏŀƴ ǇǊƻǾƛŘŜ ŀƴŘ ǘƘŜ ǊŜǾŜƴǳŜ ǎƻǳǊŎŜǎ 
ǘƘŀǘ ƻǿƴŜǊǎ ƻǊ ƻǇŜǊŀǘƻǊǎ Ŏŀƴ ƻōǘŀƛƴΦ hƴŜ ǇŀǊǘƛŎǳƭŀǊ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇƭƛŎŀǘƛƻƴ ƛǎ ǘƘŀǘ ǎǘƻǊŀƎŜ Ƴŀȅ ōŜ ǎŜƭƭƛƴƎ 
ƳǳƭǘƛǇƭŜ ǎŜǊǾƛŎŜǎΣ ǎƻƳŜ ƻŦ ǿƘƛŎƘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ƳŀǊƪŜǘπōŀǎŜŘ ǇǊƛŎŜǎ ŀƴŘ ƻǘƘŜǊǎ ǘƘŀǘ ŀǊŜ ǎƻƭŘ ŀǘ ŎƻǎǘπōŀǎŜŘ 
ǊŀǘŜǎΦ ¢ƘŜ ŀōƛƭƛǘȅ ǘƻ άǎǘŀŎƪέ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎ ǘƻ ŀŎƘƛŜǾŜ ǎǳŦŦƛŎƛŜƴǘ ǊŜǾŜƴǳŜǎ Ƴŀȅ ǊŜǉǳƛǊŜ ŀŎǘƛƻƴ ŦǊƻƳ ōƻǘƘ 
C9w/ ŀƴŘ ǎǘŀǘŜ ǊŜƎǳƭŀǘƻǊǎΦнфс {ǘŀǘŜ ǊŜƎǳƭŀǘƻǊǎ ŀƴŘ C9w/ ǊŜŎƻƎƴƛȊŜ ǘƘŜǎŜ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǎǘǊǳŎǘǎΣ ŀƴŘ C9w/ 
ƛǎ ŎǳǊǊŜƴǘƭȅ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ōŀǊǊƛŜǊǎ ǘƻ Ŧǳƭƭ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƻŦ ǎǘƻǊŀƎŜ ƛƴ ƻǊƎŀƴƛȊŜŘ ƳŀǊƪŜǘǎΦ C9w/ ǊŜŎŜƴǘƭȅ 
ƛǎǎǳŜŘ ŀ ƴƻǘƛŎŜ ƻŦ ǇǊƻǇƻǎŜŘ ǊǳƭŜƳŀƪƛƴƎ ǘƻ ŀŘŘǊŜǎǎ ŜƭŜŎǘǊƛŎƛǘȅπǎǘƻǊŀƎŜ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ƳŀǊƪŜǘǎ ƻǇŜǊŀǘŜŘ 
ōȅ w¢hǎ ŀƴŘ L{hǎΦнфт 
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2.6.4 Potential Tools to Coordinate across Jurisdictions and Align 
Regulatory Approaches to Emerging Energy Technologies 

In many policy areas, FERC has tread softly where it might have a claim of jurisdiction but did not want to 
preempt state regulation; in these instances, it has chosen to exercise its jurisdiction in line with state 
policy goals. Several tools are at FERC’s disposal to deal with future potential jurisdiction challenges 
impacting new and emerging technologies and the integration of markets for those technologies.  

One way forward is through new frameworks that, for example, could establish rate-setting models that 
consider revenues from both state and Federal jurisdictions simultaneously. These models would allow 
resource owners to “stack” revenues from services they provide across state and Federal jurisdictions. It 
would also guard against the potential for over-recovery and unjust and unreasonable rates. In addition, 
FERC could explore including costs of additional technologies in rate design.  

While rarely used, FERC has authority to establish joint hearings that would permit FERC and the states to 
hear cases together, but without a joint decisional procedure.298 FERC can also delegate certain roles to 
“joint boards” made up of state commissioners (with no Federal representation).299 More generally, FERC 
and state commissions can collaborate on policy matters of common interest. 

Another possible approach is to redraw the line between Federal and state jurisdictions to better 
accommodate today’s regulatory needs. In particular, this redraw should reflect the broader regional 
nature of electricity markets and the ability of new and emerging technologies to provide service across 
both Federal and state jurisdictional lines.kk  

Another option would be to authorize jurisdictional agreements, which would permit a consensual 
resolution of potential conflicts between state agencies and FERC. Under this option, an amendment to 
the FPA would include provisions similar to those in several other Federal statutesll that would authorize 
FERC and state commissions to enter into agreements that rationalize their respective state and Federal 
regulatory jurisdiction. 

The recommendations based on the analysis in this chapter are covered in Chapter VII (A 21st-Century 
Electricity Sector: Conclusions and Recommendations). 

kk Note that amendments to the Federal Power Act intended to resolve jurisdictional uncertainty with respect to new 
technologies or circumstances will themselves be subject to interpretation over time and will have to be applied to ever-
changing fact patterns. 
ll See e.g., National Labor Relations Act of 1935, Pub. L. No. 74-198, §§ 10(a), 14(c), 49 Stat. 449, 453, 457 (codified as amended 
at 29 U.S.C. §§160(a), 164(c)); Atomic Energy Act of 1954, Pub. L. No. 83-703, § 244, 68 Stat. 919, 958-59 (codified as amended 
at 42 U.S.C. § 2021 (2005)); Clean Air Act § 111(c), Pub. L. No. 91-604, § 111(c), 84 Stat. 1676, 1684 (1970) (codified as amended 
at 42 U.S.C. § 7411(c) (1977)). 
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III Building a Clean Electricity 
Future 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ŜȄǇƭƻǊŜǎ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ŜƭŜƳŜƴǘǎ ƻŦ ŀ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ŀƴŘ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǇƻƭƛŎȅΣ ƳŀǊƪŜǘΣ 
ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴǎ ƴŜŜŘŜŘ ǘƻ ƛƳǇǊƻǾŜ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜΦ Lƴ ǎƘƻǊǘΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
Ƙŀǎ ƳŀŘŜ ǎǳōǎǘŀƴǘƛŀƭ ǇǊƻƎǊŜǎǎ ƛƴ ǊŜŘǳŎƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ōǳǘ ƳǳŎƘ 
ǿƻǊƪ ǊŜƳŀƛƴǎΦ ¢ƘŜ ŎƘŀǇǘŜǊ ŦƛǊǎǘ ŜȄǇƭƻǊŜǎ ǘƘŜ DID ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ŀƴŘ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ 
ƭƻǿπ ŀƴŘ ȊŜǊƻπŎŀǊōƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƴǳŎƭŜŀǊΣ ƴŀǘǳǊŀƭ ƎŀǎΣ ǎƻƭŀǊΣ ǿƛƴŘΣ ƘȅŘǊƻǇƻǿŜǊΣ ōƛƻƳŀǎǎΣ 
ŀƴŘ ƎŜƻǘƘŜǊƳŀƭ ǎƻǳǊŎŜǎΦ ¢ƘŜ ƴŜȄǘ ǎŜŎǘƛƻƴǎ ŘŜǘŀƛƭ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ŀƴŘ 
ƪŜȅ ƻǇǘƛƻƴǎ ŀƴŘ ŦŜŀǘǳǊŜǎΣ ǎǳŎƘ ŀǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΣ ƎǊƛŘ ŦƭŜȄƛōƛƭƛǘȅΣ ŀƴŘ ǎǘƻǊŀƎŜΦ ¢ƘŜ 
ŎƘŀǇǘŜǊ ƛƴŎƭǳŘŜǎ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ Ƙƻǿ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ƻŦ ǘŜŎƘƴƻƭƻƎȅΣ ƳŀǊƪŜǘǎΣ ŀƴŘ ǇƻƭƛŎȅ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ ŎƭŜŀƴŜǊ 
ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳΣ ŀƴŘ Ƙƻǿ ŀ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ Ŏŀƴ ǎǳǇǇƻǊǘ ŜŎƻƴƻƳȅπǿƛŘŜ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǘƘǊƻǳƎƘ 
ǘƘŜ ŦǳǊǘƘŜǊ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ƻǘƘŜǊ ŜƴŘπǳǎŜ ǎŜŎǘƻǊǎΦ 
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Key Findings for Building a Clean Electricity Future 
 Deep decarbonization of the electricity system is essential for meeting climate goals; this has multiple

economic benefits beyond those of environmental responsibility.

 The United States is the largest producer and consumer of environmental technologies. In 2015, the
U.S. environmental technology and services industry employed 1.6 million people, had revenues of
$320 billion, and exported $51 billion worth of goods and services.

 Though the U.S. population and economy have grown, between 1970 and 2014, aggregate emissions
of common air pollutants from the electric power sector dropped 74 percent, even as electricity
generation grew by 167 percent.

 U.S. carbon dioxide (CO2) emissions from the power sector have substantially declined. Between 2006
and 2014, 61 percent of the reductions in CO2 intensity were attributed to switching from coal- to gas-
fired power generation, and 39 percent were attributed to increases in zero-emissions generation.

 The increasing penetration of zero-carbon variable energy resources (VERs) and deployment of clean
distributed energy resources (DERs) (including energy efficiency) are critical components of a U.S.
decarbonization strategy.

 It is beneficial to a clean electricity system to have many options available, as many of the
characteristics of clean electricity technologies complement each other.

 Currently, 29 states and Washington, D.C., have a Renewable Portfolio Standard (RPS), and 23 states
have active and binding Energy Efficiency Resource Standards (EERSs) for electricity. States that have
actively created and implemented such electricity resource standards and other supporting regulatory
policies have seen the greatest growth in renewables and efficiency.

 The integration of variable renewables increases the need for system flexibility as the grid transitions
from controllable generation and variable load to more variable generation and the need and potential
for controllable load. There are a number of flexibility options such as demand response (DR), fast
ramping natural gas generation, and storage.

 Energy efficiency is a cost-effective component of a clean electricity sector. The average levelized cost
of saved electricity from energy efficiency programs in the United States is estimated at $46 per
megawatt-hour (MWh), versus the levelized cost of electricity (LCOE) for natural gas combined-cycle
(NGCC) generation, with its sensitivity to fuel prices, at $52 to $78/MWh.1

 Electricity will likely play a significant role in the decarbonization of other sectors of the U.S. economy
as electrification of transportation, heating, cooling, and industrial applications continues. In the context
of the Quadrennial Energy Review (QER), electrification includes both direct use of electricity in end
use applications as well as indirect use whereby electricity is used to make intermediate fuels such as
hydrogen.

 Realizing greenhouse gas (GHG) emissions reductions and other environmental improvements from
the electricity system to achieve national goals will require additional policies combined with
accelerating technology innovation.

 Improving understanding of the electricity system and its dynamics through enhancements in data,
modeling, and analysis is needed to provide information to help meet clean objectives most cost-
effectively.

 Decades of Federal, state, and industry innovation investments have significantly contributed to recent
cost reductions in renewable energy and energy efficiency technologies.

 Innovation in generation, distribution, efficiency, and demand response technologies is essential to a
low-carbon future. Innovation combined with supportive policies can provide the signal needed to
accelerate deployment of clean energy technologies, providing a policy pull to complement technology
push.
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 Nuclear power currently provides 60 percent of U.S. zero-carbon electricity, but existing nuclear 
merchant plants are having difficulty competing in restructured electricity markets due to low natural 
gas prices and flat or declining electricity demand. Since 2013, six nuclear power reactors have shut 
down earlier than their licensed lifetime, and elevena others have announced plans to close in the next 
decade. In 2016, two states, Illinois and New York, put policies in place to incentivize the continued 
operation of existing nuclear plants.  

 Enhanced oil recovery (EOR) operations in the United States are commercially demonstrated geologic 
storage, and could provide a market pull for the deployment of carbon capture, utilization, and storage 
(CCUS).  

 Federal laws currently limit the ability of regulated utilities to utilize Federal tax credits in the same 
manner as private and unregulated developers. Publicly owned clean energy projects cannot benefit 
from the clean energy tax credits because tax equity investors cannot partner directly with tax-exempt 
entities to monetize tax credits. 

 Low-income and minority communities are disproportionately exposed to air quality and water quality 
issues associated with electric power generation. Compared to the U.S. population overall, there is a 
greater concentration of minorities living within a three-mile radius of coal- and oil-fired power plants. 
In these same areas, the percentage of the population below the poverty line is also higher than the 
national average.  

 Some energy technologies that reduce GHG emissions, such as carbon capture, utilization, and 
storage (CCUS), concentrated solar power (CSP), and geothermal generation, have the potential to 
increase energy’s water intensity; others, such as wind and photovoltaic (PV) solar power, can lower it. 
Dry cooling can reduce water intensity but may increase overall GHG emissions by decreasing 
generation efficiency. Though there can be a strong link between energy and water efficiency in energy 
technologies, many research, development, demonstration, and deployment (RDD&D) funding criteria 
do not incorporate water use or water performance metrics. Designing technologies and optimizing 
operations for improved water performance can have both energy and water benefits. 

 There is currently no centralized permanent-disposal facility for used nuclear fuel in the United States, 
so this radioactive material is stored at reactor sites in 35 states awaiting development of consolidated 
storage facilities and/or geologic repositories. 

 Coal combustion residuals (CCRs), such as coal ash and scrubber slurry, are the second most 
abundant waste materials in the United States, after household waste. 

 There is a range of decommissioning needs for different types of power generation facilities.  

3.1 Building a Clean Electricity Future 

²ƘƛƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǘƘŜ ǿƻǊƪƘƻǊǎŜ ƻŦ ƻǳǊ ƳƻŘŜǊƴ ŜŎƻƴƻƳȅΣ ƛǘ ƛǎ ŀƭǎƻ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƳƻǊŜ ǘƘŀƴ ол ǇŜǊŎŜƴǘ 
ƻŦ ¦Φ{Φ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΦн wŜŘǳŎƛƴƎ DID ŜƳƛǎǎƛƻƴǎ ƛǎ ŀ ƪŜȅ ƛƳǇŜǊŀǘƛǾŜ ŦƻǊ ǘƘŜ ǇƻǿŜǊ 
ǎŜŎǘƻǊΦ ²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ 
ŀŘǾŜǊǎŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŦǊƻƳ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƻƴŜ ƻŦ ǘƘŜ ƳŀƧƻǊ 
¦Φ{Φ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳŎŎŜǎǎ ǎǘƻǊƛŜǎ ƻŦ ǘƘŜ нлǘƘ ŎŜƴǘǳǊȅΦ {ƛƴŎŜ мфтлΣ ŜƳƛǎǎƛƻƴǎ ƻŦ ŎƻƳƳƻƴ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ 
ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŜŎǘƻǊ ƘŀǾŜ ŘŜŎǊŜŀǎŜŘ ōȅ ƳƻǊŜ ǘƘŀƴ ƘŀƭŦΦо Lƴ ǘƘŜ ƴŜŀǊ ǘŜǊƳΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ό/hнύ 
ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ŦŜƭƭ ōȅ мл ǇŜǊŎŜƴǘ ŦǊƻƳ нллу ǘƻ нлмрΣ ǿƘƛƭŜ ǘƘŜ ŜŎƻƴƻƳȅ ƎǊŜǿ ōȅ ƳƻǊŜ 
ǘƘŀƴ мл ǇŜǊŎŜƴǘ ƻǾŜǊ ǘƘƛǎ ǎŀƳŜ ǇŜǊƛƻŘΦп ¢Ƙƛǎ ǎǳŎŎŜǎǎ ƛǎ ŜǾŜƴ ƳƻǊŜ ƴƻǘŀōƭŜ ōŜŎŀǳǎŜ ƛǘ ƻŎŎǳǊǊŜŘ ƛƴ 
ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǎƛƎƴƛŦƛŎŀƴǘΣ ǎǳǎǘŀƛƴŜŘ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ ! ǊŜŎŜƴǘ 
Ǉƻƭƭ ƴƻǘŜŘ ǘƘŀǘ “73% of voters support a national energy policy that ensures a secure supply of abundant, 
affordable, and available energy for the American people in an environmentally responsible manner.”р 

                                                           
ŀ bƻǘŜ ǘƘŀǘ ǎƛȄ ƻŦ ǘƘŜǎŜ ǊŜŀŎǘƻǊǎ όǘƘŜ bŜǿ ̧ ƻǊƪ ŀƴŘ Lƭƭƛƴƻƛǎ ǊŜŀŎǘƻǊǎύ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜƳŀƛƴ ƻǇŜƴ ǿƛǘƘ ǘƘŜ ǇŀǎǎŀƎŜ ƻŦ /ƭŜŀƴ 9ƴŜǊƎȅ 
{ǘŀƴŘŀǊŘǎ ό/9{ǎύ ƛƴ ǘƘƻǎŜ ǎǘŀǘŜǎΦ 
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¢ƘŜ ǾƛŜǿǎ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ƛƴ ǘƘƛǎ Ǉƻƭƭ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ !ƳŜǊƛŎŀƴ ǇŜƻǇƭŜ Řƻ ƴƻǘ ǾƛŜǿ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŀƴŘ ƻǘƘŜǊ Ǝƻŀƭǎ ǘƻ ōŜ ƛƴ ŎƻƴŦƭƛŎǘΤ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ōŜŜƴ ŀōƭŜ ǘƻ ƳŀƴŀƎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
Ǉƻƭƭǳǘƛƻƴ ǿƘƛƭŜ ŀƭǎƻ ƳŀƛƴǘŀƛƴƛƴƎ ŜƭŜŎǘǊƛŎ ǊŜƭƛŀōƛƭƛǘȅΣ ƎǊƻǿƛƴƎ ǘƘŜ ŜŎƻƴƻƳȅΣ ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ Ƴƛƭƭƛƻƴǎ ƻŦ ƧƻōǎΦ 

9ƴŀōƭƛƴƎ ŀ ŎƭŜŀƴΣ ŦƭŜȄƛōƭŜΣ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǿƛƭƭ ǊŜǉǳƛǊŜ Ŏƻƴǘƛƴǳƻǳǎ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴǎ ŀƴŘ ƛƳǇǊƻǾŜŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ŀǾŜƴǳŜǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōȅ ōǳƛƭŘƛƴƎ ƻƴ Ǉŀǎǘ ǎǳŎŎŜǎǎŜǎΦ ! ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘƛƻƴ ǎȅǎǘŜƳ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎΣ 
ƴŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇƻƭƛŎȅΣ ƛƴƴƻǾŀǘƛǾŜ ǎǘŀǘŜ ǇƻƭƛŎȅΣ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ƳŜŎƘŀƴƛǎƳǎΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ ŀǊŜ 
ǎǳǇǇƻǊǘŜŘ ōȅ ŘŜǘŀƛƭŜŘ ƳƻŘŜƭƛƴƎ ƻŦ ǎŎŜƴŀǊƛƻǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ ǿƘƛŎƘ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ǊƻƭŜ ƻŦ 
ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ŜŦŦŜŎǘƛǾŜ ǇƻƭƛŎȅ ƛƴ ƛƳǇǊƻǾƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ ŎƘŀǇǘŜǊ ŀƭǎƻ ŜȄŀƳƛƴŜǎ 
ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŦǳǊǘƘŜǊ ǊŜŘǳŎƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƻƴ ŀƛǊ ŀƴŘ ǿŀǘŜǊΣ ŀǎ ǿŜƭƭ ŀǎ 
ƳƛǘƛƎŀǘƛƴƎ ǊŜƭŜǾŀƴǘ ƭŀƴŘ ǳǎŜ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƧǳǎǘƛŎŜ ƛǎǎǳŜǎ ŀŦŦŜŎǘƛƴƎ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎΦ 

¢ƘŜǊŜ ŀǊŜΣ ƘƻǿŜǾŜǊΣ ƻƴƎƻƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ ǘƘŀǘ ƳŜǊƛǘ 
ǎǳǎǘŀƛƴŜŘ ǇƻƭƛŎȅ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŦƻŎǳǎ ŀƴŘ ǎǳǇǇƻǊǘΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΤ ǿŀǘŜǊ ǳǎŜ ŦƻǊ ǇƻǿŜǊ 
ƎŜƴŜǊŀǘƛƻƴΤ ƭŀƴŘ ǳǎŜ ƛƳǇŀŎǘǎ ƻŦ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΤ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƧǳǎǘƛŎŜ 
ƛǎǎǳŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅΤ ŀƴŘ ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ŀǎǎŜǘǎΦ ¢ƻŘŀȅΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ 
ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ōǳƛƭŘ ƻƴ ƛǘǎ ǎǳōǎǘŀƴǘƛŀƭ ŜȄǇŜǊƛŜƴŎŜ ƻŦ Ƨƻƛƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ǎǳŎŎŜǎǎ ǘƻ 
ŀŘŘǊŜǎǎ ǘƘŜ ŎŜƴǘǊŀƭ ŎƘŀƭƭŜƴƎŜ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳƛǘƛƎŀǘƛƻƴΣ ŀƭƻƴƎ ǿƛǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴΦ  

3.2 CO2 Emissions and the Electricity System 

¢ƘŜ ƎǊƻǿǘƘ ƛƴ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ ǎƭƻǿŜŘ ŦǊƻƳ фΦу ǇŜǊŎŜƴǘ ǇŜǊ ȅŜŀǊ ƛƴ ǘƘŜ мфрлǎ 
ǘƻ лΦр ǇŜǊŎŜƴǘ ǇŜǊ year over the past decade, due in part to “slowing population growth, market saturation
ƻŦ ƳŀƧƻǊ ŜƭŜŎǘǊƛŎƛǘȅπǳǎƛƴƎ ŀǇǇƭƛŀƴŎŜǎΣ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŀǇǇƭƛŀƴŎŜǎΣ ŀƴŘ ŀ ǎƘƛŦǘ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅ 
ǘƻǿŀǊŘ ŀ ƭŀǊƎŜǊ ǎƘŀǊŜ ƻŦ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ƭŜǎǎ ŜƴŜǊƎȅπƛƴǘŜƴǎƛǾŜ industries.”сΣ т Lƴ нлмпΣ ŜƭŜŎǘǊƛŎƛǘȅ ŀŎŎƻǳƴǘŜŘ 
ŦƻǊ оф ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦō ¢ƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊǎ ŜŀŎƘ 
ŎƻƴǎǳƳŜŘ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ ǎƘŀǊŜ ƻŦ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ—от ǇŜǊŎŜƴǘ ŀƴŘ ос ǇŜǊŎŜƴǘΣ ǊŜǎǇŜŎǘƛǾŜƭȅ—ǿƛǘƘ ǘƘŜ 
ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ нс ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ 9ƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 
ǎŜŎǘƻǊ ǿŀǎ ƳƛƴƛƳŀƭΣ ŎƻƴǎǘƛǘǳǘƛƴƎ ƭŜǎǎ ǘƘŀƴ м ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴΦу 9ƭŜŎǘǊƛŎƛǘȅ ǳǎŜ 
ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƎǊƻǿ ǎƭƻǿƭȅΣ ŀƴŘ ƛǘǎ ǎƘŀǊŜ ƻŦ ǘƻǘŀƭ ŘŜƭƛǾŜǊŜŘ ¦Φ{Φ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ 
ƛƴŎǊŜŀǎŜ ƻƴƭȅ ǎƭƛƎƘǘƭȅ ōȅ нлплΦŎΣ ŘΣ ф  

9ƭŜŎǘǊƛŎ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜǎ ƻŦ /hн ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦмл hǾŜǊ фф 
ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ DID ŜƳƛǎǎƛƻƴǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎƻƳōǳǎǘƛƻƴ ƻŦ Ŧƻǎǎƛƭ 
ŦǳŜƭǎ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΦ Lƴ нлмпΣ /hн ŦǊƻƳ Ŏƻŀƭ ŎƻƳōǳǎǘƛƻƴ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƻǾŜǊ ǘƘǊŜŜπǉǳŀǊǘŜǊǎ ƻŦ ¦Φ{Φ 
ǇƻǿŜǊπǎŜŎǘƻǊ DID ŜƳƛǎǎƛƻƴǎΣ ǿƘƛƭŜ /hн ŦǊƻƳ ǘƘŜ ŎƻƳōǳǎǘƛƻƴ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƴǘǊƛōǳǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 
нм ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ ǇƻǿŜǊπǎŜŎǘƻǊ DID ŜƳƛǎǎƛƻƴǎΦммΣ мн ¢ƘŜ ŜƳƛǎǎƛƻƴ rate—ǘƘŜ ŀƳƻǳƴǘ ƻŦ /hн ŜƳƛǘǘŜŘ ǇŜǊ 
ǳƴƛǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ—ƛǎ ŀ ƪŜȅ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ǾŀǊƛŜǎ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōȅ ŦǳŜƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅΦ ¢ƘŜ ŎǳǊǊŜƴǘΣ ŀǾŜǊŀƎŜ ŜƳƛǎǎƛƻƴ ǊŀǘŜ ƻŦ bD// Ǉƭŀƴǘǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ 

                                                           
ō оуΦп ǉǳŀŘǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ оΣфлл ǘŜǊŀǿŀǘǘƘƻǳǊǎ ό¢²Ƙύ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΦ ¢ƻǘŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ нлмп ǿŀǎ фуΦо ǉǳŀŘǎΦ   
Ŏ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9t{! .ŀǎŜ /ŀǎŜΣ ǿƘƛŎƘ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀƭƭ ŜȄƛǎǘƛƴƎ ¦Φ{Φ ǇƻƭƛŎƛŜǎ ōǳǘ ŀǎǎǳƳŜǎ ƴƻ ƴŜǿ ǇƻƭƛŎƛŜǎΣ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ƛǎ 
ǇǊƻƧŜŎǘŜŘ ǘƻ ƎǊƻǿ ŀǘ ŀƴ ŀƴƴǳŀƭ ǊŀǘŜ ƻŦ лΦср ǇŜǊŎŜƴǘ ōŜǘǿŜŜƴ нлмп ŀƴŘ нлплΦ Lƴ ǘŜǊƳǎ ƻŦ ŘŜƭƛǾŜǊŜŘ ŜƴŜǊƎȅΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘor’s
ǎƘŀǊŜ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ŦǊƻƳ му ǇŜǊŎŜƴǘ ƛƴ нлмп ǘƻ мф ǇŜǊŎŜƴǘ ƛƴ нлплΣ ŀƴŘ ƻǾŜǊŀƭƭ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ 
ƛƴŎǊŜŀǎŜ ŦǊƻƳ мнΦтс ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мр ǉǳŀŘǊƛƭƭƛƻƴ .ǊƛǘƛǎƘ ǘƘŜǊƳŀƭ ǳƴƛǘǎ όǉǳŀŘǎύΦ  
Ř Lƴ ǘŜǊƳǎ ƻŦ ǘƻǘŀƭ ǇǊƛƳŀǊȅ όƻǊ ǎƻǳǊŎŜύ ŜƴŜǊƎȅΣ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻr’s share is projected to increase from 13 percent in 2014 to 14 
ǇŜǊŎŜƴǘ ƛƴ нлплΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9t{! .ŀǎŜ /ŀǎŜΣ ǿƘƛŎƘ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀƭƭ ŜȄƛǎǘƛƴƎ ¦Φ{Φ ǇƻƭƛŎƛŜǎ ōǳǘ ŀǎǎǳƳŜǎ ƴƻ ƴŜǿ ǇƻƭƛŎƛŜǎΦ 
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{ǘŀǘŜǎ ƛǎ сл ǇŜǊŎŜƴǘ ƭŜǎǎ ǘƘŀƴ ǘƘŀǘ ƻŦ ŀǾŜǊŀƎŜ ŎƻŀƭπŦƛǊŜŘ ǇƭŀƴǘǎΦмоΣмп bǳŎƭŜŀǊ ǇƻǿŜǊ ŀƴŘ ǊŜƴŜǿŀōƭŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƘŀǾŜ ƴƻ ŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΦ  

9ƭŜŎǘǊƛŎ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ǎŜǊǾƛŎŜ ǘƻ ŜƴŘπǳǎŜ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎΦ ²ƘŜƴ ŀǘǘǊƛōǳǘƛƴƎ ŎǳǊǊŜƴǘ ¦Φ{Φ 
ǇƻǿŜǊπǎŜŎǘƻǊ DID ŜƳƛǎǎƛƻƴǎ ǘƻ ŜƴŘπǳǎŜ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎΣ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 
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3.2.1 Decarbonization of the Electricity System 
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ƎŜƴŜǊŀǘƛƻƴ ŦŜƭƭ ǘƻ нлΦф ǇŜǊŎŜƴǘ ōŜƭƻǿ нллр ƭŜǾŜƭǎ ƛƴ нлмрΦмс  

Figure 3-1. Trend Lines in Emissions Drivers, 2005–201517, 18, 19 

 
The population growth, per capita gross domestic product (GDP), and electricity intensity of the economy 
all factor into total U.S. electricity demand. While growth in population and per capita GDP has placed 
upward pressure on power-sector demand, this growth has been partially offset by a decline in the electricity 
intensity of the economy.  
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Figure 3-2. U.S. Energy-Related CO2 Emissions, 2005–2015 (top), and Change in U.S. Energy-
Related CO2 Emissions by Sector, 2005–2015 (bottom) 21, 22 

 
After increasing in 2013 and in 2014, energy-related CO2 emissions fell in 2015. In 2015, U.S. energy-
related CO2 emissions were 12 percent below the 2005 levels, mostly because of changes in the electric 
power sector.  
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ǘǊŀƴǎƳƛǎǎƛƻƴ ǘƘǊƻǳƎƘ C9w/ hǊŘŜǊ bƻǎΦ уфл ŀƴŘ млллΦ hǊŘŜǊ bƻΦ уфл όнллтύ ǊŜǉǳƛǊŜŘ ǘƘŀǘ ǘǊŀƴǎƳƛǎǎƛƻƴ 
ǇƭŀƴƴƛƴƎ ōŜ ƻǇŜƴ ǘƻ ǎǘŀƪŜƘƻƭŘŜǊǎΦ hǊŘŜǊ bƻΦ мллл όнлммύ ŀŘŘŜŘ ƛƴǘŜǊǊŜƎƛƻƴŀƭ ŎƻƻǊŘƛƴŀǘƛƻƴΣ ŎƻƳǇŜǘƛǘƛƻƴ 
ŀƳƻƴƎ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǿƴŜǊǎΣ ŀƴŘ Ŏƻǎǘ ŀƭƭƻŎŀǘƛƻƴ ǊŜŦƻǊƳΦ hǊŘŜǊ bƻΦ мллл ŀƭǎƻ ŜƴŀōƭŜǎ ǘǊŀƴǎƳƛǎǎƛƻƴ 
ǇǊƻƧŜŎǘǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǇǳōƭƛŎ ǇƻƭƛŎȅ ƎƻŀƭǎΣ ǎǳŎƘ ŀǎ ƳƻǾƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŦǊƻƳ Řƛǎǘŀƴǘ ǎƻǳǊŎŜǎ ǘƻ ƭƻŀŘ 
ŎŜƴǘŜǊǎΣ ǘƻ ōŜ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘ ƛƴŎƻƳŜ ǘƘŀǘ ƛǎ ǎǳōƧŜŎǘ ǘƻ C9w/ ǊŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘȅΦ  

9ǉǳƛǘŀōƭŜ Ŏƻǎǘ ŀƭƭƻŎŀǘƛƻƴ ŀƳƻƴƎ ŎǳǎǘƻƳŜǊ ōŜƴŜŦƛŎƛŀǊƛŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ƭŀǊƎŜǊ ŀƴŘ ƛƴǘŜǊǊŜƎƛƻƴŀƭ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎΣ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƭƭŜƴƎŜ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ C9w/ hǊŘŜǊ bƻΦ мллл 
ǊŜƎƛƻƴŀƭ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎΦ 5ƛŦŦŜǊƛƴƎ ǊŜƎƛƻƴŀƭ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƳŜŜǘƛƴƎ C9w/ hǊŘŜǊ bƻΦ мллл ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ 
пŎƻǎǘ ŀƭƭƻŎŀǘƛƻƴ—particularly the definition of “beneficiary”—ƘŀǾŜ ƳŀŘŜ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ hǊŘŜǊ 
bƻΦ мллл ŎƻƳǇƭŜȄΦ ¢ƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ C9w/ hǊŘŜǊ bƻΦ мллл ǊŜƎƛƻƴŀƭ Ŏƻǎǘ ŀƭƭƻŎŀǘƛƻƴ ǇǊƛƴŎƛǇƭŜǎ ƛǎ 
ǊŜƭŀǘƛǾŜƭȅ ƴŜǿΣ ǎƻ ƛǘ ƛǎ ƘŀǊŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǘƻ ŘŀǘŜ ƛƴ ŀŎƘƛŜǾƛƴƎ ǇǳōƭƛŎ ǇƻƭƛŎȅ 
ƎƻŀƭǎΦ DƻƛƴƎ ŦƻǊǿŀǊŘΣ ƳƻǊŜ ǎȅǎǘŜƳŀǘƛŎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ǎȅǎǘŜƳŀǘƛŎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǿƛƭƭ ōŜ 
ƴŜŜŘŜŘ ǘƻ ŀǎǎŜǎǎ ǿƘŜǘƘŜǊ hǊŘŜǊ bƻǎΦ уфл ŀƴŘ мллл ŀǊŜ ŀŎƘƛŜǾƛƴƎ ǘƘŜƛǊ ƎƻŀƭǎΦ 

3.2.2 Low and Zero-Carbon Power Generation 

! ŎƻƴǎƛǎǘŜƴǘ ǘƘŜƳŜ ŦǊƻƳ ŀ Ǿŀǎǘ ōƻŘȅ ƻŦ ŎƭƛƳŀǘŜ ǎŎƛŜƴŎŜ ǊŜǎŜŀǊŎƘ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŘŜŜǇŜǊ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƛǎ 
ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ǎǳŦŦƛŎƛŜƴǘƭȅ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ Ƴƻǎǘ ǎŜǊƛƻǳǎ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦнр ¢Ƙƛǎ 
ǿƛƭƭ ǊŜǉǳƛǊŜΣ ƛƴ ǇŀǊǘΣ ŀƴ ŜƴƘŀƴŎŜŘ ǇƻǊǘŦƻƭƛƻ ƻŦ ƭƻǿŜǊπ ŀƴŘ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ 
ǊŜƴŜǿŀōƭŜǎΣ ƴǳŎƭŜŀǊ ǇƻǿŜǊΣ ŀƴŘ Ŧƻǎǎƛƭ ƎŜƴŜǊŀǘƛƻƴ ǿƛǘƘ ŎŀǊōƻƴ ŎŀǇǘǳǊŜΣ ǳǘƛƭƛȊŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ό//¦{ύΦ 

¢ƘŜ ƴŀǘƛƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ Ƙŀǎ ŎƘŀƴƎŜŘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŦŜǿ ŘŜŎŀŘŜǎ ό¢ŀōƭŜ оπмύΣ ŀƴŘ 
ŀŘŘƛǘƛƻƴŀƭ ŎƘŀƴƎŜǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ŦƻǊ нлплΦ Lƴ нллрΣ ǘƘŜ ǘƻǇ ǎƛȄ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ƛƴ ŘŜǎŎŜƴŘƛƴƎ ƻǊŘŜǊ 
ǿŜǊŜ ŎƻŀƭΣ ƴǳŎƭŜŀǊΣ ƎŀǎΣ ƘȅŘǊƻΣ ǇŜǘǊƻƭŜǳƳΣ ŀƴŘ ƴƻƴπƘȅŘǊƻ ǊŜƴŜǿŀōƭŜǎΦ bŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƴƻƴπƘȅŘǊƻ 
ǊŜƴŜǿŀōƭŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊΣ ƘŀǾŜ ōŜŎƻƳŜ ƳǳŎƘ ƳƻǊŜ ǇǊƻƳƛƴŜƴǘ ƛƴ ǘƘŜ ŦǳŜƭ ƳƛȄΣ ƭŀǊƎŜƭȅ ŘǳŜ ǘƻ 
ƭƻǿπŎƻǎǘΣ ŀōǳƴŘŀƴǘ ƴŀǘǳǊŀƭ Ǝŀǎ ǎǳǇǇƭƛŜǎΣ ƭƻǿŜǊ Ŏƻǎǘ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀƴŘ ŀ ǊŀƴƎŜ 
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ƻŦ ŦŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ ŎƭŜŀƴ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 
/ƻƳǇŀǊƛƴƎ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŀǎ ǘƘŜ Ŏƻǎǘǎ 
ƻŦ Ƴŀƴȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŦǳŜƭǎ ǾŀǊȅ ŘǳŜ ǘƻ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ƻŦ ƛƴƴƻǾŀǘƛƻƴΣ ǇƻƭƛŎȅΣ ƳŀǊƪŜǘǎΣ ŀƴŘ ŦǳǘǳǊŜ 
ǳƴŎŜǊǘŀƛƴǘȅΦ hƴŜ ŎƻƳƳƻƴ ŀǇǇǊƻŀŎƘ ƛǎ ǘƻ ŎƻƳǇŀǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳǎƛƴƎ ǘƘŜ [/h9Φнс ¢ƘŜǊŜ ŀǊŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ 
ǳǎƛƴƎ [/h9Σ ǇŀǊǘƛŎǳƭŀǊƭȅ ŦƻǊ ŎŀǇƛǘŀƭπƛƴǘŜƴǎƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀǎ ǘƘƛǎ ƳŜǘǊƛŎ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ŀǎǎǳƳǇǘƛƻƴǎ ŀōƻǳǘ 
ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǇƛǘŀƭΣ ŀƳƻƴƎ ƻǘƘŜǊ ŦŀŎǘƻǊǎΦŦ 

Table 3-1. Change in Generation from Major Fuel Type, 2009–201427 

 Coal Natural Gas Nuclear 
Non-Hydro 
Renewable 

Total 

 
Absolute 
Change 
(TWh) 

Percent 

Change 

Absolute 

Change 
(TWh) 

Percent 

Change 

Absolute 

Change 
(TWh) 

Percent 

Change 

Absolute 

Change 
(TWh) 

Percent 

Change 

Absolute 

Change 
(TWh) 

Percent 

Change 

U.S. -171.3 -10 204.6 22 -1.7 0 130.8 85 132.0 3 

WECC -13.8 -6 -4.3 -2 -10.3 -15 43.4 92 11.9 2 

SERC -53.9 -11 94.8 51 3.8 1 12.7 52 49.8 5 

RFC -83.0 -15 65.1 85 12.1 5 17.5 102 13.5 1 

NPCC -17.4 -62 11.8 12 0.2 0 14.5 148 -6.4 -2 

SPP -0.8 -1 -5.7 -10 -0.2 -2 4.0 29 3.4 2 

MRO -9.6 -6 2.7 31 -3.9 -11 19.2 105 12.2 6 

FRCC -4.1 -7 30.6 29 -1.2 -4 0.0 -1 9.7 4 

TRE 11.4 10 9.7 6 -2.2 -5 19.4 105 37.8 12 

Alaska -0.1 -11 -0.3 -8 0.0 0 0.2 1,484 -0.7 -10 

Hawaii 0.0 1 0.0 0 0.0 0 0.5 74 -1.3 -12 

In recent years, the electricity generation mix in the western United States has shifted from fossil fuels and 
nuclear power to non-hydro renewables. In the eastern part of the United States, generation has shifted 
primarily from coal to natural gas. Texas has seen a growth in generation from both coal and non-hydro 
renewables. Acronyms: terawatt-hours (TWh), Western Electricity Coordinating Council (WECC), SERC 
Reliability Corporation (SERC), Reliability First Corporation (RFC), Northeast Power Coordinating Council 
(NPCC), Southwest Power Pool (SPP), Midwest Reliability Organization (MRO), Florida Reliability 
Coordinating Council (FRCC), Texas Reliability Entity (TRE). 

Lƴ ǘƘŜ Ǉŀǎǘ мл ȅŜŀǊǎΣ ǘƘŜ ǎƘŀǊŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ ƭƻǿπ ŀƴŘ ȊŜǊƻπŎŀǊōƻƴπŜƳƛǘǘƛƴƎ ŜƴŜǊƎȅ 
ǘŜŎƘƴƻƭƻƎƛŜǎ Ƙŀǎ ōŜŜƴ ƎǊƻǿƛƴƎΦ ½ŜǊƻπŜƳƛǘǘƛƴƎ ǎƻǳǊŎŜǎ ŀŎŎƻǳƴǘ ŦƻǊ ооΦп ǇŜǊŎŜƴǘ ƻŦ ǇƻǿŜǊπǎŜŎǘƻǊ 
ƎŜƴŜǊŀǘƛƻƴΦ Lƴ нлмрΣ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ŀōƻǳǘ нл ǇŜǊŎŜƴǘ ƻŦ ǇƻǿŜǊπǎŜŎǘƻǊ ŜƭŜŎǘǊƛŎƛǘȅΣ ŦƻƭƭƻǿŜŘ 
ōȅ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘȅŘǊƻǇƻǿŜǊ ŀǘ с ǇŜǊŎŜƴǘΣ ŀƴŘ ƻǘƘŜǊ ǊŜƴŜǿŀōƭŜ ŦƻǊƳǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ŎƻƳōƛƴŜŘ—ƛƴŎƭǳŘƛƴƎ 
ǿƛƴŘΣ ǎƻƭŀǊΣ ƎŜƻǘƘŜǊƳŀƭΣ ŀƴŘ ōƛƻƳŀǎǎ—ŀǘ ŀǊƻǳƴŘ т ǇŜǊŎŜƴǘΦну IƻǿŜǾŜǊΣ ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ ƴǳŎƭŜŀǊ ŀƴŘ 
ƘȅŘǊƻǇƻǿŜǊ Ƙŀǎ ōŜŜƴ ǊŜƭŀǘƛǾŜƭȅ ŦƭŀǘΦ aƻǎǘ ƻŦ ǘƘŜ ƎǊƻǿǘƘ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ ȊŜǊƻπŜƳƛǘǘƛƴƎ 
ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎƛƴŎŜ нллр ƛǎ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ǇƻǿŜǊΦнф //¦{ ƛǎ ŀ 
ǇƻǘŜƴǘƛŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǘŜŎƘƴƻƭƻƎȅ ƻǇǘƛƻƴ ǘƻ ŜƴŀōƭŜ ǾŜǊȅπƭƻǿπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŀƴŘ 
ōƛƻƳŀǎǎΦ  

                                                           
Ŧ CƻǊ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ [/h9Σ ǎŜŜ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΣ Levelized Cost and Levelized Avoided 
Cost of New Generation Resources in the Annual Energy Outlook 2016 ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9L!Σ нлмсύΣ мΣ 
ƘǘǘǇΥκκǿǿǿΦŜƛŀΦƎƻǾκƻǳǘƭƻƻƪǎκŀŜƻκǇŘŦκŜƭŜŎǘǊƛŎƛǘȅψƎŜƴŜǊŀǘƛƻƴΦǇŘŦΦ 

http://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
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3.2.2.1 Wind and Solar: Zero-Carbon Variable Energy Resources 

/ǳƳǳƭŀǘƛǾŜ ǿƛƴŘ ŎŀǇŀŎƛǘȅ Ƙŀǎ ƎǊƻǿƴ ŦǊƻƳ нр ƎƛƎŀǿŀǘǘǎ όD²ύ ƛƴ нллу ǘƻ тпΦп D² ƛƴ нлмрΦол Lƴ нлмрΣ ǿƛƴŘ 
ŀŎŎƻǳƴǘŜŘ ŦƻǊ пм ǇŜǊŎŜƴǘ ƻŦ ƴŜǿ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ ǇǊƻǾƛŘŜŘ пΦт 
ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΦомΣ онΣ оо {ƛƳƛƭŀǊƭȅΣ ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ Ƙŀǎ ƎǊƻǿƴ 
ŦǊƻƳ ƭŜǎǎ ǘƘŀƴ лΦм D² ƛƴ нллу ǘƻ ммΦф D² ƛƴ нлмрΣ ŀ ŦŀŎǘƻǊ ƻŦ ƻǾŜǊ мсуΦоп ¢ƘŜǊŜ ŀǊŜ ƴƻǿ ƻǾŜǊ м Ƴƛƭƭƛƻƴ 
ƛƴǎǘŀƭƭŜŘ t± ǎȅǎǘŜƳǎ ŀŎǊƻǎǎ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦорΣ ос 9L! ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƻǘŀƭ ¦Φ{Φ ǎƻƭŀǊ ƴŜǘ ƎŜƴŜǊŀǘƛƻƴ όt± 
ŀƴŘ ǘƘŜǊƳŀƭύ ǿŀǎ пΦт Ƴƛƭƭƛƻƴ ƳŜƎŀǿŀǘǘƘƻǳǊǎ ƛƴ hŎǘƻōŜǊ нлмсΣ ǿƛǘƘ ооΦфп҈ ƻŦ ǘƘŀǘ ǘƻǘŀƭ ŎƻƳƛƴƎ ŦǊƻƳ 
ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t±Φот 

Figure 3-3. Utility-Scale PV Installed Capacity, Top 10 States, as of August 2016 (in MWAC)38 

 
Utility-scale PV installed capacity is distributed unevenly across the United States. California comprises 
almost half of the installed utility-scale PV capacity in the country, followed by North Carolina, and the 
Southwest of the United States with Arizona, Nevada, and Utah. MWAC denotes alternating-current 
megawatts.  

¢ƘŜ ǇǊƛŎŜ ƻŦ ƛƴǎǘŀƭƭŜŘ ǊŜǎƛŘŜƴǘƛŀƭπ ŀƴŘ ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ t± ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ Ŧŀƭƭ ōŜƭƻǿ Ϸн ǇŜǊ ²5/ όŘƛǊŜŎǘ 
ŎǳǊǊŜƴǘ ǿŀǘǘŀƎŜύ ŀƴŘ ϷмΦмрκ²5/Σ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ƛƴ ǘƘŜ ƴŜȄǘ мл ȅŜŀǊǎΦ {ƻƭŀǊ t± ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƛǎ 
ǇǊƻƧŜŎǘŜŘ ǘƻ ƎǊƻǿ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ мт ŦǊƻƳ нлмр ǘƻ нлпл ŀƴŘ ǊŜŀŎƘ ŀƴ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻŦ ƻǾŜǊ млл D²Φоф 
The Department of Energy’s (DOE’sύ {ǳƴ{Ƙƻǘ ǇǊƻƎǊŀƳ Ƙŀǎ ŀ Ǝƻŀƭ ƻŦ ŀŎƘƛŜǾƛƴƎ ŀƴ [/h9 ƻŦ с ŎŜƴǘǎκƪ²Ƙύ 
ŦƻǊ ǳǘƛƭƛǘȅπǎŎŀƭŜ t± ƛƴ нлнл ŀƴŘ о ŎŜƴǘǎκƪ²Ƙ ōȅ нлолΦпл 5ŜǎǇƛǘŜ ǘƘŜ ǊŀǇƛŘ ƎǊƻǿǘƘ ƻŦ ŘƛǎǘǊƛōǳǘŜŘπ ŀƴŘ ǳǘƛƭƛǘȅπ
ǎŎŀƭŜ t±Σ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎ ŎƻƴǘǊƛōǳǘŜ ƎŜƴŜǊŀǘƛƻƴ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀōƻǳǘ лΦп ǇŜǊŎŜƴǘ ŀƴŘ лΦс ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ 
ŘŜƳŀƴŘΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦпмΣ пн Lƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ /ŀƭƛŦƻǊƴƛŀ ŘƻƳƛƴŀǘŜǎ ǎƻƭŀǊ t± ǿƛǘƘ ŀōƻǳǘ рл ǇŜǊŎŜƴǘ ƻŦ 
ǘƘŜ bation’s installed capacity όCƛƎǳǊŜ оπоύΣ ŘǳŜ ƛƴ ƭŀǊƎŜ ǇŀǊǘ ǘƻ ƭŜƎŀŎȅ ǎǘŀǘŜǿƛŘŜ ƛƴŎŜƴǘƛǾŜ ǇǊƻƎǊŀƳǎΣ ǎǳŎƘ 
ŀǎ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ {ƻƭŀǊ LƴƛǘƛŀǘƛǾŜΣ ŀǎ ǿŜƭƭ ŀǎ the state’s ƘƛƎƘ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ǊŀǘŜǎ ŀƴŘ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜ 
ǇƻǘŜƴǘƛŀƭΦ  
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Figure 3-4. Relationship between the Production Tax Credit (PTC) and Annual Wind Capacity 
Additions43 

 
The Production Tax Credit (PTC) has accelerated wind project deployment significantly—between 2000 
and 2013, cumulative wind capacity grew from under 5 GW to over 60 GW—though capacity additions 
noticeably track the PTC expiration and extension schedule. 

¢ŜŎƘƴƻƭƻƎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǿƛƴŘ ǘǳǊōƛƴŜǎ—ƛƴŎƭǳŘƛƴƎ ǘŀƭƭŜǊ ǘǳǊōƛƴŜǎΣ ƭƻƴƎŜǊ ōƭŀŘŜǎΣ ŀƴŘ ŀŘǾŀƴŎŜŘ 
ǘǳǊōƛƴŜ ŘŜǎƛƎƴǎ—ƘŀǾŜ ŜƴŀōƭŜŘ ǎǳōǎǘŀƴǘƛŀƭ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴǎ ŦƻǊ ǿƛƴŘ ǇƻǿŜǊΦ tƻǿŜǊ ǇǳǊŎƘŀǎŜ ŀƎǊŜŜƳŜƴǘǎ 
ŦƻǊ ǿƛƴŘ ƘŀǾŜ ŦŀƭƭŜƴ ŦǊƻƳ ǊŀǘŜǎ ŀǎ ƘƛƎƘ ŀǎ т ŎŜƴǘǎκƪ²Ƙ ƛƴ нллф ǘƻ ŀǊƻǳƴŘ н ŎŜƴǘǎκƪ²Ƙ ƛƴŎƭǳǎƛǾŜ ƻŦ ǘƘŜ 
tǊƻŘǳŎǘƛƻƴ ¢ŀȄ /ǊŜŘƛǘ όt¢/ύ ƛƴ нлмрΣ ŘǊƛǾŜƴ ōȅ ǿƛƴŘ ŘŜǇƭƻȅƳŜƴǘ ƛƴ ŜȄŎŜƭƭŜƴǘ ǊŜǎƻǳǊŎŜ ƭƻŎŀǘƛƻƴǎ ƛƴ ǘƘŜ 
ƛƴǘŜǊƛƻǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΦпп Lǘ ƛǎ ŀƭǎƻ ǇǊƻƧŜŎǘŜŘ ǘƘŀǘ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ǿƛƭƭ ŜƴŀōƭŜ ŀƴ 
expansion of the geographic distribution of wind power’s technical potential to new regions of the United 
{ǘŀǘŜǎΦпр 

5ŜŎƭƛƴƛƴƎ Ŏƻǎǘǎ ŦƻǊ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ƘŀǾŜ ōŜŜƴ ǎǇǳǊǊŜŘ ōȅ ƛƴŘǳǎǘǊȅ ƛƴƴƻǾŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ŀ ǾŀǊƛŜǘȅ ƻŦ CŜŘŜǊŀƭ 
ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ŀŎŎŜƭŜǊŀǘŜ ŘŜǇƭƻȅƳŜƴǘΦ aŀƧƻǊ ǇƻƭƛŎƛŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŀȄ ŎǊŜŘƛǘǎ ŀǘ 
ǘƘŜ CŜŘŜǊŀƭ ƭŜǾŜƭ ŀƴŘ ǘƘŜ wt{ǎ ŀǘ ǘƘŜ ǎǘŀǘŜ ƭŜǾŜƭΦ !ǘ ǘƘŜ CŜŘŜǊŀƭ ƭŜǾŜƭΣ ǘƘŜ LƴǾŜǎǘƳŜƴǘ ¢ŀȄ /ǊŜŘƛǘ όL¢/ύ ŀƴŘ 
t¢/ ŜǎǘŀōƭƛǎƘŜŘ ǳƴŘŜǊ ǘƘŜ 9ƴŜǊƎȅ tƻƭƛŎȅ !Ŏǘ ƻŦ мффн ŀǊŜ ǘǿƻ ƪŜȅ CŜŘŜǊŀƭ ǘŀȄ ƛƴŎŜƴǘƛǾŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ 
ƛƴǎǘǊǳƳŜƴǘŀƭ ƛƴ ŀŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻƧŜŎǘǎΦ .ƻǘƘ ƻŦ ǘƘŜǎŜ ƛƴŎŜƴǘƛǾŜǎ 
ŀǊŜ ŘŜǎƛƎƴŜŘ ŦƻǊ ǳǎŜ ōȅ ŜƴǘƛǘƛŜǎ ǘƘŀǘ Ǉŀȅ CŜŘŜǊŀƭ ǘŀȄŜǎ ŀƴŘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǎǘǊƛŎǘ ǘǊŜŀǘƳŜƴǘ ǳƴŘŜǊ ōƻǘƘ ǘƘŜ 
LƴǘŜǊƴŀƭ wŜǾŜƴǳŜ /ƻŘŜ ŀƴŘ DŜƴŜǊŀƭƭȅ !ŎŎŜǇǘŜŘ !ŎŎƻǳƴǘƛƴƎ tǊƛƴŎƛǇƭŜǎΦ ¢ƘŜǎŜ ŀǘǘǊƛōǳǘŜǎ ƘŀǾŜ ƳŀƧƻǊ 
ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǿƘƻ ǳǘƛƭƛȊŜǎ ǘƘŜ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ Ƙƻǿ ǇǊƻƧŜŎǘǎ ŀǊŜ ŘŜǾŜƭƻǇŜŘΦ .ŜŎŀǳǎŜ ǘƘŜȅ Řƻ ƴƻǘ Ǉŀȅ 
CŜŘŜǊŀƭ ƛƴŎƻƳŜ ǘŀȄŜǎΣ ŜƴǘƛǘƛŜǎ ƭƛƪŜ ƳǳƴƛŎƛǇŀƭ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŎƻƻǇŜǊŀǘƛǾŜ ǳǘƛƭƛǘƛŜǎ Ŏŀƴƴƻǘ ŎǳǊǊŜƴǘƭȅ ƳƻƴŜǘƛȊŜ 
ǘƘŜǎŜ ǘŀȄ ŎǊŜŘƛǘǎΦ CƻǊ ǊŜƎǳƭŀǘŜŘ ǳǘƛƭƛǘƛŜǎΣ ǘƘŜ LƴǘŜǊƴŀƭ wŜǾŜƴǳŜ {ŜǊǾƛŎŜ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ŀƴȅ L¢/ ōŜƴŜŦƛǘǎ ōŜ 
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ƴƻǊƳŀƭƛȊŜŘƎ ŦƻǊ ǊŀǘŜƳŀƪƛƴƎ ǇǳǊǇƻǎŜǎΦ ¢ƘŜ ƴŜǘ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ƴǳŀƴŎŜǎ ƛǎ ǘƘŀǘ ƛƴŘŜǇŜƴŘŜƴǘ ŘŜǾŜƭƻǇŜǊǎ 
ƘŀǾŜ ǇƭŀȅŜŘ ŀƴ ƻǳǘǎƛȊŜŘ ǊƻƭŜ ƛƴ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ǊŜƭŀǘƛǾŜ ǘƻ ǇǊŜǾƛƻǳǎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

Lƴ 5ŜŎŜƳōŜǊ нлмрΣ ǘƘŜ L¢/ ŀƴŘ t¢/ ǿŜǊŜ ōƻǘƘ ŜȄǘŜƴŘŜŘ ōȅ р ȅŜŀǊǎ ǘƘǊƻǳƎƘ нлнм ŀƴŘ нлмфΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ 
ǿƛǘƘ ŜŀŎƘ ǘŀȄ ŎǊŜŘƛǘ ƻƴ ŀ ŘƛŦŦŜǊŜƴǘ ŘŜŎƭƛƴƛƴƎ ǎŎƘŜŘǳƭŜΦ {ƻƭŀǊ ǎȅǎǘŜƳ ƻǿƴŜǊǎ ƘŀǾŜ ǇǊƛƳŀǊƛƭȅ ŎƭŀƛƳŜŘ ǘƘŜ L¢/Σ 
ǿƘƛƭŜ ǿƛƴŘ ǇƻǿŜǊΣ ǿƘƛŎƘ Ƙŀǎ ƘƛƎƘŜǊ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ŀƴŘ ƭƻǿŜǊ ŎŀǇƛǘŀƭ ŎƻǎǘǎΣ Ƙŀǎ ōŜƴŜŦƛǘǘŜŘ ŦǊƻƳ ǘƘŜ t¢/ 
όCƛƎǳǊŜ оπпύΦ ! ǊŜŎŜƴǘ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ όbw9[ύ ǎǘǳŘȅ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜ 5ŜŎŜƳōŜǊ 
нлмр ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ L¢/ ŀƴŘ t¢/ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ро D² ƻŦ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎŀǇŀŎƛǘȅ 
ōȅ нлнл ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ŎŀǎŜ ǿƛǘƘ ƴƻ ǘŀȄ ŎǊŜŘƛǘ ŜȄǘŜƴǎƛƻƴǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ рпл Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ 
ŀǾƻƛŘŜŘ /hн ŎǳƳǳƭŀǘƛǾŜƭȅ ōȅ нлолΣ ŀƎŀƛƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƴƻ ŜȄǘŜƴǎƛƻƴ ŎŀǎŜΦпс  

{ǘŀǘŜ wt{ ǇƻƭƛŎƛŜǎ ŀǊŜ ŀƭǎƻ ƪŜȅ ŘǊƛǾŜǊǎ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƎǊƻǿǘƘΦ ¢ǿŜƴǘȅπƴƛƴŜ ǎǘŀǘŜǎ ƘŀǾŜ ǊŜƴŜǿŀōƭŜ 
ƻǊ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ǇƻǊǘŦƻƭƛƻ ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ǳǘƛƭƛǘƛŜǎ ƻǊ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻǾƛŘŜǊǎ ǘƻ ƳŜŜǘ ŀ 
ƳƛƴƛƳǳƳ ǇƻǊǘƛƻƴ ƻŦ ƭƻŀŘ ǿƛǘƘ ǉǳŀƭƛŦȅƛƴƎ ŦƻǊƳǎ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅError! Reference source not found.Φпт 
hŦ ǘƘŜ нол ǘŜǊŀǿŀǘǘπƘƻǳǊǎ ό¢²Ƙύ ƻŦ ǘƻǘŀƭ ƴƻƴπƘȅŘǊƻ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƎǊƻǿǘƘ ǎƛƴŎŜ нлллΣ 
ƻǾŜǊ ƘŀƭŦ όƻǊ мол ¢²Ƙύ ǿŀǎ ǘƻ ƳŜŜǘ wt{ ƳŀƴŘŀǘŜǎΦпу  

                                                           
Ǝ bƻǊƳŀƭƛȊŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ŀ ǘŀȄ ŎǊŜŘƛǘ ōŜ ǊŜŀƭƛȊŜŘ ŀŎǊƻǎǎ ǘƘŜ ƭƛŦŜ ƻŦ ŀƴ ŀǎǎŜǘΣ ƛƴǎǘŜŀŘ ƻŦ ƛƳƳŜŘƛŀǘŜƭȅΦ 
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Figure 3-5. State RPS Policies, August 201649  

 

 

Twenty-nine states and the District of Columbia have an RPS, and an additional eight states have a 
renewable portfolio goal; some include extra credit for solar or customer-sited renewables or include 
nonrenewable alternative resources. The RPSs or renewable portfolio goals are key drivers of renewable 
energy growth.  

wt{ ǊǳƭŜǎ ǾŀǊȅ ŦǊƻƳ ǎǘŀǘŜ ǘƻ ǎǘŀǘŜΣ ŜŀŎƘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǘŀǊƎŜǘǎΣ ǘƛƳŜŦǊŀƳŜǎΣ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ǎǇŜŎƛŦƛŎ ŎŀǊǾŜ 
ƻǳǘǎ ŦƻǊ ǎƻƭŀǊ ƻǊ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ό5DύΦ !ƭƳƻǎǘ ƘŀƭŦ ƻŦ ǘƘŜ ƳŀƴŘŀǘŜŘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎŀǇŀŎƛǘȅ ƛǎ 
located in California, “reflecting the rapid and recent buildπƻǳǘ ƻŦ ǊŜƴŜǿŀōƭŜ ŎŀǇŀŎƛǘȅ ǘƻ ƳŜŜǘ нлнл wt{ 
ǘŀǊƎŜǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ŀ ƴǳƳōŜǊ ƻŦ ƭŀǊƎŜ ǳǘƛƭƛǘȅπscale PV projects.”рл  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎǘŀǘŜπƭŜǾŜƭ wt{ǎΣ ǎƻƳŜ ǎǘŀǘŜǎ ƘŀǾŜ ƛƴǎǘƛǘǳǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǊŜǎƻǳǊŎŜ ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ǎŜǘ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ϦŎƭŜŀƴϦ ƻǊ ϦŀƭǘŜǊƴŀǘƛǾŜϦ ŜƴŜǊƎȅΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ƴƻǘ ƻƴƭȅ ǊŜƴŜǿŀōƭŜǎΣ ōǳǘ ŀƭǎƻ ŎŜǊǘŀƛƴ ƴƻƴπ
ǊŜƴŜǿŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ŀƴŘ Ŏƻŀƭ ǿƛǘƘ //¦{Φ ¢ƘŜǎŜ ŀǊŜ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 
/ƭŜŀƴ 9ƴŜǊƎȅ {ǘŀƴŘŀǊŘǎ ό/9{ǎύΦ {ǘŀǘŜǎ ǘƘŀǘ ƘŀǾŜ ƛƳǇƭŜƳŜƴǘŜŘ ǘƘŜǎŜ ƛƴŎƭǳŘŜ /ƻƭƻǊŀŘƻΣ aƛŎƘƛƎŀƴΣ LƭƭƛƴƻƛǎΣ 
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bŜǿ ¸ƻǊƪΣ hƘƛƻΣ tŜƴƴǎȅƭǾŀƴƛŀΣ ŀƴŘ ¦ǘŀƘΦƘ ¢ƘŜǊŜ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŀƭǎ ŦƻǊ ŀ CŜŘŜǊŀƭ /9{ ƛƴǘǊƻŘǳŎŜŘ ƛƴ 
ǇǊŜǾƛƻǳǎ /ƻƴƎǊŜǎǎŜǎΦ  

wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ /ŜǊǘƛŦƛŎŀǘŜǎ όw9/ǎύ ŀǊŜ ǘǊŀŘŜŀōƭŜ ŎŜǊǘƛŦƛŎŀǘŜǎ ǳǎŜŘ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ŀƴŘ ǾŜǊƛŦȅ ǘƘŜ ǳǎŜ ƻŦ 
ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǳǎǳŀƭƭȅ ǘƻ ƳŜŜǘ ǎǘŀǘŜ wt{ǎ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ǘƻ ƳŜŜǘ ǾƻƭǳƴǘŀǊȅ 
ǊŜƴŜǿŀōƭŜ ƎƻŀƭǎΦ ²ƘƛƭŜ ƎŜƴŜǊŀǘŜŘ ŎƻƴŎǳǊǊŜƴǘƭȅ ǿƛǘƘ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΣ w9/ǎ Ŏŀƴ ōŜ ǘǊŀŘŜŘ ǎŜǇŀǊŀǘŜƭȅ 
ŦǊƻƳ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅΦ ²ƘƛƭŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŜƭƛƎƛōƭŜ ǊŜǎƻǳǊŎŜǎ ǾŀǊȅ ŦǊƻƳ ǎǘŀǘŜ ǘƻ ǎǘŀǘŜΣ ƻƴŜ 
w9/ ƛǎ ƛǎǎǳŜŘ ŦƻǊ ŜŀŎƘ a²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ŀƴ ŜƭƛƎƛōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜΦ .ȅ 
ƻōǘŀƛƴƛƴƎ ŀƴŘ ǊŜǘƛǊƛƴƎ όƛΦŜΦΣ ǇǊŜǾŜƴǘƛƴƎ ŦǳǊǘƘŜǊ ǘǊŀŘƛƴƎ ƻŦύ ŀ w9/Σ ŀ ǳǘƛƭƛǘȅ ƻǊ ŎǳǎǘƻƳŜǊ Ŏŀƴ ŎƭŀƛƳ ƛǘ ŦƻǊ 
ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ŀƴ wt{ ƻǊ ŦƻǊ ǾƻƭǳƴǘŀǊȅ ǇǳǊǇƻǎŜǎΦ w9/ ǘǊŀŎƪƛƴƎ ǎȅǎǘŜƳǎΣ ŀǾŀƛƭŀōƭŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 
ŎƻǳƴǘǊȅΣ ŜƴǎǳǊŜ ǘƘŀǘ ƴƻ ŎƭŀƛƳǎ ƻƴ ǘƘƛǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀǊŜ ŘƻǳōƭŜ ŎƻǳƴǘŜŘΦ Lƴ нлмрΣ ƻǾŜǊ нмл Ƴƛƭƭƛƻƴ 
w9/ǎ ǿŜǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ ƎŜƴŜǊŀǘŜŘ ǘƻ ƳŜŜǘ ǎǘŀǘŜ wt{ ǊŜǉǳƛǊŜƳŜƴǘǎΦрм !ƴ ŀŘŘƛǘƛƻƴŀƭ ту Ƴƛƭƭƛƻƴ ǾƻƭǳƴǘŀǊȅ 
w9/ǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǊŜǘƛǊŜŘ ŦƻǊ ǾƻƭǳƴǘŀǊȅ ǇǳǊǇƻǎŜǎ ōȅ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎΦрн  

!ƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƴŜǿ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ǿŜǊŜ ǳǎŜŘ ǘƻ ƳŜŜǘ ŀƭƭ ǎǘŀǘŜ wt{ 
ƻōƭƛƎŀǘƛƻƴǎ ǘƻǘŀƭŜŘ рΣслл a² ƻŦ ŎŀǇŀŎƛǘȅ ŀŘŘƛǘƛƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ фу ¢²Ƙ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ƛƴ нлмоΦро hƴŜ ƭƛŦŜπ
ŎȅŎƭŜ DID ŜƳƛǎǎƛƻƴǎ ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘƛǎ ƴŜǿ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƘŜƭǇŜŘ ǘƻ ŀǾƻƛŘ рф 
Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ /hн ŜǉǳƛǾŀƭŜƴǘ ƛƴ нлмоΦрп ¢ƘŜǎŜ ǇƻƭƛŎƛŜǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ ǎǘŀǘŜǎ ŀǎ 
ƘŀǾƛƴƎ ǎǘǊƻƴƎ ǇƻǘŜƴǘƛŀƭ ǘƻ ŎǊŜŀǘŜ ƧƻōǎΦрр ! нлмс ǎǘǳŘȅ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ wt{ǎ ŎǊŜŀǘŜŘ нллΣллл ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ 
ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ Ƨƻōǎ ƛƴ нлмоΦрс  

Lƴ ƻǊŘŜǊ ǘƻ Ŧǳƭƭȅ ǊŜŀƭƛȊŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ ōŜƴŜŦƛǘǎ ƻŦ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ȊŜǊƻπŎŀǊōƻƴ ǾŀǊƛŀōƭŜ 
ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ ǘƘŜȅ Ƴǳǎǘ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ƎǊƛŘ ŀƴŘ ǇǊƻǾƛŘŜ ƎǊƛŘ ǎŜǊǾƛŎŜǎΦ ²ƛƴŘ ŀƴŘ ǎƻƭŀǊ Ǉƭŀƴǘǎ 
ŀǊŜ ƻƴƭȅ ŎǳǊǊŜƴǘƭȅ ǊŜǉǳƛǊŜŘ ǘƻ ǇǊƻǾƛŘŜ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ƛƴ ŎŜǊǘŀƛƴ ǊŜƎƛƻƴǎΦƛ {ƳŀǊǘ ǇƻǿŜǊ ŎƻƴǾŜǊǘŜǊǎ ŦƻǊ ǿƛƴŘ 
ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǎƳŀǊǘ ƛƴǾŜǊǘŜǊǎ ŦƻǊ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ǎŜǾŜǊŀƭ ǎŜǊǾƛŎŜǎ ǘƻ ŀǎǎƛǎǘ ƛƴ ǘƘŜ 
ƛƴǘŜƎǊŀǘƛƻƴΦртΣ руΣ рфΣ слΣ смΣ снΣ со /!L{hΣ aL{hΣ tWaΣ L{hπbŜǿ 9ƴƎƭŀƴŘΣ ŀƴŘ bŜǿ ¸ƻǊƪ L{h ŀǊŜ ŀƭƭ ƳŀƪƛƴƎ ŜŦŦƻǊǘǎ 
ǘƻ ƛƴǘŜƎǊŀǘŜ ȊŜǊƻπŎŀǊōƻƴ ǾŀǊƛŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ōȅ ŘŜǾŜƭƻǇƛƴƎ ƻǊ ƛƳǇǊƻǾƛƴƎ ƳŜŎƘŀƴƛǎƳǎ 
ǘƻ ǇǊƻǾƛŘŜ ŀƴŘ ǎǳǇǇƻǊǘ ŦƭŜȄƛōƭŜ ǊŀƳǇƛƴƎΣ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŦƭŜȄƛōƭŜ ǊŀƳǇƛƴƎ ǇǊƻŘǳŎǘǎ ƛƴǘƻ ǘƘŜƛǊ ƳŀǊƪŜǘǎ 
ƻǊ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǊŜƭƛŀōƭŜ ŎŀǇŀŎƛǘȅΦсп

3.2.2.2 Natural Gas Generation: Lower-Carbon Flexible Baseload 

bŀǘǳǊŀƭ Ǝŀǎ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜŎƻƳŜ ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ нлмсΣ ƻǾŜǊǘŀƪƛƴƎ 
Ŏƻŀƭ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ƻƴ ŀƴ ŀƴƴǳŀƭ ōŀǎƛǎΦср Lƴ нлмрΣ ƴŀǘǳǊŀƭ Ǝŀǎ–ŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴ ŀŎŎƻǳƴǘŜŘ ŦƻǊ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ оо ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ƎŜƴŜǊŀǘƛƻƴ όǎŜŜ CƛƎǳǊŜ оπс ŦƻǊ ƴŀǘǳǊŀƭ Ǝŀǎ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎ ŦǊƻƳ мфрл ǘƻ нлмрύΦсс ¢ƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƭƻǿπŎƻǎǘΣ ŘƻƳŜǎǘƛŎ ŦǳŜƭΤ ƭƻǿ ŎŀǇƛǘŀƭ ŎƻǎǘǎΤ ŜȄƛǎǘƛƴƎ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΤ ŀƴŘ ǊŜƭŀǘƛǾŜ ƎŜƴŜǊŀǘƛƻƴ ŦƭŜȄƛōƛƭƛǘȅ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘƛǎ ƛƴŎǊŜŀǎŜΦ ¢ƘŜ ǎƘƛŦǘ ǘƻǿŀǊŘǎ 
ƴŀǘǳǊŀƭ Ǝŀǎ ƎŜƴŜǊŀǘƛƻƴ ǊŜǎǳƭǘŜŘ ƛƴ мΣнрп Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ ŀǾƻƛŘŜŘ /hн ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ нллр ǘƻ нлмпΣ 

                                                           
Ƙ Lƴ нлмсΣ ǘǿƻ ǎǘŀǘŜǎΣ Lƭƭƛƴƻƛǎ ŀƴŘ bŜǿ ¸ƻǊƪΣ Ǉǳǘ ǇƻƭƛŎƛŜǎ ƛƴ ǇƭŀŎŜ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƻǇŜǊŀǘƛƻƴ ƻŦ ŜȄƛǎǘƛƴƎ ƴǳŎƭŜŀǊ 
ǇƭŀƴǘǎΦ 
ƛ Lƴ bƻǾŜƳōŜǊ нлмрΣ ǘƘŜ bƻǊǘƘ !ƳŜǊƛŎŀƴ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǊǇƻǊŀǘƛƻƴ όb9w/ύ ƛǎǎǳŜŘ ŦƛǾŜ ƎŜƴŜǊŀƭ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŀǎ ǇŀǊǘ ƻŦ 
ƛǘǎ 9ǎǎŜƴǘƛŀƭ wŜƭƛŀōƛƭƛǘȅ {ŜǊǾƛŎŜǎ ¢ŀǎƪ CƻǊŎŜ aŜŀǎǳǊŜǎ CǊŀƳŜǿƻǊƪ wŜǇƻǊǘ, ǿƘƛŎƘ ǘƘŀǘ ŦƻŎǳǎ ƻƴ ǘƘŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎ 
ƛƴǘƻ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǾŀǊƛŀōƭŜ ƎŜƴŜǊŀǘƛƴƎ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ {ƘƻǊǘƭȅ ǘƘŜǊŜŀŦǘŜǊΣ ƻƴ CŜōǊǳŀǊȅ муΣ нлмсΣ C9w/ ƛǎǎǳŜŘ ŀ bƻǘƛŎŜ ƻŦ 
LƴǉǳƛǊȅΣ 5ƻŎƪŜǘ waмсπсπлллΣ ǎŜŜƪƛƴƎ ŎƻƳƳŜƴǘ ƻƴ ǘƘŜ ƴŜŜŘ ǘƻ ǊŜŦƻǊƳ ƛǘǎ ǊŜƎǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ŀƴŘ ŎƻƳǇŜƴǎŀǘƛƻƴ ƻŦ 
ǇǊƛƳŀǊȅ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜΦ {ƻǳǊŎŜΥ bƻǊǘƘ !ƳŜǊƛŎŀƴ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǊǇƻǊŀǘƛƻƴ όb9w/ύΣ Essential Reliability Services Task 
Force Measures Framework Report ό!ǘƭŀƴǘŀΣ D!Υ b9w/Σ bƻǾŜƳōŜǊ нлмрύΣ 
ƘǘǘǇΥκκǿǿǿΦƴŜǊŎΦŎƻƳκŎƻƳƳκhǘƘŜǊκŜǎǎƴǘƭǊƭōƭǘȅǎǊǾŎǎǘǎƪŦǊŎ5[κ9w{¢C҈нлCǊŀƳŜǿƻǊƪ҈нлwŜǇƻǊǘ҈нлπ҈нлCƛƴŀƭΦǇŘŦ Τ CŜŘŜǊŀƭ 
9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴ όC9w/ύΣ Docket No. RM16-6-000, Essential Reliability Services and the Evolving Bulk-Power
System-Primary Frequency Response ό²ŀǎƘƛƴƎǘƻƴΣ 5/Υ C9w/Σ Σ CŜōǊǳŀǊȅ мсΣ нлмсύΣ ƘǘǘǇǎΥκκǿǿǿΦŦŜǊŎΦƎƻǾκǿƘŀǘǎπƴŜǿκŎƻƳƳπ
ƳŜŜǘκнлмсκлнмумсκ9πнΦǇŘŦΦ  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
https://www.ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf
https://www.ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf


 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 3-15 

ƻǊ ŀōƻǳǘ см ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ŀǾƻƛŘŜŘ ŜƳƛǎǎƛƻƴǎ ƻǾŜǊ ǘƘŀǘ ǘƛƳŜ ǇŜǊƛƻŘΦст hƴ ŀ ƭƛŦŜπŎȅŎƭŜ ōŀǎƛǎΣ ŀ ƴŜǿ bD// 
Ǉƭŀƴǘ ŜƳƛǘǎ ǊƻǳƎƘƭȅ рл ǘƻ сл ǇŜǊŎŜƴǘ ƭŜǎǎ /hн ǘƘŀƴ ŀ ǘȅǇƛŎŀƭ ŜȄƛǎǘƛƴƎ ŎƻŀƭπŦƛǊŜŘ ǇƻǿŜǊ ǇƭŀƴǘΦƧΣ су  

Figure 3-6. U.S. Natural Gas Generation, 1950–2015 (in TWh)69 

 
Natural gas–fired generation has grown nearly continuously since the late 1980s.  

bŀǘǳǊŀƭ Ǝŀǎ ŎƻƳōƛƴŜŘ ŎȅŎƭŜ όbD//ύ ƎŜƴŜǊŀǘƻǊǎ ŀǊŜ ǾŜǊȅ ŜŦŦƛŎƛŜƴǘΣ ƘŀǾŜ ǳƴǳǎŜŘ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ƘŀǾŜ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ǘƘŀƴ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƳōǳǎǘƛƻƴ ǘǳǊōƛƴŜǎ ό/¢ύ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ǇǊƛƳŀǊƛƭȅ ǘƻ 
ǇŜŀƪ ƭƻŀŘ ŀƴŘ Ƴŀȅ ƻƴƭȅ ƻǇŜǊŀǘŜ ŦƻǊ ŀ ŦŜǿ ƘƻǳǊǎ ŀ ȅŜŀǊ όǎŜŜ CƛƎǳǊŜ оπтύΦ ¦ƴǘƛƭ ǊŜŎŜƴǘƭȅΣ Ƴƻǎǘ bD// ǳƴƛǘǎ 
ǿŜǊŜ ǳǘƛƭƛȊŜŘ ŦƻǊ ƛƴǘŜǊƳŜŘƛŀǘŜ ŀƴŘ ǇŜŀƪ ƭƻŀŘǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ōŀǎŜƭƻŀŘΦ .ŜŎŀǳǎŜ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƛŎŜǎ ƘŀǾŜ ōŜŜƴ 
ƭƻǿ ŦƻǊ ŀ ǎǳǎǘŀƛƴŜŘ ǇŜǊƛƻŘΣ ŀƴŘ ōŜŎŀǳǎŜ bD// Ǉƭŀƴǘǎ ǊŜǘŀƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ŦƭŜȄƛōƭŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ /¢ǎΣ ŀƴŘ 
ƻǇŜǊŀǘŜ ŀǘ ŀ ƘƛƎƘŜǊ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƭƻǿŜǊ ŎƻǎǘΤ ǘƘŜǎŜ ǳƴƛǘǎ ŀǊŜ ƴƻǿ ƻŦǘŜƴ ǳǎŜŘ ŦƻǊ ōŀǎŜƭƻŀŘ ǇƻǿŜǊΦ  

! /¢’ǎ ǎƘƻǊǘ ǎǘŀǊǘǳǇ ǘƛƳŜǎ ŀƴŘ Ŧŀǎǘ ǊŀƳǇ ǊŀǘŜǎ ƳŀƪŜǎ ƛǘ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅΣ ŀōǎŜƴǘ 
ŀŦŦƻǊŘŀōƭŜ ƎǊƛŘπǎŎŀƭŜ ǎǘƻǊŀƎŜΦ /ŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ŦƻǊ /¢ǎ ŀǊŜ ǉǳƛǘŜ ƭƻǿ όƎŜƴŜǊŀƭƭȅ ōŜƭƻǿ мл҈ύ ōǳǘ ǿƘŜƴ 
ƻǇŜǊŀǘƛƴƎΣ ǘƘŜȅ Ŏŀƴ ōŜ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƻǊǎ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƛǊ ǇƻƭƭǳǘŀƴǘǎΦтл {ƛƴƎƭŜ ŎȅŎƭŜ Ǝŀǎ ǘǳǊōƛƴŜǎ 
Ŏŀƴ Ǝƻ ŦǊƻƳ ŎƻƭŘ ǎǘŀǊǘǳǇ ǘƻ млл ǇŜǊŎŜƴǘ ƻǳǘǇǳǘ ƛƴ тπмм ƳƛƴǳǘŜǎΤ ƛƴ ŎƻƴǘǊŀǎǘΣ ŎƻŀƭπŦƛǊŜŘ ǳƴƛǘǎ ǊŀƳǇ ƻƴ ǘƘŜ 
ƻǊŘŜǊ ƻŦ ƘƻǳǊǎΣ ŀƴŘ ŘƻƛƴƎ ǎƻ ƛƴŎǳǊǎ ƛƴŎǊŜŀǎŜŘ hϧa ŎƻǎǘǎΦтм bD// ǊŀƳǇ ǊŀǘŜǎ Ŧŀƭƭ ǎƻƳŜǿƘŜǊŜ ƛƴ ōŜǘǿŜŜƴΣ 
ŀƴŘ ǎƻƳŜ bD// ǳƴƛǘǎ Ŏŀƴ ǊŀƳǇ ǘƻ Ŧǳƭƭ ǊŀǘŜŘ ǇƻǿŜǊ ƛƴ ƭŜǎǎ ǘƘŀƴ ол ƳƛƴǳǘŜǎΦтн  ¢Ƙƛǎ ŦƭŜȄƛōƛƭƛǘȅ ƳŀƪŜǎ /¢ǎ 
ǳǎŜŦǳƭ ƛƴ ŎƻƳǇƭŜƳŜƴǘƛƴƎ ǾŀǊƛŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǎƻƭŀǊΣ ōŜŎŀǳǎŜ ƛǘ ŎƻƳǇƭŜƳŜƴǘǎ ǘƘŜ ƘƛƎƘ ǇŜŀƪǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŀƭƭƻǿǎ ŦƻǊ ƭƻŀŘ ŦƻƭƭƻǿƛƴƎΦ {ƻƳŜ ǎǘŀǘŜǎ ǊŜƭȅ ƻƴ /¢ǎ ƳƻǊŜ ǊŜƎǳƭŀǊƭȅ 

                                                           
Ƨ [ƛŦŜπŎȅŎƭŜ DID ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƴŀǘǳǊŀƭ Ǝŀǎ–ŦƛǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ǘƘŀƴ ŦǊƻƳ ŎƻŀƭπŦƛǊŜŘ ǳƴƛǘǎΦ ¢Ƙƛǎ ƛǎ 
ǘǊǳŜ ŜǾŜƴ ǿƘŜƴ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ŎƻŀƭΣ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎΣ ŀƴŘ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ƛƳǇŀŎǘ ǘƻ ǊŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ 
ƻŦ ƻƴƎƻƛƴƎ ǇƻƭƛŎȅ ŜŦŦƻǊǘǎ—ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ƻǳǘƭƛƴŜŘ ƛƴ /ƘŀǇǘŜǊ ±LL ƻŦ v9w мΦм όAddressing Environmental Aspects of TS&D 
Infrastructureύ—ǘƘŀǘ ŀǊŜ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŦǳǊǘƘŜǊ ǊŜŘǳŎƛƴƎ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƴŀǘǳǊŀƭ ƎŀǎΣ ƳŀƪƛƴƎ ƴŀǘǳǊŀƭ Ǝŀǎϥǎ ǊŜƭŀǘƛǾŜ 
ŀŘǾŀƴǘŀƎŜ ŜǾŜƴ ƎǊŜŀǘŜǊΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǊŜŎŜƴǘƭȅ ŦƛƴŀƭƛȊŜŘ ǊŜƎǳƭŀǘƛƻƴǎ ōȅ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅ ό9t!ύ ŀƴŘ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ LƴǘŜǊƛƻǊ, the EPA’s voluntary Methane Challenge Program, and several new programs at 5h9 ǘƻ ƘŜƭǇ ƛƳǇǊƻǾŜ 
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŜȄǇŀƴŘ ǊŜƭŀǘŜŘ wϧ5Φ 
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ǘƘŀƴ ƻǘƘŜǊ ƭƻŎŀǘƛƻƴǎΣ Ƴƻǎǘ ƴƻǘŀōƭȅ ¢ŜȄŀǎΣ [ƻǳƛǎƛŀƴŀΣ ²ȅƻƳƛƴƎΣ bŜǿ IŀƳǇǎƘƛǊŜΣ aŀƛƴŜΣ ŀƴŘ wƘƻŘŜ LǎƭŀƴŘ 
ŀƭƭ ƘŀǾŜ /¢ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ƎǊŜŀǘŜǊ ǘƘŀƴ нл ǇŜǊŎŜƴǘΦто   

Figure 3-7. NGCC Capacity Factors by State, 201474, 75 

  
Capacity factors of NGCC plants all generally increased across the United States between 2010 and 2014, 
and many states have constructed or are planning to construct new NGCC plants after 2014. Significant 
potential exists to further increase generation from NGCCs in most states. In the figure, “0%” represents 
states with no NGCC capacity.  

A recent study of the value of fast ramping gas for supporting variable renewables noted that, “…to date 
CwC ώŦŀǎǘ ǊŀƳǇƛƴƎ Ŧƻǎǎƛƭϐ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ŜƴŀōƭŜŘ w9 ώǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅϐ ŘƛŦŦǳǎƛƻƴ ōȅ ǇǊƻǾƛŘƛƴƎ ǊŜƭƛŀōƭŜ 
ŀƴŘ ŘƛǎǇŀǘŎƘŀōƭŜ ōŀŎƪπǳǇ ŎŀǇŀŎƛǘȅ ǘƻ ƘŜŘƎŜ ŀƎŀƛƴǎǘ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǎǳǇǇƭȅΦΦΦǊŜƴŜǿŀōƭŜǎ ŀƴŘ ŦŀǎǘπǊŜŀŎǘƛƴƎ 
fossil technologies appear as highly complementary and…should be jointly installed to meet the goals of 
Ŏǳǘǘƛƴg emissions and ensuring a stable supply.”тс   

Lǘ ƛǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ŎƘŀƴƎƛƴƎ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŀƴŘ ƎǊƻǿƛƴƎ ǊŜƭƛŀƴŎŜ ƻƴ ƴŀǘǳǊŀƭ Ǝŀǎ 
ƎŜƴŜǊŀǘƛƻƴ ƛǎ ŀƭǎƻ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀƴŘ ǾŀƭǳŜ ƻŦ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΦ L{h bŜǿ 9ƴƎƭŀƴŘ ƘŀǎΣ ŦƻǊ 
ŜȄŀƳǇƭŜΣ ŘŜǾŜƭƻǇŜŘ ŀ ²ƛƴǘŜǊ wŜƭƛŀōƛƭƛǘȅ tǊƻƎǊŀƳ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΣ ŀƳƻƴƎ ƻǘƘŜǊ ǘƘƛƴƎǎΣ ǘƻ 
ǇǊƻǘŜŎǘ ƴŀǘǳǊŀƭ Ǝŀǎ ŎǳǎǘƻƳŜǊǎ ŘǳǊƛƴƎ ŜȄǘǊŜƳŜ ŎƻƭŘ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎΦ !ƴƻǘƘŜǊ ŜȄŀƳǇƭŜΥ bŜǿ ¸ƻǊƪ L{h Ŏŀƴ 
ŀŎǘƛǾŀǘŜ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ ǿƛƴǘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ŘŜŎǊŜŀǎŜ ǿƛƴǘŜǊ ŘŜƳŀƴŘΦтт  
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5ŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ L± όEnsuring Electricity System Reliability, 
Security, and Resilience). 

3.2.2.3 Coal, Natural Gas and Biomass Generation with Carbon Capture, 
Utilization, and Storage: Low-Carbon Baseload 

¢ƘƻǳƎƘ ǘƘŜǊŜ ƛǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƴǎŜƴǎǳǎ ǘƘŀǘ //¦{ ǿƛƭƭ ƭƛƪŜƭȅ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ǊŜŀƭƛȊŜ ǘƘŜ ŜƳƛǎǎƛƻƴ Ŏǳǘǎ 
ƴŜŜŘŜŘ ǘƻ ƭƛƳƛǘ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎΣту ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ //¦{ ǘŜŎƘƴƻƭƻƎȅ ƭŀƎǎ ōŜƘƛƴŘ ƻǘƘŜǊ 
ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ǇǊƛƳŀǊƛƭȅ ŘǳŜ ǘƻ ŎƻǎǘΦтф ¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ŀ Ǝƭƻōŀƭ ƭŜŀŘŜǊ ƛƴ ŜƴƘŀƴŎŜŘ ƻƛƭ 
ǊŜŎƻǾŜǊȅ ό9hwύΣ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜǎǘ /hн ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪ ƛƴ ǘƘŜ ǿƻǊƭŘΦ /hн ǳǎŜŘ ŦƻǊ 9hw Ƙŀǎ ǇǊƻǾƛŘŜŘ 
ƛƳǇƻǊǘŀƴǘ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŦƻǊ //¦{ ǇǊƻƧŜŎǘǎ ōǳǘ Ƙŀǎ ōŜŜƴ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘƻ ǎǳǇǇƻǊǘ ǎǳōǎǘŀƴǘƛŀƭ ŘŜǇƭƻȅƳŜƴǘΦ 
{ǘǊƻƴƎŜǊ //¦{ ŘŜǇƭƻȅƳŜƴǘ ǇƻƭƛŎƛŜǎ ǿƻǳƭŘ ƘŜƭǇ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ƳŀǊƪŜǘ ŎŜǊǘŀƛƴǘȅ ŀƴŘ ŦƛƴŀƴŎƛƴƎ ƴŜŜŘŜŘ ŦƻǊ 
ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǘƻ ŘŜǾŜƭƻǇ ǎǳǇǇƭȅ ŎƘŀƛƴǎΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅΣ ŜȄǇŀƴŘŜŘ ǇǊƛǾŀǘŜπǎŜŎǘƻǊ 
ƛƴǾŜǎǘƳŜƴǘ ƛƴ //¦{ ǘŜŎƘƴƻƭƻƎƛŜǎΦ /ƻƴǘƛƴǳŜŘ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ όw5ϧ5ύ ƛǎ ŀƭǎƻ 
ŎǊƛǘƛŎŀƭ ǘƻ ƛƳǇǊƻǾƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŘǊƛǾƛƴƎ Řƻǿƴ ǘƘŜ Ŏƻǎǘǎ ƻŦ //¦{ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

3.2.2.4 Hydropower: Zero-Carbon Baseload and Flexibility Resourcek  

Lƴ нлмпΣ ǘƘŜǊŜ ǿŀǎ тфΦс D² ƻŦ ƛƴǎǘŀƭƭŜŘ ƘȅŘǊƻǇƻǿŜǊ ŎŀǇŀŎƛǘȅ ŦǊƻƳ ŎƻƴǾŜƴǘƛƻƴŀƭ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ нмΦс D² 
ŦǊƻƳ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ ƘȅŘǊƻǇƻǿŜǊΦул ¢ƘŜ ŀǾŜǊŀƎŜ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘȅŘǊƻŜƭŜŎǘǊƛŎ 
ƎŜƴŜǊŀǘƻǊǎ ǿŀǎ пл ǇŜǊŎŜƴǘΦ ¢ƘŜ ǘŜŎƘƴƛŎŀƭ ǊŜǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƴŜǿ ƘȅŘǊƻǇƻǿŜǊ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛǎ срΦр 
D²Σ ŦƻŎǳǎŜŘ ƭŀǊƎŜƭȅ ƛƴ ǘƘŜ tŀŎƛŦƛŎ bƻǊǘƘǿŜǎǘ ŀƴŘ wƻŎƪȅ aƻǳƴǘŀƛƴ ²Ŝǎǘ όCƛƎǳǊŜ оπуύΦум ¢ƘŜ ǘŜŎƘƴƛŎŀƭ 
ǊŜǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǇƻǿŜǊƛƴƎ ŎǳǊǊŜƴǘƭȅ ƴƻƴǇƻǿŜǊŜŘ ŘŀƳǎ ƛǎ мн D²Σ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ мр ǇŜǊŎŜƴǘ ƻǾŜǊ ǘƘŜ 
ŜȄƛǎǘƛƴƎ ŦƭŜŜǘΦ ¢Ƙƛǎ ǇƻǘŜƴǘƛŀƭ ƛǎ ŦƻŎǳǎŜŘ Ƴŀƛƴƭȅ ƻƴ ǘƘŜ aƛǎǎƛǎǎƛǇǇƛ wƛǾŜǊ ŀƴŘ ƛǘǎ ƳŀƧƻǊ ǘǊƛōǳǘŀǊƛŜǎΣ ǎǳŎƘ ŀǎ 
ǘƘŜ hƘƛƻ ŀƴŘ wŜŘ wƛǾŜǊǎΦун ¦ǇƎǊŀŘŜǎ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦƻǊ ŜȄƛǎǘƛƴƎ ƘȅŘǊƻǇƻǿŜǊ ŦŀŎƛƭƛǘƛŜǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ŀƴ 
ŀŘŘƛǘƛƻƴŀƭ рΦс D²Σ ƻǊ ŀƴ у ǘƻ мл ǇŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜΣ ƻŦ ƛƴŎǊŜŀǎŜŘ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ǘƘǊƻǳƎƘ ǘǳǊōƛƴŜ 
ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƴŘ ŦŀŎƛƭƛǘȅ ƻǇǘƛƳƛȊŀǘƛƻƴΦуо IȅŘǊƻǇƻǿŜǊ ŎƻƳǇǊƛǎŜǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл ǇŜǊŎŜƴǘ ƻŦ 
¦Φ{Φ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΦуп 

                                                           
ƪ wŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ǘƘŀǘ ƘŀǾŜ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƎŜƴŜǊŀǘƛƻƴ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƳŀǊƎƛƴŀƭ ŜƳƛǎǎƛƻƴǎ ǿƘŜƴ ŜǾŀƭǳŀǘŜŘ ǘƘǊƻǳƎƘ 
ŀƴ ƭƛŦŜπŎȅŎƭŜ ŀƴŀƭȅǎƛǎΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ǎŜŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ό5h9ύΣ Hydropower Vision: A New Chapter for America’s First 
Renewable Electricity Source όhŀƪ wƛŘƎŜΣ ¢bΥ 5h9Σ нлмсύΣ ƘǘǘǇǎΥκκŜƴŜǊƎȅΦƎƻǾκǎƛǘŜǎκǇǊƻŘκŦƛƭŜǎκнлмсκмлκŦооκIȅŘǊƻǇƻǿŜǊπ±ƛǎƛƻƴπ
млнснлмсψлΦǇŘŦΦ  
 

https://energy.gov/sites/prod/files/2016/10/f33/Hydropower-Vision-10262016_0.pdf
https://energy.gov/sites/prod/files/2016/10/f33/Hydropower-Vision-10262016_0.pdf
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Figure 3-8. U.S. New Stream-Reach Development Potential by Subbasin for the United States85 

 
The technical resource potential for new hydropower developments is 65.5 GW, focused largely in the 
Pacific Northwest and Rocky Mountain West. 

!ōƻǳǘ ƘŀƭŦ ǘƘŜ ¦Φ{Φ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ŦƭŜŜǘ ƛǎ ƻǾŜǊ рл ȅŜŀǊǎ ƻƭŘ ǎƛƴŎŜ Ƴŀƴȅ ƭŀǊƎŜ ŘŀƳǎ ǿŜǊŜ ōǳƛƭǘ ōŜǘǿŜŜƴ ǘƘŜ 
мфплǎ ŀƴŘ мфслǎ όCƛƎǳǊŜ оπфύΦус IƻǿŜǾŜǊΣ ǿƛǘƘ ǊƻǳǘƛƴŜ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ǊŜŦǳǊōƛǎƘƳŜƴǘ ƻŦ ǘǳǊōƛƴŜǎ ŀƴŘ 
ŜƭŜŎǘǊƛŎŀƭ ŜǉǳƛǇƳŜƴǘΣ ǘƘŜ ŜȄǇŜŎǘŜŘ ƭƛŦŜ ƻŦ ŀ ƘȅŘǊƻǇƻǿŜǊ ŦŀŎƛƭƛǘȅ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ млл ȅŜŀǊǎ ƻǊ ƳƻǊŜΦ  
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Figure 3-9. Age Profile of U.S. Hydropower Generation Fleet, 201487 

 
About half the U.S. hydroelectric fleet is over 50 years old. Many large dams were built between the 1940s 
and 1960s. 

¢ƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ǊŜƴŜǿŜŘ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ōŜƴŜŦƛǘǎ ǘƘŀǘ Ƴŀƴȅ ƘȅŘǊƻǇƻǿŜǊ ǇǊƻƧŜŎǘǎ Ŏŀƴ ƻŦŦŜǊ ǘƘŜ 
ƎǊƛŘΣ ƎƛǾŜƴ ǘƘŜ ƎǊƻǿǘƘ ƛƴ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƛƴŘΦ ! ǊŜŎŜƴǘ ǊŜǇƻǊǘ ƴƻǘŜǎ ǘƘŀǘ ŀōƻǳǘ 
ƘŀƭŦ ƻŦ ŀƭƭ ƛƴǎǘŀƭƭŜŘ ƘȅŘǊƻǇƻǿŜǊ ŎŀǇŀŎƛǘȅ όоф D²ύ Ƙŀǎ ƘƛƎƘ ŦƭŜȄƛōƛƭƛǘȅ ǇƻǘŜƴǘƛŀƭ ŀƴŘ ŎƻǳƭŘ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ 
ǊƻƭŜ ƛƴ ƭƻǿπŎƻǎǘ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƻǊǎΦуу tǳƳǇŜŘ ƘȅŘǊƻǇƻǿŜǊ ǎǘƻǊŀƎŜ Ŏŀƴ ōŜ ǳǎŜŘ 
ƛƴ ǇŜŀƪƛƴƎ ŀƴŘ ōŀƭŀƴŎƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƻ Ƴŀƛƴǘŀƛƴ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ Ŏŀƴ Ǉƭŀȅ ŀ ōŀƭŀƴŎƛƴƎ ǊƻƭŜ ƛƴ ŀǊŜŀǎ 
ǿƛǘƘ ƘƛƎƘ ǇŜƴŜǘǊŀǘƛƻƴǎ ƻŦ ±9wǎΦ 

[ŀǊƎŜπǎŎŀƭŜ ƘȅŘǊƻǇƻǿŜǊ ǇǊƻƧŜŎǘǎ ŀǊŜ ƻŦǘŜƴ ŘƛŦŦƛŎǳƭǘ ǘƻ ŦƛƴŀƴŎŜ ŘǳŜ ǘƻ ƘƛƎƘ ŎŀǇƛǘŀƭ ŎƻǎǘǎΣ ƭŜƴƎǘƘȅ ǇŜǊƳƛǘǘƛƴƎ 
ǇŜǊƛƻŘǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎΦ ²ƘƛƭŜ ǘƘŜ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ōǳƛƭŘƛƴƎ ǾŜǊȅ ƭŀǊƎŜΣ ƴŜǿ ŘŀƳǎ ŀǊŜ ƭƻǿΣ 
ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƘȅŘǊƻǇƻǿŜǊ ǘƻ ŜȄǇŀƴŘ ƛƴ ǘƘŜ ¦Φ{Φ ƎŜƴŜǊŀǘƛƻƴ ǇƻǊǘŦƻƭƛƻΦ ¦ǇƎǊŀŘƛƴƎ 
ŜǉǳƛǇƳŜƴǘ ŀǘ ŜȄƛǎǘƛƴƎ ǎƛǘŜǎ ǘƻ ŜȄǇŀƴŘ ŎŀǇŀŎƛǘȅ ƛǎ ƭƛƪŜƭȅ ǘƻ ŎƻƴǘƛƴǳŜΣ ŀƴŘ ǇǊƻƧŜŎǘǎ ŀǘ ŎǳǊǊŜƴǘƭȅ ƴƻƴǇƻǿŜǊŜŘ 
ŘŀƳ ǎƛǘŜǎ ŎƻǳƭŘ ŎƻƴǘƛƴǳŜ ǘƻ ŀŘǾŀƴŎŜΦ aƻŘŜǊƴ ƭƻǿπƛƳǇŀŎǘΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ 
ŀǎ ǿŀǘŜǊπŜŦŦƛŎƛŜƴǘ ŀƴŘ “ŦƛǎƘπŦǊƛŜƴŘƭȅ” ǘǳǊōƛƴŜǎΣ ƻǊ ǊǳƴπƻŦπǊƛǾŜǊ ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ƛƴŎǊŜŀǎŜ 
ƘȅŘǊƻǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΦ {ǳŎƘ ǳǇƎǊŀŘŜǎ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦƻǊ ŜȄƛǎǘƛƴƎ ƘȅŘǊƻǇƻǿŜǊ ŦŀŎƛƭƛǘƛŜǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ 
ŀƴ ŀŘŘƛǘƛƻƴŀƭ рΦс D² ƴŀǘƛƻƴŀƭƭȅΣ ŀƭǘƘƻǳƎƘ ƛƴŘƛǾƛŘǳŀƭ ŦŀŎƛƭƛǘƛŜǎ ƘŀǾŜ ǎŜŜƴ ƎŜƴŜǊŀǘƛƻƴ ƛƴŎǊŜŀǎŜǎ ƻŦ ор ǇŜǊŎŜƴǘ 
ǿƛǘƘ ƛƴǾŜǎǘƳŜƴǘ ǇŀȅōŀŎƪ ǇŜǊƛƻŘǎ ǳƴŘŜǊ н ȅŜŀǊǎΦуф {ǘƛƭƭΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƴŜǿ ƘȅŘǊƻǇƻǿŜǊ ŎŀǇŀŎƛǘȅ ǘƘŀǘ ƛǎ 
ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƳŜ ƻƴƭƛƴŜ ƻǾŜǊ ǘƘŜ ƴŜŀǊ ǘƻ ƳƛŘπǘŜǊƳ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƳƻŘŜǎǘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǿƛƴŘ ŀƴŘ 
ǎƻƭŀǊΦ 

hǾŜǊ ǘƘŜ ƴŜȄǘ мл ȅŜŀǊǎΣ ŜȄƛǎǘƛƴƎ C9w/ ƭƛŎŜƴǎŜǎ ǿƛƭƭ ŜȄǇƛǊŜ ŦƻǊ ƴŜŀǊƭȅ нрл ƘȅŘǊƻǇƻǿŜǊ ǇǊƻƧŜŎǘǎΦ ¢ƘŜǎŜ 
ŜȄǇƛǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ǘƻǘŀƭ ƳƻǊŜ ǘƘŀƴ мсΣллл a²Σ ƻǊ ƴŜŀǊƭȅ нл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅΦ Lǘ 
ǘŀƪŜǎ ŀƴ ŀǾŜǊŀƎŜ ƻŦ р ǘƻ у ȅŜŀǊǎ ǘƻ ǊŜƭƛŎŜƴǎŜ ŀƴ ŜȄƛǎǘƛƴƎ ƘȅŘǊƻ ǇǊƻƧŜŎǘΣ ǿƛǘƘ ŀǘ ƭŜŀǎǘ о ȅŜŀǊǎ ƻŦ ǇǊŜπŦƛƭƛƴƎ 
ŀŎǘƛǾƛǘȅ ŀƴŘ ǘƘŜƴ ŀǘ ƭŜŀǎǘ ŀƴƻǘƘŜǊ н ȅŜŀǊǎ ŀŦǘŜǊ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ŦƛƭŜŘΦ hƴƭȅ нΣмфу ŘŀƳǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ 
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ŦƻǊ ƘȅŘǊƻŜƭŜŎǘǊƛŎƛǘȅ—о ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ bation’s total dams. (Other uses for dams include navigation, flood
ŎƻƴǘǊƻƭΣ ƛǊǊƛƎŀǘƛƻƴΣ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴΦύ !ŘŘƛƴƎ ƘȅŘǊƻŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǘƘŜǎŜ ǇǊŜŜȄƛǎǘƛƴƎ ŘŀƳǎ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ 
ƘȅŘǊƻ ƎŜƴŜǊŀǘƛƻƴ ōȅ мр ǇŜǊŎŜƴǘΣ ŀƴŘ ǘƘŜǎŜ ǇǊŜŜȄƛǎǘƛƴƎ ŘŀƳǎ Ƴŀȅ ƴƻǘ ŦŀŎŜ ŀǎ Ƴŀƴȅ ǎƛǘƛƴƎ ŎƻƴǎǘǊŀƛƴǘǎ 
ōŜŎŀǳǎŜ ǎƻƳŜ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŦǊƻƳ ŘŀƳ ŎƻƴǎǘǊǳŎǘƛƻƴ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜŜƴ ƛƴŎǳǊǊŜŘΦ {ǳŎƘ 
ŀŘŘƛǘƛƻƴǎΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƭŜǾŜǊŀƎŜ ŀƴŘ ǳǇƎǊŀŘŜ ŜȄƛǎǘƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǘ ƴƻƴπǇƻǿŜǊŜŘ 
ŘŀƳǎΣ ǿƘƛŎƘ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ ƘȅŘǊƻ ƎŜƴŜǊŀǘƛƻƴ ōȅ у ǘƻ мл ǇŜǊŎŜƴǘΣ ǇǊƻǾƛŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ 
ƛƴŎǊŜŀǎŜ ƘȅŘǊƻǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ǿƘƛƭŜ ǊŜŘǳŎƛƴƎ Ŏƻǎǘǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦфл  

3.2.2.5 Biomass: Net-Zero Carbon Renewable Baseload and Flexibility 
Resource 

.ƛƻƳŀǎǎ ŦǳŜƭǎ ƛƴŎƭǳŘŜ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǿƻƻŘ ŀƴŘ ǿƻƻŘπŘŜǊƛǾŜŘ ŦǳŜƭǎΣ ōƭŀŎƪ ƭƛǉǳƻǊ 
όǇǊƛƳŀǊƛƭȅ ǇǳƭǇ ǊŜǎƛŘǳŀƭǎ ƛƴ ǘƘŜ ǇŀǇŜǊ ǇǊƻŘǳŎǘƛƻƴ ǇǊƻŎŜǎǎύΣ ƳǳƴƛŎƛǇŀƭ ǎƻƭƛŘ ǿŀǎǘŜǎΣ ƭŀƴŘŦƛƭƭ ƎŀǎΣ ŀƴŘ ƻǘƘŜǊǎΦ 
LŦ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŎƻƳōǳǎǘƛƴƎ ōƛƻƳŀǎǎ ŀǊŜ Ŧǳƭƭȅ ƻŦŦǎŜǘ ōȅ ǘƘŜ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƻŦ /hн ŀǎ ǘƘŜ ōƛƻƳŀǎǎ ƛǎ 
ƎǊƻǿƴ ǿƘŜƴ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ǘƘŜ ŎŀǊōƻƴ Ŧƭƻǿǎ ƛƴ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ƻŦ ǘƘŜ ōƛƻƳŀǎǎΣ ōƛƻƳŀǎǎ 
ŜƭŜŎǘǊƛŎƛǘȅ Ŏŀƴ ōŜ ŀ ƭƻǿπŎŀǊōƻƴ ǊŜǎƻǳǊŎŜΦ .ƛƻǇƻǿŜǊ Ǉƭŀƴǘǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ Ŧǳƭƭȅ ŘƛǎǇŀǘŎƘŀōƭŜ ŀƴŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ 
ŘƛǎǇŀǘŎƘŜŘ ŀǎ ōŀǎŜƭƻŀŘ ƎŜƴŜǊŀǘƛƻƴ ƛŦ ǾŀǊƛŀōƭŜ ŀƴŘ ŦǳŜƭ Ŏƻǎǘǎ ŀǊŜ ƭƻǿ ŜƴƻǳƎƘΦ .ƛƻƳŀǎǎ ǎƻǳǊŎŜǎ Ŏŀƴ ŜƛǘƘŜǊ 
ōŜ ŘƛǊŜŎǘƭȅ ŎƻƳōǳǎǘŜŘΣ ƎŀǎƛŦƛŜŘ ǘƻ ǇǊƻŘǳŎŜ ŀ ǎȅƴǘƘŜǘƛŎ ŦǳŜƭΣ ƻǊ ŎƻπŦƛǊŜŘ ŀǘ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ όǘȅǇƛŎŀƭƭȅ ǳǇ ǘƻ 
мл ǇŜǊŎŜƴǘ ƘŜŀǘ ŎƻƴǘŜƴǘύ ǿƛǘƘ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ŦǳŜƭ ǎǳŎƘ ŀǎ ŎƻŀƭΦфм Lƴ нлмрΣ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ 
ōƛƻƳŀǎǎ ŀŎǊƻǎǎ ŀƭƭ ǎŜŎǘƻǊǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ммΦо ǇŜǊŎŜƴǘ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ мΦс ǇŜǊŎŜƴǘ 
ƻŦ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ ! ǎƛƎƴƛŦƛŎŀƴǘ ƴǳƳōŜǊ ƻŦ ōƛƻƳŀǎǎ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ǎƳŀƭƭ 
ŜƴƻǳƎƘ ǘƘŀǘ ǘƘŜȅ Ŏŀƴ ōŜ ƭƻŎŀǘŜŘ ƴŜŀǊ ǘƘŜƛǊ ŦǳŜƭ ǎƻǳǊŎŜǎΦ !ǎ ǎǳŎƘΣ ƴŜŀǊƭȅ ƘŀƭŦ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ 
ŦǊƻƳ ōƛƻƳŀǎǎ ƛƴ нлмр ǿŀǎ ŀǘ ƛƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǘƛŜǎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŜŎǘƻǊΣ ǎǳŎƘ ŀǎ ǇǳƭǇ ŀƴŘ 
ǇŀǇŜǊ ƳƛƭƭǎΦ DŜƴŜǊŀǘƛƻƴ ŦǊƻƳ ōƛƻƳŀǎǎ ŀŎǊƻǎǎ ŀƭƭ ǎŜŎǘƻǊǎ ƎǊŜǿ ŦǊƻƳ рс ¢²Ƙ ƛƴ нлмл ǘƻ сп ¢²Ƙ ƛƴ нлмрΣ 
ŘǊƛǾŜƴ ǇǊƛƳŀǊƛƭȅ ŦǊƻƳ ƴŜǿ ŎŀǇŀŎƛǘȅ ƛƴ ǎƻǳǘƘŜǊƴ ǎǘŀǘŜǎΣ ǎǳŎƘ ŀǎ ±ƛǊƎƛƴƛŀΣ CƭƻǊƛŘŀΣ ŀƴŘ DŜƻǊƎƛŀΦфн 

3.2.2.6 Geothermal Generation: Zero-Carbon Baseload and Flexibility Resource 

DŜƻǘƘŜǊƳŀƭ ƎŜƴŜǊŀǘƻǊǎ ŀǊŜ ōŀǎŜƭƻŀŘ Ǉƭŀƴǘǎ ŎŀǇŀōƭŜ ƻŦ ǇǊƻǾƛŘƛƴƎ ǾŀƭǳŀōƭŜ ǎŜǊǾƛŎŜǎ ǘƻ ǘƘŜ ƎǊƛŘΣ ǎǳŎƘ ŀǎ 
ƎŜƴŜǊŀǘƛƻƴ ŦƭŜȄƛōƛƭƛǘȅΦ tǊƛƻǊ ǘƻ мфулΣ ƎŜƻǘƘŜǊƳŀƭ ƎŜƴŜǊŀǘƛƻƴ ǊŜƳŀƛƴŜŘ ōŜƭƻǿ р ¢²Ƙ ŀƴƴǳŀƭƭȅΦ .ŜǘǿŜŜƴ 
мфул ŀƴŘ мфуфΣ ƎŜƴŜǊŀǘƛƻƴ ǘǊƛǇƭŜŘ ǘƻ мр ¢²Ƙ ŀǎ ƴŜǿ ŦŀŎƛƭƛǘƛŜǎ ŎŀƳŜ ƻƴƭƛƴŜΦ aǳŎƘ ƻŦ ǘƘŜ ŜŀǊƭȅ ƎǊƻǿǘƘ ƛƴ 
ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ ǿŀǎ ŘǊƛǾŜƴ ōȅ tǳōƭƛŎ ¦ǘƛƭƛǘȅ wŜƎǳƭŀǘƻǊȅ tƻƭƛŎƛŜǎ !Ŏǘ ƛƴŎŜƴǘƛǾŜǎΣ ŀƭǘƘƻǳƎƘ ǘƘƛǎ ŘǊƛǾŜǊ Ƙŀǎ 
ŘŜŎƭƛƴŜŘ ƻǾŜǊ ǘƛƳŜ ŀǎ ǘƘŜ ŀǾƻƛŘŜŘ Ŏƻǎǘǎ ƻŦ ǳǘƛƭƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƘŀǾŜ ŦŀƭƭŜƴΦ !ǎ ƻŦ нлмрΣ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ 
ŎƻƴǘƛƴǳŜǎ ǘƻ ƎŜƴŜǊŀǘŜ ǊƻǳƎƘƭȅ мр ¢²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴƴǳŀƭƭȅΣ ƻǊ ǊƻǳƎƘƭȅ лΦп ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘƛƻƴΦфоΣ фп /ƘŀƭƭŜƴƎŜǎ ƛƴ ŜȄǇƭƻǊƛƴƎ ƴŜǿ “ōƭƛƴŘ” ƘȅŘǊƻǘƘŜǊƳŀƭ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƭƻƴƎ ŘǊƛƭƭƛƴƎ ǘƛƳŜǎ ŦƻǊ 
ǇǊƻŘǳŎǘƛƻƴ ǿŜƭƭǎ ƘŀǾŜ ƭŜŘ ǘƻ ƛƴŎǊŜŀǎŜŘ ǳƴŎŜǊǘŀƛƴǘȅ ŦƻǊ ƛƴǾŜǎǘƻǊǎ ƛƴ ƭŀǊƎŜ ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧŜŎǘǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ 
ǘŀȄ ŎǊŜŘƛǘǎ ǘƘŀǘ ŀǊŜ ƻƴƭȅ ŜȄǘŜƴŘŜŘ ŦƻǊ ǎƘƻǊǘ ǇŜǊƛƻŘǎ ƻŦ ǘƛƳŜ Řƻ ƴƻǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƭƻƴƎ ƭŜŀŘ ǘƛƳŜ ƻŦ 
ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇƳŜƴǘΣ ǎŎŀǊŎƛǘȅ ƻŦ ǇƻǿŜǊ ǇǳǊŎƘŀǎŜ ŀƎǊŜŜƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎΣ ƻǊ ƴŜŜŘ ŦƻǊ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ /ǳǊǊŜƴǘ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜ ŎƻƳǇŜƴǎŀǘƛƻƴ ƳƻŘŜƭǎ ƛƴ ŀǊŜŀǎ ǿƛǘƘ Ƴƻǎǘ ƎŜƻǘƘŜǊƳŀƭ 
ŘŜǾŜƭƻǇƳŜƴǘ Řƻ ƴƻǘ ǇǊƻǾƛŘŜ ǎǳŦŦƛŎƛŜƴǘ ǊŜǾŜƴǳŜ ǘƻ ǿŀǊǊŀƴǘ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ƻǇŜǊŀǘƛƻƴŀƭ ŀƴŘ ŎƻƴǘǊƻƭ 
ǊŜǘǊƻŦƛǘǘƛƴƎ ŜȄǇŜƴǎŜǎΦ LŦ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ǾŀƭǳŜŘΣ ǘƘŜ ǎŜǊǾƛŎŜǎ ŀ ƎŜƻǘƘŜǊƳŀƭ Ǉƭŀƴǘ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴŎƭǳŘŜ 
ǊŜƎǳƭŀǘƛƻƴΣ ƭƻŀŘ ŦƻƭƭƻǿƛƴƎΣ ǎǇƛƴƴƛƴƎ ǊŜǎŜǊǾŜǎΣ ƴƻƴǎǇƛƴƴƛƴƎ ǊŜǎŜǊǾŜΣ ŀƴŘ ǊŜǇƭŀŎŜƳŜƴǘ ƻǊ ǎǳǇǇƭŜƳŜƴǘŀƭ 
ǊŜǎŜǊǾŜΦфр 

3.2.2.7 Nuclear Generation: Zero-Carbon Baseload 

bǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ŎƻƳǇǊƛǎŜǎ сл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ Nation’s ŎǳǊǊŜƴǘ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴΦфс ¢ƘŜ ŎǳǊǊŜƴǘ 
ƻǇŜǊŀǘƛƴƎ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ŦƭŜŜǘ όфф ǊŜŀŎǘƻǊǎύ Ŏƻƴǎƛǎǘǎ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рп D² ƻŦ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƛƴ 
ǊŜƎǳƭŀǘŜŘ ƳŀǊƪŜǘǎ ŀƴŘ пр D² ƛƴ ǊŜǎǘǊǳŎǘǳǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎΦфт hŦ ǘƘŜ фф ƻǇŜǊŀǘƛƴƎ ƴǳŎƭŜŀǊ ǊŜŀŎǘƻǊǎ 
ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǎƻ ŦŀǊΣ ул ƘŀǾŜ ōŜŜƴ ŀǇǇǊƻǾŜŘ ǘƻ όŀƴŘ Ǉƭŀƴ ǘƻύ ƻǇŜǊŀǘŜ ŦƻǊ сл ȅŜŀǊǎΣ ǿƘƛƭŜ ŀƴƻǘƘŜǊ ф 



 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 3-21 

ŎǳǊǊŜƴǘƭȅ ƘŀǾŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ǳƴŘŜǊ ǊŜǾƛŜǿΦфуƭ ¢ƘŜ ǘƛƳŜƭƛƴŜ ŦƻǊ ǘƘŜǎŜ ǳƴƛǘǎ ǘƻ ǊŜŀŎƘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜƛǊ слπȅŜŀǊ 
ƭƛŎŜƴǎŜ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ с ǳƴƛǘǎ ōŜǘǿŜŜƴ нлнф–нлолΤ нт ǳƴƛǘǎ ōŜǘǿŜŜƴ нлом–нлорΤ мр ǳƴƛǘǎ ōŜǘǿŜŜƴ нлос–
нлплΤ нл ǳƴƛǘǎ ōŜǘǿŜŜƴ нлпм–нлпрΤ ŀƴŘ мн ǳƴƛǘǎ ōŜǘǿŜŜƴ нлпс–нлрлΦфф CƻǊǘȅπŜƛƎƘǘ ǳƴƛǘǎ ǿƛƭƭ ǊŜŀŎƘ ǘƘŜ 
ŜƴŘ ƻŦ ǘƘŜƛǊ ƭƛŎŜƴǎŜŘ ƭƛŦŜǘƛƳŜ ōȅ нлплΣ ǘƘŜ ǘƛƳŜŦǊŀƳŜ ŎƻǾŜǊŜŘ ōȅ v9w мΦнΦ όCƛƎǳǊŜ оπмлύƳΣ млл ²ƛǘƘƻǳǘ 
ǊŜƴŜǿŀƭǎ ǘƻ ул ȅŜŀǊǎΣ ǘƘŜǊŜ ǿƛƭƭ ōŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƭƻǎǎ ƻŦ ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ǎǘŀǊǘƛƴƎ ƛƴ ǘƘŜ нлолǎΦ !ƭǎƻΣ 
ƛŦ ǘƘŜǎŜ Ǉƭŀƴǘǎ ǿŜǊŜ ǘƻ ŀƭƭ ǊŜǉǳŜǎǘ ŀ ƭƛŎŜƴǎŜ ǊŜƴŜǿŀƭ ǘƻ ул ȅŜŀǊǎΣ ƛǘ ǿƻǳƭŘ ǊŜǇǊŜǎŜƴǘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŀŘŘƛǘƛƻƴŀƭ 
ǿƻǊƪƭƻŀŘ ŦƻǊ bw/ ǎǘŀŦŦ ŀƴŘ ŎƻƳƳƛǎǎƛƻƴŜǊǎΦ ¢ǿƻ ǇƭŀƴǘǎΣ {ǳǊǊȅ tƻǿŜǊ {ǘŀǘƛƻƴ ŀƴŘ tŜŀŎƘ .ƻǘǘƻƳ bǳŎƭŜŀǊ 
DŜƴŜǊŀǘƛƴƎ {ǘŀǘƛƻƴΣ ƘŀǾŜ ŀƴƴƻǳƴŎŜŘ ƛƴǘŜƴǘƛƻƴǎ ǘƻ ǎŜŜƪ ǎǳōǎŜǉǳŜƴǘ ƭƛŎŜƴǎŜ ǊŜƴŜǿŀƭǎΣ ŀƴŘ ƻǘƘŜǊǎ ŀǊŜ ŀƭǎƻ 
ŜȄǇŜŎǘŜŘ ǘƻ Řƻ ǎƻΦ 

                                                           
ƭ 5ƛŀōƭƻ /ŀƴȅƻƴ м ŀƴŘ н ŀǊŜ ǳƴŘŜǊ ǊŜǾƛŜǿΣ ōǳǘ tDϧ9 Ƙŀǎ ŀƴƴƻǳƴŎŜŘ ƛǘ ǿƛƭƭ ǿƛǘƘŘǊŀǿ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ 
Ƴ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ŜƴŘ ŘŀǘŜǎ ǿƛǘƘ ŦƛǊǎǘ ƭƛŎŜƴǎŜ ǊŜƴŜǿŀƭΦ 



Chapter III: Building a Clean Electricity Future 
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Figure 3-10. Current and Projected Nuclear Capacity Assuming No Subsequent License 
Renewals101, 102

 

The top map in the figure shows U.S. nuclear power capacity (in MW) by state in 2016 (as of December 
15, 2016). The bottom map shows what the U.S. nuclear power capacity by state would be in 2040 
(December 31, 2040), assuming that all reactors, except those that have already specified closure dates, 
shut down at the expiration of their currently approved licenses. 
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²ƘƛƭŜ ŜǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ǘƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ŀǘπǊƛǎƪ ŎŀǇŀŎƛǘȅ ǾŀǊȅΣ ƻƴŜ ǊŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ŎŀǇŀŎƛǘȅ 
ƻŦ ǊŜǘƛǊŜŘ ƻǊ ŀǘπǊƛǎƪ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘǎ ōȅ нлол ƛǎ ŀōƻǳǘ ну D²Σ ŀ ƭƛǘǘƭŜ ƻǾŜǊ ƻƴŜπǉǳŀǊǘŜǊ ƻŦ ¦Φ{ ƴǳŎƭŜŀǊ 
Ǉƭŀƴǘ ŎŀǇŀŎƛǘȅΤ ŀǘπǊƛǎƪ Ǉƭŀƴǘ ŎŀǇŀŎƛǘȅ ǾŀǊƛŜǎ ōȅ ǊŜƎƛƻƴΣ ǿƛǘƘ ǘƘŜ 9ŀǎǘ bƻǊǘƘ /ŜƴǘǊŀƭ Ƴƻǎǘ ŀŦŦŜŎǘŜŘ όCƛƎǳǊŜ оπ
ммύΦмло {ŜǾŜǊŀƭ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ǇƭŀƴǘǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘƻǎŜ ǿƛǘƘ ǎƛƴƎƭŜ ǳƴƛǘǎΣ ŦŀŎŜ ƭŀǊƎŜ ǊŜŎǳǊǊƛƴƎ ŦƛȄŜŘ ŎƻǎǘǎΦ 
{ƻƳŜ ƻŦ ǘƘŜǎŜ Ŏƻǎǘǎ ŀǊŜ ŘǳŜ ǘƻ ǇƻǎǘπCǳƪǳǎƘƛƳŀ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ōǳǘ Ƴŀƴȅ ŀǊŜ ǎƛƳǇƭȅ ǘƘŜ Ŏƻǎǘǎ ƻŦ ƻǇŜǊŀǘƛƻƴΣ 
ǎǳŎƘ ŀǎ ǎŜŎǳǊƛǘȅΣ ǎŀƭŀǊƛŜǎΣ ŜǘŎΦ {ŜǾŜǊŀƭ Ǉƭŀƴǘǎ ƘŀǾŜ ŀƭǎƻ ƴŜŜŘŜŘ ƭŀǊƎŜ ŎŀǇƛǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜǎΤ ŦŀŎŜŘ ǿƛǘƘ ǘƘŜǎŜ 
ǎƛƎƴƛŦƛŎŀƴǘ ŎƻǎǘǎΣ Ǉƭŀƴǘ ƻǇŜǊŀǘƻǊǎκƻǿƴŜǊǎ ƘŀǾŜ ŎƘƻǎŜƴ ǘƻ ǎƘǳǘ ǘƘŜƳ ŘƻǿƴΦ {ƛƴŎŜ нлмнΣ ǿƘŜƴ млп ǊŜŀŎǘƻǊǎ 
ǿŜǊŜ ƻǇŜǊŀǘƛƴƎΣ ǎƛȄ ǳƴƛǘǎ ǘƻǘŀƭƛƴƎ пΦт D² ƘŀǾŜ ǎƘǳǘ Řƻǿƴ ŜŀǊƭƛŜǊ ǘƘŀƴ ǘƘŜƛǊ ƭƛŎŜƴǎŜŘ ƭƛŦŜǘƛƳŜΦ ¢ǿƻ 
ǊŜǘƛǊŜƳŜƴǘǎΣ {ŀƴ hƴƻŦǊŜ ŀƴŘ /Ǌȅǎǘŀƭ wƛǾŜǊΣ ƘŀǾŜ ōŜŜƴ ŘǊƛǾŜƴ ōȅ ƳŜŎƘŀƴƛŎŀƭ ŦŀƛƭǳǊŜǎ ǘƘŀǘ ǿŜǊŜ ŘŜŜƳŜŘ ǘƻƻ 
Ŏƻǎǘƭȅ ǘƻ ǊŜǇŀƛǊΤ ǘƘŜ ƻǘƘŜǊǎ ǿŜǊŜ ƳŀǊƪŜǘ ŘŜŎƛǎƛƻƴǎΦ !ǎ ƻŦ 5ŜŎŜƳōŜǊ нлмсΣ ǘŜƴ ƻǘƘŜǊ ǳƴƛǘǎ ǘƻǘŀƭƛƴƎ уΦс D² 
ƻŦ ŎŀǇŀŎƛǘȅ ƘŀǾŜ ŀƴƴƻǳƴŎŜŘ Ǉƭŀƴǎ ǘƻ ŎƭƻǎŜ ƛƴ ǘƘŜ ƴŜȄǘ ŘŜŎŀŘŜ όǘƘƻǳƎƘ ǎƛȄ ƻŦ ǘƘŜǎŜ ǳƴƛǘǎ Ƴŀȅ ƴƻǘ ŎƭƻǎŜ 
ōŜŎŀǳǎŜ ƻŦ ǊŜŎŜƴǘ ǎǘŀǘŜ ŀŎǘƛƻƴǎύΤ ŜƛƎƘǘ ƻŦ ǘƘƻǎŜ ŎƭƻǎǳǊŜǎΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ǘǿƻ ǳƴƛǘǎ ŀǘ 5ƛŀōƭƻ /ŀƴȅƻƴΣ 
would occur prior to the expiration of the unit’s existing licenses. {ŜǾŜƴ ƻŦ ǘƘŜ ŀƴƴƻǳƴŎŜŘ ǊŜǘƛǊŜƳŜƴǘǎΣ ŀƭƭ 
ǘƘƻǎŜ ŜȄŎŜǇǘ hȅǎǘŜǊ /ǊŜŜƪ ŀƴŘ 5ƛŀōƭƻ /ŀƴȅƻƴΣ ǿŜǊŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƳŀǊƪŜǘ ŎƻƴŘƛǘƛƻƴǎΦ  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ Ǉƭŀƴǘǎ ǿƛǘƘ ƘƛƎƘ ǊŜŎǳǊǊƛƴƎ ŦƛȄŜŘ ŎƻǎǘǎΣ ǇƻǎǘπCǳƪǳǎƘƛƳŀΣ ƳŀǊƪŜǘ ǎǘǊǳŎǘǳǊŜǎ ƘŀǾŜ ƘŀŘ 
ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴΦ Lƴ ǎǘŀǘŜǎ ǿƛǘƘ ǊŜǎǘǊǳŎǘǳǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎΣ 
ƴǳŎƭŜŀǊ ƻǇŜǊŀǘƻrs have found it to be increasingly difficult to compete under today’s market conditions 
ǿƘŜǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛǎ Ŧƭŀǘ ƻǊ ŘŜŎƭƛƴƛƴƎΣ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƛŎŜǎ ŀƴŘ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŦƻǊ ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜ 
ƭƻǿΣ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ Ŏƻǎǘǎ ŀǊŜ ŘŜŎƭƛƴƛƴƎ ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎƛŜǎ ŦŀǾƻǊ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΦ  ¢ƘŜǊŜ ŀǊŜ ƘƻǿŜǾŜǊΣ 
ƴŜǿ ƴǳŎƭŜŀǊ ǊŜŀŎǘƻǊǎ ǳƴŘŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ ǾŜǊǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ƳŀǊƪŜǘǎΦ ²ŀǘǘǎ .ŀǊ н ŜƴǘŜǊŜŘ ǎŜǊǾƛŎŜ ƛƴ 
¢ŜƴƴŜǎǎŜŜ ƛƴ нлмсΣ ŀƴŘ ŦƻǳǊ ŀŘŘƛǘƛƻƴŀƭ ǊŜŀŎǘƻǊǎ ŀǊŜ ǳƴŘŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ DŜƻǊƎƛŀ ŀƴŘ {ƻǳǘƘ /ŀǊƻƭƛƴŀ ǘƘŀǘ 
ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŜƴǘŜǊ ŎƻƳƳŜǊŎƛŀƭ ƻǇŜǊŀǘƛƻƴ ƛƴ ǘƘŜ нлмф–нлнл ǘƛƳŜŦǊŀƳŜΦ  

Lƴ нлмсΣ ǘǿƻ ǎǘŀǘŜǎΣ Lƭƭƛƴƻƛǎ ŀƴŘ bŜǿ ¸ƻǊƪ Ǉǳǘ ǇƻƭƛŎƛŜǎ ƛƴ ǇƭŀŎŜ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƻǇŜǊŀǘƛƻƴ ƻŦ 
ƴǳŎƭŜŀǊ ǇƭŀƴǘǎΦ ¢ƘŜ bŜǿ ¸ƻǊƪ tǳōƭƛŎ {ŜǊǾƛŎŜ /ƻƳƳƛǎǎƛƻƴ ŦƛƴŀƭƛȊŜŘ ƛǘǎ /ƭŜŀƴ 9ƴŜǊƎȅ {ǘŀƴŘŀǊŘ ό/9{ύ ƻƴ 
!ǳƎǳǎǘ мΣ нлмсΣ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ŀ рл ǇŜǊŎŜƴǘ ǊŜƴŜǿŀōƭŜ ǘŀǊƎŜǘ ōȅ нлолΣ ŀƭƻƴƎ ǿƛǘƘ ȊŜǊƻπŜƳƛǎǎƛƻƴ ŎǊŜŘƛǘǎ 
ό½9/ǎύ ŦƻǊ ƴǳŎƭŜŀǊ ǇƭŀƴǘǎΦ ¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘŜ ½9/ ǇƻƭƛŎȅ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǊŜǾŜƴǳŜ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘǊŜŜ Ǉƭŀƴǘǎ ǘƘŀǘ 
ƘŀŘ ōŜŜƴ ŀǘ Ǌƛǎƪ ŦƻǊ ǇǊŜƳŀǘǳǊŜ ǊŜǘƛǊŜƳŜƴǘΥ DƛƴƴŀΣ bƛƴŜ aƛƭŜΣ ŀƴŘ CƛǘȊtŀǘǊƛŎƪΦ !ŎŎƻǊŘƛƴƎ ǘƻ ŀƴŀƭȅǎƛǎ ŦǊƻƳ 
¦.{Σ ǘƘŜ ½9/ ǇƻƭƛŎȅ ǿƻǳƭŘ ŜǎǎŜƴǘƛŀƭƭȅ ƎǳŀǊŀƴǘŜŜ ǊŜǾŜƴǳŜπǇƻǎƛǘƛǾŜ ƻǇŜǊŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜ Ǉƭŀƴǘǎ ǘƘǊƻǳƎƘ 
ŀ ǎǘŀōƭŜ ƭŜǾŜƭ ƻŦ ŎƻƳǇŜƴǎŀǘƛƻƴΦмлп Lƭƭƛƴƻƛǎ ŜƴŀŎǘŜŘ ŀ ǎƛƳƛƭŀǊ ǇƻƭƛŎȅ ŀǎ ǇŀǊǘ ƻŦ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŜƴŜǊƎȅ 
ƭŜƎƛǎƭŀǘƛƻƴ ƛƴ 5ŜŎŜƳōŜǊ нлмсΦ !ƭǎƻΣ ǘƘŜ {ŜŎǊŜǘŀǊȅ ƻŦ 9ƴŜǊƎȅ’s !ŘǾƛǎƻǊȅ .ƻŀǊŘ ¢ŀǎƪ CƻǊŎŜ ƻƴ bǳŎƭŜŀǊ 9ƴŜǊƎȅ 
ƛǎǎǳŜŘ ŀ ǊŜǇƻǊǘ ŘŜǎŎǊƛōƛƴƎ ƛƴƛǘƛŀǘƛǾŜǎ ǘƘŀǘ ǿƻǳƭŘ ƭŜŀŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ƛƴ нлол–
нлрл ǘƛƳŜŦǊŀƳŜΦ Lǘ ƻǳǘƭƛƴŜǎ ǇǊƻƎǊŀƳǎ ŀƴŘ ŜŦŦƻǊǘǎ ŦƻǊ ōƻǘƘ ƴŜǿ ŀƴŘ ŜȄƛǎǘƛƴƎ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ŀƴŘ ŀƭǎƻ 
ŀŘǾŀƴŎŜŘ ǊŜŀŎǘƻǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ōŀǎŜŘ ƻƴ ǘǊŀŘƛǘƛƻƴŀƭ ƭƛƎƘǘπǿŀǘŜǊ ǊŜŀŎǘƻǊ ŘŜǎƛƎƴǎΦмлр  
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Figure 3-11. Nuclear Units at Risk or Recently Retired by Census Region106 

 
Across the country, over 28 GW of nuclear generating capacity is at risk or recently retired, most of which 
is in the East North Central region.  

!ǎ ƴƻǘŜŘΣ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ƛǎ сл҈ ƻŦ ȊŜǊƻπŎŀǊōƻƴ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦Φ{Φ  Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǿŜƛƎƘ 
ǘƘŜ Ŏƻǎǘǎ ƻŦ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ȊŜǊƻ ŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǘƻ ƭƻǿπŎŀǊōƻƴ ƴŀǘǳǊŀƭ Ǝŀǎ 
ƎŜƴŜǊŀǘƛƻƴ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ǾŀƭǳŜ ƻŦ ŀǘπǊƛǎƪ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ǳƴƛǘǎΦ ! ǊŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ŜǎǘƛƳŀǘŜŘ 
ǘƘŜ “ǊŜǾŜƴǳŜ ƎŀǇ” – ǘƘŜ Ŏƻǎǘ ƻŦ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ƪŜŜǇƛƴƎ ŎŜǊǘŀƛƴ ƴǳŎƭŜŀǊ ǳƴƛǘǎ ǊǳƴƴƛƴƎ – ŦƻǊ ŀ ŘƛǎŎǊŜǘŜ ōǳǘ 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǎŜǘ ƻŦ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƴƎ ǳƴƛǘǎΦмлт 5h9 ǘƘŜƴ ŀƴŀƭȅȊŜŘ ǘƘŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ōŜƴŜŦƛǘǎ 
ƻŦ ƪŜŜǇƛƴƎ ǘƘƛǎ ǎŜǘ ƻŦ Ǉƭŀƴǘǎ ƻǇŜƴ ōȅ ǳǎƛƴƎ ŀ ǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴ ƻŦ ϷпмκƳŜǘǊƛŎ ǘƻƴΦ !ǎǎǳƳƛƴƎ ǘƘŀǘ ŀƭƭ 
ƎŜƴŜǊŀǘƛƻƴ ŦǊƻƳ ǊŜǘƛǊƛƴƎ ƴǳŎƭŜŀǊ Ǉƭŀƴǘǎ ƛƴ ǘƘƛǎ ŘƛǎŎǊŜǘŜ ǎŜǘ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ōŜ ǊŜǇƭŀŎŜŘ ǿƛǘƘ Ǝŀǎ 
ƎŜƴŜǊŀǘƛƻƴΣ ƪŜŜǇƛƴƎ ŀƭƭ ōǳǘ ƻƴŜ ƻŦ ǘƘŜ ƴǳŎƭŜŀǊ ǳƴƛǘǎ ƻǇŜƴ ǿƻǳƭŘ ƘŀǾŜ ƘƛƎƘŜǊ ōŜƴŜŦƛǘǎ ǘƘŀƴ ŎƻǎǘǎΦ DOE’s
ŀƴŀƭȅǎƛǎ ƻƴƭȅ ƭƻƻƪŜŘ ŀǘ ǘƘŜ ŎŀǊōƻƴ ōŜƴŜŦƛǘǎ ƻŦ ŀǘπǊƛǎƪ ƎŜƴŜǊŀǘƻǊǎΤ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊΣ ƴƻƴπŎŀǊōƻƴ ōŜƴŜŦƛǘǎ ƻŦ 
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ǊŜǘŀƛƴƛƴƎ ŜȄƛǎǘƛƴƎ ƴǳŎƭŜŀǊ ǇƻǿŜǊΣ ƛƴŎƭǳŘƛƴƎ ƧƻōǎΣ ǊŜƭƛŀōƛƭƛǘȅΣ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ōŜƴŜŦƛǘǎ ŀǎ ǿŜƭƭΦ 
bǳŎƭŜŀǊ Ǉƭŀƴǘǎ ƎŜƴŜǊŀƭƭȅ ƻƴƭȅ ǎƘǳǘ Řƻǿƴ ŦƻǊ ƳŀƛƴǘŜƴŀƴŎŜ ŀŎǘƛǾƛǘƛŜǎΣ ŀƴŘ ŦƻǊŎŜŘ ƻǳǘŀƎŜǎ ŀǊŜ ǾŜǊȅ ǊŀǊŜΣ 

¢ƘŜ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ŦƻǊ ǊŜǘƛǊƛƴƎ ƴǳŎƭŜŀǊ Ǉƭŀƴǘǎ ƛǎ ŀ ƪŜȅ ǳƴƪƴƻǿƴΦ LŦ ǘƘŜ 
ǊŜǇƭŀŎŜƳŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƭŜǎǎ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǾŜ ǘƘŀƴ ƴŀǘǳǊŀƭ ƎŀǎΣ ŦŜǿŜǊ Ǉƭŀƴǘǎ ǿƻǳƭŘ Ǉŀǎǎ ǘƘƛǎ ŎƻǎǘπōŜƴŜŦƛǘ 
ǘŜǎǘΦ LŦ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƳƻǊŜ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǾŜΣ ƳƻǊŜ Ǉƭŀƴǘǎ ǿƻǳƭŘ Ǉŀǎǎ ǘƘƛǎ ŎƻǎǘπōŜƴŜŦƛǘ 
ǘŜǎǘΦ Lǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǎƻƳŜ Ŏƻŀƭ Ƴŀȅ ǊŜǇƭŀŎŜ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǎǇŜŎƛŦƛŎ ǊŜƎƛƻƴǎΦ ²ƘŜƴ ŀƴŀƭȅȊƛƴƎ ǘƘŜ 
ƛƳǇŀŎǘǎ ƻŦ ǇǊŜƳŀǘǳǊŜ ƴǳŎƭŜŀǊ ǊŜǘƛǊŜƳŜƴǘǎ ƻƴ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ǎǘŀǘŜΣ ŀ ǎǘŀǘŜ ƻŦ Lƭƭƛƴƻƛǎ ǊŜǇƻǊǘ 
ŎƻƴǎƛŘŜǊŜŘ ŀ ǎŎŜƴŀǊƛƻ ƛƴ ǿƘƛŎƘ ул ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ǿŀǎ ŎƻŀƭΦмлу hǘƘŜǊ ŀƴŀƭȅǎƛǎ 
ŎƻƴŎƭǳŘŜǎ ǘƘŀǘ ǊƻǳƎƘƭȅ тр ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŀǘπǊƛǎƪ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ƴŀǘƛƻƴǿƛŘŜ ǿƻǳƭŘ ōŜ ǊŜǇƭŀŎŜŘ ǿƛǘƘ 
Ŧƻǎǎƛƭ ƎŜƴŜǊŀǘƛƻƴΣ ƭŀǊƎŜƭȅ ǇƻǿŜǊŜŘ ǿƛǘƘ ƴŀǘǳǊŀƭ ƎŀǎΦмлф 

{ǳŦŦƛŎƛŜƴǘƭȅ ŦŀǾƻǊŀōƭŜ ǊŜǾŜƴǳŜΣ ǘŜŎƘƴƻƭƻƎȅ ǇŜǊŦƻǊƳŀƴŎŜΣ ǇƻƭƛŎȅΣ ŀƴŘ ƳŀǊƪŜǘ ŎƻƴŘƛǘƛƻƴǎ ŜƴŀōƭŜ ŦƛƴŀƴŎƛƴƎ 
ŦƻǊ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎΦ ¢ƻ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŎƭŜŀƴ ǎȅǎǘŜƳǎΣ ŦŜŘŜǊŀƭ ǇƻƭƛŎƛŜǎ Ŏŀƴ ŀŘŘǊŜǎǎ 
ǘƘŜ ōŀǊǊƛŜǊǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ŀƴŘ Ƴŀȅ ŎǊŜŀǘŜ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ǳƴŘŜǊ ǿƘƛŎƘ ƳƻǊŜ ŎƭŜŀƴ ǊŜǎƻǳǊŎŜǎ 
Ŏŀƴ ƻōǘŀƛƴ ŦƛƴŀƴŎƛƴƎΦ ¢ƘŜǎŜ ǇƻƭƛŎƛŜǎ ƛƴŎƭǳŘŜ ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ ƛƴŎǊŜŀǎŜ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ǊŜǘǳǊƴ ƻƴ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǇǊƻƧŜŎǘǎΣ ƛƳǇǊƻǾŜ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ǇǊƻŦƛƭŜ ƻŦ ŜƴǘƛǘƛŜǎ ǘƘŀǘ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅΣ ƻǊ ŀƭƭƻǿ ƎǊŜŀǘŜǊ ŀŎŎŜǎǎ 
ǘƻ ŎŀǇƛǘŀƭΦ 

3.2.3 Decarbonization via Distributed Energy Resources  

59wǎ ǊŜǇǊŜǎŜƴǘ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ƻǊ ƭƻŀŘπǊŜŘǳŎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ǊŜǎƛŘŜ ƻƴ ŀ 
utility’s distribution system or on the premises of an endπǳǎŜ ŎƻƴǎǳƳŜǊΦ 59wǎ Ŏŀƴ ƘŜƭǇ ǊŜŘǳŎŜ ŎŀǊōƻƴ 
ŜƳƛǎǎƛƻƴǎ ōȅ ǇǊƻǾƛŘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ƭƻǿπ ƻǊ ȊŜǊƻπŎŀǊōƻƴ ŜƳƛǘǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ōȅ ǊŜŘǳŎƛƴƎ 
ŘŜƳŀƴŘΦ Lƴ ŀŘŘƛǘƛƻƴΣ 59wǎ Ŏŀƴ ŀƭǎƻ ƛƳǇŀŎǘ Ƙƻǿ ƳǳŎƘΣ ŀƴŘ ǿƘŜƴΣ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŘŜƳŀƴŘŜŘ ŦǊƻƳ ǘƘŜ ƎǊƛŘΣ 
ǘƘŜǊŜōȅ ǎǳǇǇƻǊǘƛƴƎ ƛƳǇǊƻǾŜŘ ƎǊƛŘ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ƭƻŀŘ ōŀƭŀƴŎƛƴƎΦ 59wǎ ǇǊƻǾƛŘŜ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅ ŎƘŀƭƭŜƴƎŜǎ 
ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ L± όEnsuring Electricity System Reliability, Security, 
and Resilience).  59wǎ ŀƭǎƻ ǇǊƻǾƛŘŜ ōǳǎƛƴŜǎǎ ŀƴŘ ŎƻƴǎǳƳŜǊ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ŘƛǎŎǳǎǎŜŘ 
ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ LL όThe Electricity Sector: Maximizing Economic Value and Consumer Equity)Φ 

¢ŜŎƘƴƛŎŀƭ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ 59wǎ ǾŀǊȅΣ ōǳǘ ŦƻǊ ǇǳǊǇƻǎŜǎ ƻŦ v9w мΦнΣ 59wǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ 5DΣ ŘƛǎǘǊƛōǳǘŜŘ 
ǎǘƻǊŀƎŜΣ ŀƴŘ ŘŜƳŀƴŘπǎƛŘŜ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ 5wΦ !ƭƭ 59wǎ Ŏŀƴ ǊŜŘǳŎŜ ŎŀǊōƻƴ 
ŀƴŘ ƻǘƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ōǳǘ ǘƘŜȅ Řƻ ǎƻ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΦ 9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻǾƛŘŜǎ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ ōȅ ŀǾƻƛŘƛƴƎ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘŜŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ   /ƭŜŀƴ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ ōȅ ŘƛǎǇƭŀŎƛƴƎ 
ƘƛƎƘŜǊπŜƳƛǘǘƛƴƎ ƎŜƴŜǊŀǘƛƻƴΦ 5ŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ ŜƴŀōƭŜ ŀ ŎƭŜŀƴŜǊ ƎǊƛŘ ōȅ ǇǊƻǾƛŘƛƴƎ 
ƎǊƛŘ ǎŜǊǾƛŎŜǎ ǿƛǘƘ ƭƻǿŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ǘƘŀƴ ƻǘƘŜǊ ƻǇǘƛƻƴǎ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ǎǳŎƘ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƴŜŜŘŜŘ ǘƻ ŜƴŀōƭŜ 59wǎ ƛƴŎƭǳŘŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜƴŀōƭŜ 5w ŀƴŘ ƛƳǇǊƻǾŜŘ ŘŜƳŀƴŘ ŎƻƴǘǊƻƭ 
όŜΦƎΦΣ ǎƳŀǊǘ ƳŜǘŜǊǎΣ ōǳƛƭŘƛƴƎ ŀǳǘƻƳŀǘƛƻƴ ǎȅǎǘŜƳǎΣ ǎƳŀǊǘ ŀǇǇƭƛŀƴŎŜǎΣ ŀƴŘ ŘƛǊŜŎǘ ƭƻŀŘ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎƛŜǎύΤ 
ƘƛƎƘƭȅ ŜŦŦƛŎƛŜƴǘ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŜƴǾŜƭƻǇŜǎΤ 5D ǎȅǎǘŜƳǎ όŜΦƎΦΣ ƴŀǘǳǊŀƭ Ǝŀǎ– ŀƴŘ ōƛƻƳŀǎǎπŦƛǊŜŘ ŎƻƳōƛƴŜŘ 
ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ ώ/ItϐΣ ǿŀǎǘŜ ƘŜŀǘ ǊŜŎƻǾŜǊȅΣ ōŀŎƪǳǇ ƎŜƴŜǊŀǘƛƻƴΣ ǊƻƻŦǘƻǇ ǎƻƭŀǊ t±Σ ǎƳŀƭƭπǎŎŀƭŜ ǿƛƴŘ ǇƻǿŜǊΣ 
ƎŜƻǘƘŜǊƳŀƭύΤ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ όŜΦƎΦΣ ǾŜƘƛŎƭŜ ǘƻ ƎǊƛŘΣƴ ōŀǘǘŜǊƛŜǎΣ ǘƘŜǊƳŀƭΣ ŦƭȅǿƘŜŜƭǎύΦ ƻ  

                                                           
ƴ ±ŜƘƛŎƭŜπǘƻπƎǊƛŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ŜƴŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ Ŧƭƻǿ ŦǊƻƳ ǘƘŜ ōŀǘǘŜǊȅ ƻŦ ŀ ǇƭǳƎπƛƴ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ όt9±ύ ǘƻ ǘƘŜ ƎǊƛŘ ŀƴŘ ōŀŎƪ 
ǘƻ ǘƘŜ ǾŜƘƛŎƭŜΦ 
ƻ bƻǘ ŀƭƭ 59wǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǳǘƛƭƛǘȅ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƻǊ Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǊŜǎƻǳǊŎŜǎ ŘŜǇƭƻȅŜŘ ƻƴ 
ǎƻƳŜ ƳƛŎǊƻƎǊƛŘǎ ŀƴŘ /It ǎȅǎǘŜƳǎ ŀǊŜ ǎǘƛƭƭ 59wǎΣ ŘŜǎǇƛǘŜ ƭŀŎƪƛƴƎ ŀ ƎǊƛŘ ŎƻƴƴŜŎǘƛƻƴΦ bƻǘŜ ǘƘŀǘ ǘƘŜ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ 
!ŘƳƛƴƛǎǘǊŀǘƛƻƴ ŎƻƴǎƛŘŜǊǎ 59wǎ ǘƘŀǘ ŀǊŜ not ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘe grid as “dispersed generation” rather than “distributed 
generation.” See Energy Information Administration (EIA), Modeling Distributed Generation in the Buildings Sectors 
(²ŀǎƘƛƴƎǘƻƴΣ 5/Υ 9L!Σ !ǳƎǳǎǘ нлмолύΣ ƘǘǘǇǎΥκκǿǿǿΦŜƛŀΦƎƻǾκŦƻǊŜŎŀǎǘǎκŀŜƻκƴŜƳǎκнлмоκōǳƛƭŘƛƴƎǎκΦ 

https://www.eia.gov/forecasts/aeo/nems/2013/buildings/
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{ƻƳŜ 59wǎΣ ǎǳŎƘ ŀǎ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊ t± ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŜǉǳƛǇƳŜƴǘΣ Ŏŀƴ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ 
ǎȅǎǘŜƳ ƭƻŀŘΣ ōǳǘ Ƴŀȅ ƴƻǘ ōŜ ǳƴŘŜǊ ǘƘŜ ŘƛǊŜŎǘ ŎƻƴǘǊƻƭ ƻŦ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΦ hǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ 
ǊŜǎƛŘŜƴǘƛŀƭ Ƙƻǘ ǿŀǘŜǊ ƘŜŀǘŜǊǎΣ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎŜǊǾŜ ŀǎ 59wǎ ŀǎ 5w ƳŜŀǎǳǊŜǎΣ ōǳǘ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ŜƴŀōƭƛƴƎ ǘƘƛǎ ǊŜǎƻǳǊŎŜ ƘŀǾŜ ƭƻǿ ǇŜƴŜǘǊŀǘƛƻƴ ƻǊ ŀǊŜ ǎǘƛƭƭ ƴŀǎŎŜƴǘΦ !ƭǎƻΣ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǳǎŀƎŜ ƻŦ 59wǎ ǾŀǊȅ ōȅ ŎƭƛƳŀǘŜ ŀƴŘ ƘƻǳǎŜƘƻƭŘ ŘŜƳƻƎǊŀǇƘƛŎǎΣ ǎƻ ǘŀƛƭƻǊƛƴƎ ǇǊƻƎǊŀƳǎ ǘƻ ƭƻŎŀƭ 
ƴŜŜŘǎ ƛǎ ƛƳǇƻǊǘŀƴǘΦ ¢ƘŜ ²Ŝǎǘ ŀƴŘ {ƻǳǘƘ ŎŜƴǎǳǎ ǊŜƎƛƻƴǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜǊŜ ŀǾŜǊŀƎŜ ƘƻǳǎŜƘƻƭŘ ŜƭŜŎǘǊƛŎƛǘȅ 
ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ƻǘƘŜǊ ǊŜƎƛƻƴǎΣǇ ŀǊŜ ōƻǘƘ ŜȄǇŜǊƛŜƴŎƛƴƎ ƘƛƎƘ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǊŀǘŜǎΦ  

5ŜǾŜƭƻǇƳŜƴǘǎ ƛƴ 59w ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎƛŜǎ όL/¢ύ Ŏŀƴ ǎǳǇǇƻǊǘ ŀƴ ŜƭŜŎǘǊƛŎ ƎǊƛŘ 
ŎŀǇŀōƭŜ ƻŦ ƳǳŎƘ ƎǊŜŀǘŜǊ ŦƭŜȄƛōƛƭƛǘȅ ƛƴ ƳŀƴŀƎƛƴƎ ōƻǘƘ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘΦ ¢Ƙƛǎ Ŏŀƴ ƻŦŦŜǊ ƳǳƭǘƛǇƭŜ ǾŀƭǳŜ 
ǎǘǊŜŀƳǎ όŜΦƎΦΣ ŜƴŜǊƎȅΣ ŎŀǇŀŎƛǘȅΣ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊΣ ŦǊŜǉǳŜƴŎȅ ǎǳǇǇƻǊǘΣ ŘŜŦŜǊǊŜŘ ǳǘƛƭƛǘȅ ŎŀǇƛǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜǎΣ 
ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅΣ ŀƴŘ ŀǾƻƛŘŜŘ ŜƳƛǎǎƛƻƴǎύΦ {ƳŀǊǘ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎ Ŏŀƴ ŀƭǎƻ ŜƴŀōƭŜ ƛƳǇǊƻǾŜŘ ŘŜƳŀƴŘπǎƛŘŜ 
ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΦ !ƴŀƭȅǎƛǎ ǘƘŀǘ ǎƻǳƎƘǘ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ /hн ōŜƴŜŦƛǘǎ ƻŦ млл 
ǇŜǊŎŜƴǘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǎƳŀǊǘ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ōȅ нлол ǳǎƛƴƎ ƴƛƴŜ ŘƛŦŦŜǊŜƴǘ ƳŜŎƘŀƴƛǎƳǎ ǎǳƎƎŜǎǘǎ ŀ 
ǇƻǎǎƛōƭŜ мн ǇŜǊŎŜƴǘ ŘƛǊŜŎǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ŜƳƛǎǎƛƻƴǎ όǘƘǊƻǳƎƘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƳŀǊǘ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ǘƘŀǘ ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ /hн ŜƳƛǎǎƛƻƴǎύ ŀƴŘ ŀ с ǇŜǊŎŜƴǘ ƛƴŘƛǊŜŎǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ŜƳƛǎǎƛƻƴǎ 
όǘǊŀƴǎƭŀǘƛƴƎ ǘƘŜ ŜǎǘƛƳŀǘŜŘ Ŏƻǎǘ ǎŀǾƛƴƎǎ ƛƴ ŜƴŜǊƎȅ ŀƴŘκƻǊ ŎŀǇŀŎƛǘȅ ƛƴǘƻ ǘƘŜƛǊ ŜƴŜǊƎȅ ŀƴŘ ŎŀǊōƻƴ ŜǉǳƛǾŀƭŜƴǘǎ 
ǘƘǊƻǳƎƘ ǇǳǊŎƘŀǎŜ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅύΦммл ¢ǊŀƴǎŀŎǘƛǾŜ ŜƴŜǊƎȅ ŎƻƴǘǊƻƭǎΣ ǎƳŀǊǘ 
ŎƘŀǊƎƛƴƎ ƻŦ ǇƭǳƎπƛƴ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ όt9±ǎύΣ ŀƴŘ ƻǘƘŜǊ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŎƻƴǘǊƻƭƭƛƴƎ ƭƻŀŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ƎǊƛŘ 
ŎƻƴŘƛǘƛƻƴǎ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ōƻǘƘ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ŜƳƛǎǎƛƻƴǎΦ ¢ŀōƭŜ оπн ǎƘƻǿǎ ǘƘŜ ǾŀƭǳŜ 
ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŀƭȅȊŜŘΦ 

Table 3-2. Potential Reductions in Electricity-Sector Energy and CO2 Emissions in 2030 
Attributable to Smart Grid Technologies111  

Reductions in Electricity-Sector Energy 
and CO2 Emissionsa 

Mechanism Direct (%) Indirect (%) 

Conservation effect of consumer information and feedback 
systems 

3 - 

Joint marketing of energy efficiency and DR programs - 0 

Deployment of diagnostics in residential and small/medium 
commercial buildings 

3 - 

Measurement and verification for energy efficiency programs 1 0.5 

Shifting load to more efficient generation <0.1 - 

Support additional electric vehicles and plug-in hybrid electric 
vehicles 

3 - 

Conservation voltage reduction and advanced voltage control 2 - 

Support penetration of renewable wind and solar generation 
(25 percent RPS) 

<0.1 5 

Total reduction 12 6 

The combined impact of nine smart grid mechanisms, assuming 100 percent penetration of smart grid 
technologies by 2030, is a 12 percent reduction in annual U.S. electricity-related CO2 emissions from direct 

                                                           
Ǉ 9ƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ŦƻǊ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƘƛƎƘ ƛƴ ǘƘŜ {ƻǳǘƘ ŎŜƴǎǳǎ ǊŜƎƛƻƴΦ ¢ƘŜ {ƻǳǘƘΣ ŀƴŘ ǘƻ ŀ ƭŜǎǎŜǊ ŜȄǘŜƴǘ ǘƘŜ ²ŜǎǘΣ 
ŎŜƴǎǳǎ ǊŜƎƛƻƴǎ ŀƭǎƻ ƘŀǾŜ ƘƛƎƘ ŎƻƻƭƛƴƎ ƭƻŀŘǎΦ  
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effects, and a 6 percent reduction from indirect effects.q  Assumes 100 percent penetration of the smart grid 

technologiesΦ 

L/¢ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŜƴŀōƭƛƴƎ ƎǊŜŀǘŜǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ǿƛǘƘ ƛǘǎ ŎƻƴŎƻƳƛǘŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΣ ƛƴ 
ǘǿƻ ƛƳǇƻǊǘŀƴǘ ǿŀȅǎΦ CƛǊǎǘΣ ǘƘŜȅ ŀǳǘƻƳŀǘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΥ ŦƻǊ ŜȄŀƳǇƭŜ ōȅ ǎƘǳǘǘƛƴƎ ƻŦŦ ƭƛƎƘǘǎΣ ŘŜǾƛŎŜǎΣ 
ŀƴŘ ŀǇǇƭƛŀƴŎŜǎ ǿƘŜƴ ǘƘŜȅ ŀǊŜ ƴƻǘ ƴŜŜŘŜŘΤ ƻǊ ŀŘƧǳǎǘƛƴƎ I±!/ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘƛƳŜ ƻŦ ŘŀȅΦ  {ŜŎƻƴŘΣ ǘƘŜȅ 
ŜƴŀōƭŜ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ŜǾŀƭǳŀǘƛƻƴΣ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ ό9aϧ±Σ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 9aϧ± 
нΦлύ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎΣ ƛƳǇǊƻǾƛƴƎ ǘƘŜƛǊ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŀƴŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴΣ ŀƴŘ 
ŜƴŀōƭƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻǾƛŘŜǊǎ ǘƻ ōŜ ŀŎŎǳǊŀǘŜƭȅ ŎƻƳǇŜƴǎŀǘŜŘ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ōŜƴŜŦƛǘǎΣ 
ƛƴŎƭǳŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΦ L/¢ ǘŜŎƘƴƻƭƻƎƛŜǎ ŜƴŀōƭŜ ƴŜǘǿƻǊƪǎ ǘƘŀǘ ŎƻƴƴŜŎǘ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ŦǊƻƳ 
ŜƴŘ ǘƻ ŜƴŘΣ ŦŀŎƛƭƛǘŀǘƛƴƎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎȅǎǘŜƳΦ 9ȄŀƳǇƭŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴŎƭǳŘŜ ŀŘǾŀƴŎŜŘ 
ǎŜƴǎƻǊǎ ŀƴŘ ŎƻƴǘǊƻƭǎ ƛƴ ōǳƛƭŘƛƴƎǎ ǘƻ ŘŜǘŜŎǘ ŀƴŘ ŜƭƛƳƛƴŀǘŜ ŜƴŜǊƎȅ ǿŀǎǘŜ ŀƴŘ ŀŘǾŀƴŎŜŘ ƳŜǘŜǊƛƴƎ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ό!aLύ ǘƘŀǘ ŜƴŀōƭŜǎ ŀǳǘƻƳŀǘŜŘ ǊŜǎǇƻƴǎŜ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ Ǿƛŀ ǎŜǘǘƛƴƎǎ όŜΦƎΦΣ ŦƻǊ 
ǘƘŜǊƳƻǎǘŀǘǎύ ōȅ ŎƻƴǎǳƳŜǊǎΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ Ŏŀƴ ƛƳǇǊƻǾŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜΣ ǊŜƭƛŀōƛƭƛǘȅΣ 
ǊŜǎƛƭƛŜƴŎŜΣ ŦƭŜȄƛōƛƭƛǘȅΣ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǘƘǊƻǳƎƘ ǊŜŀƭπǘƛƳŜ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ 
ƎǊƛŘ ǎȅǎǘŜƳǎΦ  

3.2.3.1 Energy Efficiency: Environmental Benefits and Consumer Savings  

9ƴŘ ǳǎŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛǎ ŀ ǊŀƴƎŜ ƻŦ ƳŜŀǎǳǊŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ŜƴŘ ǳǎŜǊǎ ǘƘŜ ǎŀƳŜ ǎŜǊǾƛŎŜǎ όǎǳŎƘ ŀǎ ƭƛƎƘǘ 
ŀƴŘ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎύ ǿƛǘƘ ƭŜǎǎ ŜƴŜǊƎȅΦ  9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ Ƙŀǎ ƳǳƭǘƛǇƭŜ ōŜƴŜŦƛǘǎΦ !ƭƭ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴΣ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ Ƙŀǎ ǎƻƳŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ  9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀǾƻƛŘǎ ŀƭƭ ƻŦ ǘƘŜǎŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ  Lǘ ŜƳƛǘǎ ƴƻ DIDǎΣ ŀƛǊ ƻǊ ǿŀǘŜǊ ǇƻƭƭǳǘƛƻƴΦ  Lǘ Ƙŀǎ ƴƻ ƛƳǇŀŎǘ ƻƴ ƭŀƴŘ ǳǎŜΦ  Lǘ ǊŜǉǳƛǊŜǎ 
ƴƻ ǎƛǘƛƴƎΣ ǇŜǊƳƛǘǘƛƴƎ ƻǊ ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎΦ  9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƭǎƻ ǎŀǾŜǎ ŎƻƴǎǳƳŜǊǎ ƳƻƴŜȅΣ ƳŀƪƛƴƎ ƛǘ ǘƘŜ 
Ƴƻǎǘ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƻǇǘƛƻƴΦ  9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ŀƴŘ ǎŀǾƛƴƎǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ŦǳǊǘƘŜǊ 
ƛƴ /ƘŀǇǘŜǊ LL όThe Electricity Sector: Maximizing Economic Value and Consumer Equity)Φ  

DOE’s Appliance and 9ǉǳƛǇƳŜƴǘ {ǘŀƴŘŀǊŘǎ tǊƻƎǊŀƳммн Ƙŀǎ ǎŜǊǾŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ bation’s most effective 
ǇƻƭƛŎƛŜǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ ¢ƘŜ ǇǊƻƎǊŀƳ ƛƳǇƭŜƳŜƴǘǎ ƳƛƴƛƳǳƳ ŜƴŜǊƎȅ ŎƻƴǎŜǊǾŀǘƛƻƴ 
ǎǘŀƴŘŀǊŘǎ ŦƻǊ ƳƻǊŜ ǘƘŀƴ сл ǇǊƻŘǳŎǘǎ ǘƘŀǘ ŎƻƴǎǳƳŜ ŀōƻǳǘ фл ǇŜǊŎŜƴǘ ƻŦ ƘƻƳŜ ŜƴŜǊƎȅ ǳǎŜΣ сл ǇŜǊŎŜƴǘ ƻŦ 
ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ǳǎŜΣ ŀƴŘ ол ǇŜǊŎŜƴǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŜƴŜǊƎȅ ǳǎŜΦммо {ƛƴŎŜ нллфΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
Ƙŀǎ ƛǎǎǳŜŘ пл ƴŜǿ ƻǊ ǳǇŘŀǘŜŘ ǎǘŀƴŘŀǊŘǎ ǘƻ ƳŀƪŜ ŀǇǇƭƛŀƴŎŜǎΣ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘΦ 
¢ƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ōŜǘǿŜŜƴ нллф ŀƴŘ нлол ōȅ ƻǾŜǊ нΦр ōƛƭƭƛƻƴ 
ƳŜǘǊƛŎ ǘƻƴǎΣ ǎŀǾŜ ŎƻƴǎǳƳŜǊǎ Ϸррт ōƛƭƭƛƻƴ ƻƴ ǳǘƛƭƛǘȅ ōƛƭƭǎΣ ŀƴŘ ǊŜŘǳŎŜ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ пн 
ǉǳŀŘǊƛƭƭƛƻƴ .ǊƛǘƛǎƘ ǘƘŜǊƳŀƭ ǳƴƛǘǎ ό.¢¦ύΦǊΣ ммп ¢Ƙƛǎ ƴǳƳōŜǊ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƎǊƻǿ ǘƻ о ōƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ǿƛǘƘ 
ǎǘŀƴŘŀǊŘǎ ǇǳōƭƛǎƘŜŘ ǘƘǊƻǳƎƘ WŀƴǳŀǊȅ нлмтΦммр CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ WŀƴǳŀǊȅ нлмс 5h9 ŦƛƴŀƭƛȊŜŘ ŜŦŦƛŎƛŜƴŎȅ 
ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ŀƴŘ ƘŜŀǘƛƴƎ ŜǉǳƛǇƳŜƴǘΣ ǿƘƛŎƘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ŀǾƻƛŘ тт Ƴƛƭƭƛƻƴ 
ƳŜǘǊƛŎ ǘƻƴǎ /hн ōȅ нлолΦммс ¢ƻŘŀȅΣ ŀ ǘȅǇƛŎŀƭ ƘƻǳǎŜƘƻƭŘ ǎŀǾŜǎ ŀōƻǳǘ Ϸомф ǇŜǊ ȅŜŀǊ ƻŦŦ ǘƘŜƛǊ ŜƴŜǊƎȅ ōƛƭƭǎ ŀǎ 
ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ŀǎ ǇŜƻǇƭŜ ǊŜǇƭŀŎŜ ǘƘŜƛǊ ŀǇǇƭƛŀƴŎŜǎ ǿƛǘƘ ƴŜǿŜǊ ƳƻŘŜƭǎΣ ǘƘŜȅ Ŏŀƴ ŜȄǇŜŎǘ ǘƻ 
ǎŀǾŜ ƻǾŜǊ Ϸпсл ŀƴƴǳŀƭƭȅ ōȅ нлолΦммт Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƳƛƴƛƳǳƳ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŀǇǇƭƛŀƴŎŜǎΣ ǘƘŜ 
9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅ ό9t!ύ ƭŜŀŘǎ 9b9wD¸ {¢!wΣ ŀ ǾƻƭǳƴǘŀǊȅ ƭŀōŜƭƛƴƎ ǇǊƻƎǊŀƳ ŘŜǎƛƎƴŜŘ ǘƻ 
ƘŜƭǇ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭǎ ǎŀǾŜ ƳƻƴŜȅ ŀƴŘ ŀǾƻƛŘ Ǉƻƭƭǳǘƛƻƴ ǿƛǘƘ ŜƴŜǊƎȅπŜŦŦƛŎƛŜƴǘ ǇǊƻŘǳŎǘǎΦ 9b9wD¸ 

                                                           
ǉ¢ƘŜ ŘƛǊŜŎǘ ǊŜŘǳŎǘƛƻƴǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǘƘŜ ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ ŀŦŦŜŎǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ /hн ŜƳƛǎǎƛƻƴǎ ŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƳŀǊǘ ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ LƴŘƛǊŜŎǘ ǊŜŘǳŎǘƛƻƴǎ ŀǊŜ ŘŜǊƛǾŜŘ ōȅ ǘǊŀƴǎƭŀǘƛƴƎ ǘƘŜ ŜǎǘƛƳŀǘŜŘ Ŏƻǎǘ ǎŀǾƛƴƎǎ ƛƴ ŜƴŜǊƎȅ 
ŀƴŘκƻǊ ŎŀǇŀŎƛǘȅ ƛƴǘƻ ǘƘŜƛǊ ŜƴŜǊƎȅ ŀƴŘ ŎŀǊōƻƴ ŜǉǳƛǾŀƭŜƴǘǎ ǘƘǊƻǳƎƘ ǇǳǊŎƘŀǎŜ ƻŦ ŀŘŘƛǘƛƻƴŀƭ Ŏƻǎǘπ ŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΦ ¢Ƙƛǎ 
Ŏŀƴ ǊŜǇǊŜǎŜƴǘ ŀ ǇƻƭƛŎȅ ŘŜŎƛǎƛƻƴ ǘƻ ǊŜƛƴǾŜǎǘ ǘƘŜ ǎŀǾƛƴƎǎ ǘƻ ǇǳǊŎƘŀǎŜ ŀŘŘƛǘƛƻƴŀƭ ƳƻǊŜ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǊŜƴŜǿŀōƭŜ 
ǊŜǎƻǳǊŎŜǎΦ 
Ǌ ¢ƘŜǎŜ ǎŀǾƛƴƎǎ ƴǳƳōŜǊǎ ŀǊŜ ŀǎ ƻŦ 5ŜŎŜƳōŜǊ нлмсΦ !ǇǇƭƛŀƴŎŜ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǎǘŀƴŘŀǊŘǎ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ƛǎǎǳŜŘ ŀƴŘ ǳǇŘŀǘŜŘΦ 
wŜŦŜǊ ǘƻ ǘƘŜ !ǇǇƭƛŀƴŎŜ ŀƴŘ 9ǉǳƛǇƳŜƴǘ {ǘŀƴŘŀǊŘ tǊƻƎǊŀƳ ǿŜōǎƛǘŜ ŦƻǊ ǳǇŘŀǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ 
όƘǘǘǇΥκκŜƴŜǊƎȅΦƎƻǾκŜŜǊŜκōǳƛƭŘƛƴƎǎκŀǇǇƭƛŀƴŎŜπŀƴŘπŜǉǳƛǇƳŜƴǘπǎǘŀƴŘŀǊŘǎπǇǊƻƎǊŀƳύΦ  

http://energy.gov/eere/buildings/appliance-and-equipment-standards-program
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{¢!w ƭŀōŜƭǎ ŀǇǇŜŀǊ ƻƴ ƳŀƧƻǊ ŀǇǇƭƛŀƴŎŜǎΣ ƻŦŦƛŎŜ ŜǉǳƛǇƳŜƴǘΣ ƭƛƎƘǘƛƴƎΣ ƘƻƳŜ ŜƭŜŎǘǊƻƴƛŎǎΣ ƴŜǿ ƘƻƳŜǎΣ ŀƴŘ 
ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ōǳƛƭŘƛƴƎǎ ŀƴŘ ǇƭŀƴǘǎΦ ¢ƘŜ 9b9wD¸ {¢!w ǇǊƻƎǊŀƳ ǎŀǾŜŘ !ƳŜǊƛŎŀƴ ŎƻƴǎǳƳŜǊǎ 
ŀƴ ŜǎǘƛƳŀǘŜŘ Ϸнп ōƛƭƭƛƻƴ ƛƴ ŜƴŜǊƎȅ Ŏƻǎǘǎ ƛƴ нлмн ŀƭƻƴŜΦмму  

.ǳƛƭŘƛƴƎǎΣ ǿƘƛŎƘ ƭŀǎǘ ŦƻǊ ŘŜŎŀŘŜǎΣ ŀŎŎƻǳƴǘ ŦƻǊ тс ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ пл ǇŜǊŎŜƴǘ ƻŦ 
DID ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦммф wŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ƛƴ ǎǘŀǘŜǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ŀŘƻǇǘƛƴƎ ǘƘŜ Ƴƻǎǘ 
ǊŜŎŜƴǘ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ ƳƻŘŜƭ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ŎƻŘŜǎΣ ƘƻƳŜƻǿƴŜǊǎΣ ōǳƛƭŘƛƴƎ ƻǿƴŜǊǎΣ ŀƴŘ ǘŜƴŀƴǘǎ ŀǊŜ 
ǇǊƻƧŜŎǘŜŘ ǘƻ ǎŀǾŜ Ϸмнс ōƛƭƭƛƻƴ ƻƴ ŜƴŜǊƎȅ ōƛƭƭǎ ŀƴŘ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ōȅ ƻǾŜǊ упм Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ 
ŎǳƳǳƭŀǘƛǾŜƭȅ ōŜǘǿŜŜƴ нлмл ŀƴŘ нлпл ƛŦ ŜƴŜǊƎȅ ŎƻŘŜǎ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ǎǘǊŜƴƎǘƘŜƴŜŘΦмнл aŀƴȅ ƻŦ ǘƘŜ ƘƛƎƘπ
ŜŦŦƛŎƛŜƴŎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳƛƭŘƛƴƎ ŜƴǾŜƭƻǇŜ ŘŜǎƛƎƴǎΣ ŀƴŘ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ ŜƴŀōƭŜ 
significant energy savings and GHG reductions beyond today’s building codes have been demonstrated 
ŀƴŘ ŀǊŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜΦ ²ƘƛƭŜ ŎƻƴǘƛƴǳŜŘ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƪŜȅ ōǳƛƭŘƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǎȅǎǘŜƳǎ ƘŀǾŜ ƭŜŘ ǘƻ ƭŀǊƎŜ ŜŦŦƛŎƛŜƴŎȅ ƎŀƛƴǎΣ ǘƘŜǊŜ ǊŜƳŀƛƴǎ 
ŀ ƭŀǊƎŜ ƎŀǇ ōŜǘǿŜŜƴ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ ōǳƛƭŘƛƴƎ ǎǘƻŎƪ ŀƴŘ ǿƘŀǘ ƛǎ ǇƻǎǎƛōƭŜ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ŀǾŀƛƭŀōƭŜ ǘƻŘŀȅΦмнм tƻƭƛŎƛŜǎ ƻǊ ǇǊƻƎǊŀƳǎ ŎƻǳƭŘ ƘŜƭǇ ƻǾŜǊŎƻƳŜ ƳŀǊƪŜǘ ŀƴŘ ōŜƘŀǾƛƻǊŀƭ ōŀǊǊƛŜǊǎ ǘƘŀǘ ŀǊŜ 
ƭƛƳƛǘƛƴƎ ŘŜǇƭƻȅƳŜƴǘΦ ¦ǎƛƴƎ ŜȄƛǎǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊŀŎǘƛŎŜǎΣ ōǳƛƭŘŜǊǎ 
ŀǊŜ ŀōƭŜ ǘƻ ŘŜǎƛƎƴ ƘƻƳŜǎ ǘƘŀǘ ŀǊŜ ǳǇ ǘƻ рл ǇŜǊŎŜƴǘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ǘȅǇƛŎŀƭ ƴŜǿ ƘƻƳŜǎΣмннΣ мно ŀƴŘ ǘƘŜǎŜ 
Ŏŀƴ ǇǊƻǾƛŘŜ ŎƻƴǎǳƳŜǊǎ ǿƛǘƘ ƳƻƴǘƘƭȅ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ǳǇ ǘƻ ϷмллΦǎΣ мнпΣ мнр ¢ƘŜ bŀǘƛƻƴŀƭ LƴǎǘƛǘǳǘŜ ŦƻǊ 
{ǘŀƴŘŀǊŘǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ Ƙŀǎ ŎƻƳǇƭŜǘŜŘ ŀ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀǘ ƛǘǎ bŜǘ ½ŜǊƻ 9ƴŜǊƎȅ wŜǎƛŘŜƴǘƛŀƭ ¢Ŝǎǘ CŀŎƛƭƛǘȅΤ 
ǘƻǘŀƭ ǇǊŜǎŜƴǘ ǾŀƭǳŜ ŜƴŜǊƎȅ Ŏƻǎǘǎ ŦƻǊ ŀ ƴŜǘπȊŜǊƻ ŜƴŜǊƎȅ ƘƻƳŜ ǿŜǊŜ ƳƻǊŜ ǘƘŀƴ ϷплΣллл ƭƻǿŜǊ ǘƘŀƴ ŀ ƴŜǿ 
ƘƻƳŜ ōǳƛƭǘ ǘƻ ǘƘŜ ŎƻƳǇŀǊŀōƭŜ ƳƛƴƛƳǳƳ ŎƻŘŜΦмнс wŜŎŜƴǘ ǎǘǳŘƛŜǎ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎǘǎ ŦƻǊ 
ƴŜǘπȊŜǊƻ ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎǎ ƛƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ŦŀƭƭƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǊŀƴƎŜ ŀǎ 
ŎƻƴǾŜƴǘƛƻƴŀƭ ƴŜǿ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎΦмнтΣ мну Lǘ ƛǎ ǿƻǊǘƘ ƴƻǘƛƴƎ ǘƘŀǘΣ ǿƘŜƴ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ 
ƛƴŎǊŜƳŜƴǘŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎǘ ƻŦ ŀ ƴŜǘπȊŜǊƻ ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎǘ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ōǳƛƭŘƛƴƎΣ 
ŀŘŘƛǘƛƻƴŀƭ ŦŀŎǘƻǊǎΣ ǎǳŎƘ ŀǎ ŎƻƴǘƛƴǳŜŘ ƻǇŜǊŀǘƛƻƴŀƭ ǎŀǾƛƴƎǎΣ ƛƴŎǊŜŀǎŜŘ ƻŎŎǳǇŀƴǘ ŎƻƳŦƻǊǘΣ ŀƴŘ ƛƴŎǊŜŀǎŜŘ 
ōǳƛƭŘƛƴƎ ǾŀƭǳŜΣ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ  

¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нс ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅπǊŜƭŀǘŜŘ /hн ŜƳƛǎǎƛƻƴǎΦмнф 
9ƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ όƳŜŀǎǳǊŜŘ ƛƴ ƪ²Ƙ ǇŜǊ ŘƻƭƭŀǊ ƻŦ ƻǳǘǇǳǘ ǇǊƻŘǳŎŜŘύ Ƙŀǎ 
ƛƳǇǊƻǾŜŘ ǊŀǇƛŘƭȅ ƻǾŜǊ ǘƘŜ ƭŀǎǘ мр ȅŜŀǊǎΣǳ ŀƴŘ ŎƻƴǘƛƴǳŜŘ ƛƳǇǊƻǾŜƳŜƴǘ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǇŜǊǎƛǎǘŜƴǘ ŀǘǘŜƴǘƛƻƴ 
ǘƻ ŜŦŦƛŎƛŜƴŎȅΦ Lƴ ǊŜƎƛƻƴǎ ǿƘŜǊŜ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ƛƴǘŜƴǎƛǘȅ ƻŦ ŎŜƴǘǊŀƭ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƘƛƎƘΣ ǎǿƛǘŎƘƛƴƎ ǘƻ 
/It ǿƛƭƭ ƘŀǾŜ ǘƘŜ ōƛƎƎŜǎǘ ŜƳƛǎǎƛƻƴǎ ƛƳǇŀŎǘΦ 5h9 ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǊƻǳƎƘƭȅ 
нпм D² ƻŦ /It ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ /It ŀǎ ǿŜƭƭ ŀǎ ǿŀǎǘŜ 
ƘŜŀǘ ǘƻ ǇƻǿŜǊΦмол {ƛƴŎŜ Ƴƻǎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ /It ƛǎ ŦǳŜƭŜŘ ōȅ ƴŀǘǳǊŀƭ ƎŀǎΣмом ƘƻǿŜǾŜǊΣ ŜƛǘƘŜǊ ŦǳŜƭπǎǿƛǘŎƘƛƴƎ 
ǘƻ ŘŜŎŀǊōƻƴƛȊŜŘ ŦǳŜƭǎ ƻǊ ŀ ǘǊŀƴǎƛǘƛƻƴ ŀǿŀȅ ŦǊƻƳ /It ǿƻǳƭŘ ōŜ ƴŜŜŘŜŘ ƛƴ ǘƘŜ ƭƻƴƎ ǘŜǊƳ ǘƻ ƳƻǊŜ Ŧǳƭƭȅ 
ŘŜŎŀǊōƻƴƛȊŜ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΦ 

3.2.3.2 Distributed Generation, Distributed Storage, and Demand Response 

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƻǿǘƘ ƛƴ 5DΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǊƻƻŦǘƻǇ ǎƻƭŀǊ t±Σ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ 
ŦƻǎǘŜǊŜŘ ōȅ ƭƻǿŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴ ŀƴŘ ƘŀǊŘǿŀǊŜ Ŏƻǎǘǎ ŀƴŘ ǎǳǇǇƻǊǘƛǾŜ ǇƻƭƛŎƛŜǎΣ ǎǳŎƘ ŀǎ ƴŜǘ ƳŜǘŜǊƛƴƎ ŀƴŘ ǎŜƭŦπ
ƎŜƴŜǊŀǘƛƻƴ ǘŀǊƛŦŦǎ ŀƴŘ wt{ǎ ǿƛǘƘ ǎŜǘπŀǎƛŘŜǎ ƻǊ ƳǳƭǘƛǇƭƛŜǊǎ ŦƻǊ 5DΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ǎǘŀǘŜǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ ŀǊŜ 

                                                           
ǎ EPA’s ENERGY STAR Certified Homes are typically 15 percent to 30 percent more efficient than the average new home, yet
ǘƘŜȅ Ŏŀƴ ǇǊƻǾƛŘŜ ƳƻƴǘƘƭȅ ŜƴŜǊƎȅ Ŏƻǎǘ ǎŀǾƛƴƎǎ ƻŦ ŀōƻǳǘ Ϸнт–$93 to consumers. DOE’s Zero Energy Ready Homes are at least 40
ǇŜǊŎŜƴǘ ǘƻ рл ǇŜǊŎŜƴǘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ǘȅǇƛŎŀƭ ƴŜǿ ƘƻƳŜǎΣ ȅŜǘ ǘƘŜȅ Ŏŀƴ ǇǊƻǾƛŘŜ ŎƻƴǎǳƳŜǊǎ ǿƛǘƘ ƳƻƴǘƘƭȅ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ƻŦ 
ŀōƻǳǘ Ϸол–ϷмллΦ {ŜŜ Ŏƛǘŀǘƛƻƴǎ ƛƴ ǘƘŜ Ƴŀƛƴ ǘŜȄǘ ŦƻǊ ŘŜǘŀƛƭǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜǎŜ ŜǎǘƛƳŀǘŜǎ όŜƴŘƴƻǘŜǎ мпф–мрнύΦ  
ǘ ½ŜǊƻπŜƴŜǊƎȅ ōǳƛƭŘƛƴƎǎ ŀǊŜ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǊŜǎƛŘŜƴǘƛŀƭ ōǳƛƭŘƛƴƎǎ ǘƘŀǘ ŀǊŜ ǎƻ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘΣ ŀ ǊŜƴŜǿŀōƭŜ 
ŜƴŜǊƎȅ ǎȅǎǘŜƳ Ŏŀƴ ƻŦŦǎŜǘ Ƴƻǎǘ ƻǊ ŀƭƭ ƛǘǎ ŀƴƴǳŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 
ǳ 9ƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ƳŜŀǎǳǊŜŘ ŀǎ ŘƻƭƭŀǊǎ ƻŦ D5t ǇǊƻŘǳŎŜŘ ǇŜǊ ƪ²ƘΣ ƴŜŀǊƭȅ ŘƻǳōƭŜŘ ōŜǘǿŜŜƴ мффл ŀƴŘ нлмпΣ ǿƘƛƭŜ 
ƛƴŘǳǎǘǊƛŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ǿŜǊŜ ŦƭŀǘΦ  
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ŀŘƧǳǎǘƛƴƎ ǘƘŜƛǊ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇƻƭƛŎƛŜǎ ŀǎ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ t± ƳŀǊƪŜǘ ƎǊƻǿǎΦ bŜǘ ƳŜǘŜǊƛƴƎ ƛǎ ŀ ǊŜƭŀǘƛǾŜƭȅ 
ǎƛƳǇƭŜ ǇƻƭƛŎȅΣ ŀƴŘ ŀǎ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ t± ƳŀǊƪŜǘ Ƙŀǎ ƎǊƻǿƴ ŘǊŀƳŀǘƛŎŀƭƭȅΣ Ƴŀƴȅ ǎǘŀǘŜǎ ŀǊŜ ǳǇŘŀǘƛƴƎ ǘƘŜƛǊ 
ƛƴŎŜƴǘƛǾŜ ǎǘǊǳŎǘǳǊŜǎ ŦƻǊ ŘƛǎǘǊƛōǳǘŜŘ t± ǘƻ ƳƻǊŜ ŎŀǊŜŦǳƭƭȅ ŀŎŎƻǳƴǘ ŦƻǊ ŎƘŀƴƎƛƴƎ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ƴŜŜŘǎΣ 
ǘǊŀƴǎŦŜǊǎ ōŜǘǿŜŜƴ ǊŀǘŜǇŀȅŜǊ ŎƭŀǎǎŜǎΣ ŀƴŘ ǾŀǊƛƻǳǎ ōŜƴŜŦƛǘ ŀƴŘ Ŏƻǎǘ ǎǘǊŜŀƳǎΦ ¢Ƙƛǎ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǇǘƘ ƛƴ 
/ƘŀǇǘŜǊ LL όThe Electricity Sector: Maximizing Economic Value and Consumer Equity)Φ  

{ƳŀƭƭπǎŎŀƭŜ ŘƛǎǘǊƛōǳǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ƛǎ ōŜŎƻƳƛƴƎ ƳƻǊŜ ǿƛŘŜƭȅ ŀǾŀƛƭŀōƭŜ ŀƴŘ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀ ŎƭŜŀƴ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ōȅ ŦŀŎƛƭƛǘŀǘƛƴƎ ƛƴŎǊŜŀǎŜŘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎΦ  Lǘ Ŏŀƴ ŀƭǎƻ 
ǊŜŘǳŎŜ ǇŜŀƪ ƭƻŀŘΣ ƛƳǇǊƻǾŜ ŜƭŜŎǘǊƛŎŀƭ ǎǘŀōƛƭƛǘȅΣ ŀƴŘ ǊŜŘǳŎŜ ǇƻǿŜǊ ǉǳŀƭƛǘȅ ŘƛǎǘǳǊōŀƴŎŜǎΦ  5ƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜ 
ƛǎ ŎƻǾŜǊŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ LL όThe Electricity Sector: Maximizing Economic Value and Consumer 
Equity).  

[ƛƪŜ ŘƛǎǘǊƛōǳǘŜŘ ǎǘƻǊŀƎŜΣ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ό5wύ ŜƴŀōƭŜǎ ŀ ŎƭŜŀƴŜǊ ƎǊƛŘ ōȅ ǇǊƻǾƛŘƛƴƎ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ǿƛǘƘ 
ƭƻǿŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ǘƘŀƴ ƻǘƘŜǊ ƻǇǘƛƻƴǎ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ǎǳŎƘ ǎŜǊǾƛŎŜǎΦ LŦ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŘŜǎƛƎƴŜŘ 
ŀƴŘ ǊŜǎƻǳǊŎŜŘΣ 5w ŜƴŀōƭŜǎ ǳǘƛƭƛǘƛŜǎΣ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎΣ ƻǊ ƻǘƘŜǊ ƛƴǘŜǊƳŜŘƛŀǊƛŜǎ ǘƻ Ŏŀƭƭ ŦƻǊ ǎǇŜŎƛŦƛŎ ǊŜŘǳŎǘƛƻƴǎ 
ƛƴ ŘŜƳŀƴŘ ǿƘŜƴ ƴŜŜŘŜŘΤ ǘƘƛǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ōŜƴŜŦƛǘǎ ƛƴ ǊŜŘǳŎƛƴƎ ǇŜŀƪ ƭƻŀŘ ŀƴŘ ǎǳǇǇƭȅƛƴƎ ŜǎǎŜƴǘƛŀƭ 
ǊŜƭƛŀōƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ǿƘŜƴ ƛƴŎǊŜŀǎŜŘ ǾŀǊƛŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƻƴ ǘƘŜ ƎǊƛŘΦ !ǘ ƘƛƎƘŜǊ ǇŜƴŜǘǊŀǘƛƻƴ ƭŜǾŜƭǎ 
ƻŦ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊ όǾŀǊƛŀōƭŜύ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ ǇƻƭƛŎƛŜǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ŜƴŀōƭŜ ƎǊŜŀǘŜǊ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ 
ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ƛƴ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜŎƻƳŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜƴŀōƭŜ ŀ ŎƭŜŀƴŜǊ 
ƎǊƛŘΦмон !aL ŜƴŀōƭŜǎ ǘƛƳŜπōŀǎŜŘ ǊŀǘŜǎ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ ǎȅǎǘŜƳǎ 
όŜΦƎΦΣ ǎƻƭŀǊύΣ ŀƳƻƴƎ ƻǘƘŜǊ ŎŀǇŀōƛƭƛǘƛŜǎΦ aƻǊŜ ŀǳǘƻƳŀǘŜŘ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ǿƛƭƭ ŜƴŀōƭŜ ƎǊŜŀǘŜǊ 
ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎƻǳǊŎŜǎΣ ƛƳǇǊƻǾŜŘ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀƴŘ 
ŜŀǎƛŜǊ Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜƛǊ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ōŜƴŜŦƛǘǎΣ ŀƴŘ ŜƴƘŀƴŎŜ ǎȅǎǘŜƳ ƛƴǘŜƎǊƛǘȅ ǘƘǊƻǳƎƘ ƎǊŜŀǘŜǊ ŀǊŜŀπ
ǿƛŘŜ ƪƴƻǿƭŜŘƎŜΦ ¢ƘŜ Ƴƻǎǘ ǾƛŀōƭŜ 5w ŜƴŘπǳǎŜǎ ŦƻǊ ±9w ƛƴǘŜƎǊŀǘƛƻƴ ŀǊŜ ŜƭŜŎǘǊƛŎ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ŀƴŘ ŦǳǊƴŀŎŜǎΣ 
ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎ ŀƴŘ ƭƛƎƘǘƛƴƎ ǿƛǘƘ ŀŘǾŀƴŎŜŘ ŎƻƴǘǊƻƭǎΣ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛǊǊƛƎŀǘƛƻƴΣ ŀƴŘ ƳƻǘƻǊκŎƻƳǇǊŜǎǎƻǊ ŘǊƛǾŜǎ 
ǿƛǘƘ ǾŀǊƛŀōƭŜ ŦǊŜǉǳŜƴŎƛŜǎΦмоо 

3.2.4 Increased Electrification Is Essential for Decarbonization  

!ƴŀƭȅǎŜǎ ǘƘŀǘ ŜȄǇƭƻǊŜ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ƭƻƴƎπǘŜǊƳ DID ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ƛƴŎǊŜŀǎŜŘ 
ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴǾ ƻŦ ƪŜȅ ŜƴŘ ǳǎŜǎ ƛƴ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ ƛƴŘǳǎǘǊȅ ƛǎ ƻƴŜ ƻŦ ǘƘǊŜŜ ŦǳƴŘŀƳŜƴǘŀƭ ŀǊŜŀǎ 
όƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ŘŜŎŀǊōƻƴƛȊƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŀŘƻǇǘƛƴƎ ƘƛƎƘƭȅπŜŦŦƛŎƛŜƴǘ ŜƴŘ ǳǎŜǎύ ƴŜŜŘŜŘ ǘƻ 
ŀŎƘƛŜǾŜ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΦмопΣ мор aǳƭǘƛǇƭŜ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜƎǳƴ ǘƻ ŜȄƘƛōƛǘ ǘǊŜƴŘǎ 
ǘƻǿŀǊŘǎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΦ ! ŎƻƴǘƛƴǳƛƴƎ ǎƘƛŦǘ ǘƻǿŀǊŘ ōƻǘƘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎȅǎǘŜƳ ŀƴŘ 
ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ŜƴŘ ǳǎŜǎ ǿƻǳƭŘ ƘŜƭǇ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴǎ ŜŎƻƴƻƳȅπǿƛŘŜ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 
ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŀǾƻƛŘ ǘƘŜ DID ŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŘƛǊŜŎǘ ǳǎŜ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎ ǿƛǘƘƻǳǘ //¦{Φмос ¢ƘŜ 
ƭŜǾŜƭ ƻŦ DID ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ Ǿƛŀ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŘŜǇŜƴŘǎ ƻƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦŀŎǘƻǊǎΣ 
ǎǳŎƘ ŀǎ ǘƘŜ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΤ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ 
ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΤ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŜƴŘπǳǎŜ ǎŜŎǘƻǊǎΤ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŦǳŜƭ ǎǿƛǘŎƘƛƴƎΣ 
ǿƘƛŎƘ ŎƻǳƭŘ ƛƴŎƭǳŘŜ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎŜŘ Ǿƛŀ ŜƭŜŎǘǊƻƭȅǎƛǎΦ tƻƭƛŎƛŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ŜŀǊƭȅ 
ǘŜŎƘƴƻƭƻƎȅ ŀŘƻǇǘƛƻƴ ŀƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƛƴ ǎǇŜŎƛŦƛŎ ǎŜŎǘƻǊǎΣ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ŀƴŘ 
ǊŜƎƛƻƴǎΦ  

3.2.4.1 Electrification of Buildings 

!ƴŀƭȅǎƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ōǳƛƭŘƛƴƎ ŜƴŘ ǳǎŜǎ ŎƻǳƭŘ ƘŜƭǇ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
ǊŜŀŎƘ ŘŜŜǇ ŜŎƻƴƻƳȅπǿƛŘŜ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΦмотΣ моуΣ мофΣ мплΣ мпм ¢ƘŜ ƭŀǊƎŜǎǘ ƴƻƴπŜƭŜŎǘǊƛŎ ŜƴŘ ǳǎŜǎ ŦƻǊ 

                                                           
Ǿ Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ v9wΣ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƛƴŎƭǳŘŜǎ ōƻǘƘ ǳǎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƛǘǎŜƭŦ ǘƻ ǇƻǿŜǊ ŜƴŘπǳǎŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀǎ ǿŜƭƭ ŀǎ ǳǎƛƴƎ 
ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƳŀƪŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ŦǳŜƭǎ ǎǳŎƘ ŀǎ ƘȅŘǊƻƎŜƴΦ 
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ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ŀǊŜ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ŀƴŘ ǿŀǘŜǊ ƘŜŀǘƛƴƎΦ 9ƭŜŎǘǊƛŎƛǘȅ ǳǎŀƎŜ ŦƻǊ ǎǇŀŎŜ 
ƘŜŀǘƛƴƎ ƛǎ ŎǳǊǊŜƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎΣ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƻǘƘŜǊ ŘƛǊŜŎǘ ŦǳŜƭ ǳǎŀƎŜ ŀǊŜ ǘǊŜƴŘƛƴƎ ŘƻǿƴǿŀǊŘΦмпн 
!ŘǾŀƴŎŜǎ ƛƴ ƘŜŀǘ ǇǳƳǇ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ōƻǘƘ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ŀƴŘ ǿŀǘŜǊ ƘŜŀǘƛƴƎ ƘŀǾŜ ƳŀŘŜ ƘŜŀǘ ǇǳƳǇǎ ŀƴ 
ŜŎƻƴƻƳƛŎŀƭ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ŎƘƻƛŎŜΦ IŜŀǘ ǇǳƳǇǎ Ŏŀƴ ōŜ ǘǿƛŎŜ ŀǎ ŜŦŦƛŎƛŜƴǘ ŀǎ ŜƭŜŎǘǊƛŎ ǊŜǎƛǎǘŀƴŎŜ ǎǇŀŎŜ ƘŜŀǘƛƴƎΦ 
/ǳǊǊŜƴǘƭȅΣ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎƻƳŜ ŜƴŘ ǳǎŜǎ ǎŀǾŜǎ ŎƻƴǎǳƳŜǊǎ ƳƻƴŜȅ ŀƴŘκƻǊ ǎŀǾŜǎ ŜƴŜǊƎȅ ƛƴ Ƴŀƴȅ ǇŀǊǘǎ ƻŦ 
ǘƘŜ ŎƻǳƴǘǊȅΦмпоΣ мпп LƳǇǊƻǾƛƴƎ ǎƛƴƎƭŜπŦŀƳƛƭȅ ŘŜǘŀŎƘŜŘ ƘƻƳŜǎ ǿƛǘƘ ŀ ǇŀŎƪŀƎŜ ƻŦ ŦǳŜƭπǎǿƛǘŎƘƛƴƎ ŜŦŦƛŎƛŜƴŎȅ 
ǳǇƎǊŀŘŜǎǿ Ƙŀǎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎŀǾŜ прл ǘǊƛƭƭƛƻƴ .ǘǳ ǇŜǊ ȅŜŀǊ ƻŦ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ƴŀǘƛƻƴŀƭƭȅΣ ƻǊ 
ŀōƻǳǘ о ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǳǎŜŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ ƛƴ нлмрΦȄΣ ȅΣ мпр ¢Ƙƛǎ 
ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ǾŀǊƛŜǎ ǿƛŘŜƭȅ ōȅ ǎǘŀǘŜ ŀƴŘ ǊŜƎƛƻƴ ŀǎ 
ŀ ǊŜǎǳƭǘ ƻŦ ŦǳŜƭ ŎƘƻƛŎŜΣ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ŎƭƛƳŀǘŜ ŘƛŦŦŜǊŜƴŎŜǎΦ ²ƛǘƘ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀǎǎǳƳƛƴƎ ŀ рл 
ǇŜǊŎŜƴǘ ŀƴŘ ŀ фл ǇŜǊŎŜƴǘ ŎƭŜŀƴŜǊ ƎǊƛŘ ǘƘŀƴ ǘƻŘŀȅΣмпс ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǘƘŜ ǎŀƳŜ ǎŜǘ ƻŦ ǳǇƎǊŀŘŜǎ 
ŦƻǊ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴǎ ƛǎ ул Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ŀƴŘ мнл Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ /hн ǇŜǊ ȅŜŀǊΣ 
ǊŜǎǇŜŎǘƛǾŜƭȅΦмпт ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ǎŀǾƛƴƎǎ ǿƻǳƭŘ ƴƻǘ ōŜ ŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ƻŦ ǘƘŜ 
¦Φ{Φ ǇƻǿŜǊ ǎŜŎǘƻǊΦ !ǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻƴǘƛƴǳŜ ǘƻ ƛƳǇǊƻǾŜ ŀƴŘ ǘƻ ŎƻƳŜ Řƻǿƴ ƛƴ ǇǊƛŎŜΣ ōƻǘƘ ǘƘŜ ŜŎƻƴƻƳƛŎ 
ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ǿƛƭƭ ƛƴŎǊŜŀǎŜΦ 

3.2.4.2 Electrification of Industry 

¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΣ ǇŜǊƘŀǇǎ ƳƻǊŜ ǘƘŀƴ ŀƴȅ ƻǘƘŜǊΣ ƛǎ ŀ ǎŜŎǘƻǊ ƛƴ ǿƘƛŎƘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ƴŜŜŘŜŘ 
ŦƻǊ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΤ ƛƴ ŀŘŘƛǘƛƻƴΣ ǎȅǎǘŜƳŀǘƛŎ ŜŎƻƴƻƳƛŎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŦƻǊ ǎƘƛŦǘƛƴƎ ŦǊƻƳ ŘƛǊŜŎǘ ŦǳŜƭ ǳǎŜ ƛǎ 
ǘŜŎƘƴƛŎŀƭƭȅ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ŀƴŘ ŜȄǇŜƴǎƛǾŜ ŦƻǊ ƛƴŘǳǎǘǊȅΦ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ƻƴƭȅ ǇŀǊǘƛŀƭƭȅ ǾƛŀōƭŜ ŦƻǊ 
ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ ŘǳŜ ǘƻ ǇƘȅǎƛŎŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ǊŜŀǎƻƴǎΤмпу ǘƘƛǎ ǿƻǳƭŘ ƭƛƪŜƭȅ ƳŀƪŜ ǘƘŜ ǎŜŎǘƻǊ ŀ ƘƛƎƘπ
ǾŀƭǳŜ ŀǊŜŀ ŦƻǊ //¦{ΣȊ ƘȅŘǊƻƎŜƴΣ ŀƴŘ ōƛƻŦǳŜƭǎ ǘƻ ǊŜŘǳŎŜ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǘȅΦŀŀ /ƻƴǾŜƴǘƛƻƴŀƭ ōƻƛƭŜǊ ǳǎŜ ŀƴŘ 
ǇǊƻŎŜǎǎ ƘŜŀǘƛƴƎ ŀǊŜ ǘǿƻ ƛƴŘǳǎǘǊƛŀƭ ŜƴŘ ǳǎŜǎ ǿƛǘƘ ƳŜŀƴƛƴƎŦǳƭ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΦ CǳŜƭπ
ŦƛǊŜŘ ōƻƛƭŜǊǎ Ŏŀƴ ōŜ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎ ōƻƛƭŜǊǎ ŀƴŘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƛƴŘǳǎǘǊȅΣ ŘƛŦŦŜǊŜƴǘ ŜƭŜŎǘǊƻπ
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ōŜǎǘ ǎǳƛǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ǇǊƻŎŜǎǎ ƘŜŀǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ŜƭŜŎǘǊƻƭȅǘƛŎ ǊŜŘǳŎǘƛƻƴΣ ƛƴŘǳŎǘƛƻƴ 
ƘŜŀǘƛƴƎΣ ǊŜǎƛǎǘŀƴŎŜ ƘŜŀǘƛƴƎ ŀƴŘ ƳŜƭǘƛƴƎΣ ŘƛǊŜŎǘ ŀǊŎ ƳŜƭǘƛƴƎΣ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎ ƘŜŀǘ ǇǳƳǇǎ Ŏŀƴ ōŜ ǳǎŜŘ 
ŦƻǊ ǇǊƻŎŜǎǎ ƘŜŀǘƛƴƎ ƛƴ ǘƘŜ ƴƻƴŦŜǊǊƻǳǎ ƳŜǘŀƭǎ όƴƻƴπŀƭǳƳƛƴǳƳύΣмпф ƳŜǘŀƭ ŦŀōǊƛŎŀǘƛƻƴΣмрл ƎƭŀǎǎΣмрм ƛǊƻƴ ŀƴŘ 
ǎǘŜŜƭΣмрн ŦƻƻŘΣмро ŎƘŜƳƛŎŀƭΣмрп ŀƴŘ ǇǳƭǇ ŀƴŘ ǇŀǇŜǊмрр ƛƴŘǳǎǘǊƛŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

3.2.4.3 Electrification of Transportation 

aŀƴȅ ǎǘǳŘƛŜǎ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ǎƛƎƴƛŦƛŎŀƴǘ /hн ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ŀǊŜ ƴŜŜŘŜŘ ŦǊƻƳ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 
ǎŜŎǘƻǊΤ ǘƘƛǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ǿƛŘŜǎǇǊŜŀŘ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦΣ ƻǊ ǳǎŜ ƻŦ ŀƴƻǘƘŜǊ ƴƻƴπŜƳƛǘǘƛƴƎ ŦǳŜƭ ōȅΣ ǘƘŜ ¦Φ{Φ 
ǾŜƘƛŎƭŜ ŦƭŜŜǘΦмрсΣ мртΣ мру Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ǎƘŀǊǇ ƛƴŎǊŜŀǎŜ ƛƴ ŜƭŜŎǘǊƛŎ ƭƛƎƘǘπŘǳǘȅ ǾŜƘƛŎƭŜ ǎŀƭŜǎ 

                                                           
ǿ [ƛǎǘ ƻŦ ǳǇƎǊŀŘŜǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘƛǎ ǇŀŎƪŀƎŜ ƛƴŎƭǳŘŜ όмύ ŘǳŎǘƭŜǎǎ ƘŜŀǘ ǇǳƳǇ ό5Itύ ǊŜǇƭŀŎŜǎ Ǝŀǎ ōƻƛƭŜǊ όмлл҈ ŘƛǎǇƭŀŎŜƳŜƴǘύΤ όнύ 
5It ǊŜǇƭŀŎŜǎ ƻƛƭ ōƻƛƭŜǊ όмлл҈ ŘƛǎǇƭŀŎŜƳŜƴǘύΤ όоύ 5It ǊŜǇƭŀŎŜǎ ǇǊƻǇŀƴŜ ōƻƛƭŜǊ όмлл҈ ŘƛǎǇƭŀŎŜƳŜƴǘύΤ όпύ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ƘŜŀǘ 
ǇǳƳǇ ό±{Itύ ǊŜǇƭŀŎŜǎ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊ ŀƴŘ Ǝŀǎ ŦǳǊƴŀŎŜΤ όрύ ±{It ǊŜǇƭŀŎŜǎ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊ ŀƴŘ ƻƛƭ ŦǳǊƴŀŎŜΤ όсύ ±{It ǊŜǇƭŀŎŜǎ ŀƛǊ 
ŎƻƴŘƛǘƛƻƴŜǊ ŀƴŘ ǇǊƻǇŀƴŜ ŦǳǊƴŀŎŜΤ όтύ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ ƘŜŀǘŜǊ όIt²Iύ ул Ǝŀƭƭƻƴ ǊŜǇƭŀŎŜǎ ƻƛƭ ǿŀǘŜǊ ƘŜŀǘŜǊ ό²IύΤ уύ It²I ул 
Ǝŀƭƭƻƴ ǊŜǇƭŀŎŜǎ ǇǊƻǇŀƴŜ ²IΦ  
Ȅ ¢ƘŜ ŎǳǊǊŜƴǘ ŜŎƻƴƻƳƛŎ ǇƻǘŜƴǘƛŀƭ όbt±Ҕлύ ǘƻ ǎŀǾŜ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǿƛǘƘ ǘƘƛǎ ǇŀŎƪŀƎŜ ƻŦ ƳŜŀǎǳǊŜǎ ƛǎ ƭƻǿŜǊΣ ōǳǘ ǎǘƛƭƭ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ 
нрн ǘǊƛƭƭƛƻƴ .ǘǳ ǇŜǊ ȅŜŀǊΦ 
ȅ ¢Ƙƛǎ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƭƻǎǎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ό¢ϧ5ύ ƭƛƴŜ ƭƻǎǎŜǎ 
ŎƻƳǇŀǊŜŘ ǘƻ ŘƛǊŜŎǘ ŦǳŜƭ ǳǎŀƎŜ όŜΦƎΦΣ ƴŀǘǳǊŀƭ ƎŀǎΣ ƻƛƭΣ ŀƴŘ ǇǊƻǇŀƴŜύΦ 
Ȋ aŀƴȅ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ǇǊƻŘǳŎŜ ǊŜƭŀǘƛǾŜƭȅ ǇǳǊŜ ǎǘǊŜŀƳǎ ƻŦ /hнΣ ƳŀƪƛƴƎ //¦{ ŀƴ ŀǘǘǊŀŎǘƛǾŜ ƳŜǘƘƻŘ ŦƻǊ ŘŜŎŀǊōƻƴƛȊƛƴƎ 
ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΦ LƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǘƛŜǎ ǊŜǇǊŜǎŜƴǘ ŀ ƭƻǿπŎƻǎǘ ǇŀǘƘǿŀȅ ŦƻǊ ǎǘƛƳǳƭŀǘƛƴƎ //¦{ ŘŜǇƭƻȅƳŜƴǘΣ ŀǎ ŎŀǇǘǳǊŜ 
ŦǊƻƳ ƘƛƎƘπǇǳǊƛǘȅ ǎƻǳǊŎŜǎ ǇǊƻǾƛŘŜǎ ǾŀƭǳŀōƭŜ ŜŀǊƭȅ ǇŜǊƳƛǘǘƛƴƎΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘŜǇƭƻȅƳŜƴǘΣ ŀƴŘ ƳŀǊƪŜǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎΤ ǘƘƛǎΣ ƛƴ ǘǳǊƴΣ 
ǿƛƭƭ ƭƻǿŜǊ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǇǘǳǊƛƴƎ /hн ŦǊƻƳ ŦǳǘǳǊŜ ƛƴŘǳǎǘǊƛŀƭπ ŀƴŘ ǇƻǿŜǊπǎŜŎǘƻǊ ǇǊƻƧŜŎǘǎΦ  
ŀŀ ! ǎƛƎƴƛŦƛŎŀƴǘ ŦǊŀŎǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊȅ ƎƻŜǎ ǘƻ ŦŜŜŘǎǘƻŎƪ ǳǎŜ ŀƴŘ Ŏŀƴƴƻǘ ōŜ ŘŜŎŀǊōƻƴƛȊŜŘ ǘƘǊƻǳƎƘ 
ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΦ {ŜǾŜǊŀƭ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎǳōǎǘƛǘǳǘŜ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ƭƻǿŜǊ DID ƻǇǘƛƻƴǎΦ  
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ŀƴŘ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ƳƛƭŜǎ ǘǊŀǾŜƭŜŘΣ ōǳǘ ǘƻǘŀƭ t9± ǎŀƭŜǎ ŀŎŎƻǳƴǘ ŦƻǊ ƭŜǎǎ ǘƘŀƴ м ǇŜǊŎŜƴǘ ƻŦ ŀƭƭ ƭƛƎƘǘπŘǳǘȅ 
ǾŜƘƛŎƭŜ ǎŀƭŜǎΦмрф tǊƻƧŜŎǘƛƻƴǎ ŦƻǊ ŦǳǘǳǊŜ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘŜǎŜ ǾŜƘƛŎƭŜǎ ǾŀǊȅ ŀƴŘ Ƴŀȅ ōŜ ƛƴŦƭǳŜƴŎŜŘ ǇƻǎƛǘƛǾŜƭȅ ōȅ 
ǎƳŀǊǘ Ƴƻōƛƭƛǘȅ ǘǊŜƴŘǎΣ ǎǳŎƘ ŀǎ ŎƻƴƴŜŎǘŜŘ ŀƴŘ ŀǳǘƻƳŀǘŜŘ ǾŜƘƛŎƭŜǎ ŀƴŘ ǊƛŘŜ ǎƘŀǊƛƴƎΦ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŀƭǎƻ ōŜƛƴƎ ƛƴǘǊƻŘǳŎŜŘ ƛƴǘƻ ƻǘƘŜǊ ǎŜƎƳŜƴǘǎ ƻŦ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊΣ ǎǳŎƘ ŀǎ ƭŀǊƎŜǊ 
ǾŜƘƛŎƭŜ ŎƭŀǎǎŜǎ ŀƴŘ ƎǊƻǳƴŘ ƻǇŜǊŀǘƛƻƴǎ ŀǘ ǇƻǊǘǎ ŀƴŘ ŀƛǊǇƻǊǘǎΦ  

Figure 3-12. PEV Registrations per 1,000 People by State in 2015160 

 
The concentration of PEV registrations varies by state, with the highest concentrations in California, 
Washington, Georgia, and Oregon.  

²ƘŜƴ ōǳȅƛƴƎ ŀ ƴŜǿ ǾŜƘƛŎƭŜΣ ƘƻǿŜǾŜǊΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎǊƛǘŜǊƛŀ ŦƻǊ ǇǳǊŎƘŀǎŜǊǎ ƛǎ ǘƘŜ ǳǇŦǊƻƴǘ 
ǾŜƘƛŎƭŜ ǇǊƛŎŜΤмсм ŦǳǘǳǊŜ ŦǳŜƭ ǎŀǾƛƴƎǎ ǘŜƴŘ ǘƻ ōŜ ǳƴŘŜǊπǾŀƭǳŜŘΦмснΣ мсо /ǳǊǊŜƴǘƭȅΣ ǘƘŜ ŀǾŜǊŀƎŜ ǇǊƛŎŜ ƻŦ ƴŜǿ 
ƎŀǎƻƭƛƴŜπǇƻǿŜǊŜŘ ŎŀǊǎ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ ŎƻƳǇŀǊŀōƭŜ ƴŜǿ t9±ǎ ǿƛǘƘ ƛƴŎŜƴǘƛǾŜǎΦмсп Lƴ ŦŀŎǘΣ ǿƛǘƘ 
ƛƴŎŜƴǘƛǾŜǎΣ ŦƻǊ ǎƻƳŜ ǇǳǊŎƘŀǎŜǊǎΣ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ ƭƛŦŜǘƛƳŜ ƻŦ ŀ ǾŜƘƛŎƭŜ Ŏŀƴ ŀŎǘǳŀƭƭȅ ōŜ 
ƭƻǿŜǊ ŦƻǊ t9±ǎΦмсрΣ мссΣ мст LƴŎŜƴǘƛǾŜǎ ŀǊŜ ǎǘƛƭƭΣ ƘƻǿŜǾŜǊΣ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŘŜǇƭƻȅƳŜƴǘ ƻŦ t9±ǎΦ ²ƘƛƭŜ ōŀǘǘŜǊȅ 
Ŏƻǎǘǎ ƘŀǾŜ ŎƻƳŜ Řƻǿƴ ŀƴŘ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ŘŜŎǊŜŀǎŜ ǿƛǘƘ ŎƻƴǘƛƴǳŜŘ w5ϧ5Σмсу ǎŎŀƭƛƴƎ ǳǇ 
ǇǊƻŘǳŎǘƛƻƴ ŀƭƻƴŜ ǿƛƭƭ ƴƻǘ ōŜ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ƭƻǿŜǊ ǘƘŜ Ŏƻǎǘ ƻŦ t9±ǎ ǘƻ ƳŀƪŜ ǘƘŜƳ ŎƻƳǇŀǊŀōƭŜ ǘƻ ƛƴǘŜǊƴŀƭ 
ŎƻƳōǳǎǘƛƻƴ ŜƴƎƛƴŜǎ ǿƛǘƘƻǳǘ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ ŦǳǊǘƘŜǊ ǘŜŎƘƴƻƭƻƎȅ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴǎΦмсф  

! ǊŜƭŀǘŜŘ ƛǎǎǳŜΥ ! ǊŜŎŜƴǘ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ CŜŘŜǊŀƭ ǘŀȄ ŎǊŜŘƛǘǎ ŦƻǊ ǇƭǳƎπƛƴ ŀƴŘ ŀƭǘŜǊƴŀǘƛǾŜ ƳƻǘƻǊ 
ǾŜƘƛŎƭŜǎ ŀǊŜ ōŜƛƴƎ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ ǳǘƛƭƛȊŜŘ ōȅ ǾŜƘƛŎƭŜ ƻǿƴŜǊǎ ƛƴ ƘƛƎƘŜǊ ƛƴŎƻƳŜ ōǊŀŎƪŜǘǎΣ ŀǎ фл ǇŜǊŎŜƴǘ 
ƻŦ ǘƘŜ ǉǳŀƭƛŦƛŜŘ ǇƭǳƎπƛƴ ŜƭŜŎǘǊƛŎ ŘǊƛǾŜ ƳƻǘƻǊ ǾŜƘƛŎƭŜ ŎǊŜŘƛǘǎ ǿŜƴǘ ǘƻ ōǳȅŜǊǎ ƛƴ ǘƘŜ ǘƻǇ ƛƴŎƻƳŜ ǉǳƛƴǘƛƭŜ 
όCƛƎǳǊŜ оπмоύΦмтл The state of California recently decided to increase the amount of the state’s clean vehicle 
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ǊŜōŀǘŜ ŦƻǊ ƭƻǿŜǊ ƛƴŎƻƳŜ ǇǳǊŎƘŀǎŜǊǎ ŀƴŘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ƛƳǇƭŜƳŜƴǘ ŀƴ ǳǇǇŜǊ ƛƴŎƻƳŜ ŎŀǇ ƻƴ ŜƭƛƎƛōƛƭƛǘȅΦмтм 
!ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ ǊŜōŀǘŜΣ ǇǊƛƻǊ ǘƻ ǘƘŜ ǊŜŎŜƴǘ ŎƘŀƴƎŜΣ ŦƻǳƴŘ ǘƘŀǘ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ǊŜōŀǘŜ ǎȅǎǘŜƳ ǿƛǘƘ 
ŀƴ ƛƴŎƻƳŜ ŎŀǇ ǿƻǳƭŘ ōŜ ƭŜǎǎ ŜȄǇŜƴǎƛǾŜ ōǳǘ ǊŜǎǳƭǘ ƛƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘƘŜ ǎŀƳŜ ƴǳƳōŜǊ ƻŦ t9±ǎ ǎƻƭŘΦмтн  

Figure 3-13. Qualified Plug-In Electric Drive Motor Vehicle Credit, 2009–2012173 

 
The relationship between average credit per tax return per adjusted gross income category demonstrates 
that, historically, high earners are the group that derives the most financial benefits from the Qualified Plug-
In Electric Drive Motor Vehicle Credit. 

Lƴ ǘƘŜ ƳŜŘƛǳƳπ ŀƴŘ ƘŜŀǾȅπŘǳǘȅ ǾŜƘƛŎƭŜ ƳŀǊƪŜǘΣ ǘƘŜǊŜ ŀǊŜ ǎƻƳŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ t9±ǎΣ ƛƴŎƭǳŘƛƴƎ 
ōŀǘǘŜǊȅ ŜƭŜŎǘǊƛŎ ǘǊŀƴǎƛǘΣ ǎŎƘƻƻƭΣ ŀƴŘ ǎƘǳǘǘƭŜ ōǳǎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊ ƳŜŘƛǳƳπŘǳǘȅ ǾŜƘƛŎƭŜǎΣ ǇǊƛƳŀǊƛƭȅ 
ŘŜƭƛǾŜǊȅ ǾŜƘƛŎƭŜǎΦмтп !ƭǘƘƻǳƎƘ ƳŜŘƛǳƳπ ŀƴŘ ƘŜŀǾȅπŘǳǘȅ t9± ǇǳǊŎƘŀǎŜ Ŏƻǎǘǎ ŀǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ǾŜƘƛŎƭŜǎΣ ǘƘŜǎŜ t9±ǎ ƘŀǾŜ ǊŜŘǳŎŜŘ ƻǇŜǊŀǘƛƴƎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΣмтр ǿƘƛŎƘ Ƴŀȅ ƳŀƪŜ ǘƘŜƳ ŀǘǘǊŀŎǘƛǾŜ 
ǘƻ ŦƭŜŜǘ ƻǇŜǊŀǘƻǊǎ ƛŦ ǘƘŜȅ Ŏŀƴ ŦƛƴŀƴŎŜ ǘƘŜ ƛƴƛǘƛŀƭ ǇǳǊŎƘŀǎŜ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΦ  

¢ƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ǘȅǇŜ ƻŦ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎ ƛǎ ŀƴƻǘƘŜǊ ƛǎǎǳŜΦ /ƘŀǊƎŜǊǎ ǾŀǊȅ ŘǊŀƳŀǘƛŎŀƭƭȅ 
ƛƴ ǇǊƛŎŜ ŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ ƛǘ ǘŀƪŜǎ ǘƻ ŎƘŀǊƎŜ ǘƘŜ ǾŜƘƛŎƭŜΦōōΣ мтс ¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŎǳǊǊŜƴǘƭȅ Ƙŀǎ ƳƻǊŜ 
ǘƘŀƴ плΣллл ǇǳōƭƛŎŀƭƭȅ ŀŎŎŜǎǎƛōƭŜ ƻǳǘƭŜǘǎ ŀǘ ƳƻǊŜ ǘƘŀƴ мпΣллл ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎ όŜȄŎƭǳŘƛƴƎ ǇǊƛǾŀǘŜ 
ǎǘŀǘƛƻƴǎύΣмтт ōǳǘ ŎƻƴǘƛƴǳŜŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƘŀǊƎƛƴƎ ŀǾŀƛƭŀōƛƭƛǘȅ—ŜǎǇŜŎƛŀƭƭȅ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ Ŧŀǎǘπ
ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎ—ǿƻǳƭŘ ǎǳǇǇƻǊǘ ŀƴŘ ƛƴŎŜƴǘƛǾƛȊŜ ǿƛŘŜǎǇǊŜŀŘ t9± ŀŘƻǇǘƛƻƴΦмту wŜǎŜŀǊŎƘ ǎƘƻǿǎ ǘƘŀǘ 
ŀǾŀƛƭŀōƭŜ ǇǳōƭƛŎ Ŧŀǎǘ ŎƘŀǊƎƛƴƎ ǊŜŘǳŎŜǎ ǊŀƴƎŜ ŀƴȄƛŜǘȅ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ƳƛƭŜǎ ǘǊŀǾŜƭŜŘΦмтф 
5ŜǾŜƭƻǇƛƴƎ ŀ ƴŜǘǿƻǊƪ ƻŦ ŎƘŀǊƎŜǊǎ ŀƭƻƴƎ ƘƛƎƘǿŀȅǎ ǘƻ ƛƴŎƭǳŘŜ ŘƛǊŜŎǘ ŎǳǊǊŜƴǘ ό5/ύ Ŧŀǎǘ ŎƘŀǊƎŜǊǎΣ ŀƴŘ ǇŜǊƘŀǇǎ 
ŜǾŜƴ орлπƪ² ŜȄǘǊŜƳŜ Ŧŀǎǘ ŎƘŀǊƎƛƴƎΣ ŎƻǳƭŘ ŜƴŀōƭŜ t9± ƻǿƴŜǊǎ ǘƻ ǳǎŜ ǘƘŜǎŜ ǾŜƘƛŎƭŜǎ ŦƻǊ ŘƛǎǘŀƴŎŜ ŘǊƛǾƛƴƎΣ 
ŀǎ ǘƘŜȅ ƳƛƎƘǘ ƻǘƘŜǊǿƛǎŜ ǳǎŜ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ǾŜƘƛŎƭŜΦмул !ƭǎƻΣ ǿƘŜƴ ǿƻǊƪǇƭŀŎŜ ŎƘŀǊƎƛƴƎ ƛǎ ŀǾŀƛƭŀōƭŜΣ 

                                                           
ōō CƻǊ ŜȄŀƳǇƭŜΣ [ŜǾŜƭ м ŎƘŀǊƎŜǊǎ ŀǘ ƭŜŀǎǘ оо ƘƻǳǊǎ ǘƻ ŎƘŀǊƎŜ нлл ƳƛƭŜǎ ŀƴŘ ǘȅǇƛŎŀƭƭȅ ϷоллπϷмΣрлл ŘƻƭƭŀǊǎ ǘƻ ƛƴǎǘŀƭƭΦ 5ƛǊŜŎǘ /ǳǊǊŜƴǘ 
Cŀǎǘ /ƘŀǊƎŜǊǎ ǘŀƪŜ ŀōƻǳǘ н ƘƻǳǊǎ ǘƻ ŎƘŀǊƎŜ нлл ƳƛƭŜǎ ŀƴŘ Ŏƻǎǘ ϷпрΣлллΣ Ǉƭǳǎ ϷноΣллл ƻƴ ŀǾŜǊŀƎŜ ŦƻǊ ƛƴǎǘŀƭƭŀǘƛƻƴΦ 
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ŜƳǇƭƻȅŜŜǎ ŀǊŜ ǎƛȄ ǘƛƳŜǎ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ƻǿƴ ŀ t9±Σ ŀƴŘ ǘƘƻǎŜ ŜƳǇƭƻȅŜŜǎ ŎƘŀǊƎŜ ǘƘŜƛǊ ǾŜƘƛŎƭŜǎ ŀǘ ǿƻǊƪΦмумΣ 
мун  

¢ƘŜǊŜ ƛǎ ŀ ǊŀƴƎŜ ƻŦ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ǘƻ ŜȄǇŀƴŘ t9± ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ aƻǊŜ ǘƘŀƴ нл ǎǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ 
ǇƻƭƛŎƛŜǎ ŜȄƛǎǘ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ t9± ŎƘŀǊƎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ όǎŜŜ CƛƎǳǊŜ оπмн ŦƻǊ t9± 
ǊŜƎƛǎǘǊŀǘƛƻƴǎ ōȅ ǎǘŀǘŜύΦмуо !ƭǎƻΣ ƛƴ bƻǾŜƳōŜǊ нлмсΣ ǘƘŜ CŜŘŜǊŀƭ IƛƎƘǿŀȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ŀƴƴƻǳƴŎŜŘ рр 
ǊƻǳǘŜǎ ǘƘŀǘ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ ŀ ƴŀǘƛƻƴŀƭ ƴŜǘǿƻǊƪ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭ ŀƴŘ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎƛƴƎ ŎƻǊǊƛŘƻǊǎ 
ǎǇŀƴƴƛƴƎ ор ǎǘŀǘŜǎ ŀƴŘ ƴŜŀǊƭȅ урΣллл ƳƛƭŜǎΦмуп Those corridors are designated as “signπready,” meaning 
ǘƘŀǘ ǊƻǳǘŜǎ ǿƘŜǊŜ ŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭ ŀƴŘ ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƛƴ ƻǇŜǊŀǘƛƻƴ ǿƛƭƭ ōŜ ŜƭƛƎƛōƭŜ ǘƻ 
ŦŜŀǘǳǊŜ ƴŜǿ ǎƛƎƴǎ ŀƭŜǊǘƛƴƎ ŘǊƛǾŜǊǎ ǿƘŜǊŜ ǘƘŜȅ Ŏŀƴ ŦƛƴŘ ǘƘŜǎŜ ǎǘŀǘƛƻƴǎΦмур 

Lƴ ŀŘŘƛǘƛƻƴΣ /ŀƭƛŦƻǊƴƛŀ Ƙŀǎ ǳƴƛǉǳŜ ŀǳǘƘƻǊƛǘȅ ǳƴŘŜǊ ǘƘŜ /ƭŜŀƴ !ƛǊ !Ŏǘ ό/!!ύ ǘƻ ƛǎǎǳŜ ǾŜƘƛŎƭŜ ŜƳƛǎǎƛƻƴ 
ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ŀǊŜ ǎǘǊƛŎǘŜǊ ǘƘŀƴ ǘƘƻǎŜ ƛǎǎǳŜŘ ōȅ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘΣ ŀƴŘ ƻǘƘŜǊ ǎǘŀǘŜǎ Ŏŀƴ ŀŘƻǇǘ 
California’s standards in their entirety. The California Air Resources Board adopted a zeroπŜƳƛǎǎƛƻƴ ǾŜƘƛŎƭŜ 
(ZEV) rule as part of the state’s 1990 Low Emission Vehicle Program. Nine additional states have chosŜƴ 
to adopt California’s ZEV rule to date: Connecticut, Maine, Maryland, Massachusetts, New Jersey, New 
¸ƻǊƪΣ hǊŜƎƻƴΣ wƘƻŘŜ LǎƭŀƴŘΣ ŀƴŘ ±ŜǊƳƻƴǘΦ Lǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ŦǳǘǳǊŜ ½9± ƳŀǊƪŜǘ ǇŜƴŜǘǊŀǘƛƻƴΣ ōǳǘ 
ŀōƻǳǘ мрΦп ǇŜǊŎŜƴǘ ƻŦ ƴŜǿ ǾŜƘƛŎƭŜǎ ǎƻƭŘ ƛƴ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ǎǘŀǘŜǎ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ōŜ ½9±ǎ ōȅ нлнрΦ .ȅ 
нлнрΣ /ŀƭƛŦƻǊƴƛŀ ƴŜŜŘǎ ǘƻ ǊŜŀŎƘ ŀƴ ŜǎǘƛƳŀǘŜŘ нсрΣллл ½9± ǎŀƭŜǎ ǇŜǊ ȅŜŀǊ—ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ нрл ǇŜǊŎŜƴǘ ƻǾŜǊ 
ǘƘŜ ƴŜȄǘ ŘŜŎŀŘŜΦмус 

¢Ǌŀƴǎƛǘ ƛƴŎŜƴǘƛǾŜǎ ŀǊŜ ŀƭǎƻ ŀǾŀƛƭŀōƭŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘǊƻǳƎƘ ǘƘŜ [ƻǿ ƻǊ bƻ 9Ƴƛǎǎƛƻƴ ±ŜƘƛŎƭŜ 5ŜǇƭƻȅƳŜƴǘ 
tǊƻƎǊŀƳΣ ǘƘŜ CŜŘŜǊŀƭ ¢Ǌŀƴǎƛǘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ŦǳƴŘƛƴƎ ǘƻ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ŦƻǊ ǘƘŜ 
ǇǳǊŎƘŀǎŜ ƻǊ ƭŜŀǎŜ ƻŦ ǉǳŀƭƛŦȅƛƴƎ ƭƻǿπ ƻǊ ƴƻπŜƳƛǎǎƛƻƴǎ ōǳǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭπŜƭŜŎǘǊƛŎ ōǳǎŜǎ ŀƴŘ ǊŜƭŀǘŜŘ 
ŜǉǳƛǇƳŜƴǘ ŀƴŘ ǳǇƎǊŀŘŜǎ ǘƻ ŦŀŎƛƭƛǘƛŜǎ ǘƻ ŀŎŎƻƳƳƻŘŀǘŜ ƴŜǿ ōǳǎŜǎΦмут vǳŀƭƛŦȅƛƴƎ ŀƛǊǇƻǊǘǎ Ŏŀƴ ŀƭǎƻ ǎŜŜƪ 
CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ǎǳǇǇƻǊǘ ŦƻǊ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ǾŜƘƛŎƭŜǎΦ ¢ƘŜ CŜŘŜǊŀƭ !Ǿƛŀǘƛƻƴ 
Administration’s Voluntary Airport Low Emissions and Zero Emission Vehicle Programs provide ŦƛƴŀƴŎƛŀƭ 
ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ ǇǳǊŎƘŀǎŜ ƻŦ ŜƭŜŎǘǊƛŎ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ǾŜƘƛŎƭŜǎΦмууΣ муф 

3.2.5 Analytical Tools: Converting Data to Information Is Key to a 
Cleaner Electricity System  

wŜŀƭπǘƛƳŜ Řŀǘŀ ŀǘ ŦƛƴŜ ƎǊŀƴǳƭŀǊƛǘȅ ŀƴŘ ŀ ǎǳƛǘŜ ƻŦ ŀƴŀƭȅǘƛŎŀƭ ǘƻƻƭǎ ŀƴŘ ƳƻŘŜƭǎ ǿƛƭƭ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ōŀŎƪōƻƴŜ 
ƻŦ ŀ ƳƻŘŜǊƴΣ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜǎ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜǎ ŀƴŘ ŜƴŜǊƎȅπǎŀǾƛƴƎ ǘŜŎƘƴƻƭƻƎȅΦ 
hǘƘŜǊ Řŀǘŀ ŀƴŘ ŀƴŀƭȅǎƛǎ ǘƻƻƭǎ ǿƛƭƭ ŀƭǎƻ ōŜ ƴŜŜŘŜŘ ǘƻ ƛƴŦƻǊƳ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ŀǎ ƎƻǾŜǊƴƳŜƴǘǎΣ ǳǘƛƭƛǘƛŜǎΣ ŀƴŘ 
ŎƻƴǎǳƳŜǊǎ ǎŜŀǊŎƘ ŦƻǊ ǿŀȅǎ ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ƴŜǿ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜǊŜ ŀǊŜ 
ǎŜǾŜǊŀƭ ŎƻƴŎŜǊƴǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ǊŜŀƭπǘƛƳŜ ŀƴŘ ƻǘƘŜǊ ŘŀǘŀΦ hŦ ǇŀǊŀƳƻǳƴǘ ƛƳǇƻǊǘŀƴŎŜ ŀǊŜ 
Řŀǘŀ ǇǊƛǾŀŎȅ ŀƴŘ ǎŜŎǳǊƛǘȅΦ 9ƴǎǳǊƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘŜƴŜǎǎΣ ǉǳŀƭƛǘȅΣ ƘŀǊƳƻƴƛȊŀǘƛƻƴΣ ŀƴŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ Řŀǘŀ ǘƻ 
ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ƛǎ ŀƭǎƻ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘΦ 

5ŀǘŀ ƴŜŜŘǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǘǊƻƴƎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ŜƴŘπǳǎŜ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅΦ CƛǊǎǘΣ ŜƴŘπǳǎŜ ǎǳǊǾŜȅǎ ƘŀǾŜ ƎŀǇǎΣ ǎǳŎƘ ŀǎ ŀ ƭŀŎƪ ƻŦ ǿŀǘŜǊπǎŜŎǘƻǊ ŘŀǘŀΣ ŀƴŘ ǘƘŜ ŜƴŘπǳǎŜ ǎǳǊǾŜȅǎ 
ƘŀǾŜ ƴƻǘ ƪŜǇǘ ǳǇ ǿƛǘƘ ǎƘƛŦǘƛƴƎ ŘŜƳŀƴŘ ŎƻƳƛƴƎ ŦǊƻƳ ǘƘŜ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ƴŜǿ ŜƭŜŎǘǊƻƴƛŎ ŀǇǇƭƛŀƴŎŜǎΦ 
{ŜŎƻƴŘΣ ǇƭŀƴƴŜǊǎ ǿƛƭƭ ƴŜŜŘ ƳƻǊŜ ƎǊŀƴǳƭŀǊ Řŀǘŀ ƻƴ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǘƻ ŀŘŘǊŜǎǎ 
ƎǊƛŘ ƻǇŜǊŀǘƛƻƴ ƴŜŜŘǎ ŘǳŜ ǘƻ ƴŜǿ ǾŀǊƛŀōƭŜ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘΦ ¢ƘƛǊŘΣ 
ǘƘŜ ƛƴŎǊŜŀǎŜŘ ŀōƛƭƛǘȅ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ƳƻƴƛǘƻǊ ŜƴŘπǳǎŜ Řŀǘŀ ŀǘ ŦƛƴŜǊ ǎŎŀƭŜǎ ōǊƻǳƎƘǘ ōȅ !aL ŀƴŘ L/¢ ǇǊƻǾƛŘŜǎ 
ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǘŀǊƎŜǘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ Ƴƻǎǘ ŎŀǇŀōƭŜ ƻŦ ǊŜŘǳŎƛƴƎ ǇŜŀƪ ŘŜƳŀƴŘ 
ŦƻǊ ŀ ƎƛǾŜƴ ƭƻŎŀǘƛƻƴ ŀƴŘ ǎŜŀǎƻƴΦ 

¦ǇŘŀǘŜǎ ǘƻ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ ǇǊƻǘƻŎƻƭǎΣ ǿƘƛŎƘ ǾŀǊȅ ōȅ ǘŜŎƘƴƻƭƻƎȅΣ Ŏŀƴ ƘŜƭǇ ŘǊƛǾŜ ǘƘŜ 
ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ ¢ƘŜ ǿŜŀƭǘƘ ƻŦ Řŀǘŀ ōŜƛƴƎ ƎŜƴŜǊŀǘŜŘ ōȅ !aL ƛǎ ŜƴŀōƭƛƴƎ 
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“ŜǾŀƭǳŀǘƛƻƴΣ ƳŜŀǎǳǊŜƳŜƴǘΣ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ нΦл” ŀǎ ŘƛǎŎǳǎǎŜŘ ƛƴ /ƘŀǇǘŜǊ LL όThe Electricity Sector:
Maximizing Economic Value and Consumer Equity)ΦŎŎ Lƴ /ŀƭƛŦƻǊƴƛŀΣ ǎƻƳŜ ŎƻƴǎǳƳŜǊǎ ƴƻǿ ǊŜŎŜƛǾŜ Řŀǘŀ ƻƴ 
ǿƘŀǘ ǘȅǇŜ ƻŦ ƎŜƴŜǊŀǘƻǊǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ ǘƘŜƛǊ ƘƻƳŜ ƻǊ ōǳǎƛƴŜǎǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ 
ƎŜƴŜǊŀǘƛƻƴ ƳƛȄΣ ǘƘŜ ŎƻƴǎǳƳŜǊ Ŏŀƴ ŘŜŎƛŘŜ Ƙƻǿ ƳǳŎƘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǳǎŜ ƛƴ ǊŜŀƭ ǘƛƳŜ ǳǎƛƴƎ ŀ ǎƳŀǊǘ ŘŜǾƛŎŜΦ 
9ǎǘŀōƭƛǎƘŜŘ ŦƻǊƳǎ ŦƻǊ 5wΣ ǎǳŎƘ ŀǎ ŘƛǊŜŎǘ ƭƻŀŘ ŎƻƴǘǊƻƭΣ ƘŀǾŜ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘ ŀƴŘ ŀŎŎŜǇǘŜŘ ƳŜǘƘƻŘǎ ŦƻǊ 
ƳŜŀǎǳǊƛƴƎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 5w ŀǾŀƛƭŀōƭŜ ŀƴŘ ŘŜǇƭƻȅŜŘ ŀƴŘ ŦƻǊ ǾŜǊƛŦȅƛƴƎ ǘƘŀǘ ǘƘŜ ƛƴǘŜƴŘŜŘ ŀƴŘ ŀŎǘǳŀƭ ŀƳƻǳƴǘ 
ŘŜǇƭƻȅŜŘ ŀǊŜ ǘƘŜ ǎŀƳŜΦŘŘ 9ƳŜǊƎƛƴƎ ŦƻǊƳǎ ƻŦ 5wΣ ǎǳŎƘ ŀǎ ŀƎƎǊŜƎŀǘƛƴƎ ǊŜŘǳŎǘƛƻƴǎ ŦǊƻƳ ǊŜǎƛŘŜƴǘƛŀƭ ŎǊƛǘƛŎŀƭ 
ǇŜŀƪ ǇǊƛŎƛƴƎ ǇǊƻƎǊŀƳǎΣ ŀǊŜ ŀǊŜŀǎ ǿƘŜǊŜ Ŏƻƴǘƛƴǳŀƭƭȅ ƛƳǇǊƻǾƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ ǿƛƭƭ ŀǎǎƛǎǘ ƛƴ 
ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ 

LƳǇǊƻǾƛƴƎ Řŀǘŀ ŀƴŘ ŀƴŀƭȅǎƛǎ ǘƻƻƭǎ Ŏŀƴ ƘŜƭǇ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ǳǘƛƭƛȊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ŦƻǊ 
ƳƛƴƛƳƛȊƛƴƎ Ŏƻǎǘǎ ŀƴŘ ŜƴǎǳǊƛƴƎ ǊŜƭƛŀōƛƭƛǘȅΣ ƛƴŎƭǳŘƛƴƎ ǇǊƻǾƛŘƛƴƎ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ƻƴ ǘƻƻƭǎ ǘƘŀǘ ŜƴŀōƭŜ ǘƘŜ 
Ŧǳƭƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀǎ ŀ ǊŜǎƻǳǊŎŜΦ !ƴŀƭȅǎƛǎ ƛǎ ƴŜŜŘŜŘ ŀǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜǾŜƭ ƻŦ 
ƎǊŀƴǳƭŀǊƛǘȅ ǘƻ ƛƴŦƻǊƳ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǎȅǎǘŜƳ ŘȅƴŀƳƛŎǎ ŀƴŘ ōŜƘŀǾƛƻǊΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƘŀƴƎƛƴƎ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǊŜǎƻǳǊŎŜ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ 
ƳǳƭǘƛǇƭŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΣ ǎǳŎƘ ŀǎ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǿŀǘŜǊΦ CƻǊ ŜȄŀƳǇƭŜΣ ŦǳǊǘƘŜǊ ŀƴŀƭȅǘƛŎŀƭ ǘƻƻƭǎ ŀǊŜ ƴŜŜŘŜŘ ŀǘ 
ƳǳƭǘƛǇƭŜ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ ǘƻ ōŜǘǘŜǊ ŦǊŀƳŜ ǎȅǎǘŜƳπƭŜǾŜƭ ǘǊŀŘŜƻŦŦǎ ǊŜƭŀǘŜŘ ǘƻ ǊŜǎƛƭƛŜƴŎŜΣ 
ŜŎƻƴƻƳƛŎǎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ǘƘŀǘ Ŏŀƴ ƛƴŦƻǊƳ ŘŜǎƛƎƴ ŀƴŘ ǇƻƭƛŎȅ ŘŜŎƛǎƛƻƴǎΣ ǎǳŎƘ ŀǎ 
ǘƘƻǎŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǿŀǘŜǊ ǎȅǎǘŜƳǎΦ 

CƻǊ ōƻǘƘ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎȅ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ ǎǘŀǘŜ ƛƴǘŜƎǊŀǘŜŘ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎΣ ǘƘŜǊŜ ƛǎ ƻŦǘŜƴ ŀ ƴŜŜŘ ǘƻ ƳŀƪŜ 
ŀ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ǎŀǾƛƴƎǎ ǘƘŀǘ ƛǎ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ ŦǊƻƳ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƻǘƘŜǊ 59wǎ όƛΦŜΦΣ 
5w ŀƴŘ 5DύΦ /ǳǊǊŜƴǘƭȅΣ ǘƘŜǊŜ ƛǎ ŀƴ ƛƴŎƻƳǇƭŜǘŜ ǇŀǘŎƘǿƻǊƪ ƻŦ ŘƛŦŦŜǊŜƴǘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇƻǘŜƴǘƛŀƭ ǎǘǳŘƛŜǎ 
όŀǎ ǿŜƭƭ ŀǎ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀƴŀƭȅȊŜ ǘƘŜ ǇƻǎǎƛōƭŜ ǎŀǾƛƴƎǎ ŦƻǊ ƻǘƘŜǊ ŘƛǎǘǊƛōǳǘŜŘ ǊŜǎƻǳǊŎŜǎύ ŀǘ ǘƘŜ ǳǘƛƭƛǘȅ ƻǊ ǎǘŀǘŜ 
ƭŜǾŜƭ ǘƘŀǘ ǳǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘƻƭƻƎƛŜǎΦ ¢ƘŜǎŜ ǎǘǳŘƛŜǎΣ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ŎƻƴǎƛŘŜǊ ƻƴƭȅ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅΣ Řƻ ƴƻǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƛƴǘŜƎǊŀǘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ ǿƛǘƘ ƻǘƘŜǊ 
ŎƻƴǎǳƳŜǊ ƻǇǘƛƻƴǎΣ ǎǳŎƘ ŀǎ 5wΣ 5DΣ ŀƴŘ ƻƴǎƛǘŜ ǎǘƻǊŀƎŜ—ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ǿƘƛŎƘ ŎƻƴǎǳƳŜǊǎ ƘŀǾŜ ƎǊƻǿƛƴƎ 
ŀŎŎŜǎǎΦ ! ƴŀǘƛƻƴŀƭ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎƻǳǊŎŜǎ ǇƻǘŜƴǘƛŀƭ ŀǎǎŜǎǎƳŜƴǘ ǿƛǘƘ ǎǳŦŦƛŎƛŜƴǘ ƎŜƻƎǊŀǇƘƛŎŀƭ ǊŜǎƻƭǳǘƛƻƴ 
ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜƭȅ ƛƴǘŜƎǊŀǘŜ 59wǎ ƛƴǘƻ ǎǘŀǘŜ ŀƴŘ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǇƻƭƛŎȅΦ 5ǳŜ ǘƻ ǘƘŜ 
ƛƴŎǊŜŀǎƛƴƎ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƳǳƭǘƛǇƭŜ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎƻǳǊŎŜǎΣ ŀƴȅ ǇƻǘŜƴǘƛŀƭ ŀǎǎŜǎǎƳŜƴǘ ǘƘŀǘ ŎƻƴǎƛŘŜǊǎ ƻƴƭȅ 
ƻƴŜ ƻŦ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎ ǿƛƭƭ ƻǾŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ǎŀǾƛƴƎǎ ŦǊƻƳ ƻƴŜ ŀǇǇǊƻŀŎƘ ǿƘƛƭŜ ǳƴŘŜǊŜǎǘƛƳŀǘƛƴƎ ǘƘŜ 
ƛƳǇŀŎǘǎ ƻŦ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŀǇǇǊƻŀŎƘΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ŎǳǎǘƻƳŜǊ ŎƻƴǎƛŘŜǊƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ 
ǿƛƭƭ ƘŀǾŜ ŀ ŘƛŦŦŜǊŜƴǘ ōƛƭƭ ǎŀǾƛƴƎǎ ƛŦ ǘƘŜȅ ŀǊŜ ŀƭǊŜŀŘȅ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ŀ ǳǘƛƭƛǘȅ 5w ǇǊƻƎǊŀƳ ŦƻǊ ŀ ƎƛǾŜƴ ŜƴŘ ǳǎŜΣ 
ƭƛƪŜ ǿŀǘŜǊ ƘŜŀǘƛƴƎ ƻǊ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎΦ  

Lƴ ŀŘŘƛǘƛƻƴΣ ŜƴƘŀƴŎŜƳŜƴǘǎ ǘƻ ŜȄƛǎǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ ƳƻŘŜƭǎ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ ŀǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ 
ƻǘƘŜǊ ŎƘŀƭƭŜƴƎŜǎ ŀŦŦŜŎǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ ¢ƘŜ ƘƛǎǘƻǊȅ ƻŦ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛǎ 
ŜȄǘŜƴǎƛǾŜΦ ¢ƘŜ ǎŜŎǘƻǊ ƛǎ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ƳƻŘŜƭƛƴƎ ŦƻǊ ǇƭŀƴƴƛƴƎΣ ƛƴǾŜǎǘƳŜƴǘΣ ǊŜƎǳƭŀǘƛƻƴΣ ŀƴŘ ǎȅǎǘŜƳ 
ƻǇŜǊŀǘƛƻƴǎΦ 9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǎǳǇǇƭȅ ŎǳǊǾŜǎ ŀǊŜ ƴƻǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƳƻŘŜƭƛƴƎ ōŜŎŀǳǎŜ 
ǘƘŜǊŜ ŀǊŜ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘƭȅ Ǌƻōǳǎǘ ŀƴŘ ƎǊŀƴǳƭŀǊ όƭƻŎŀǘƛƻƴπ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅπǎǇŜŎƛŦƛŎύ Řŀǘŀ ƻƴ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ bŀǘƛƻƴ—ǎƻƳŜǘƘƛƴƎ ŀ ƴŀǘƛƻƴŀƭ ǇƻǘŜƴǘƛŀƭ ŀǎǎŜǎǎƳŜƴǘ ŎƻǳƭŘ 
ǇǊƻǾƛŘŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ŎŀǇŀŎƛǘȅ ŜȄǇŀƴǎƛƻƴ ƳƻŘŜƭǎΣ ǎǳŎƘ ŀǎ ǘƘŜ bŀǘƛƻƴŀƭ 9ƴŜǊƎȅ aƻŘŜƭƛƴƎ {ȅǎǘŜƳ όb9a{ύΣ 
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ŘŘ ! ǎŜǇŀǊŀǘŜ ƛǎǎǳŜ ƛǎ ǾŜǊƛŦȅƛƴƎ ǘƘŀǘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 5w ǘƘŀǘ ŀ ǳǘƛƭƛǘȅ ƻǊ ǘƘƛǊŘ ǇŀǊǘȅ ŎƻƳƳƛǘǎ ǘƻ ǇǊƻǾƛŘŜ ƛǎ ŀŎǘǳŀƭƭȅ ǇǊƻǾƛŘŜŘ ǿƘŜƴ 
ŎŀƭƭŜŘ ǳǇƻƴΦ 
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ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ŦƻǊ ǇƻƭƛŎȅ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎΦ b9a{ ǿƻǳƭŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ōŜƴŜŦƛǘ ŦǊƻƳ 
ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŜƴŘ ǳǎŜΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ 5DΣ ŀƴŘ ǎǘƻǊŀƎŜΦ  

CƛƴŀƭƭȅΣ ŜƴƘŀƴŎŜŘ ƳƻŘŜƭǎ ŜȄŀƳƛƴƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ǊŜǎƻǳǊŎŜ ōŀǎŜΣ ŀƴŘ ŎƻƳǇŜǘƛƴƎ ǳǎŜǎ ǿƻǳƭŘ 
ōŜ ǾŀƭǳŀōƭŜ ƛƴ ƛƴŦƻǊƳƛƴƎ ǎƛǘƛƴƎΣ ǇŜǊƳƛǘǘƛƴƎΣ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊŀŎǘƛŎŜǎ ŦƻǊ ƎŜƴŜǊŀǘƛƻƴΦ Lǘ ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ 
ŦƻǊ ƘȅŘǊƻǇƻǿŜǊ ǇǊƻƧŜŎǘ ƳƻŘŜƭǎ ǘƻ ƛƭƭǳƳƛƴŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƭŀƴŘπǳǎŜ ƛƳǇŀŎǘǎ ŀƴŘ ŎƻπōŜƴŜŦƛǘǎΦ CƻǊ 
ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅΣ ƛǘ ǿƻǳƭŘ ōŜ ǾŀƭǳŀōƭŜ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŀ ǎǳōǎǘŀƴǘƛŀƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƎŜƻǘƘŜǊƳŀƭ ǊŜǎƻǳǊŎŜ 
ōŀǎŜΣ ǿƘƛŎƘ ŎƻǳƭŘ ƘŜƭǇ ǘƻ ǊŜŘǳŎŜ ǎƛǘƛƴƎ ŀƴŘ ǇǊƻǎǇŜŎǘƛƴƎ ŎƻǎǘǎΦмфл CƻǊ //¦{ ǇǊƻƧŜŎǘǎΣ ƳƻŘŜƭǎ Ŏŀƴ ƛƳǇǊƻǾŜ 
ǎǘŀƴŘŀǊŘƛȊŜŘ ǎƛǘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǘƘŀǘ ƛƴŦƻǊƳǎ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ŀǊŜŀǎ ǿƛǘƘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘƻǊŀƎŜ 
ƎŜƻƭƻƎȅΦ 

3.2.6 Electricity-Sector Assets, Operations, and Planning 

¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǘŜŎƘƴƛŎŀƭΣ ƳŀǊƪŜǘΣ ŀƴŘ ǇƻƭƛŎȅ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ Ƙƻǿ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ ƛƴǾŜǎǘƳŜƴǘ 
ŘŜŎƛǎƛƻƴǎ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎΣ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎȅ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ǎȅǎǘŜƳ ŀƴŘ ǇƻƭƛŎȅ ǇƭŀƴƴƛƴƎ 
ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŜŦŦƻǊǘǎ ǘƻ ǎƘƛŦǘ ǘƻ ŀ ƭƻǿπŎŀǊōƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ ¢ƻ ǊŜŀƭƛȊŜ ŀ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ǿƛƭƭ ƴŜŜŘ ǘƻ ŎƻƴǎƛŘŜǊ ŀƭƭ ŀǎǇŜŎǘǎ ŀƴŘ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŀƴ ŜƴŘπǘƻπŜƴŘ ǎǳǇǇƭȅ ŎƘŀƛƴΣ ŦǊƻƳ 
ƎŜƴŜǊŀǘƛƻƴ ǘƻ ŜƴŘ ǳǎŜΦ 

Electricity infrastructure owners’ choices on resilience, expansion, and modernization will have 
implications for achieving the nation’s environmental goals, and vice versa. /ƘŀǇǘŜǊ L± όEnsuring Electricity 
System Reliability, Security, and Resilienceύ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ƛƳǇǊƻǾŜƳŜƴǘǎ 
in the electricity system’s clean, resilient, and flexible characteristics. The same chapter adds that 
ǇǊƻōŀōƛƭƛǎǘƛŎ ǇƭŀƴƴƛƴƎ ƛǎ ŀ Ǌƻōǳǎǘ ƳŜǘƘƻŘ ƻŦ ŀǎǎŜǎǎƛƴƎ ǿƘŀǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƛƴŎƭǳŘƛƴƎ ǊŜƴŜǿŀōƭŜ 
ƎŜƴŜǊŀǘƛƻƴΣ ǎƘƻǳƭŘ ōŜ ōǳƛƭǘ ŦƻǊ ǊŜƭƛŀōƛƭƛǘȅ ǇǳǊǇƻǎŜǎΦ 

Integrating Energy and Capacity Markets with Clean Policies 
In the summer of 2016, the New England Power Pool (NEPOOL) began a stakeholder process designed 
to explore whether the various environmental policies across member states could be integrated into the 
regional energy and capacity markets operated by Independent System Operator New England. Known as 
the Integrating Markets and Public Policy initiative, it has the potential to set an important precedent for how 
clean policies can be integrated into existing regional markets. 

“Our goal at NEPOOL and for the region is to create a competitive market signal to get the states what they 
need so they don’t have to act on their own. If we’re successful, the markets on their own will find the most 
cost-effective means in meeting those state objectives.” – NEPOOL Chairman Joel S. Gordon191 

Following the release of an initial problem statement and guidelines in May 2016, stakeholders were invited 
to propose ideas at the group’s first meeting in August. Proposals offered a wide range of solutions: from a 
carbon price adder, to a separate “clean-only” auction process called a “Forward Clean Energy Market,” to 
strengthening the Regional Greenhouse Gas Initiative. Some proposals recommended price adjustments 
in the energy markets, while others offered modifications to the capacity markets. 

DǊƛŘ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƭǘŜǊƴŀǘƛǾŜǎ ŀǊŜ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ŦƻǊ ǊŜŀŎƘƛƴƎ ŀ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ŦǳǘǳǊŜΦ 
/ƘŀǇǘŜǊ L± όEnsuring Electricity System Reliability, Security, and Resilienceύ ŘƛǎŎǳǎǎŜǎ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŀƴŘ 
ƻǇŜǊŀǘƛƻƴŀƭ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǊŜǎƛƭƛŜƴŎŜΦ !ƭƭ ƻŦ ǘƘƻǎŜ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜ ǎȅǎǘŜƳ ǊŜǎǇƻƴǎŜ 
ǘƛƳŜǎ ŀƴŘ ƛƴŎǊŜŀǎŜ ŦƭŜȄƛōƛƭƛǘȅΣ ǿƻǳƭŘ ƘŀǾŜ ƛƳǇƻǊǘŀƴǘ ŎƻπōŜƴŜŦƛǘǎ ƛƴ ƛƴǘŜƎǊŀǘƛƴƎ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΦ 

9ŦŦƻǊǘǎ ǘƻ ƛƳǇǊƻǾŜ ƴŜŀǊπǘŜǊƳ ŦƻǊŜŎŀǎǘƛƴƎ ŀƴŘ ƎǊŀƴǳƭŀǊ ƎǊƛŘ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀǊŜ ŀƭǊŜŀŘȅ ǳƴŘŜǊǿŀȅ ŀƴŘ ƘŀǾŜ 
ŎƭŜŀǊ ōŜƴŜŦƛǘǎ ŦƻǊ ŎƭŜŀƴ ƎŜƴŜǊŀǘƛƻƴ ŀǎ ŀǊŜ ŜŦŦƻǊǘǎ ǘƻ ŜƴƘŀƴŎŜ ǎƛǘǳŀǘƛƻƴŀƭ ŀǿŀǊŜƴŜǎǎΣ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ 
Ǿƛǎƛōƛƭƛǘȅ ŦƻǊ ǊŜƭƛŀōƛƭƛǘȅΣ ǎŜŎǳǊƛǘȅΣ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ǊŜŀǎƻƴǎΦ !ƭƭ ƻŦ ǘƘŜǎŜ ƳŜǘƘƻŘǎ ǿƻǳƭŘ ŀƭǎƻ ƭƻǿŜǊ ǘƘŜ 
ŜŎƻƴƻƳƛŎ Ŏƻǎǘ ƻŦ ǊŜƴŜǿŀōƭŜ ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ L± όEnsuring Electricity 
Reliability, Security, and ResilienceύΦ  
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tƻǿŜǊ ƳŀǊƪŜǘ ŘȅƴŀƳƛŎǎ ŀƭǎƻ ŀŦŦŜŎǘ ŎƭŜŀƴ ǇƻǿŜǊ ƎƻŀƭǎΣ ŀƴŘ ǾƛŎŜ ǾŜǊǎŀΦ [ƻǿŜǊ ŜƴŜǊƎȅ ǇǊƛŎŜǎΣ ǿƘƛŎƘ ŀǊŜ 
ǇŀǊǘƭȅ ŘǳŜ ǘƻ ƭƻǿπŎƻǎǘ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƛƴŎŜƴǘƛǾƛȊŜŘ ȊŜǊƻπƳŀǊƎƛƴŀƭπŎƻǎǘ ǊŜǎƻǳǊŎŜǎΣ ŀǊŜ ǊŜŘǳŎƛƴƎ ǘƘŜ 
ŜŎƻƴƻƳƛŎ Ǿƛŀōƛƭƛǘȅ ƻŦ ƻǘƘŜǊ ŘŜǎƛǊŜŘ ŎƭŜŀƴ ǊŜǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƴǳŎƭŜŀǊ ŜƴŜǊƎȅΦ  

aŀƴȅ ƻŦ ǘƘŜ ǇƭŀƴƴƛƴƎπǊŜƭŀǘŜŘ ŎƘŀƭƭŜƴƎŜǎ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ŦŀŎŜ ŀǊƛǎŜ ŦǊƻƳ ǘƘŜ ǊŜŎŜƴǘ ǘǊŜƴŘ ƛƴ 
ǘŜŎƘƴƻƭƻƎȅ ŀŘǾŀƴŎŜƳŜƴǘ—ŀƴŘΣ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ŦƻŎǳǎŜŘ ŀǘ 
ǘƘŜ ŜƴŘπǳǎŜ ǎŜŎǘƻǊ—ōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊΦ ¢Ƙƛǎ ǘǊŜƴŘ Ƙŀǎ ŎŀǳǎŜŘ ŀ ǎƘƛŦǘ ƛƴ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŀǎǎǳƳǇǘƛƻƴǎ ǳǇƻƴ 
ǿƘƛŎƘ Ƴƻǎǘ ǇƭŀƴƴƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿŜǊŜ ŜǎǘŀōƭƛǎƘŜŘΦ ¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ŀǊŜŀǎ ǿƘŜǊŜ CŜŘŜǊŀƭ ǇƻƭƛŎȅ ŎƻǳƭŘ 
ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ Ŧǳƭƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ Ŏƻǎǘ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ƻǘƘŜǊ ŘŜƳŀƴŘπǎƛŘŜ 
ƳŀƴŀƎŜƳŜƴǘ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƳǇǊƻǾƛƴƎ ŘŀǘŀΣ ŀŘǾŀƴŎƛƴƎ 
ǘƻƻƭǎ ŀƴŘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƛƴ ƳƻŘŜƭǎΣ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ƻƴ ǘƻƻƭǎ ǘƘŀǘ ŜƴŀōƭŜ ǘƘŜ Ŧǳƭƭ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ŎƭŜŀƴ ǊŜǎƻǳǊŎŜǎ ƛƴ ǇƭŀƴƴƛƴƎΦ ¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ǇǊƻǾƛŘƛƴƎ ŜȄǇŀƴŘŜŘ 
ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ƻƴ ƳŜǘƘƻŘǎ ƻŦ Ŧǳƭƭȅ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ ƻǘƘŜǊ ŘŜƳŀƴŘπǎƛŘŜ 
ƳŀƴŀƎŜƳŜƴǘ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ŎƻƴŘǳŎǘŜŘ ōȅ ƎƻǾŜǊƴƳŜƴǘǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎ 
ǘƘŀǘ ŎƻǳƭŘ ƘŜƭǇ ōǊŜŀƪ Řƻǿƴ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ōŀǊǊƛŜǊǎ ǘƻ ŎƻƴǎƛŘŜǊƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀǎ ŀ ǊŜǎƻǳǊŎŜΦ 

hǘƘŜǊ ǇƭŀƴƴƛƴƎ ŘǊƛǾŜǊǎ ŜȄƛǎǘ ŀǎ ǿŜƭƭΦ CƻǊ ŜȄŀƳǇƭŜΣ ŜǾƻƭǾƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǘ ǘƘŜ CŜŘŜǊŀƭ 
ƭŜǾŜƭ όŜΦƎΦΣ ǘƘŜ ǊŜŎŜƴǘƭȅ ǇǊƻƳǳƭƎŀǘŜŘ “/ƭŜŀƴ tƻǿŜǊ tƭŀƴ” ώ/ttϐύ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ Ǝƻŀƭǎ ŀǘ ǘƘŜ ǎǘŀǘŜ ƭŜǾŜƭ 
όŜΦƎΦΣ wt{ύ ŜƴŎƻǳǊŀƎŜ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ŀǘ ǘƘŜ ǎǘŀǘŜ ƭŜǾŜƭ ŀƴŘ ŀŎǊƻǎǎ ǎǘŀǘŜǎ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ǘƻ ŜƴǎǳǊŜ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ƳŜǘ ŀǘ ƭƻǿ ŎƻǎǘΦ  

!ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ /ƘŀǇǘŜǊ LL όThe Electricity Sector: Maximizing Economic Value and Consumer EquityύΣ 
ǊŀǘŜƳŀƪƛƴƎŜŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǇǳōƭƛŎ ǇƻƭƛŎȅ ƛƴǎǘǊǳƳŜƴǘǎ ǘƘŀǘ ǎǘŀǘŜǎ ǳǎŜ ǘƻ ƛƴŎŜƴǘƛǾƛȊŜ ŀƴŘ ǊŜƎǳƭŀǘŜ ǘƘŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ ƻŦ ŎƭŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ŀǊŜ ŀǇǇǊƻǇǊƛŀǘŜƭȅ 
ǾŀƭǳŜŘΦ ¢ƻ ǊŜŀƭƛȊŜ ǘƘŜ Ŧǳƭƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ƛƴŎǊŜŀǎŜŘ 59wǎΣ ŎƭŜŀƴ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ƳƻǊŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ 
ƎǊƛŘ ǘŜŎƘƴƻƭƻƎƛŜǎ όǎǳŎƘ ŀǎ ǎƳŀǊǘ ƳŜǘŜǊǎ ŀƴŘ ǎǳǇŜǊǾƛǎƻǊȅ ŎƻƴǘǊƻƭ ŀƴŘ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ǎȅǎǘŜƳǎύΣ ǊŜƎǳƭŀǘƻǊǎ 
“will need to uǘƛƭƛȊŜ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ǊŀǘŜ ŘŜǎƛƎƴǎ ǘƘŀƴ they have in the past.”мфн !ǎ 59wǎ ōŜŎƻƳŜ ƳƻǊŜ 
ǇǊŜǾŀƭŜƴǘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ǊŀǘŜƳŀƪƛƴƎ ƳƻŘŜƭǎ Ƴŀȅ ƴƻ ƭƻƴƎŜǊ ǇǊƻǾƛŘŜ 
ǳǘƛƭƛǘƛŜǎ ǿƛǘƘ ŀŘŜǉǳŀǘŜ ƳŜŀƴǎ ǘƻ ǇǊƻǇŜǊƭȅ ǊŜŎƻǾŜǊ ǘƘŜ ǘǊǳŜ Ŏƻǎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ 
ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΦмфо tǳōƭƛŎ ǳǘƛƭƛǘȅ ŎƻƳƳƛǎǎƛƻƴǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜƎǳƴ ǘƻ ŀŘŘǊŜǎǎ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜ ƛƴ ŀ ǿƛŘŜ 
ǾŀǊƛŜǘȅ ƻŦ ǿŀȅǎΣ ǊŜŦƭŜŎǘƛƴƎ states’ different policy objectives and generation portfolios. Many states have 
ƛƴǎǘƛǘǳǘŜŘ ŘŜŎƻǳǇƭƛƴƎ ƻǊ ƭƻǎǘπǊŜǾŜƴǳŜ ŀŘƧǳǎǘƳŜƴǘ ƳŜŎƘŀƴƛǎƳǎΣ ǿƘƛŎƘ ōǊŜŀƪ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ǘƘŜ ŀƳƻǳƴǘ 
of energy a utility sells and the revenue that it collects, increasing the utility’s acceptance of energy 
ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎΦ aƻǊŜ ǊŜŎŜƴǘƭȅΣ ǎǘŀǘŜǎ ƘŀǾŜ ŀƭǎƻ ōŜƎǳƴ ǘƻ ŜȄŀƳƛƴŜ Ƙƻǿ ǘƻ ǾŀƭǳŜ ǘƘŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ 
ƻŦ 59wǎΦ ±alue of solar tariffs, for example, intend to “associate a quantifiable benefit with each kWh of 
distributed solar exported to the grid”мфп ŀƴŘ ǘǊŀƴǎƭŀǘŜ ǘƘƛǎ ōŜƴŜŦƛǘ ƛƴǘƻ ŀ ŘƻƭƭŀǊ ǇŜǊ ƪ²Ƙ ǊŀǘŜΣ ƎƛǾƛƴƎ 
ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǊŜƎǳƭŀǘƻǊǎ ŀ ǇǊƛŎƛƴƎ ǘƻƻƭ ǘƘŀǘ ǊŜŦƭŜŎǘǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘƛǎ ŜƭŜŎǘǊƛŎƛǘȅ ōŜǘǘŜǊ ǘƘŀƴ ǊŜǘŀƛƭ ƻǊ ǿƘƻƭŜǎŀƭŜ 
ǊŀǘŜǎΦ !ǎ ǘƘŜ ǊƻƭŜ ƻŦ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ ǊŀǘŜƳŀƪƛƴƎ ŎƻƴǘƛƴǳŜǎ ǘƻ ŜǾƻƭǾŜΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŀƴŘ ǎǘŀǘŜǎ 
Ŏŀƴ ŎƻƻǇŜǊŀǘŜ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ǾŀƭǳŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎΣ ŦŀŎƛƭƛǘŀǘŜ Řŀǘŀ ŀƴŘ 
ƛƴŦƻǊƳŀǘƛƻƴ ŜȄŎƘŀƴƎŜ ǘƻ ƎǳƛŘŜ ǊŀǘŜƳŀƪƛƴƎ ŀƴŘ ǊŀǘŜ ŘŜǎƛƎƴΣ ŀƴŘ ǎƘŀǊŜ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘΦ  

3.3 Multiple Paths Forward for CO2 Emissions 
Reductions from the Electricity Sector  

!ǎ ƴƻǘŜŘΣ ǘƘŜ /hн ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ŘŜŎǊŜŀǎŜ ŘǳŜ ǘƻ ǎŜǾŜǊŀƭ ŦŀŎǘƻǊǎΣ 
ƛƴŎƭǳŘƛƴƎ ŦǳŜƭ ǎǿƛǘŎƘƛƴƎΣ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴΣ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎΦ ¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ Ƙŀǎ 
ǎŜǘ ŜŎƻƴƻƳȅπǿƛŘŜ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎ ƻŦ мт ǇŜǊŎŜƴǘ ōŜƭƻǿ ǘƘŜ нллр ƭŜǾŜƭ ōȅ нлнлΣ ŀƴŘ нс ǘƻ ну 
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ǇŜǊŎŜƴǘ ōŜƭƻǿ ǘƘŜ нллр ƭŜǾŜƭ ōȅ нлнрΦмфр ¢ƘŜǎŜ нлнл ŀƴŘ нлнр ǘŀǊƎŜǘǎ ǿŜǊŜ ŦƻǊƳŀƭƭȅ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ 
¦ƴƛǘŜŘ bŀǘƛƻƴǎ CǊŀƳŜǿƻǊƪ /ƻƴǾŜƴǘƛƻƴ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ƛƴ WŀƴǳŀǊȅ нлмл ŀƴŘ aŀǊŎƘ нлмр ǊŜǎǇŜŎǘƛǾŜƭȅ 
ŀƴŘ ǘƘŜȅ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ǎǘǊŀƛƎƘǘ ƭƛƴŜ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ ǇŀǘƘǿŀȅ ŦǊƻƳ нлнл ǘƻ ŜŎƻƴƻƳȅπǿƛŘŜ 
ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴǎ ƻŦ ул ǇŜǊŎŜƴǘ ƻǊ ƳƻǊŜ ōȅ нлрлΦмфс !ƴ ул ǇŜǊŎŜƴǘ ŜŎƻƴƻƳȅπǿƛŘŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ 
¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƎƛǾŜƴ ŎƻƳƳŜƴǎǳǊŀǘŜ ǊŜŘǳŎǘƛƻƴǎ ŜƭǎŜǿƘŜǊŜΣ ŎƻǳƭŘ ƘŜƭǇ ƭƛƳƛǘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ Ǝƭƻōŀƭ ƳŜŀƴ 
ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ н ŘŜƎǊŜŜǎ /Ŝƭǎƛǳǎ ŀƴŘ ƳƛǘƛƎŀǘŜ ǘƘŜ ǿƻǊǎǘ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦмфт Lƴ ƻǊŘŜǊ ǘƻ 
ŀŎƘƛŜǾŜ ǎǳŎƘ ŘŜŜǇ ƭŜǾŜƭǎ ƻŦ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΣ ƛǘ ƛǎ ƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ǿƛƭƭ ƴŜŜŘ ǘƻ ǇǊƻǾƛŘŜ 
ƎǊŜŀǘŜǊ ŀƴŘ ƳƻǊŜ ƛƳƳŜŘƛŀǘŜ DID ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ǘƘŀƴ ƻǘƘŜǊ ǎŜŎǘƻǊǎ ōŜŎŀǳǎŜ ƛǘ ƛƴŎƭǳŘŜǎ ǘƘŜ Ƴƻǎǘ 
ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ƻǇǘƛƻƴǎ ŦƻǊ ǊŜŘǳŎƛƴƎ DID ŜƳƛǎǎƛƻƴǎΦ 

The President’s “/ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴΣ”мфу ǘƘŜ ŎǳǊǊŜƴǘ ¦Φ{Φ ǎǘǊŀǘŜƎȅ ŦƻǊ ŀŘŘǊŜǎǎƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǿŀǎ 
ŦƻǊƳǳƭŀǘŜŘ ǘƻ ƳƛǘƛƎŀǘŜ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǊŜŘǳŎŜ ¦Φ{Φ DID ŜƳƛǎǎƛƻƴǎΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ǇƻƭƛŎȅ ǘƘŀǘΣ 
when implemented, will further the goals of the President’s “Climate Action Plan” by contƛƴǳƛƴƎ ǘƘŜ ǘǊŜƴŘ 
ƻŦ ŘŜŎǊŜŀǎƛƴƎ /hн ƛƴǘŜƴǎƛǘȅ ƛǎ ǘƘŜ /ttΣ ǿƘƛŎƘ ǿŀǎ ŦƛƴŀƭƛȊŜŘ ōȅ 9t! ƛƴ !ǳƎǳǎǘ нлмрΦŦŦ ¦ƴŘŜǊ {ŜŎǘƛƻƴ мммόŘύ 
ƻŦ ǘƘŜ /!!Σ ǘƘŜ /tt ǊŜƎǳƭŀǘŜǎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜȄƛǎǘƛƴƎ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀƴŘ ǊŜǉǳƛǊŜǎ ǎǘŀǘŜǎ ǘƻ ŀŘƻǇǘ 
Ǉƭŀƴǎ ǘƻ ƭƛƳƛǘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜȄƛǎǘƛƴƎ Ŧƻǎǎƛƭ ŦǳŜƭπŦƛǊŜŘ ǇƻǿŜǊ ǇƭŀƴǘǎΦ 9t! ǇǊƻƧŜŎǘǎ ǘƘŀǘΣ ōȅ нлолΣ ǘƘŜ /tt 
ǿƛƭƭ ƘŜƭǇ Ŏǳǘ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ōȅ он ǇŜǊŎŜƴǘ ŦǊƻƳ нллр ƭŜǾŜƭǎΦмфф  

¢ŀȄ ŎǊŜŘƛǘǎ ŦƻǊ ŎƭŜŀƴ ŜƴŜǊƎȅ ƘŀǾŜ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǊŜŘǳŎŜŘ /hн ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŎƻƴǘƛƴǳŜ 
ǘƻ ƘŜƭǇ ǊŜŘǳŎŜ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦнлл bw9[ ŀƴŀƭȅǎƛǎ ǇǊƻƧŜŎǘǎ ŀ рл D² ƛƴŎǊŜŀǎŜ ƛƴ 
ŎǳƳǳƭŀǘƛǾŜ ƛƴǎǘŀƭƭŜŘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎŀǇŀŎƛǘȅ ōȅ нлнл ŘǳŜ ǘƻ ǘƘŜ CŜŘŜǊŀƭ ǘŀȄ ŎǊŜŘƛǘ ŜȄǘŜƴǎƛƻƴǎΦнлм 

3.3.1 A Record of Environmental Policy Successes 

¢ƘŜ ǎǳŎŎŜǎǎŜǎ ƻŦ ŜȄƛǎǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇƻƭƛŎȅ ŀǊŜ ƛƴǎǘǊǳŎǘƛǾŜ ŦƻǊ ƳŜŜǘƛƴƎ ŦǳǘǳǊŜ ƴŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
Ǝƻŀƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎΦ ¢ƘŜ ƳƻŘŜǊƴ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ŀƛǊ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ 
ƛƴ мфтлΣ ǿƛǘƘ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ 9t! ŀƴŘ ǘƘŜ ǇŀǎǎŀƎŜ ƻŦ ǘƘŜ мфтл /!!Σ ǿƘƛŎƘ ǿŀǎ ǎǳōǎŜǉǳŜƴǘƭȅ ŀƳŜƴŘŜŘ ƛƴ 
мфтт ŀƴŘ мффлΦ ²ƘƛƭŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŀ ƳŀƧƻǊ ǎƻǳǊŎŜ ƻŦ ŀƛǊ ǇƻƭƭǳǘƛƻƴΣ ǎƛƴŎŜ ǘƘŜ 
ǇŀǎǎŀƎŜ ƻŦ ǘƘŜ /!!Σ ŜƳƛǎǎƛƻƴǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ όƛƴŎƭǳŘƛƴƎ ǎǳƭŦǳǊ ŘƛƻȄƛŘŜ ŀƴŘ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜǎύ ƘŀǾŜ ŦŀƭƭŜƴ 
ŘǊŀƳŀǘƛŎŀƭƭȅ ōŜƭƻǿ мфтл ŜƳƛǎǎƛƻƴǎ ƭŜǾŜƭǎΦ .ŜǘǿŜŜƴ мфтл ŀƴŘ нлмпΣ ŀƎƎǊŜƎŀǘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ ŎƻƳƳƻƴ ŀƛǊ 
Ǉƻƭƭǳǘŀƴǘǎ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŜŎǘƻǊ ŘǊƻǇǇŜŘ тп ǇŜǊŎŜƴǘΣ ŜǾŜƴ ŀǎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƎǊŜǿ ōȅ мст 
ǇŜǊŎŜƴǘ ŀƴŘ ǘƘŜ ¦Φ{Φ D5t ƎǊŜǿ ноу ǇŜǊŎŜƴǘΦнлнΣ нлоΣ нлп  

¢ƘŜ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ƻŦ ǊŜŘǳŎƛƴƎ ŜƳƛǎǎƛƻƴǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ŦǊƻƳ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀƴŘ ƻǘƘŜǊ ǎƻǳǊŎŜǎ ƛƴŎƭǳŘŜ 
ŀǾƻƛŘŜŘ ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘǎΣ ŀǾƻƛŘŜŘ ƘŜŀǊǘ ŀǘǘŀŎƪǎΣ ŦŜǿŜǊ ŎŀǎŜǎ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ǇǊƻōƭŜƳǎ όǎǳŎƘ ŀǎ ŀŎǳǘŜ 
ōǊƻƴŎƘƛǘƛǎ ŀƴŘ ŀǎǘƘƳŀ ŀǘǘŀŎƪǎύΣ ŀƴŘ ŀǾƻƛŘŜŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΦнлрΣ нлсΣ нлт !ƛǊ ǉǳŀƭƛǘȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ŦǊƻƳ 
ǘƘŜ !ŎƛŘ wŀƛƴ tǊƻƎǊŀƳΣ ǇŀǊǘ ƻŦ ǘƘŜ /!! ŀƳŜƴŘƳŜƴǘǎ ƻŦ мффлΣ ǿŜǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ ȅƛŜƭŘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ƻŦ 
ŀǊƻǳƴŘ Ϸрл ōƛƭƭƛƻƴ ŀƴƴǳŀƭƭȅ ƛƴ нлмлΣ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƳǇƭƛŀƴŎŜ Ŏƻǎǘǎ ǘƘŀǘ ŀǊŜ ƻƴ ǘƘŜ ƻǊŘŜǊ ƻŦ ϷлΦр ōƛƭƭƛƻƴΦнлуΣ 
нлфΣ нмлΣ нммΣ нмн aƻǊŜ ǊŜŎŜƴǘƭȅΣ ǘƘŜ нлмн aŜǊŎǳǊȅ ŀƴŘ !ƛǊ ¢ƻȄƛŎǎ {ǘŀƴŘŀǊŘǎΣ ǿƘƛŎƘ ŜǎǘŀōƭƛǎƘŜŘ ŜƳƛǎǎƛƻƴǎ ƭƛƳƛǘǎ 
ŦƻǊ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŦƻǊ ƳŜǊŎǳǊȅΣ ŀŎƛŘ ƎŀǎŜǎΣ ŀƴŘ ƘŜŀǾȅ ƳŜǘŀƭǎΣ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ǇǊŜǾŜƴǘ ǳǇ ǘƻ ммΣллл 
ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘǎΣ пΣтлл ƘŜŀǊǘ ŀǘǘŀŎƪǎΣ ŀƴŘ молΣллл ŀǎǘƘƳŀ ŀǘǘŀŎƪǎ ŜǾŜǊȅ ȅŜŀǊΦнмо  

¢ƘŜ ŜŎƻƴƻƳƛŎ ōŜƴŜŦƛǘǎ ƻŦ ŎƭŜŀƴ ŀƛǊ ǇƻƭƛŎƛŜǎ ŀǊŜ ŀƭǎƻ ǿŜƭƭπŘƻŎǳƳŜƴǘŜŘΦ ! ǎǘǳŘȅ ƭƻƻƪŜŘ ŀǘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ 
ǘƘŜ /!! ŀƳŜƴŘƳŜƴǘǎ ƻŦ мффл ŀƴŘ ǎƘƻǿŜŘ ǘƘŀǘ—ƭƻƻƪƛƴƎ ŦƻǊǿŀǊŘ ǘƻ нлнл ƛƴ ŎǳƳǳƭŀǘƛǾŜΣ ƴŜǘπǇǊŜǎŜƴǘπ
ǾŀƭǳŜ ǘŜǊƳǎ—ǘƘŜǊŜ ǿƛƭƭ ōŜ Ϸн ǘǊƛƭƭƛƻƴ ƛƴ ōŜƴŜŦƛǘǎ ŎƻƳǇŀǊŜŘ ǘƻ Ϸср ōƛƭƭƛƻƴ ƛƴ ŎƻǎǘǎΣ ŀ ōŜƴŜŦƛǘπŎƻǎǘ Ǌŀǘƛƻ ƻŦ 

                                                           
ŦŦ On February 9, 2016, the Supreme Court stayed implementation of the CPP pending judicial review. The Court’s decision was 
ƴƻǘ ƻƴ ǘƘŜ ƳŜǊƛǘǎ ƻŦ ǘƘŜ ǊǳƭŜΦ 9t! ŦƛǊƳƭȅ ōŜƭƛŜǾŜǎ ǘƘŜ /tt ǿƛƭƭ ōŜ ǳǇƘŜƭŘ ǿƘŜƴ ǘƘŜ ƳŜǊƛǘǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ōŜŎŀǳǎŜ ǘƘŜ ǊǳƭŜ ǊŜǎǘǎ 
ƻƴ ǎǘǊƻƴƎ ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ƭŜƎŀƭ ŦƻǳƴŘŀǘƛƻƴǎΦ 9t! ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ǇǊƻǾƛŘŜ ǘƻƻƭǎ ŀƴŘ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ ǎǘŀǘŜǎ ǘƘŀǘ ŎƘƻƻǎŜ ǘƻ ŎƻƴǘƛƴǳŜ 
to work to cut carbon pollution from power plants and seek the Agency’s guidance and assistance. 



Chapter III: Building a Clean Electricity Future 
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ƻǾŜǊ ол ǘƻ мΦнмп In addition, the United States is the world’s largest producer and consumer of
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΦƎƎ Lƴ нлмрΣ ǘƘŜ ¦Φ{Φ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ƛƴŘǳǎǘǊȅ 
ŜƳǇƭƻȅŜŘ мΦс Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜΣ ƘŀŘ ǊŜǾŜƴǳŜǎ ƻŦ ϷонлΦп ōƛƭƭƛƻƴΣ ŀƴŘ ŜȄǇƻǊǘŜŘ ϷрмΦн ōƛƭƭƛƻƴ ǿƻǊǘƘ ƻŦ ƎƻƻŘǎ 
ŀƴŘ ǎŜǊǾƛŎŜǎΦнмрΣ нмс ¦Φ{Φ ƛƴŘǳǎǘǊȅ ǊŜǾŜƴǳŜǎ ŦƻǊ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŎƻƴǘǊƻƭ ŀƭƻƴŜ ǘƻǘŀƭŜŘ ϷмфΦс ōƛƭƭƛƻƴΣ ƛƴŎƭǳŘƛƴƎ 
ŜǉǳƛǇƳŜƴǘΣ ƛƴǎǘǊǳƳŜƴǘǎΣ ŀƴŘ ŀǘǘŜƴŘŀƴǘ ǎŜǊǾƛŎŜǎΣ ǿƘƛƭŜ ¦Φ{Φ ǊŜǾŜƴǳŜǎ ŦƻǊ ŀƛǊ ǉǳŀƭƛǘȅ ƳƻƴƛǘƻǊƛƴƎ 
ƛƴǎǘǊǳƳŜƴǘǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎ ǘƻǘŀƭŜŘ ϷмΦо ōƛƭƭƛƻƴΦнмт ¢Ƙƛǎ ŜȄǇŜǊƛŜƴŎŜ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
Ƙŀǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ōŜŜƴ ŀōƭŜ ǘƻ ƳŀƴŀƎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǉƻƭƭǳǘƛƻƴ ǿƛǘƘ ōŜƴŜŦƛǘǎ ŦŀǊ ƻǳǘǿŜƛƎƘƛƴƎ ǘƘŜ ŎƻǎǘǎΣ ŀƭƭ 
ǿƘƛƭŜ ŎƻƴǘƛƴǳƛƴƎ ǘƻ ƎǊƻǿ ǘƘŜ ŜŎƻƴƻƳȅ ŀƴŘ ǎǳǇǇƻǊǘ Ƴƛƭƭƛƻƴǎ ƻŦ ƧƻōǎΦ 

3.3.2 A Record of Clean Energy Technology Successes 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŀ Ǝƭƻōŀƭ ƛƴƴƻǾŀǘƛƻƴ ƭŜŀŘŜǊΣ ŀƴŘ ǘƘŜ ¦Φ{Φ DƻǾŜǊƴƳŜƴǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ 
ƭŀǊƎŜǎǘ ŦǳƴŘŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻr RD&D in the world. The Federal Government’s long standing
ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ w5ϧ5 ƛƴǾŜǎǘƳŜƴǘǎΣ ƛƴ ŎƻƴŎŜǊǘ ǿƛǘƘ ǎǳǇǇƻǊǘƛƴƎ ǇƻƭƛŎƛŜǎΣ ƘŀǾŜ ƳŀŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘǎ 
on the Nation’s electric infrastructure for decades through the present day. 

Shale Gas Research, Development, and Demonstration (RD&D) and 
Time-Limited Tax Credit 
Early Federal shale gas RD&D funding, primarily for basin characterization and key drilling technologies, 
combined with a public-private partnership and a time-limited Federal Production Tax Credit, resulted in a 
sharp increase of shale gas in the mid-2000s (Figure 3-14). Today, shale gas is around 60 percent of total 
U.S. natural gas production. The interplay of early Department of Energy funding, industry-matched Gas 
Research Institute applied RD&D, and synergistic policy incentives enabled production from shales 
previously considered uneconomic. The switch from coal and petroleum power generation to less-carbon-
intensive and more efficient combined-cycle natural gas generation resulted in over 1.2 billion metric tons 
of CO2 emissions reductions from 2005 to 2014.218 

 

                                                           
ƎƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŘŜǾƛŎŜǎ ǘƘŀǘ ǊŜŘǳŎŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ 9ȄŀƳǇƭŜǎ ƻŦ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ’ ǎǳŎŎŜǎǎ ƛƴ ǊŜŘǳŎƛƴƎ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ƛƴŎƭǳŘŜ ŀŎǘƛǾŀǘŜŘ 
ŎŀǊōƻƴ ƛƴƧŜŎǘƛƻƴΣ ŦƭǳŜπƎŀǎ ŘŜǎǳƭŦǳǊƛȊŀǘƛƻƴΣ ǎŜƭŜŎǘƛǾŜ ŎŀǘŀƭȅǘƛŎ ǊŜŘǳŎǘƛƻƴΣ ŀƴŘ ŘǊȅπǎƻǊōŜƴǘ ƛƴƧŜŎǘƛƻƴΦ 
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Figure 3-14. Steady RD&D Funding and Time-Limited Tax Credit Led to Increase in U.S. Shale Gas 
Production (1976–2009).219 

 

Federal funding, time-limited tax credits, and Gas Research Institute (GRI) funding led to a significant 
increase in gas production, starting in the mid-2000s.  

Light-Emitting Diodes (LEDs) Research, Development, and 
Demonstration (RD&D) and Lighting Efficiency Standards 
Federal and private-sector RD&D investments directly brought down LED costs, improved efficiency and 
performance, and fostered domestic manufacturing of LED lighting components and products.220 Since the 
Department of Energy (DOE) began funding solid-state lighting research projects in 2000, large and small 
businesses, universities, and National Laboratories that received DOE funds have applied for more than 
260 patents and developed more than 220 commercially available products in this technology area, 
including lighting products, power supplies, materials, and manufacturing tools.221, 222 In 2007, Federal 
legislation set minimum operating life and energy efficiency standards for a majority of light sources used 
by the public, and relied heavily on technology innovation for manufacturers to meet those standards. The 
same legislation also mandated an efficient lighting competition, the “L Prize,” that provided cash prizes 
and Federal Government purchase contracts for winning products. The combination of national lighting 
standards and lighting technology innovation investments and incentives has contributed to a rapid decline 
in LED product costs and a corresponding increase in LED sales (Figure 3-15). 
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Figure 3-15. LED Costs and Installations, 2008–2015223 

LED bulbs now account for 6 percent of all installed A-type bulbs, which are common in household 
applications. This growth has been enabled by a 94 percent reduction in cost since 2008. In 1 year, total 
installations of common home LED bulbs more than doubled from 77 million to 202 million—a particularly 
rapid growth considering there used to be fewer than 400,000 installations as recently as 2009. Across all 
LED product types, LED installations prevented 13.8 million metric tons of CO2 emissions and saved $2.8 
billion in energy costs in 2015 alone. 

{ƻƭŀǊ t±ǎ όCƛƎǳǊŜ оπмсύΣ [95ǎΣ ŀƴŘ ǎƘŀƭŜ Ǝŀǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀǊŜ ŀƳƻƴƎ Ƴŀƴȅ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎƛǘȅπǊŜƭŀǘŜŘ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ǊƻƭŜ ƻŦ CŜŘŜǊŀƭ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŜŀǊƭȅ ǎǘŀƎŜ wϧ5Φ !ǎ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ƳŀǘǳǊŜΣ ǘƘŜǎŜ ŎŀǎŜ ǎǘǳŘƛŜǎ ŀƭǎƻ ǎƘƻǿ ǘƘŜ ƴŜŜŘ ŦƻǊ ōƻǘƘ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǇƻƭƛŎȅΣ ŀƴŘ ƛƭƭǳǎǘǊŀǘŜ 
ǘƘŜ ǎȅƴŜǊƎƛǎǘƛŎ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƳƻƴƎ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǇƻƭƛŎȅ ŜŦŦƻǊǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴƴƻǾŀǘƛƻƴ 
ƛƴǾŜǎǘƳŜƴǘǎ ǊŜŘǳŎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ ŀƭƭƻǿ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ƛƴ ōƻǘƘ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ 
ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ǘƻ ŎƻƴǎƛŘŜǊ ƻǇǘƛƻƴǎ ǘƘŀǘ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ƴƻǘ ōŜ ŀǾŀƛƭŀōƭŜΦ LƴŎǊŜŀǎŜŘ ŘŜǇƭƻȅƳŜƴǘ ƭŜǾŜƭǎ 
ŘǳŜ ǘƻ ǇƻƭƛŎƛŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŀƭǎƻ ƛƴŎǊŜŀǎŜ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜ ŀƴŘ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ Ŏƻǎǘǎ 
ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǊƛǎƪǎΦ 
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Figure 3-16. Long-Term Solar PV Cost Decline and Global Deployment Growth, 1976–2015224, 225, 226 
227 228 
  

 
This experience curve displays the relationship, in logarithmic form, between the average selling price 
(ASP) of a PV module and the cumulative global shipments of PV modules. Average module prices have 
dropped by about a factor of 100 since 1976 to under $1/watt (W), while cumulative module shipments have 
increased from less than 1 MW to over 200 GW. For every doubling of cumulative PV shipments, there is, 
on average, a corresponding reduction of about 20 percent in PV module price. Acronyms: watt-peak (Wp); 
megawatt-peak (MWp). 

3.3.3 Market-Based Carbon Policies 

! ǘǊŀƴǎǇŀǊŜƴǘΣ ƳŀǊƪŜǘπōŀǎŜŘ ǇƻƭƛŎȅ ǘƻ ǇǊƛŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ Ƙŀǎ ōŜŜƴ ŘƻŎǳƳŜƴǘŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ Ŏƻǎǘπ
ŜŦŦŜŎǘƛǾŜ ǿŀȅ ǘƻ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴǎΦннф aŀǊƪŜǘπōŀǎŜŘ ƛƴŎŜƴǘƛǾŜǎ ǎǳŎƘ ŀǎ ŀ ŎŀǊōƻƴ ŎƘŀǊƎŜ ƻǊ ǇǊƛŎŜ 
ŜƴŎƻǳǊŀƎŜ ŀŎǘƻǊǎ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅΣ ƛƴŎƭǳŘƛƴƎ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎΣ ǘƻ ƛƴǘŜǊƴŀƭƛȊŜ ǘƘŜ Ŏƻǎǘǎ ǘƻ ǎƻŎƛŜǘȅ ƻŦ 
ŜƳƛǘǘƛƴƎ DIDǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŀ ǘǊŀƴǎǇŀǊŜƴǘΣ ƳŀǊƪŜǘπōŀǎŜŘ ǇƻƭƛŎȅ ǘƻ ǇǊƛŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ŘǊƛǾŜǎ ǘƘŜ Ƴƻǎǘ 
ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ŦƛǊǎǘΣ ǿƘƛŎƘ ŀŎƘƛŜǾŜǎ ǘƘŜ Ǝƻŀƭ ƻŦ ǊŜŘǳŎƛƴƎ /hн ŜƳƛǎǎƛƻƴǎ ŀǘ ǘƘŜ ƭƻǿŜǎǘ 
ŎƻǎǘΦ [ƻƴƎπǘŜǊƳ ŎŀǊōƻƴ ǇǊƛŎƛƴƎ ǇƻƭƛŎƛŜǎ ŀƭǎƻ ǊŜŘǳŎŜ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ǎŜƴŘ ŎƭŜŀǊ ƳŀǊƪŜǘ ǎƛƎƴŀƭǎ ǘƘŀǘ 
ŜƴŎƻǳǊŀƎŜ ƛƴƴƻǾŀǘƻǊǎ ǘƻ ŘŜǾŜƭƻǇ ƴŜǿ ŀƴŘ ƛƳǇǊƻǾŜŘ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

¢Ŝƴ ¦Φ{Φ ǎǘŀǘŜǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƛƳǇƭŜƳŜƴǘƛƴƎ ƳŀǊƪŜǘπōŀǎŜŘ ŎŀǊōƻƴ ǇǊƛŎƛƴƎ ǇƻƭƛŎƛŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƴƛƴŜ ǎǘŀǘŜǎ 
ƛƴ ǘƘŜ bƻǊǘƘŜŀǎǘ ŀƴŘ aƛŘπ!ǘƭŀƴǘƛŎ ŀǊŜ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ wŜƎƛƻƴŀƭ DǊŜŜƴƘƻǳǎŜ Dŀǎ LƴƛǘƛŀǘƛǾŜΣ ǿƘƛŎƘ ƛǎ ŀ 
ƳǳƭǘƛπǎǘŀǘŜ DID ŎŀǇπŀƴŘπǘǊŀŘŜ ǇǊƻƎǊŀƳΦнол LƴǾŜǎǘƳŜƴǘǎ ǎǇǳǊǊŜŘ ōȅ ǘƘŜ wŜƎƛƻƴŀƭ DǊŜŜƴƘƻǳǎŜ Dŀǎ 
LƴƛǘƛŀǘƛǾŜ are estimated “to save 76.1 million Btu of fossil fuels and 20.6 million MWh of electricity” ƻǾŜǊ 
ǘƘŜ ƭƛŦŜǘƛƳŜ ƻŦ ǘƘŜǎŜ ƛƴǾŜǎǘƳŜƴǘǎΦном /ŀƭƛŦƻǊƴƛŀ ƛǎ ƛƳǇƭŜƳŜƴǘƛƴƎ !ǎǎŜƳōƭȅ .ƛƭƭ онΣ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ Dƭƻōŀƭ 
²ŀǊƳƛƴƎ {ƻƭǳǘƛƻƴǎ !ŎǘΣ ǿƘƛŎƘ ǿŀǎ ŜƴŀŎǘŜŘ ƛƴ нллсΦ !ǎǎŜƳōƭȅ .ƛƭƭ он ǊŜǉǳƛǊŜǎ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǎǘŀǘŜǿƛŘŜ 
DID emissions to 1990 levels by 2020. One component of California’s program is a statewide GHG capπ
ŀƴŘπǘǊŀŘŜ ǇǊƻƎǊŀƳΦнон California’s program is linked to Quebec’s programΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŎǊƻǎǎπōƻǊŘŜǊ DID 
ŜƳƛǎǎƛƻƴǎ ǘǊŀŘƛƴƎΦ /ŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŦŀƭƭƛƴƎ ŦŀǎǘŜǊ ǘƘŀƴ ŀƴǘƛŎƛǇŀǘŜŘ ŀƴŘ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŜƳƛǎǎƛƻƴ 
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ŀƭƭƻǿŀƴŎŜǎ Ƙŀǎ ōŜŜƴ ŘŜŎǊŜŀǎƛƴƎΦнооΣ ноп !ƭǘƘƻǳƎƘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŘƻŜǎ ƘŀǾŜ ŀ CŜŘŜǊŀƭ ŎŀǇπŀƴŘπǘǊŀŘŜ 
ǇǊƻƎǊŀƳ ŦƻǊ ǎǳƭŦǳǊ ŘƛƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎΣ ǘƘŜǊŜ ƛǎ ƴƻ ƳŀǊƪŜǘπōŀǎŜŘ ǇƻƭƛŎȅ ŦƻǊ DIDǎ ŀǘ ǘƘŜ CŜŘŜǊŀƭ ƭŜǾŜƭΦƘƘ  

3.3.4 Addressing Climate Change, Growing the Economy through 
Innovation 

Climate change is one of the world’s major challenges. The 17 warmest years on record have ƻŎŎǳǊǊŜŘ ƛƴ 
ǘƘŜ ƭŀǎǘ му ȅŜŀǊǎΦнор нлмр ǿŀǎ ǘƘŜ ǿŀǊƳŜǎǘ ȅŜŀǊ ƻƴ ǊŜŎƻǊŘΣ ŀƴŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŀǘŜǎǘ ŘŀǘŀΣ нлмс ƛǎ ŜȄǇŜŎǘŜŘ 
ǘƻ ǎŜǘ ŀ ƴŜǿ ǊŜŎƻǊŘΦносΣ нот Dƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ǿŀǊƳŜŘ лΦурϲ/ ŦǊƻƳ ǇǊŜƛƴŘǳǎǘǊƛŀƭ ǘƛƳŜǎΦноу  

¢ƘŜ ǎǳŎŎŜǎǎŜǎ ƻŦ ǘƘŜ /!! ƻŦŦŜǊ ƭŜǎǎƻƴǎ ŀōƻǳǘ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŀŘŘǊŜǎǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŎƻƴŎŜǊƴǎ ŀƴŘ ƎǊƻǿ ǘƘŜ ŜŎƻƴƻƳȅΦ aƛǘƛƎŀǘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎΣ ƘƻǿŜǾŜǊΣ ƛƴǘǊƛƴǎƛŎŀƭƭȅ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ 
ōŜŎŀǳǎŜ ƛǘ ƛǎ ŀ Ǝƭƻōŀƭ ǇǊƻōƭŜƳ ǘƘŀǘ ŀŦŦŜŎǘǎ ŀƭƭ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅΦ 

Figure 3-17. Global CO2 Emissions (left) and Probabilistic Temperature Outcomes (right) of United 
Nations Framework Convention on Climate Change’s 21st Session of the Conference of the 
Parties in Paris in December 2015 (COP 21), 1990–2100239 

Implementing the 21st Conference of Parties pledges could significantly reduce the chances of a level of 
warming greater than 4 degrees Celsius by 2100 (as seen under the Paris-Continued Ambition scenario). 
However, to decrease the likelihood of projected warming above 2 degrees Celsius, additional actions are 
required (as seen under the Paris-Increased Ambition scenario). 

¢ƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΣ ŀŘƻǇǘŜŘ ƛƴ 5ŜŎŜƳōŜǊ нлмрΣ ŜȄǇƭƛŎƛǘƭȅ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŀǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿŀǊǊŀƴǘŜŘ 
ŀ Ǝƭƻōŀƭ ǊŜǎǇƻƴǎŜΣ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ мфл ŎƻǳƴǘǊƛŜǎ ŀƎǊŜŜƛƴƎ ǘƻ ƳŀƪŜ ƴŀǘƛƻƴŀƭ ŎƻƳƳƛǘƳŜƴǘǎ ǘƻ ǎǳōǎǘŀƴǘƛŀƭƭȅ 
ǊŜŘǳŎŜ ǘƘŜƛǊ DID ŜƳƛǎǎƛƻƴǎΦнпл Lƴ ŀƴ ŜŦŦƻǊǘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ Ǌƛǎƪǎ ŀƴŘ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǘƘŜ tŀǊƛǎ 
!ƎǊŜŜƳŜƴǘ ǎŜǘǎ ŀ Ǝƻŀƭ ǘƻ ƪŜŜǇ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊƛǎŜ ǘƻ ƴƻ ƳƻǊŜ ǘƘŀƴ н ŘŜƎǊŜŜǎ /Ŝƭǎƛǳǎ ŀōƻǾŜ 
ǇǊŜƛƴŘǳǎǘǊƛŀƭ ƭŜǾŜƭǎ ŀƴŘ ǘƻ ǇǳǊǎǳŜ ŜŦŦƻǊǘǎ ǘƻ ƭƛƳƛǘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜ ǘƻ мΦр ŘŜƎǊŜŜǎ /ŜƭǎƛǳǎΦнпм 

                                                           
ƘƘ ¢ƘŜ /tt ǇǊƻǾƛŘŜǎ ǎǘŀǘŜǎ ǿƛǘƘ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ŎƘƻƻǎŜ ŘƛŦŦŜǊŜƴǘ ǇŀǘƘǿŀȅǎ όǎƻƳŜ ƻŦ ǿƘƛŎƘ ŀǊŜ ƳŀǊƪŜǘπōŀǎŜŘύ ǘƻ ŎƻƳǇƭȅΦ LŦ ŀƭƭ ǎǘŀǘŜǎ 
ŎƘƻƻǎŜ ŀ ƳŀǊƪŜǘπōŀǎŜŘ ǇƻƭƛŎȅ ǳƴŘŜǊ ǘƘŜ /tt ŀ CŜŘŜǊŀƭ ƳŀǊƪŜǘ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ŎǊŜŀǘŜŘΦ 
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wŜǇƻǊǘǎ ƛǎǎǳŜŘ ōȅ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǎǳƎƎŜǎǘ ǘƘŀǘ ƛƴ ƻǊŘŜǊ ǘƻ ƭƛƳƛǘ ǿŀǊƳƛƴƎ 
ǘƻ н ŘŜƎǊŜŜǎ /Ŝƭǎƛǳǎ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜ ǿƻǊǎǘ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎ Ƴǳǎǘ ŀŎƘƛŜǾŜ 
ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ōȅ ǊŜŘǳŎƛƴƎ ǘƘŜƛǊ ŜƳƛǎǎƛƻƴǎ ōȅ ул ǘƻ фр ǇŜǊŎŜƴǘ ǊŜƭŀǘƛǾŜ ǘƻ ŀ мффл ōŀǎŜƭƛƴŜΦнпнΣ нпо 
tǳǊǎǳŀƴǘ ǘƻ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΣ ŀƭƭ ŎƻǳƴǘǊƛŜǎ Ƴǳǎǘ ŎƻƳƳƛǘ ǘƻ ǎǳōƳƛǘǘƛƴƎ ǎǳŎŎŜǎǎƛǾŜ ƴŀǘƛƻƴŀƭƭȅ 
ŘŜǘŜǊƳƛƴŜŘ ŎƻƴǘǊƛōǳǘƛƻƴǎ όb5/ǎύ ŜǾŜǊȅ р years that “represent a progression” beyond their current NDC 
ŀƴŘ ǿƘƛŎƘ ƻǳǘƭƛƴŜ ǿƘŀǘ ŜŀŎƘ ŎƻǳƴǘǊȅ Ǉƭŀƴǎ ǘƻ Řƻ ǘƻ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦнпп ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ǳƴŘŜǊ ǘƘŜ 
ŎǳǊǊŜƴǘ b5/ǎ όǘƘŜ ƻǊŀƴƎŜ ƭƛƴŜ ƛƴ CƛƎǳǊŜ оπмтύ ŀǊŜ ǘƻƻ ƘƛƎƘ ǘƻ ƭƛƳƛǘ ǿŀǊƳƛƴƎ ǘƻ н ŘŜƎǊŜŜǎ /ŜƭǎƛǳǎΦ !ŘŘƛǘƛƻƴŀƭ 
ŀŎǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƴŜŜŘŜŘΦ 

¢ƘŜ ¦Φ{Φ ŎƻƳƳƛǘƳŜƴǘ ƛƴ tŀǊƛǎ ŀŦŦƛǊƳŜŘ ǘƘŀǘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ǇǊŜǇŀǊŜŘ ǘƻ ǇǳǊǎǳŜ ŦǳǊǘƘŜǊ ǊŜŘǳŎǘƛƻƴǎ 
beyond the previously announced “economyπǿƛŘŜ ǘŀǊƎŜǘ ƻŦ ǊŜŘǳŎƛƴƎ ƛǘǎ DID ŜƳƛǎǎƛƻƴǎ ōȅ нс ǇŜǊŎŜƴǘ ǘƻ 
ну ǇŜǊŎŜƴǘ ōŜƭƻǿ ƛǘǎ нллр ƭŜǾŜƭ ƛƴ нлнр ŀƴŘ ǘƻ ƳŀƪŜ ōŜǎǘ ŜŦŦƻǊǘǎ ǘƻ ǊŜŘǳŎŜ ƛǘǎ ŜƳƛǎǎƛƻƴǎ ōȅ ну ǇŜǊŎŜƴǘ.”нпр 
¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŦƻǊƳŀƭƭȅ ƧƻƛƴŜŘ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘ ƻƴ {ŜǇǘŜƳōŜǊ оΣ нлмсΣнпс ŀƴŘ ƛǎ ǎǘǊƻƴƎƭȅ ŎƻƳƳƛǘǘŜŘ 
ǘƻ ǘŀƪƛƴƎ ŀŎǘƛƻƴ ŀƴŘ Ǝƭƻōŀƭ ƭŜŀŘŜǊǎƘƛǇ ǘƻ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦнпт  

tǊƻƧŜŎǘƛƴƎ ƻǳǘ ǘƻ ǘƘŜ ƳƛŘπŎŜƴǘǳǊȅ ŀƴŘ ōŜȅƻƴŘΣ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǊŀǘŜ ƻŦ ŜƳƛǎǎƛƻƴǎ 
ǊŜŘǳŎǘƛƻƴǎ ǿƛƭƭ ƴŜŜŘ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǎǇŜŜŘ ǳǇ ǘƻ ǎǘŀȅ ƻƴ ǘǊŀŎƪ ǘƻ ƳŜŜǘ ǘƘŜ н ŘŜƎǊŜŜǎ /Ŝƭǎƛǳǎ ǿŀǊƳƛƴƎ 
ǘŀǊƎŜǘ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ Ǌƛǎƪ ƻŦ ǘƘŜ Ƴƻǎǘ ǎŜǾŜǊŜ ǇǊƻƧŜŎǘŜŘ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦнпу 

3.3.5 Realizing Future GHG Reductions: DOE Integrated Modeling 
Assessment 

! ŘƛǎǇŀǊŀǘŜ ǎŜǘ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ CŜŘŜǊŀƭ ŀƴŘ ǎǘŀǘŜ ǇƻƭƛŎƛŜǎ ŀǊŜ ƛƴ ǇƭŀŎŜ ǘƘŀǘ ƘŀǾŜ ǊŜŘǳŎŜŘ ŀƴŘ Ŏŀƴ 
ŦǳǊǘƘŜǊ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊΦ !ƴ ƛƴǘŜƎǊŀǘŜŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǊƻƭŜǎ ǘƘŜǎŜ ǾŀǊȅƛƴƎ 
ǎƻƭǳǘƛƻƴǎ ƳƛƎƘǘ Ǉƭŀȅ ŀǎ ǘƘŜȅ ŎƻƳǇŜǘŜ ǿƛǘƘ ŀƴŘκƻǊ ŎƻƳǇƭŜƳŜƴǘ ƻƴŜ ŀƴƻǘƘŜǊ Ŏŀƴ ŦǳǊǘƘŜǊ ƛƴŦƻǊƳ ōƻǘƘ ǇƻƭƛŎȅ 
ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǇŀǘƘǿŀȅǎ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƴŜŜŘŜŘ ǘƻ ƳŜŜǘ ǘƘŜ Ǝƻŀƭǎ ŜǎǘŀōƭƛǎƘŜŘ ōȅ 
ƳƻǊŜ ǘƘŀƴ мфл ŎƻǳƴǘǊƛŜǎ ƛƴ tŀǊƛǎΦ  

/ƻƴǎǳƳŜǊǎ ƳŀƪŜ ǘƘŜƛǊ ƻǿƴ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ Ƙƻǿ ƳǳŎƘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǳǎŜ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ƴŜŜŘǎ ŀǎ ǿŜƭƭ ŀǎ 
ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎΦ ¢ƘŜ ǇǊƻƧŜŎǘƛƻƴǎ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿ ǿƛƭƭ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘ ŀōƻǳǘ ǿƘŀǘ ŎƻǳƭŘ ƘŀǇǇŜƴ ǘƻ DID 
ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ŀƴŘ ƘŜƭǇ ƛƴŦƻǊƳ ǇƻǿŜǊ ŎƻƳǇŀƴƛŜǎΣ ǊŜƎǳƭŀǘƻǊǎΣ ǇƻƭƛŎȅƳŀƪŜǊǎΣ ŀƴŘ ŎƻƴǎǳƳŜǊǎ ŀǎ 
ǘƘŜȅ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅΣ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ Ŏƻǎǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ƻǇǘƛƻƴǎΣ ŀƴŘ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǊŜƎǳƭŀǘƻǊȅΣ ƳŀǊƪŜǘΣ ƛƴǾŜǎǘƳŜƴǘΣ ŀƴŘ ƛƴŎŜƴǘƛǾŜ ǎǘǊǳŎǘǳǊŜǎΦ  

¢ƻ ŜȄǇƭƻǊŜ Ƙƻǿ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŜŎǘƻǊ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ¦Φ{Φ ŜŦŦƻǊǘǎ ǘƻ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ 5h9 
ŎƻƴǎǘǊǳŎǘŜŘ ǎŜǾŜǊŀƭ ƛƭƭǳǎǘǊŀǘƛǾŜ ǎŎŜƴŀǊƛƻǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ǘƘŜ v9wΦ ¢ƘŜ ǎŎŜƴŀǊƛƻǎ 
ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ŀǊŜ ƴƻǘ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ŦƻǊŜŎŀǎǘǎΦ wŀǘƘŜǊΣ ǘƘŜȅ ǊŜǾŜŀƭ ǇƻǎǎƛōƭŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎǳǇǇƭȅΣ ŘŜƳŀƴŘΣ ŀƴŘ DID ŜƳƛǎǎƛƻƴǎ ŦƻǊ ŀ ǊŜŀǎƻƴŀōƭŜ ǊŀƴƎŜ ƻŦ ŜŎƻƴƻƳƛŎ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŀǎǎǳƳǇǘƛƻƴǎΦ 
¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ǳǎŜŘ 9t{!πb9a{Σƛƛ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ƳƻŘŜƭΣ ǘƻ ŜȄǇƭƻǊŜ Ƙƻǿ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ 
Ƴŀȅ ŜǾƻƭǾŜ ŀƴŘ ŀƭǎƻ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦǳǘǳǊŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎŜŎǘƻǊΣ ōƻǘƘ ŦǊƻƳ ǘƘŜ 
ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅΦ ! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ŎŀǎŜǎ ƛǎ ŦƻǳƴŘ ƛƴ 
¢ŀōƭŜ оπоΦ 

 

 

                                                           
ƛƛ ¢ƘŜ ǾŜǊǎƛƻƴ ƻŦ b9a{ ǳǎŜŘ ŦƻǊ ǘƘŜ 9t{! .ŀǎŜ /ŀǎŜ Ƙŀǎ ōŜŜƴ Ǌǳƴ ōȅ hƴ[ƻŎŀǘƛƻƴΣ LƴŎΦΣ ǿƛǘƘ ƛƴǇǳǘ ŀǎǎǳƳǇǘƛƻƴǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 
DOE’s EPSA. This analysis was commissioned by EPSA and uses a version of NEMS that differs from the one used by the Energy 
LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 9t{!πb9a{Φ  
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Table 3-3. Summary of DOE QER Analysis Cases using EPSA-NEMS249, 250 

Case Description 

Base Case Based on the “Annual Energy Outlook 2015” High Oil and Gas Resource Case, with (1) updated 
cost and performance estimates for CCUS, solar, and wind, and (2) adjustments to incorporate 
all existing U.S. policies that were final at the time of this analysis, the most recent of which 
were the CPP and the December 2015 extension of the Federal Renewable PTC and ITC.jj  

CCUS 

Incentives 

Analysis 

A variation of the Base Case where the DOE RDD&D program goals for CCUS technologies 

are achieved. Two potential CCUS incentives are considered: 

 CCUS incentives in the Administration’s fiscal year 2017 budget proposal, including a

refundable sequestration tax credit of $10/metric ton CO2 for EOR storage and

$50/metric ton CO2 for saline storage, and a refundable 30 percent ITC for carbon

capture and storage equipment and infrastructure

 A hypothetical revision of the Section 45Q sequestration tax creditskk to provide a

credit of $35/metric ton CO2 for EOR storage and $50/metric ton CO2 for saline

storage.

Advanced 

Technology 

Current DOE energy program goals (including cost, performance, and deployment goals) 

overlaid on top of the Base Case. 

Stretch 

Technology 

More ambitious RDD&D program goals (including cost and performance goals) overlaid on top 

of the Advanced Technology Case, based on an assumption of additional RDD&D, such as 

what could be enabled by Mission Innovation (which will be discussed in Section 3.3.7). 

Carbon Price 

(CP 10) 

As a proxy for additional policy action, an initial carbon price of $10/metric ton of CO2, starting 

in 2017 and rising at 5 percent per year in real dollars, was overlaid on top of the Base Case, 

Advanced Technology Case, and Stretch Technology Case. 

Side Cases The Base, Advanced Technology, and Carbon Price (CP 10) Cases were also modeled using 

the “Annual Energy Outlook 2015” Reference case assumptions instead of the High Oil and 

Gas Resource assumptions—the “Annual Energy Outlook” Reference case has lower 

resources (higher natural gas and oil prices). All other inputs explained above stayed the same. 

Table 3-3 summarizes the technology and policy assumptions underlying several illustrative analysis cases 
that DOE constructed to explore how the electric power sector can contribute to U.S. mitigation efforts for 
climate change. 

¢ƘŜ ǊŜǎǳƭǘƛƴƎ ǊŀƴƎŜ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŦƻǊ ŀ ǎŜƭŜŎǘŜŘ ǎŜǘ ƻŦ ŎŀǎŜǎ ƛǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ 
оπпΦ ¢ƘŜǎŜ ǇǊƻƧŜŎǘƛƻƴǎ ǊŜŦƭŜŎǘ ƻƴƭȅ ƻƴŜ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ŦƻǊ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄΦ ¢ƘŜ Ŧǳƭƭ ǊŀƴƎŜ ƻŦ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŘŜǇƭƻȅŜŘ ƛƴ ŀ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴ ǇƻǊǘŦƻƭƛƻ ƛǎ ǎǘƛƭƭ ǳƴƪƴƻǿƴΦ IƻǿŜǾŜǊΣ ōƻǘƘ ǘƘŜ 
!ŘǾŀƴŎŜŘ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ {ǘǊŜǘŎƘ ¢ŜŎƘƴƻƭƻƎȅ /ŀǎŜǎ ǎŜŜ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ǎƘŀǊŜ ƻŦ Ƴŀƴȅ ƭƻǿπ ŀƴŘ 
ȊŜǊƻπŎŀǊōƻƴ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƘŜƴ ŀŘŘƛǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎΣ ǎǳŎƘ ŀǎ ŀ ŎŀǊōƻƴ ǇǊƛŎŜΣ ŀǊŜ ŀǇǇƭƛŜŘ 
όCƛƎǳǊŜ оπмуύΦ  

                                                           
ƧƧ ¢ƘŜ /ƻƴǎƻƭƛŘŀǘŜŘ !ǇǇǊƻǇǊƛŀǘƛƻƴǎ !Ŏǘ ƻŦ нлмсΣ ǎƛƎƴŜŘ ƛƴǘƻ ƭŀǿ ƛƴ 5ŜŎŜƳōŜǊ нлмрΣ ŜȄǘŜƴŘŜŘ ǘƘŜ CŜŘŜǊŀƭ t¢/ ŦƻǊ ǿƛƴŘ ŦŀŎƛƭƛǘƛŜǎ 
ǘƘŀǘ ŎƻƳƳŜƴŎŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ōŜŦƻǊŜ нлнлΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ t¢/ ǿƛƭƭ ōŜ ǇƘŀǎŜŘ Řƻǿƴ ŦƻǊ ǿƛƴŘ ǇǊƻƧŜŎǘǎ ŎƻƳƳŜƴŎƛƴƎ 
ŎƻƴǎǘǊǳŎǘƛƻƴ ŀŦǘŜǊ 5ŜŎŜƳōŜǊ омΣ нлмсΦ ¢ƘŜ t¢/ ŦƻǊ ŀƭƭ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ŜȄǇƛǊŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ нлмсΦ ¢ƘŜ /ƻƴǎƻƭƛŘŀǘŜŘ 
!ǇǇǊƻǇǊƛŀǘƛƻƴǎ !Ŏǘ ƻŦ нлмс ŀƭǎƻ ŜȄǘŜƴŘŜŘ ǘƘŜ Ŧǳƭƭ CŜŘŜǊŀƭ L¢/ ŦƻǊ ǎƻƭŀǊ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ŎƻƳƳŜƴŎŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ōŜŦƻǊŜ нлнлΣ ŀŦǘŜǊ 
ǿƘƛŎƘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ L¢/ ǿƛƭƭ ōŜ ǇƘŀǎŜŘ Řƻǿƴ ǘƻ мл ǇŜǊŎŜƴǘ ƛƴ нлнн ŀƴŘ ŀƭƭ ȅŜŀǊǎ ǘƘŜǊŜŀŦǘŜǊΦ ¢ƘŜ Ŧǳƭƭ L¢/ ǿŀǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ŦƻǊ 
ƭŀǊƎŜ ǿƛƴŘ ŦŀŎƛƭƛǘƛŜǎ ǘƘǊƻǳƎƘ нлмсΣ ŀŦǘŜǊ ǿƘƛŎƘ ǘƘŜ ǾŀƭǳŜ ǿŀǎ ǇƘŀǎŜŘ Řƻǿƴ ŦƻǊ ǇǊƻƧŜŎǘǎ ŎƻƳƳŜƴŎƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ōŜŦƻǊŜ 
5ŜŎŜƳōŜǊ омΣ нлмфΦ ¢ƘŜ L¢/ ŦƻǊ ŀƭƭ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ŜȄǇƛǊŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ нлмсΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ƎŜƻǘƘŜǊƳŀƭ ŜƭŜŎǘǊƛŎ 
ŦŀŎƛƭƛǘƛŜǎΣ ǿƘƛŎƘ ǊŜŎŜƛǾŜ ŀ мл ǇŜǊŎŜƴǘ L¢/ ƛƴŘŜŦƛƴƛǘŜƭȅΦ  
ƪƪ нс ¦Φ{Φ/Φ Ϡ прv ǇǊƻǾƛŘŜǎ ŀ ŎǊŜŘƛǘ ŦƻǊ /hн ǎŜǉǳŜǎǘǊŀǘƛƻƴΦ 
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Figure 3-18. U.S. Energy CO2 Emissions, 2005–2040 (top), and U.S. Electricity-Sector CO2 
Emissions, 2005–2040 (bottom)251

  

 

 

 
Top: Projections of energy CO2 emissions are shown for several cases along with the corresponding 
percent decrease in CO2 emissions relative to a 2005 baseline. These results indicate that successful clean 
energy RDD&D can drive significant emissions reductions beyond those projected under the EPSA Base 
Case (which incorporates all existing policies but assumes no new policies). Current levels of RDD&D 
investment in clean energy technologies (Advanced Technology) can double the projected emissions 
reductions by 2040, while more ambitious advancements in clean energy technologies (Stretch 
Technology) could triple the emissions reductions by 2040. These results also indicate that a combination 
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of policy “pull” and technology “push” can achieve much greater reductions than policy or technology alone. 
Additional technology and/or policies beyond what was modeled are needed to obtain energy CO2 
emissions reductions that are consistent with goals of deep decarbonization.  

Bottom: Projections of CO2 emissions associated with electricity generation are shown for several cases. 
The sharp reductions projected in the near future can be largely attributed to a cleaner electricity generation 
mix as more high-carbon generation is offset by a variety of low- and zero-carbon generation sources. 
Reductions in electricity demand, primarily from more efficient building shells and equipment, and faster 
adoption at lower cost of more efficient building technologies, also play a major role in driving down 
electricity-sector CO2 emissions throughout the analysis. Altogether, these analysis cases show that 
successful, clean energy RDD&D can drive emissions reductions beyond what is achieved with current 
policies, measures, and projections for technology advances. In addition, there are multiple pathways to 
achieving even greater reductions in CO2 emissions associated with electricity generation through 
additional technology and/or policies. 

5h9 ǇŜǊŦƻǊƳŜŘ ŀƴ ŀƴŀƭȅǎƛǎ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ w55ϧ5 ŀƴŘ ǘŀȄ ƛƴŎŜƴǘƛǾŜǎ ƻƴ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ //¦{ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ό¢ŀōƭŜ оπоύΦнрн The analysis considered tax incentives proposed in the Administration’s ŦƛǎŎŀƭ 
ȅŜŀǊ нлмт ōǳŘƎŜǘΣ ŀǎ ǿŜƭƭ ŀǎ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ ǊŜǾƛǎƛƻƴ ƻŦ ǘƘŜ {ŜŎǘƛƻƴ прv ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǘŀȄ ŎǊŜŘƛǘǎΦ ¢ƘŜ 
ŀƴŀƭȅǎƛǎ ŦƻǳƴŘ ǘƘŀǘ CŜŘŜǊŀƭ w55ϧ5 ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘŀȄ ƛƴŎŜƴǘƛǾŜǎ Ŏŀƴ ƳŀƪŜ //¦{ ŀ ǾƛŀōƭŜ ƻǇǘƛƻƴΣ ŀƴŘ ǘƘŀǘ 
//¦{ Ŏŀƴ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ƳŜŜǘƛƴƎ ŀ ŎŀǊōƻƴ ǇƻƭƛŎȅΦ 5h9ϥǎ ŀƴŀƭȅǎƛǎ ŦƻǳƴŘ ǘƘŀǘ //¦{ ƛƴŎŜƴǘƛǾŜǎ 
ŀƴŘ w55ϧ5 ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ //¦{ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅΦ ¦ƴŘŜǊ ǘƘŜ ǎŎŜƴŀǊƛƻ 
ŎƻƳōƛƴƛƴƎ ǘŀȄ ƛƴŎŜƴǘƛǾŜǎ ǿƛǘƘ ǎǳŎŎŜǎǎŦǳƭ w55ϧ5 (“CCUS Incentives Analysis”)Σ Ŏƻŀƭ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ 
ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ǿƛǘƘ //¦{ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ŀƴ ƛƴŎǊŜƳŜƴǘŀƭ р ǘƻ т ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƎŜƴŜǊŀǘƛƻƴ ƛƴ нлпл 
ό¢ŀōƭŜ оπпύΦ CƻǊ ŎƻƳǇŀǊƛǎƻƴΣ ƛƴ нлмрΣ ƘȅŘǊƻǇƻǿŜǊ ŀŎŎƻǳƴǘŜŘ ŦƻǊ с ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ŀƭƭ 
ƻǘƘŜǊ ǊŜƴŜǿŀōƭŜǎ ǘƻǘŀƭŜŘ т ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƎŜƴŜǊŀǘƛƻƴΦ  

Table 3-4. Percent of Utility-Scale Generation by Fuel Source, 2015, and Projected to 2040 for 

Selected Cases253, 254 

  2015 2040 

Fuel Type Base 
Case 

Base 
Case 

Advanced 
Technology 

Carbon Price 
(CP 10) 

CCUS 
Incentives 
Analysis 

Coal without CCUS 39% 18%–28% 23%–31% 4%–14% 19% 

Coal with CCUS 0% <1% <1% <1% 3%–4%a 

Natural Gas without CCUS 27% 21%–42% 11%–28% 13%–31% 37%–38% 

Natural Gas with CCUS 0% 0% 0% 1%–2% 2%–3%a 

Conventional Hydropower 7% 6%–7% 7% 7%–8% 6% 

Non-Hydro Renewables 7% 17%–25% 26%–30% 36%–38% 14% 

Nuclear Power 20% 17%–19% 15%–20% 21%–28% 17% 

a Incremental to generation without CCUS. 

The range in percentages shown in 2040 in the Base Case and Advanced Technology Case highlights the 
significant impact that future natural gas prices will have on the modeled U.S. electric power generation 
mix. Similarly, the incentives included in the CCUS Incentives Analysis illustrate the potential to increase 
penetration of CCUS technologies with additional incentives.  

! ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅ w55ϧ5Σ ŎƻǳǇƭŜŘ ǿƛǘƘ ŀƴ ŜŎƻƴƻƳȅπǿƛŘŜ ǇƻƭƛŎȅΣ ǿƻǳƭŘ ŀŎŎŜƭŜǊŀǘŜ 
ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǊŜŘǳŎŜ /hн ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ōȅ уу ǇŜǊŎŜƴǘ 
ƛƴ нлплΣ ǊŜƭŀǘƛǾŜ ǘƻ нллр ƭŜǾŜƭǎΦнрр ¢ƘŜ ƭŜǾŜƭ ƻŦ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ǘƘŜ {ǘǊŜǘŎƘ ¢ŜŎƘƴƻƭƻƎȅ ǎŎŜƴŀǊƛƻ 



 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 3-47 

ǊŜŦƭŜŎǘǎ ŀ ǇƻǊǘŦƻƭƛƻ ŀǇǇǊƻŀŎƘ ǘƻ w55ϧ5 ŀƴŘ ƛǎ ƻƴƭȅ ƛƭƭǳǎǘǊŀǘƛǾŜΣ ŀǎ ǘŜŎƘƴƻƭƻƎȅ ǇŀǘƘǿŀȅǎ ŀǊŜ ƘƛƎƘƭȅ 
ǳƴŎŜǊǘŀƛƴΤ ǳƴŦƻǊŜǎŜŜƴ ǊŜǎŜŀǊŎƘ ōǊŜŀƪǘƘǊƻǳƎƘǎ ŀǊŜ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘ ǘƻ ŀƴǘƛŎƛǇŀǘŜ ƛƴ ƳƻŘŜƭƛƴƎ ŀƴŀƭȅǎƛǎΤ ŀƴŘ 
ƎŜƴŜǊŀǘƛƻƴ ōǊŜŀƪƻǳǘǎ ŀǊŜ ǘƻƻ ǳƴŎŜǊǘŀƛƴ ǘƻ ǇǊŜǎŜƴǘ ƘŜǊŜΦ ¢Ƙƛǎ ǳƴŎŜǊǘŀƛƴǘȅΣ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ ǾŀƭǳŜ ƻŦ 
w55ϧ5 ƛƴ ƳŜŜǘƛƴƎ ŘŜŜǇ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΣ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀ ōǊƻŀŘΣ ŘƛǾŜǊǎŜΣ ŀƴŘ Ǌƻōǳǎǘ 
ǊŜǎŜŀǊŎƘ ǇƻǊǘŦƻƭƛƻΦ !ƴƻǘƘŜǊ ƭŀǊƎŜ ǎƻǳǊŎŜ ƻŦ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ǘƘŜ 5h9 ŀƴŀƭȅǎƛǎ ƛǎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ 
ǊŜŘǳŎǘƛƻƴǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ǘŜŎƘƴƻƭƻƎȅ Ŏƻǎǘ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƘŀǘ ƛƴŎǊŜŀǎŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ŜƴŘπǳǎŜ ŜŦŦƛŎƛŜƴŎȅΣ ŀƴŘ ǇŀƛǊƛƴƎ ǘƘŜǎŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ǿƛǘƘ ŀ ƳƻŘŜǎǘ ŎŀǊōƻƴ ǇǊƛŎŜΦ ¢ƘŜ ƳƻŘŜƭƛƴƎ 
ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘΣ ǿƛǘƘ ǘƘŜǎŜ ƛƴǾŜǎǘƳŜƴǘǎ ŀƴŘ ǎǳǇǇƻǊǘƛǾŜ ǇƻƭƛŎƛŜǎΣ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ 
ōȅ ƻƴƭȅ р ǇŜǊŎŜƴǘ ƻǾŜǊ ǘƘŜ ƴŜȄǘ нр ȅŜŀǊǎ ŎƻƳǇŀǊŜŘ ǘƻ нм ǇŜǊŎŜƴǘ ǿƛǘƘƻǳǘ ǘƘŜƳΦ  

Figure 3-19. Total Direct and Indirect CO2 Emissions by End-Use Sector, 2005–2040256 
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This figure shows the projected impact of technology and policy assumptions on total CO2 emissions from 
the industrial (top), buildings (middle), and transportation (bottom) sectors, including emissions associated 
with both (1) direct fuel use (direct emissions) and (2) electricity generation allocated to end-use sectors 
based on their electricity use (indirect emissions). Successful clean energy RDD&D is projected to reduce 
end-use CO2 emissions by accelerating the transition towards a cleaner electricity generation mix and the 
adoption of cleaner and more efficient technologies. Both efficiency improvements (especially in energy-
intensive industries) and additional policy can drive significant emissions reductions in industry and 
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buildings. Technology advances can have a significant impact in the transportation sector, but the modest 
carbon price proxy does not dramatically reduce transportation emissions. 

Lƴ ǘƘŜ {ǘǊŜǘŎƘ ¢ŜŎƘƴƻƭƻƎȅ /ŀǎŜΣ ŜǾŜƴ ƎǊŜŀǘŜǊ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǎǳŎŎŜǎǎŦǳƭ ŎƭŜŀƴ ŜƴŜǊƎȅ w55ϧ5 ƛǎ ǇǊƻƧŜŎǘŜŘ 
ǘƻ ǊŜǎǳƭǘ ƛƴ ƳƻǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎΣ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ŀŎǘǳŀƭƭȅ 
decrease ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ м ǇŜǊŎŜƴǘ ƻǾŜǊ ǘƘŜ ƴŜȄǘ нр ȅŜŀǊǎΦ Lƴ ōƻǘƘ ǘƘŜ !ŘǾŀƴŎŜŘ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ {ǘǊŜǘŎƘ 
¢ŜŎƘƴƻƭƻƎȅ /ŀǎŜǎΣ ǘƘŜǊŜ ƛǎ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴ ōƻǘƘ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ōǳƛƭŘƛƴƎǎ ǎŜŎǘƻǊǎΣ 
ǇǊƛƳŀǊƛƭȅ ŘǳŜ ǘƻ ǘŜŎƘƴƻƭƻƎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ƛƴŎǊŜŀǎŜŘ ŜŦŦƛŎƛŜƴŎȅ όCƛƎǳǊŜ оπмфύΦ /ƻƴǾŜǊǎŜƭȅΣ ƛƴ 
ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊΣ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴŎǊŜŀǎŜǎ ŀǎ ǘƘŜ ƳŀǊƪŜǘ ǎǘŀǊǘǎ ǘƻ ŀŘƻǇǘ ƳƻǊŜ ōŀǘǘŜǊȅ ŜƭŜŎǘǊƛŎ 
ǾŜƘƛŎƭŜǎΤ ƘƻǿŜǾŜǊΣ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ƛǎ ǎǘƛƭƭ ǾŜǊȅ ǎƳŀƭƭ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ǎŜŎǘƻǊǎΦ 
Lƴ нлплΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻƴƭȅ ŀŎŎƻǳƴǘǎ ŦƻǊ н ǇŜǊŎŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴ ǘƘŜ !ŘǾŀƴŎŜŘ ¢ŜŎƘƴƻƭƻƎȅ 
/ŀǎŜ ŀƴŘ с ǇŜǊŎŜƴǘ ƛƴ ǘƘŜ {ǘǊŜǘŎƘ ¢ŜŎƘƴƻƭƻƎȅ /ŀǎŜ όCƛƎǳǊŜ оπнлύΦ  

Figure 3-20. Electricity Demand by the Transportation Sector, 2005–2040257 

 
The DOE scenarios all project a small but growing shift towards electrification in the transportation sector. In 
the Advanced Technology and Stretch Technology Cases, advances in RDD&D lead to increased market 
penetration of alternative vehicles, including battery electric and fuel cell light-duty vehicles. In 2040, battery 
electric vehicles and hydrogen fuel cell vehicles comprise 18 percent of new light-duty vehicle sales in the 
Advanced Technology Case and 40 percent of new light-duty vehicle sales in the Stretch Technology Case. 
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ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŘƛǊŜŎǘ ŦǳŜƭ ǳǎŜ όŜΦƎΦΣ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǾŜƘƛŎƭŜ ǘŀƛƭǇƛǇŜ ŜƳƛǎǎƛƻƴǎύΦƭƭ 
¢ŜŎƘƴƻƭƻƎȅ ŀŘǾŀƴŎŜǎ ŀƴŘκƻǊ ŀŘŘƛǘƛƻƴŀƭ ǇƻƭƛŎȅ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŘǊƛǾŜ ŘǊŀƳŀǘƛŎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎ ŦǊƻƳ 
ǘƘŜ ōǳƛƭŘƛƴƎǎ ǎŜŎǘƻǊ ŘǳŜ ǘƻ ŀ ŎƭŜŀƴŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŀƴŘ ǊŜŘǳŎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ǘƘǊƻǳƎƘ 
ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ōǳƛƭŘƛƴƎ ǎƘŜƭƭǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ŦŀǎǘŜǊ ŀŘƻǇǘƛƻƴ ŀǘ ƭƻǿŜǊ Ŏƻǎǘ ƻŦ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ {ƛƳƛƭŀǊƭȅΣ ǎǳŎŎŜǎǎŦǳƭ ŎƭŜŀƴ ŜƴŜǊƎȅ w55ϧ5 ŀƴŘκƻǊ ŀŘŘƛǘƛƻƴŀƭ ǇƻƭƛŎȅ ŘǊƛǾŜ ǊŜŘǳŎǘƛƻƴǎ ƛƴ 
ƛƴŘǳǎǘǊƛŀƭπǎŜŎǘƻǊ /hн ŜƳƛǎǎƛƻƴǎ ǘƘǊƻǳƎƘ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ όŜǎǇŜŎƛŀƭƭȅ ƛƴ ŜƴŜǊƎȅπƛƴǘŜƴǎƛǾŜ 
ƛƴŘǳǎǘǊƛŜǎύΤ ŀŘŘƛǘƛƻƴŀƭ ǇƻƭƛŎȅ ƛǎ ŀƭǎƻ ǇǊƻƧŜŎǘŜŘ ǘƻ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘΦ CƛƴŀƭƭȅΣ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 
ǎŜŎǘƻǊΣ ǿƘŜǊŜ ǳǎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŎǳǊǊŜƴǘƭȅ ǾŜǊȅ ƭƛƳƛǘŜŘΣ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŜȄƛǎǘ ŦƻǊ ǎƛƎƴƛŦƛŎŀƴǘ ŜƳƛǎǎƛƻƴǎ 
ǊŜŘǳŎǘƛƻƴǎ ǘƘǊƻǳƎƘ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎ ŀƴŘ ƘȅŘǊƻƎŜƴ ŦǳŜƭ 
ŎŜƭƭ ǾŜƘƛŎƭŜǎΣ ōǳǘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŀ ƳƻŘŜǎǘ ŎŀǊōƻƴ ǇǊƛŎŜ Ƙŀǎ ƻƴƭȅ ŀ ƳƛƴƻǊ ŀŘŘƛǘƛƻƴŀƭ ƛƳǇŀŎǘ ƻƴ 
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŜƳƛǎǎƛƻƴǎΦ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎƘƻǿƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǎȅƴŜǊƎƛǎǘƛŎ ǊŜǎŜŀǊŎƘ ƛƴǾŜǎǘƳŜƴǘǎ ŀƴŘ ǇƻƭƛŎȅΣ ǘƘŜ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛǎ Ƴƻǎǘ ǎŜƴǎƛǘƛǾŜ ǘƻ ŀ ŎŀǊōƻƴ ǇǊƛŎŜ ǇƻƭƛŎȅΣ ǇŀǊǘƭȅ ōŜŎŀǳǎŜ ƛǘ ŀƭǊŜŀŘȅ Ƙŀǎ ŀ ǾŀǊƛŜǘȅ ƻŦ 
ǊŜƭŀǘƛǾŜƭȅ ƭƻǿπŎƻǎǘ ǎǳōǎǘƛǘǳǘƛƻƴ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜΦ CƛƴŀƭƭȅΣ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ǎǳǇǇƻǊǘǎ ǘƘŜ ŦƛƴŘƛƴƎ ǘƘŀǘ ŀǎ ǘƘŜ 
ŜƭŜŎǘǊƛŎ ƎǊƛŘ ōŜŎƻƳŜǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘŜŎŀǊōƻƴƛȊŜŘΣ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ŜƴŘ ǳǎŜǎ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ŦǳǊǘƘŜǊ ǊŜŘǳŎǘƛƻƴǎ 
ƻŦ ŜƴŜǊƎȅ /hн ŜƳƛǎǎƛƻƴǎΦ 

3.3.6 Need for Accelerated Innovation in the Electricity-Sector  

9ǾŜƴ ǿƛǘƘ ƴƻǘŀōƭŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƭŜŀƴ ǘŜŎƘƴƻƭƻƎȅ ŘŜǇƭƻȅƳŜƴǘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ 
ǎŎŀƭŜπǳǇ ŀƴŘ ǎǇŜŜŘ ƻŦ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅmm ƛƴƴƻǾŀǘƛƻƴ ƴŜŜŘ ǘƻ ŀŎŎŜƭŜǊŀǘŜΦ !ǎ ƴƻǘŜŘΣ ƛƴŎǊŜŀǎƛƴƎ 
w55ϧ5 ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ŀƴ ŜŎƻƴƻƳȅπǿƛŘŜ ǇƻƭƛŎȅ Ŏŀƴ ƘŜƭǇ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƳŜŜǘ ƛǘǎ b5/Φ ¢ƘŜǊŜ ŀǊŜ 
ŀƭǎƻ ƳǳƭǘƛǇƭŜ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ōŜƴŜŦƛǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ ǘŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎΦ 
LƴƴƻǾŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎ ŘƛǊŜŎǘƭȅ ŜȄǇŀƴŘ ǘƘŜ ǇƛǇŜƭƛƴŜ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǊŜŘǳŎŜ ǘŜŎƘƴƻƭƻƎȅ ŎƻǎǘǎΣ ŀƴŘ 
ƳƛǘƛƎŀǘŜ ǘƘŜ Ǌƛǎƪǎ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǊ ǎȅǎǘŜƳǎΦ ¢ƘŜǎŜ ōŜƴŜŦƛǘǎΣ ƛƴ ǘǳǊƴΣ ǊŜŘǳŎŜ ǘƘŜ Ŏƻǎǘ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ 
ƛƴŎŜƴǘƛǾŜǎнру ŀƴŘ ŀƭƭƻǿ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ƛƴ ōƻǘƘ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ǘƻ ŎƻƴǎƛŘŜǊ ƻǇǘƛƻƴǎ 
ǘƘŀǘ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ƴƻǘ ōŜ ŀǾŀƛƭŀōƭŜΦ LƴŎǊŜŀǎŜŘ ŘŜǇƭƻȅƳŜƴǘ ƭŜǾŜƭǎ ŘǳŜ ǘƻ ǇƻƭƛŎƛŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŀƭǎƻ 
ƛƴŎǊŜŀǎŜ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜ ŀƴŘ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ Ŏƻǎǘǎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǊƛǎƪǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ 
ƛƴƴƻǾŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎ Ŏŀƴ ǎŜǊǾŜ ǘƻ ǘǊŀƛƴ ǘƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǎŎƛŜƴǘƛǎǘǎΣ ŜƴƎƛƴŜŜǊǎΣ ŀƴŘ ŜƴǘǊŜǇǊŜƴŜǳǊǎ 
ŦƻǊ ǿƻǊƪ ƛƴ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƻǊ ŀǘ ǳƴƛǾŜǊǎƛǘƛŜǎ ƻǊ ƻǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǎǘƛǘǳǘƛƻƴǎΦ259 

IƻǿŜǾŜǊΣ ŎƻƳǇŀǊƛǎƻƴǎ ǿƛǘƘ ƻǘƘŜǊ ƛƴƴƻǾŀǘƛƻƴπŘǊƛǾŜƴ ǎŜŎǘƻǊǎ ŀƴŘ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΣ ŘŜŎƭƛƴƛƴƎ ǇǊƛǾŀǘŜπǎŜŎǘƻǊ 
ŜƴŜǊƎȅ ƛƴƴƻǾŀǘƛƻƴ ŦǳƴŘƛƴƎΣ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ƴŜŜŘǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅπǎŜŎǘƻǊ ƛƴƴƻǾŀǘƛƻƴ ŀƭƭ Ǉƻƛƴǘ ǘƻ ŀƴ 
ƛƴŀŘŜǉǳŀǘŜ ƭŜǾŜƭ ƻŦ ŎǳǊǊŜƴǘ ǎǳǇǇƻǊǘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦнслΣ нсмΣ нснΣ нсоΣ нспΣ нсрΣ нсс CƻǊ ŜȄŀƳǇƭŜΣ ŀƴƴǳŀƭ Ǝƭƻōŀƭ 
ŎƻǊǇƻǊŀǘŜ ŀƴŘ ǾŜƴǘǳǊŜ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴƴƻǾŀǘƛƻƴ ƎǊŜǿ ŦǊƻƳ ϷоΦс ōƛƭƭƛƻƴ ƛƴ нллп 
ǘƻ ŀ ǇŜŀƪ ƻŦ ϷтΦс ōƛƭƭƛƻƴ ƛƴ нлммΣ ōǳǘ ǘƘƛǎ ƛƴǾŜǎǘƳŜƴǘ Ƙŀǎ ǎƛƴŎŜ ŦŀƭƭŜƴ ǘƻ ϷрΦр–ϷсΦл ōƛƭƭƛƻƴ ƛƴ нлмп–нлмрΦ 
!ƴƴǳŀƭ Ǝƭƻōŀƭ ǾŜƴǘǳǊŜ ŎŀǇƛǘŀƭ ŀƴŘ ǇǊƛǾŀǘŜ Ŝǉǳƛǘȅ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ŜŀǊƭȅπǎǘŀƎŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŦƛǊƳǎ ƘŀǾŜ 
ŦŀƭƭŜƴ ŜǾŜƴ ƳƻǊŜ ŘǊŀǎǘƛŎŀƭƭȅΣ ŦǊƻƳ ŀ ǇŜŀƪ ƻŦ ϷфΦф ōƛƭƭƛƻƴ ƛƴ нллу ǘƻ ϷнΦм–ϷоΦп ōƛƭƭƛƻƴ ƛƴ нлмо–нлмрΦнст Lƴ 
ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǎƛƳƛƭŀǊ ǘǊŜƴŘǎ ǎƘƻǿ ǘƘŀǘ ŀƴƴǳŀƭ ǾŜƴǘǳǊŜ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŦŜƭƭ ŦǊƻƳ ŀ нллу ǇŜŀƪ ƻŦ ƻǾŜǊ Ϸр ōƛƭƭƛƻƴ ǘƻ ŀōƻǳǘ Ϸн ōƛƭƭƛƻƴ ŜŀŎƘ ȅŜŀǊ ǎƛƴŎŜ нлмоΦ CǊƻƳ нллс 
ǘƻ нлммΣ ƻƴƭȅ р ǇŜǊŎŜƴǘ ƻŦ ŜŀǊƭȅπǎǘŀƎŜ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅ ŦƛǊƳǎ ǊŜǘǳǊƴŜŘ ǇǊƻŦƛǘǎ ǘƻ ǘƘŜƛǊ ƛƴǾŜǎǘƻǊǎ 
ǘƘǊƻǳƎƘ ŀŎǉǳƛǎƛǘƛƻƴ ƻǊ ŀƴ ƛƴƛǘƛŀƭ ǇǳōƭƛŎ ƻŦŦŜǊƛƴƎΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ му ǇŜǊŎŜƴǘ ƻŦ ŜŀǊƭȅπǎǘŀƎŜ ǎƻŦǘǿŀǊŜ ŦƛǊƳǎ 

                                                           
ƭƭ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ŜƴŘπǳǎŜ ǎŜŎǘƻǊǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ƛƴŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎ όŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜŘ ōȅ ŜŀŎƘ ǎŜŎǘƻǊύ ŀƴŘ ŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎ όŘƛǊŜŎǘ ŦǳŜƭπǳǎŜ ŜƳƛǎǎƛƻƴǎύΦ 
ƳƳ /ƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ŜƴŜǊƎȅπǊŜƭŀǘŜŘ ƘŀǊŘǿŀǊŜΣ ǎƻŦǘǿŀǊŜΣ ŀƴŘ ǎȅǎǘŜƳǎ ǘƘŀǘ ŀǾƻƛŘΣ ǊŜŘǳŎŜΣ ƻǊ ǎŜǉǳŜǎǘŜǊ 
DID ŜƳƛǎǎƛƻƴǎ ƻǊ ƻǘƘŜǊ ŀƛǊ ǇƻƭƭǳǘŀƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŎƻƴǾŜǊǘΣ ŎƻƴǾŜȅΣ ƻǊ ǎǘƻǊŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΤ ƛƳǇǊƻǾŜ ŜƴŜǊƎȅ 
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ǎŜŎǘƻǊ ƛƴƴƻǾŀǘƛƻƴ ǘƘǊƻǳƎƘ ǊŜƎƛƻƴŀƭ ŀǇǇǊƻŀŎƘŜǎΦнуп 

The Advanced Research Projects Agency–Energy (ARPA-E) Program 
and Electricity Innovation 
The Department of Energy’s ARPA-E funds technically innovative, high-risk, high-potential energy projects 
that are too early for private-sector investment but could significantly advance how the Nation generates, 
stores, distributes, and uses energy.285 ARPA-E competitively supports innovative ideas with the specific 
purpose of advancing them from early-stage concept to application prototype. One of the Mission 
Innovation goals that ARPA-E supports is to deliver more investment-ready, innovative energy technologies 
for private-sector investors and industry to commercialize. To date, 45 ARPA-E projects have attracted 
more than $1.25 billion in private-sector follow-on funding to support commercial development. 

There is significant opportunity for accelerating the development of more innovative project concepts based 
on the number of applications for ARPA-E projects. On average, ARPA-E is only able to fund 10 percent of 
the proposals for its focused solicitations, and only 1.4 percent of the proposals that it receives in its open 
solicitations.286 

Many of ARPA-E’s programs are directly or indirectly focused on breakthroughs for the electricity sector. 
For example, the Green Electricity Network Integration program has supported the development and 
demonstration of new grid optimization technologies such as power flow controllers.287 By redirecting power 
away from congested lines, power flow controllers can increase transmission capacity without construction 
of new assets.288 
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3.3.7 Mission Innovation: Accelerating Clean Electricity 
Technology RDD&D 

Lƴ bƻǾŜƳōŜǊ нлмрΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ мф ƻǘƘŜǊ ƴŀǘƛƻƴǎ ŎŀƳŜ ǘƻƎŜǘƘŜǊ ǘƻ ƳŀƪŜ ŀ ƭŀƴŘƳŀǊƪ 
ŎƻƳƳƛǘƳŜƴǘ—ŎŀƭƭŜŘ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ—ǘƻ ŘǊŀƳŀǘƛŎŀƭƭȅ ŀŎŎŜƭŜǊŀǘŜ Ǝƭƻōŀƭ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴƴƻǾŀǘƛƻƴΦ ¢Ƙƛǎ 
ŎƘŀǊǘŜǊ ƎǊƻǳǇ ƻŦ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ ŎƻǳƴǘǊƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊǎ ǘƘŀǘ ƘŀǾŜ ƧƻƛƴŜŘ ǎƛƴŎŜΣ ŀǊŜ ǎŜŜƪƛƴƎ ǘƻ 
ŘƻǳōƭŜ ǘƘŜƛǊ ǇǳōƭƛŎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅ wϧ5 ƻǾŜǊ р ȅŜŀǊǎΦ !ŎŎƻǊŘƛƴƎƭȅΣ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ ǿƛƭƭ 
ǊŜǎǳƭǘ ƛƴ ƴŜŀǊƭȅ Ϸол ōƛƭƭƛƻƴ ƻŦ ǇǳōƭƛŎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ нлнмΦ

¢ƘŜ 9ƴŀōƭƛƴƎ CǊŀƳŜǿƻǊƪ ŦƻǊ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ ƻǳǘƭƛƴŜǎ ŜȄŀƳǇƭŜǎ ƻŦ ǇǊƻǾŜƴ ŀƴŘ ǇƻǿŜǊŦǳƭ ŀǇǇǊƻŀŎƘŜǎ ǘƻ 
w5ϧ5 ǘƘŀǘ ǿƛƭƭ ōŜ ŎǊƛǘƛŎŀƭ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ¦Φ{Φ ŘƻƳŜǎǘƛŎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴΦнфт wƻōǳǎǘ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ Ƴǳǎǘ ƛƴŎƻǊǇƻǊŀǘŜ ƳǳƭǘƛǇƭŜ ƭƛƴŜŀǊ ŀƴŘ ƴƻƴƭƛƴŜŀǊ ŀǇǇǊƻŀŎƘŜǎΣ ƴƻǘ Ƨǳǎǘ ƛƴ ǘŜǊƳǎ ƻŦ 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǘ ŀƭǎƻ ƛƴ ǘŜǊƳǎ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ǇŀǘƘǿŀȅǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ŦǳƴŘƛƴƎ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ƭŜǾŜǊŀƎŜ 
ŦƻǳƴŘŀǘƛƻƴŀƭ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ƛƴŎǊŜŀǎŜ ōǊŜŀŘǘƘ ƻŦ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘƛƴ ŀ ǎŎƛŜƴǘƛŦƛŎ ŘƛǎŎƛǇƭƛƴŜΤ ǘǊŀƴǎƭŀǘƛƻƴŀƭ 
ƳŜŎƘŀƴƛǎƳǎ ǘƻ ǘŀǊƎŜǘ ƛƴŎǊŜƳŜƴǘŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƭƻƴƎ ŘŜŦƛƴŜŘ ǘŜŎƘπǊƻŀŘƳŀǇǎΤ ŘƛǎǊǳǇǘƛǾŜ ƳŜŎƘŀƴƛǎƳǎ 
ǘƻ ǾŀƭƛŘŀǘŜ ƘƛƎƘπǊƛǎƪΣ ƘƛƎƘπǊŜǿŀǊŘ ƻŦŦπǊƻŀŘƳŀǇ ƛŘŜŀǎΤ ŀƴŘ ƛƴǘŜƎǊŀǘƛƻƴŀƭ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ 
ŎƻƭƭŀōƻǊŀǘƛƻƴ ŀŎǊƻǎǎ ŘƛǎŎƛǇƭƛƴŜǎ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎΦ  

¢ƘŜ CǊŀƳŜǿƻǊƪ ǳǎŜǎ ŦƛǾŜ ǎǇŜŎƛŦƛŎ ŀǊŜŀǎ ƻŦ ŦƻŎǳǎ ǘƻ ƛƭƭǳƳƛƴŀǘŜ ǘƘŜǎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀǊŜ ŜƛǘƘŜǊ 
ǎǇŜŎƛŦƛŎŀƭƭȅ ƻǊ ǇŀǊǘƭȅ ǊŜƭŀǘŜŘ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΥ ƎŜƴŜǊŀǘƛƻƴ όƛΦŜΦΣ ƘŀǊƴŜǎǎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ŎƭŜŀƴ ǎƻǳǊŎŜǎύΤ 
Ƴƻōƛƭƛǘȅ όƛΦŜΦΣ ƳƻǾƛƴƎ ǇŜƻǇƭŜ ŀƴŘ ƎƻƻŘǎ ǳǎƛƴƎ ŎƭŜŀƴ ŜƴŜǊƎȅύΤ ŎƻƴƴŜŎǘƛƻƴǎ όƛΦŜΦΣ ŘŜƭƛǾŜǊƛƴƎ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ŦǊƻƳ ǎǳǇǇƭȅ ǘƻ ŘŜƳŀƴŘύΤ ǎǘǊǳŎǘǳǊŜǎ όƛΦŜΦΣ ƛƴƴƻǾŀǘƛƴƎ ōŜǘǘŜǊ ōǳƛƭŘƛƴƎǎύΤ ŀƴŘ ǇǊƻŎŜǎǎŜǎ όƛΦŜΦΣ ǳǎƛƴƎ ŎƭŜŀƴ 
ŜƴŜǊƎȅ ǘƻ ŎǊŜŀǘŜ ǇǊƻŘǳŎǘǎ ŀƴŘ ƎǊƻǿ ŦƻƻŘύΦ !ǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ 5ƻƳŜǎǘƛŎ LƳǇƭŜƳŜƴǘŀǘƛƻƴ CǊŀƳŜǿƻǊƪΣнфу ǘƘŜ 
ŘƻƳŜǎǘƛŎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ aƛǎǎƛƻƴ LƴƴƻǾŀǘƛƻƴ ŎƻǳƭŘ  

 “Drive down energy costs: /ƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŘǊŀƳŀǘƛŎŀƭƭȅ ǊŜŘǳŎŜ 
ƭƻƴƎπǘŜǊƳ ŜƴŜǊƎȅ ŜȄǇŜƴŘƛǘǳǊŜǎΦнфф ¢Ƙƛǎ ŎƻǳƭŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ¦Φ{Φ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ 
Ǉǳǘ ǘƘƻǳǎŀƴŘǎ ƻŦ ŘƻƭƭŀǊǎ ƛƴ ǘƘŜ ǇƻŎƪŜǘōƻƻƪǎ ƻŦ !ƳŜǊƛŎŀƴ ŦŀƳƛƭƛŜǎΦ  

 Enhance system reliability: 9ƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ŀǊŜ ŘŜŜǇƭȅ ŜƳōŜŘŘŜŘ ƛƴǘƻ ŀƭƭ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ 
ŀƴŘ ǎŜǊǾƛŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŀƴŘ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦ !ŘǾŀƴŎŜŘ 
ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ƛƳǇǊƻǾŜ ǎȅǎǘŜƳ ǊŜƭƛŀōƛƭƛǘȅΦ  

 Improve energy security: ¦ǎƛƴƎ ƳƻǊŜ ŘƛǾŜǊǎŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ 
ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǘƘŜ ŘƻƳŜǎǘƛŎ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŎƘŀƛƴΣ ƘŜƭǇƛƴƎ ǘƻ ǇǊƻǘŜŎǘ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜǊǎ 
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ŦǊƻƳ ƘƛƎƘπŎƻǎǘ ƳŀǊƪŜǘ ŘƛǎǊǳǇǘƛƻƴǎ ŀƴŘ ǊŜŘǳŎƛƴƎ ŜȄǇƻǎǳǊŜ ǘƻ ƳŀǊƪŜǘǎ ǿƛǘƘ ƘƛƎƘ ǇǊƛŎŜ ǾƻƭŀǘƛƭƛǘȅΣ ƭƛƪŜ 
ƻƛƭΦ  

 Curb adverse environmental and public health effects: 9ƴŜǊƎȅπǊŜƭŀǘŜŘ DID ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǘƘŜ 
ŘƻƳƛƴŀƴǘ ŎŀǳǎŜ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ /ƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ—ŀƴŘ Ƴƻǎǘ ŜǎǎŜƴǘƛŀƭ—
ŎƻƳǇƻƴŜƴǘ ƻŦ ƳƛǘƛƎŀǘƛƻƴΦ ¢ƘŜ ǎƘƛŦǘ ǘƻ ŎƭŜŀƴ ŜƴŜǊƎȅ ǿƛƭƭ ŀƭǎƻ ǊŜŘǳŎŜ ǘƘŜ ƻǘƘŜǊ ƘŀǊƳŦǳƭ Ǉƻƭƭǳǘŀƴǘǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƴŜǊƎȅ ǳǎŜΣ ƛƳǇǊƻǾƛƴƎ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΦ  

 Build economic opportunities: aŀƛƴǘŀƛƴƛƴƎ ƻǳǊ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŜŘƎŜ ǿƛƭƭ ŜƴŀōƭŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ 
ŜȄǇƻǊǘ ƻǳǊ ŎƭŜŀƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǇǊƻŘǳŎǘǎΣ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦолл /ƭŜŀƴ ŜƴŜǊƎȅ Ŏŀƴ ōŜ 
ŀ ƳŀƧƻǊ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŎǊŜŀǘŜ ƴŜǿ ƧƻōǎΣ ŜƴŀōƭŜ ŘƻƳŜǎǘƛŎ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ŀƴŘ ŎŀǘŀƭȅȊŜ 
ƛƴŘǳǎǘǊƛŜǎΦолмΣ олн 

 Improve energy access and equity: Lƴ Ƴŀƴȅ ǊǳǊŀƭ ŀƴŘ ǊŜƳƻǘŜ ǇƭŀŎŜǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ 
ŎƻƳƳǳƴƛǘƛŜǎ ƭŀŎƪ ŀŎŎŜǎǎ ǘƻ ǊŜƭƛŀōƭŜ ŀƴŘ ŀŦŦƻǊŘŀōƭŜ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎΦ !ŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ 
Ŏŀƴ ǎǳǇǇƻǊǘ ǳƴƛǾŜǊǎŀƭ ŜƴŜǊƎȅ ŀŎŎŜǎǎΣ ƘŜƭǇƛƴƎ ōƻƻǎǘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘΦ”оло 

wŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǇǊƻƎǊŀƳǎ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳǇǇƻǊǘŜŘ ōȅ ƛƴƛǘƛŀǘƛǾŜǎ ƭƛƪŜ aƛǎǎƛƻƴ 
LƴƴƻǾŀǘƛƻƴ ŎƻǳƭŘ ƘŜƭǇ ŎǊŜŀǘŜ ǎƛƎƴƛŦƛŎŀƴǘ Ǝƭƻōŀƭ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ¦Φ{Φ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǿƻǊƭŘΥ  

 East Asia and the Pacific: DǊŜŜƴ ōǳƛƭŘƛƴƎǎ—/ƘƛƴŀΣ LƴŘƻƴŜǎƛŀΣ ǘƘŜ tƘƛƭƛǇǇƛƴŜǎΣ ŀƴŘ ±ƛŜǘƴŀƳ ǎƘƻǿ 
ŀ ƭƻǿπŎŀǊōƻƴ ƛƴǾŜǎǘƳŜƴǘ ǇƻǘŜƴǘƛŀƭ ƻŦ Ϸмс ǘǊƛƭƭƛƻƴΦ 

 Latin America and the Caribbean: hŦŦŜǊǎ ǘƘŜ ƴŜȄǘ ƭŀǊƎŜǎǘ ƻǇǇƻǊǘǳƴƛǘȅ—ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǎǳǎǘŀƛƴŀōƭŜ 
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ǿƘŜǊŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƴǾŜǎǘƳŜƴǘ ƛƴ !ǊƎŜƴǘƛƴŀΣ .ǊŀȊƛƭΣ /ƻƭƻƳōƛŀΣ ŀƴŘ aŜȄƛŎƻ ƛǎ 
ŀōƻǳǘ ϷнΦс ǘǊƛƭƭƛƻƴΦ 

 South Asia: hǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ Ƴƻǎǘƭȅ ǎŜŜƴ ƛƴ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿƘŜǊŜ ϷнΦр ǘǊƛƭƭƛƻƴ 
ƻŦ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŜȄƛǎǘ ƛƴ LƴŘƛŀ ŀƴŘ .ŀƴƎƭŀŘŜǎƘΦ 

 Sub-Saharan Africa: wŜǇǊŜǎŜƴǘǎ ŀ Ϸтуо ōƛƭƭƛƻƴ ƻǇǇƻǊǘǳƴƛǘȅ—ǇŀǊǘƛŎǳƭŀǊƭȅ ŦƻǊ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ /ƻǘŜ 
d’Ivoire, Kenya, Nigeria, and South Africa. 

 Eastern Europe: ²ƛǘƘ ƛǘǎ ōƛƎƎŜǎǘ ƳŀǊƪŜǘǎ—wǳǎǎƛŀΣ {ŜǊōƛŀΣ ¢ǳǊƪŜȅΣ ŀƴŘ ¦ƪǊŀƛƴŜ—ǎƘƻǿǎ ŀ 
ŎƻƳōƛƴŜŘ ƛƴǾŜǎǘƳŜƴǘ ǇƻǘŜƴǘƛŀƭ ƻŦ Ϸсср ōƛƭƭƛƻƴΣ Ƴƻǎǘƭȅ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƴŜǿ ƎǊŜŜƴ 
ōǳƛƭŘƛƴƎǎΦ 

 Middle East and North Africa: ¢ƘŜ ǘƻǘŀƭ ŎƭƛƳŀǘŜπƛƴǾŜǎǘƳŜƴǘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 9ƎȅǇǘΣ WƻǊŘŀƴΣ ŀƴŘ 
aƻǊƻŎŎƻ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǘ Ϸнср ōƛƭƭƛƻƴΣ “ƻǾŜǊ ŀ ǘƘƛǊŘ ƻŦ ǿƘƛŎƘ ƛǎ ŦƻǊ ǊŜƴŜǿŀōƭŜπŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴΣ 
ǿƘƛƭŜ рр ǇŜǊŎŜƴǘ όϷмпс ōƛƭƭƛƻƴύ ƛǎ ŦƻǊ ŎƭƛƳŀǘŜπǎƳŀǊǘ ōǳƛƭŘƛƴƎǎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŀƴŘ ǿŀǎǘŜ 
ǎƻƭǳǘƛƻƴΦ”олп  

3.4 Environmental Impacts of Electricity on Air, 
Water, Land Use, and Local Communities 

LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ƻǇŜǊŀǘƛƻƴǎ Ƙŀǎ ŀ ǊŀƴƎŜ ƻŦ ŘƛǊŜŎǘ ƛƳǇŀŎǘǎ ǘƻ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ 
ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ƛƳǇŀŎǘǎ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀŦŦŜŎǘǎ ŜƴŘŀƴƎŜǊŜŘ 
ǎǇŜŎƛŜǎΣ ǎŜƴǎƛǘƛǾŜ ŜŎƻƭƻƎƛŎŀƭ ŀǊŜŀǎΣ ƻǊ ŎǳƭǘǳǊŀƭ ƻǊ ƘƛǎǘƻǊƛŎ ǊŜǎƻǳǊŎŜǎΤ ƎƛǾŜǎ ǊƛǎŜ ǘƻ Ǿƛǎǳŀƭ ƻǊ ŀŜǎǘƘŜǘƛŎ 
ŎƻƴŎŜǊƴǎΤ ƻǊ ƻǇŜƴǎ ƴŜǿ ŀǊŜŀǎ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘΦолр !ŎƘƛŜǾƛƴƎ ǘƘŜ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ 
ǎŜŎǘƻǊ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜŀŎƘ ƴŀǘƛƻƴŀƭ ŎƭƛƳŀǘŜ ǘŀǊƎŜǘǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǎŎŀƭƛƴƎ ǳǇ ƻŦ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǘŜŎƘƴƻƭƻƎȅΦ ²ƘƛƭŜ CŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƘŀǾŜ ƳŀŘŜ ǎǘǊƛŘŜǎ ƛƴ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ 
ƭŀƴŘπǳǎŜ ƛƳǇŀŎǘǎ ƻŦ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅ—ŀǎ ǿŜƭƭ ŀǎ ǿŀǘŜǊπǳǎŜ ŀƴŘ ǿŀǘŜǊπǉǳŀƭƛǘȅ ƛƳǇŀŎǘǎ—ƳƻǊŜ ŀƴŀƭȅǎƛǎ 
ǿƛƭƭ ōŜ ƘŜƭǇŦǳƭ ǘƻ ǎŎŀƭŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ 
ƛƳǇŀŎǘǎ ŀƴŘ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ƴŜǿ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ǘƘŜ wϧ5 ǇƘŀǎŜ Ƴŀȅ ƘŜƭǇ ŀǾƻƛŘ 
ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ƛƳǇŀŎǘǎ ŀƴŘ ǘƘŜ ƴŜŜŘ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜƳΦ 5ŜŎǊŜŀǎƛƴƎ ƭŀƴŘπǳǎŜ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ 
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ǿƛƭƭ ŜȄǇŀƴŘ ǘƘŜ ǳƴƛǾŜǊǎŜ ƻŦ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ǎǳƛǘŜŘ ŀǊŜŀǎ ŦƻǊ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅΦ CǳǊǘƘŜǊ ǊŜŦƛƴŜƳŜƴǘ 
ƻŦ ƳƛǘƛƎŀǘƛƻƴ ǇƻƭƛŎƛŜǎ ŦƻǊ ǘƘƻǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜǉǳƛǊƛƴƎ ƳƛǘƛƎŀǘƛƻƴ ƛǎ ŀƭǎƻ ƴŜŜŘŜŘΦ  

3.4.1 Air and Water Pollution 

¢ƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƙŀǎ ƳŀŘŜ ǊŜƳŀǊƪŀōƭŜ ǇǊƻƎǊŜǎǎ ƛƳǇǊƻǾƛƴƎ ŀƛǊ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǳƴŘŜǊ ǘƘŜ /!!Σ ǘƘŜ 
/ƭŜŀƴ ²ŀǘŜǊ !ŎǘΣ ŀƴŘ ƻǘƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀǘǳǘŜǎΣ ōǳǘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ Ƴǳǎǘ ŎƻƴǘƛƴǳŜ ǘƻ ŀŘŘǊŜǎǎ 
ŜƳƛǎǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ƳƻǎǘπǇƻƭƭǳǘƛƴƎ ǇƻǿŜǊ Ǉƭŀƴǘǎ ǎǘƛƭƭ ƘŀǾŜ 
ŎǊƛǘŜǊƛŀ ŀƛǊ Ǉƻƭƭǳǘŀƴǘ ŜƳƛǎǎƛƻƴǎ ǇŜǊ ǳƴƛǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ŀǊŜ Ƴŀƴȅ ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ ƭŜŀǎǘπǇƻƭƭǳǘƛƴƎ 
ǇƻǿŜǊ ǇƭŀƴǘǎΦолс 

5ƛǊŜŎǘ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛƴŎƭǳŘŜ ǎǳƭŦǳǊ ŘƛƻȄƛŘŜ ό{hнύΣ ƻȄƛŘŜǎ ƻŦ ƴƛǘǊƻƎŜƴ όbhȄύΣ ǎƻƳŜ 
ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊ όtaύΣ ŀƴŘ ƳŜǊŎǳǊȅ ŀƴŘ ƻǘƘŜǊ ŀƛǊ ǘƻȄƛŎ ǇƻƭƭǳǘŀƴǘǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜǎŜ Ǉƻƭƭǳǘŀƴǘǎ ǊŜŀŎǘ ƛƴ 
ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘƻ ŦƻǊƳ ǎŜŎƻƴŘŀǊȅ Ǉƻƭƭǳǘŀƴǘǎ—ƛƴŎƭǳŘƛƴƎ ŀŎƛŘ ǊŀƛƴΣ ƻǘƘŜǊ taΣ ŀƴŘ ƎǊƻǳƴŘπƭŜǾŜƭ ƻȊƻƴŜ—
ǘƘŀǘ ŀŘǾŜǊǎŜƭȅ ƛƳǇŀŎǘ ŀƛǊ ǉǳŀƭƛǘȅΦ ¢ƘŜǎŜ Ǉƻƭƭǳǘŀƴǘǎ ƛƴŎǊŜŀǎŜ ƳƻǊōƛŘƛǘȅ ŀƴŘ ǘƘŜ Ǌƛǎƪ ƻŦ ƳƻǊǘŀƭƛǘȅΣ ǊŜŘǳŎŜ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ǘƛƳōŜǊ ǇǊƻŘǳŎǘƛǾƛǘȅΣ ŘŜǘŜǊƛƻǊŀǘŜ ƳŀǘŜǊƛŀƭǎΣ ǊŜŘǳŎŜ ǾƛǎƛōƛƭƛǘȅΣ ŀƴŘ ƘŀǊƳ ŜŎƻǎȅǎǘŜƳǎΦолтΣ олуΣ 
олфΣ омлΣ омм 

Lƴ нллфΣ 9t! ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ DID Ǉƻƭƭǳǘƛƻƴ ǘƘǊŜŀǘŜƴǎ !ƳŜǊƛŎŀƴǎϥ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭŦŀǊŜ ōȅ ƭŜŀŘƛƴƎ ǘƻ ƭƻƴƎπ
ƭŀǎǘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜǎ ǘƘŀǘ Ŏŀƴ ƘŀǾŜ ŀ ǊŀƴƎŜ ƻŦ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘǎ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ 
ό¢ŀōƭŜ оπрύΦомн /ƭƛƳŀǘŜ ŎƘŀƴƎŜ Ŏŀƴ “affect ƘǳƳŀƴ ƘŜŀƭǘƘ ƛƴ ǘǿƻ Ƴŀƛƴ ǿŀȅǎΥ ŦƛǊǎǘΣ ōȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ǎŜǾŜǊƛǘȅ 
ƻǊ ŦǊŜǉǳŜƴŎȅ ƻŦ ƘŜŀƭǘƘ ǇǊƻōƭŜƳǎ ǘƘŀǘ ŀǊŜ ŀƭǊŜŀŘȅ ŀŦŦŜŎǘŜŘ ōȅ ŎƭƛƳŀǘŜ ƻǊ ǿŜŀǘƘŜǊ ŦŀŎǘƻǊǎΤ ŀƴŘ ǎŜŎƻƴŘΣ ōȅ 
ŎǊŜŀǘƛƴƎ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ƻǊ ǳƴŀƴǘƛŎƛǇŀǘŜŘ ƘŜŀƭǘƘ ǇǊƻōƭŜƳǎ ƻǊ ƘŜŀƭǘƘ ǘƘǊŜŀǘǎ ƛƴ ǇƭŀŎŜǎ ǿƘŜǊŜ ǘƘŜȅ ƘŀǾŜ ƴƻǘ 
ǇǊŜǾƛƻǳǎƭȅ ƻŎŎǳǊǊŜŘΦ”омо ! ¦Φ{Φ Dƭƻōŀƭ /ƘŀƴƎŜ wŜǎŜŀǊŎƘ tǊƻƎǊŀƳ ǊŜǇƻǊǘ ƴƻǘŜǎΥ “DƛǾŜƴ ǘƘŀǘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ 
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ŎŜƴǘǳǊȅΣ ŎŜǊǘŀƛƴ ŜȄƛǎǘƛƴƎ ƘŜŀƭǘƘ ǘƘǊŜŀǘǎ ǿƛƭƭ 
ƛƴǘŜƴǎƛŦȅ ŀƴŘ ƴŜǿ ƘŜŀƭǘƘ ǘƘǊŜŀǘǎ Ƴŀȅ ŜƳŜǊƎŜΦ”омп Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ŀƛǊōƻǊƴŜ ŀƭƭŜǊƎŜƴǎ ǿƛƭƭ 
ƭƛƪŜƭȅ ƛƴŎǊŜŀǎŜΣ ǿƻǊǎŜƴƛƴƎ ŀƭƭŜǊƎȅ ŀƴŘ ŀǎǘƘƳŀ ŎƻƴŘƛǘƛƻƴǎ ŘǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ CǳǘǳǊŜ ƻȊƻƴŜπǊŜƭŀǘŜŘ 
ƘǳƳŀƴ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎ ŀǘǘǊƛōǳǘŀōƭŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ƭŜŀŘ ǘƻ ƘǳƴŘǊŜŘǎ ǘƻ ǘƘƻǳǎŀƴŘǎ ƻŦ 
ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘǎΣ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΣ ŀƴŘ ŎŀǎŜǎ ƻŦ ŀŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ƛƭƭƴŜǎǎŜǎ ŜŀŎƘ ȅŜŀǊ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎ ōȅ нлолΣ ƛƴŎƭǳŘƛƴƎ ƛƴŎǊŜŀǎŜǎ ƛƴ ŀǎǘƘƳŀ ŜǇƛǎƻŘŜǎ ŀƴŘ ƻǘƘŜǊ ŀŘǾŜǊǎŜ ǊŜǎǇƛǊŀǘƻǊȅ ŜŦŦŜŎǘǎ ƛƴ ŎƘƛƭŘǊŜƴΦомр 
wŀƎǿŜŜŘ ǇƻƭƭŜƴ ǎŜŀǎƻƴ ƛǎ ƭƻƴƎŜǊ ƴƻǿ ƛƴ ŎŜƴǘǊŀƭ bƻǊǘƘ !ƳŜǊƛŎŀΣ ƘŀǾƛƴƎ ƛƴŎǊŜŀǎŜŘ ōȅ ŀǎ Ƴŀƴȅ ŀǎ мм ǘƻ нт 
Řŀȅǎ ōŜǘǿŜŜƴ мффр ŀƴŘ нлммΣ ǿƘƛŎƘ ƛƳǇŀŎǘǎ ǎƻƳŜ ƻŦ ǘƘŜ ƴŜŀǊƭȅ сΦу Ƴƛƭƭƛƻƴ ŎƘƛƭŘǊŜƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
ŀŦŦŜŎǘŜŘ ōȅ ŀǎǘƘƳŀ ŀƴŘ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ŀƭƭŜǊƎŜƴǎ ŘǳŜ ǘƻ ǘƘŜƛǊ ƛƳƳŀǘǳǊŜ ǊŜǎǇƛǊŀǘƻǊȅ ŀƴŘ ƛƳƳǳƴŜ 
ǎȅǎǘŜƳǎΦомс 
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Table 3-5. Summary of Physical Impacts of the Most Common Air Pollutants317, 318, 319, 320 

  Human Health Crops and 
Timber 

Materials Visibility Recreation 

NOx Chronic obstructive 
pulmonary disease 

 
Material 
deterioration 
 

 
Eutrophication 

Ischemic heart 
diseaseIHD 

SO2  Asthma Damages to 
forests 

Material 
depreciation 

 
Damages to 
forests  

Cardiac 

O3 (ozone) Chronic asthma  Crop loss 
Timber loss 

Rubber deterioration 
 

Damages to 
forests and 
wilderness areas Acute-exposure 

mortality  

Respiratory 
problems  

Acute asthma 
attacks 

PM2.5 Premature death 
  

Loss of 
visibility 

 

Nonfatal heart 
attacks 

Hospital 
admissions 

Emergency Room 
visits for asthma, 
acute bronchitis, 
upper and lower 
respiratory 
symptoms 

PM10-2.5 Chronic bronchitis  
    

Major impacts of air pollution are delineated by sector and pollutant. PM2.5 is particulate matter with a 
diameter of 2.5 micrometers or less. PM10-2.5 is coarse particulate matter with diameter between 10 and 2.5 
micrometers. 

!ǎ ƻŦ нлмпΣ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀŎŎƻǳƴǘŜŘ ŦƻǊ сп ǇŜǊŎŜƴǘ ƻŦ ŜŎƻƴƻƳȅπǿƛŘŜ {hн ŜƳƛǎǎƛƻƴǎ ŀƴŘ мп 
ǇŜǊŎŜƴǘ ƻŦ bhȄ ŜƳƛǎǎƛƻƴǎΤ ǇƻǿŜǊ Ǉƭŀƴǘǎ ǿŜǊŜ ǘƘŜ ŘƻƳƛƴŀƴǘ ŜƳƛǘǘŜǊǎ ƻŦ ƳŜǊŎǳǊȅ όрл ǇŜǊŎŜƴǘύ ŀƴŘ ŀŎƛŘ 
ƎŀǎŜǎ όтр ǇŜǊŎŜƴǘύΦонмΣ онн ²ƛǘƘƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΣ Ŏƻŀƭ ŎƻƳōǳǎǘƛƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ 
ǇƻƭƭǳǘŀƴǘǎΦоно ²ƘƛƭŜ ŀ ƳŀƧƻǊƛǘȅ ƻŦ ǇƻǿŜǊ Ǉƭŀƴǘǎ ǳǎŜ ǎŎǊǳōōŜǊǎ ŀƴŘ ƻǘƘŜǊ Ǉƻƭƭǳǘƛƻƴ ŎƻƴǘǊƻƭǎ ǘƻ ǊŜŘǳŎŜ 
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Ŏŀƴ ƛƳǇŀŎǘ ƎǊƻǳƴŘ ǿŀǘŜǊ ŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦонр /ǳǊǊŜƴǘƭȅΣ ǎǘŜŀƳ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀŎŎƻǳƴǘ ŦƻǊ 
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tƻƭƭǳǘƛƻƴ ¦ǇŘŀǘŜ wǳƭŜΣ ŀƳƻƴƎ ƻǘƘŜǊ ŀŎǘƛƻƴǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǊŜƎǳƭŀǘƛƻƴ ƻŦ /hн ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǇƻǿŜǊ Ǉƭŀƴǘǎ 
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3.4.2 Role of Water in Thermoelectric Power Generation 
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ŎƻŀƭΣ ƴŀǘǳǊŀƭ ƎŀǎΣ ƴǳŎƭŜŀǊΣ /{tΣ ŀƴŘ ƎŜƻǘƘŜǊƳŀƭ Ǉƭŀƴǘǎ—ǊŜǉǳƛǊŜǎ ǿŀǘŜǊ ŦƻǊ ŎƻƻƭƛƴƎΦ Lƴ ŀŘŘƛǘƛƻƴΣ //¦{ 
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ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǿŀǘŜǊ ǎȅǎǘŜƳǎ ƻƴ ŜŀŎƘ ƻǘƘŜǊ Ŏŀƴ ŎǊŜŀǘŜ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ όŜΦƎΦΣ ŘǊƻǳƎƘǘ ƛƳǇŀŎǘǎ 
ǘƘŜǊƳƻŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƘȅŘǊƻǇƻǿŜǊύΣ ōǳǘ ǘƘƛǎ Ƨƻƛƴǘ ǊŜƭƛŀƴŎŜ Ŏŀƴ ŀƭǎƻ ŎǊŜŀǘŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŜŀŎƘ 
ǎȅǎǘŜƳ ǘƻ ōŜƴŜŦƛǘ ǘƘŜ ƻǘƘŜǊ ǘƘǊƻǳƎƘ ǿŜƭƭπŘŜǎƛƎƴŜŘ ƛƴǘŜƎǊŀǘƛƻƴ όǎŜŜ CƛƎǳǊŜ оπнм ŦƻǊ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ 
ŜƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ǎȅǎǘŜƳǎύΦ  
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Figure 3-21. Hybrid Sankey Diagram of 2011 U.S. Interconnected Water and Energy Flows331 

 
Significant fractions of surface freshwater withdrawals are for thermoelectric cooling and for agriculture, but 
agriculture consumes more water than thermoelectric cooling consumes. Most electricity is generated for 
residential, commercial, and industrial use, but significant fractions are used for public water supply and 
wastewater treatment. The Sankey diagram aids in visualizing these complex data streams and 
interconnections as a first step toward further analysis.  

{ŜǾŜǊŀƭ ǊŜŎŜƴǘ ǘǊŜƴŘǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎΦ CƛǊǎǘΣ ǘƘŜ ǊƛǎƛƴƎ ǎƘŀǊŜ ƻŦ ǿƛƴŘ 
ǘǳǊōƛƴŜ ŀƴŘ ǎƻƭŀǊ t± ƎŜƴŜǊŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ƴŜƎƭƛƎƛōƭŜ ǿŀǘŜǊ ŦƻǊ ƻǇŜǊŀǘƛƻƴǎΦ {ŜŎƻƴŘΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǿŀǘŜǊ 
withdrawn ŦƻǊ ǘƘŜǊƳƻŜƭŜŎǘǊƛŎ ŎƻƻƭƛƴƎǇǇ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ŀǎ ƻƭŘŜǊ Ǉƭŀƴǘǎ ŀǊŜ ŘŜŎƻƳƳƛǎǎƛƻƴŜŘ ŀƴŘ ƳƻǊŜ 
ǿŀǘŜǊπŜŦŦƛŎƛŜƴǘ ƻǊ ŘǊȅπŎƻƻƭŜŘоон ǎȅǎǘŜƳǎ ŀǊŜ ƛƴǎǘŀƭƭŜŘΦ IƻǿŜǾŜǊΣ ǿŀǘŜǊ consumption ƛƴ ǘƘŜǊƳƻŜƭŜŎǘǊƛŎ 
Ǉƭŀƴǘǎ ƛǎ ǊƛǎƛƴƎ ŀǎ ŜǾŀǇƻǊŀǘƛǾŜ ŎƻƻƭƛƴƎ Ƙŀǎ ōŜŎƻƳŜ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ŎƻƻƭƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ƴŜǿ ǇƭŀƴǘǎΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ŀǊŜ ǿŀǘŜǊ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǇŀǘƘ ǇǳǊǎǳŜŘ ǘƻ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ό{ŜŜ 
CƛƎǳǊŜ оπнн ŦƻǊ ŀ ōǊŜŀƪŘƻǿƴ ƻŦ ƎŜƴŜǊŀǘƛƻƴΣ ǿŀǘŜǊ ǿƛǘƘŘǊŀǿŀƭΣ ŀƴŘ ǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ ŎƻƻƭƛƴƎ ǘȅǇŜΦύ 
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ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŎƻƴŘŜƴǎƛƴƎ ǎǘŜŀƳΦ Lǘ ŀƭǎƻ ŘƛǎǎƛǇŀǘŜǎ ƭŀǊƎŜ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŘǳŜ ǘƻ ǘƘŜ ǇǊƻŎŜǎǎ 
ƻŦ ŎƻƴǾŜǊǘƛƴƎ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ Lƴ нлмлΣǉǉ пр ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ¦Φ{Φ ǿŀǘŜǊ ǿƛǘƘŘǊŀǿŀƭǎ ǿŜǊŜ ŦƻǊ 
                                                           
ǇǇ “Withdrawal” designates any water diverted from a surface or groundwater source. “Consumed water” designates 
ǿƛǘƘŘǊŀǿƴ ǿŀǘŜǊ ǘƘŀǘ ƛǎ ƴƻǘ ǊŜǘǳǊƴŜŘ ǘƻ ƛǘǎ ǎƻǳǊŎŜ όŜΦƎΦΣ ōŜŎŀǳǎŜ ƛǘ Ƙŀǎ ŜǾŀǇƻǊŀǘŜŘΣ ōŜŜƴ ǘǊŀƴǎǇƛǊŜŘ ōȅ ǇƭŀƴǘǎΣ ƻǊ ƛƴŎƻǊǇƻǊŀǘŜŘ 
ƛƴǘƻ ǇǊƻŘǳŎǘǎύΦ 
ǉǉ ¢ƘŜ ¦Φ{Φ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅ ŎƻƭƭŜŎǘǎ Řŀǘŀ ƻƴ ǿŀǘŜǊ ǳǎŀƎŜ ōȅ ǿŀǘŜǊ ǎƻǳǊŎŜ ŜǾŜǊȅ ŦƛǾŜ ȅŜŀǊǎ ŀƴŘ ǇǳōƭƛǎƘŜǎ ƛǘ ƴŜŀǊ ǘƘŜ ōŜƎƛƴƴƛƴƎ 
ƻŦ ǘƘŜ ƴŜȄǘ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ŎȅŎƭŜΦ 
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ǊŜǎƛƭƛŜƴŎŜ ǾŜǊǎǳǎ ŎƭƛƳŀǘŜ ƳƛǘƛƎŀǘƛƻƴΣ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ƛƳǇǊƻǾŜŘ ǿƛǘƘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

Figure 3-22. U.S. Power Generation, Water Withdrawal, and Water Consumption by Cooling Type, 
2015335, 336, 337, 338  

 

In 2015, nearly 21 percent of generation used once-through cooling, and 52 percent of generation used 
wet-recirculating cooling. About 21 percent of the electricity generated—including hydropower, natural gas 
turbines, and wind turbines—did not require cooling. Water withdrawals for electricity generation totaled 
167 billion gallons daily (BGD), the majority of which was withdrawn by once-through cooling. Water 
consumption totaled 2.9 BGD, with 84 percent of this amount consumed by wet-recirculating cooling. 
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Figure 3-23. Water Withdrawal and Generation by Region, 2015339, 340 

 
The largest water withdrawal regions are dominated by coal and/or nuclear power generation. The area of 
each pie chart corresponds to total power generation in that region. “Other” includes petroleum, other fossil 
fuels, pumped storage, non-biogenic municipal solid waste, batteries, and hydrogen. The eight regions 
shown in the figure are notional, based upon contiguous groupings of states and their generation mixes, 
resources, and market structures.  
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ǎǳŎƘ ŀǎ ƎǊƛŘ ǎǘƻǊŀƎŜ ƻǊ 5wΦ 

Figure 3-24. Water Withdrawals for Thermoelectric Generation and Other Sectors343, 344 

 
The water intensity of thermoelectric generation (represented by bars) has decreased over time. The total 
amount of water withdrawn by thermoelectric generation (represented by colored lines) has increased 
significantly relative to other sectors, but it is now declining.  
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Figure 3-25. 2015 Cooling System Capacity Factors vs. Generation Capacity Factors345 

 

Electricity generators run their cooling systems with varying capacity factors relative to their generating 
capacity factors. Natural gas steam turbines (Rankine cycle plants)—many likely acting as peakers—run 
their cooling systems for a substantial amount of time when they are not generating, as do a number of 
NGCC plants. Plants on the dotted line run their cooling systems with the same capacity factor as their 
power generation capacity factor (i.e., only when they are generating). Plants that are dispatched primarily 
during times of peak electricity demand are considered peaking plants and will generally have lower power 
generation capacity factors. Plants used for baseload electricity will generally have higher power generation 
capacity factors.  

3.4.3 Low-Carbon Generation and Water  
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ǊŜǉǳƛǊŜ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ǿŀǘŜǊΦ LƴŎƻǊǇƻǊŀǘƛƴƎ ǿŀǘŜǊ ǳǎŜ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƳŜǘǊƛŎǎ ƛƴǘƻ w55ϧ5 
ŦǳƴŘƛƴƎ ŎǊƛǘŜǊƛŀ ŦƻǊ ǘƘŜǎŜ ƭƻǿπŎŀǊōƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻǳƭŘ ƛƳǇǊƻǾŜ ǘƘŜ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŎƭƛƳŀǘŜ 
ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ 
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/ƻƴǾŜǊǎŜƭȅΣ ŘǊȅ ŎƻƻƭƛƴƎΣ ǿƘƛŎƘ ƎǊŜŀǘƭȅ ǊŜŘǳŎŜǎ ǿŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜǊƳƻŜƭŜŎǘǊƛŎ ŎƻƻƭƛƴƎΣ ƎŜƴŜǊŀƭƭȅ 
ƛƴŘǳŎŜǎ ŀƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇŜƴŀƭǘȅΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǳƴŘŜǊ ƘƛƎƘπǘŜƳǇŜǊŀǘǳǊŜ ŀƳōƛŜƴǘ ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ 
ƛƴŎǊŜŀǎŜǎ ǘƘŜ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǘȅ ƻŦ ƎŜƴŜǊŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊ ŀŘƻǇǘƛƻƴ ŎƘŀƭƭŜƴƎŜǎΦ IƻǿŜǾŜǊΣ ŘǊȅ ŎƻƻƭƛƴƎ 
ǎȅǎǘŜƳǎ ƻŦŦŜǊ ǎƛƎƴƛŦƛŎŀƴǘ ǎƛǘƛƴƎ ŦƭŜȄƛōƛƭƛǘȅ ŀǎ ǘƘŜȅ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ŀŎŎŜǎǎ ǘƻ ƭŀǊƎŜ ǾƻƭǳƳŜǎ ƻŦ ǿŀǘŜǊΦ !ǘ 
ǇǊŜǎŜƴǘΣ ǘƘŜǊŜ ŀǊŜ тп ŘǊȅ ƻǊ ƘȅōǊƛŘ ŎƻƻƭƛƴƎ ǎȅǎǘŜƳǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ро ¢²Ƙ ƻŦ ƴŜǘ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎΣ Ƴƻǎǘ ƻŦ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ŘŜǇƭƻȅŜŘ ƛƴ bD// Ǉƭŀƴǘǎ ǎƛƴŎŜ нлллΦ ¢ƘŜ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ŦƻǊ ŎǳǊǊŜƴǘ ŘǊȅ 
ŎƻƻƭƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜƭŀǘƛǾŜ ǘƻ ƻƴŎŜπǘƘǊƻǳƎƘ ŎƻƻƭƛƴƎ ǊŀƴƎŜǎ ŦǊƻƳ пΦн ǇŜǊŎŜƴǘ ǘƻ мс ǇŜǊŎŜƴǘ ŦƻǊ ŀ 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ пллπa² ŎƻŀƭπŦƛǊŜŘ ǇƭŀƴǘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ Ǉƭŀƴǘ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ŀƳōƛŜƴǘ ŎƻƴŘƛǘƛƻƴǎΦопс Lƴ 
ŀŘŘƛǘƛƻƴΣ ŜȄƛǎǘƛƴƎ ŘǊȅ όŀƛǊπŎƻƻƭŜŘύ ƻǇǘƛƻƴǎ ƘŀǾŜ ƘƛƎƘŜǊ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŀƴŘ ǊŜǉǳƛǊŜ ŜȄǇŀƴŘŜŘ ǇƘȅǎƛŎŀƭ 
ŦƻƻǘǇǊƛƴǘǎΦопт  

Figure 3-26. Carbon Emissions and Water Consumption Intensity Tradeoffs348, 349, 350, 351, 352, 353  

Some generation technologies (e.g., solar PV and wind) can have both low water and carbon intensities 
while other generation technologies present tradeoffs between water and carbon emissions. For example, 
low-carbon technologies, such as nuclear, geothermal, and CSP generation, along with carbon capture and 
storage (CCS), require large amounts of water. Conversely, dry cooling, which greatly reduces water 
requirements for thermoelectric cooling, often induces an efficiency penalty, which increases the carbon 
intensity of generation. Dotted lines represent ranges calculated from data, and solid lines represent ranges 
from literature values. 

¢ƘǊƻǳƎƘ ǘƘŜ !ŘǾŀƴŎŜŘ wŜǎŜŀǊŎƘ ƛƴ 5Ǌȅ /ƻƻƭƛƴƎ ǇǊƻƎǊŀƳΣ ǘƘŜ !ŘǾŀƴŎŜŘ wŜǎŜŀǊŎƘ tǊƻƧŜŎǘǎ !ƎŜƴŎȅ–9ƴŜǊƎȅ 
ό!wt!π9ύ Ƙŀǎ ƛƴǾŜǎǘŜŘ ŀōƻǳǘ Ϸол Ƴƛƭƭƛƻƴ ǘƻ ŀŘǾŀƴŎŜ ŘǊȅπŎƻƻƭƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜ ǇǊƻƎǊŀƳ ŀƛƳǎ ǘƻ 
ŘŜǾŜƭƻǇ ŘǊȅπŎƻƻƭƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ Řƻ ƴƻǘ ŎƻƴǎǳƳŜ ŀƴȅ ǿŀǘŜǊΣ ŜƭƛƳƛƴŀǘŜ ŜŦŦƛŎƛŜƴŎȅ ǇŜƴŀƭǘƛŜǎΣ ŀƴŘ Řƻ 
ƴƻǘ ƛƴŎǊŜŀǎŜ ǘƘŜ [/h9 ōȅ ƳƻǊŜ ǘƘŀƴ р ǇŜǊŎŜƴǘΦ wŜŀŎƘƛƴƎ ǘƘƛǎ ǘŀǊƎŜǘ ǿƻǳƭŘ ŀƭƭƻǿ ŦƻǊ ǊŜŘǳŎŜŘ ǿŀǘŜǊ ǳǎŜ 
ŦƻǊ ŎƻƻƭƛƴƎ ǿƛǘƘƻǳǘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇŜƴŀƭǘȅΦ Lƴ ŀŘŘƛǘƛƻƴΣ 5h9 Ƙŀǎ ǎǳǇǇƻǊǘŜŘ ŘŜǎƛƎƴǎ ŦƻǊ 
ŀŘǾŀƴŎŜŘ ƴǳŎƭŜŀǊ ǊŜŀŎǘƻǊǎ ǘƘŀǘ ǳǎŜ ƳƻƭǘŜƴ ǎŀƭǘ ǊŀǘƘŜǊ ǘƘŀƴ ǿŀǘŜǊ ŀǎ ŀ ŎƻƻƭƛƴƎ ŦƭǳƛŘΦ 

aƻǊŜ ōǊƻŀŘƭȅΣ ǘƘŜǊŜ ŀǊŜ ōƻǘƘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ǘǊŀŘŜƻŦŦǎ ƛƴ ŜƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ǎȅǎǘŜƳǎ ƛƴǘŜƎǊŀǘƛƻƴ όŜΦƎΦΣ 
ƛƴ ǳǎƛƴƎ ǘǊŜŀǘŜŘ ƳǳƴƛŎƛǇŀƭ ǿŀǎǘŜǿŀǘŜǊ ŦƻǊ ǘƘŜǊƳƻŜƭŜŎǘǊƛŎ ŎƻƻƭƛƴƎΣ ƻǊ ƛƴ ǊŜŎƻǾŜǊƛƴƎ ŜƴŜǊƎȅ ŦǊƻƳ 
ǿŀǎǘŜǿŀǘŜǊ ǎȅǎǘŜƳǎύΦ aŀƪƛƴƎ ŘŜǎƛƎƴ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ Ƙƻǿ ŀƴŘ ǿƘŜƴ ǘƻ ƛƴǘŜƎǊŀǘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǿŀǘŜǊ 
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ǎȅǎǘŜƳǎ ŀǘ ƳǳƭǘƛǇƭŜ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ ƛǎ ŀ ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜ ǘƘŀǘ ƛƴǾƻƭǾŜǎ ŀ ƴǳƳōŜǊ ƻŦ ŀŎǘƻǊǎΦ 
5ŜǎƛƎƴ ƻŦ ƳƻǊŜ ƛƴǘŜƎǊŀǘŜŘ ǇƻƭƛŎƛŜǎ ŀƴŘ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ŦǊŀƳŜǿƻǊƪǎ ǘƘŀǘ ǘŀƪŜ ōƻǘƘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ 
ǘǊŀŘŜƻŦŦǎ ƛƴǘƻ ŀŎŎƻǳƴǘ ŎƻǳƭŘ ǳƴƭƻŎƪ ŀŘŘƛǘƛƻƴŀƭ ǾŀƭǳŜ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǿŀǘŜǊ ǎȅǎǘŜƳǎΦ 

3.4.4 Land-Use and Ecological Impacts of the Electricity System 

¢ƘŜ ƭŀƴŘπǳǎŜ ŦƻƻǘǇǊƛƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ƻǇŜǊŀǘƛƻƴǎ Ƙŀǎ ŀ ǊŀƴƎŜ ƻŦ ŘƛǊŜŎǘ 
ƛƳǇŀŎǘǎ ǘƻ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǘƻ ǎƻŎƛŜǘȅ ƳƻǊŜ ōǊƻŀŘƭȅΦ ¢ƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜǎŜ ƛƳǇŀŎǘǎ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ǘƘŜ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀŦŦŜŎǘǎ ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎΣ ƛƴǾƻƭǾŜǎ ǎŜƴǎƛǘƛǾŜ ŜŎƻƭƻƎƛŎŀƭ ŀǊŜŀǎΣ ƛƳǇŀŎǘǎ ŎǳƭǘǳǊŀƭ ƻǊ ƘƛǎǘƻǊƛŎ 
ǊŜǎƻǳǊŎŜǎΣ ƎƛǾŜǎ ǊƛǎŜ ǘƻ Ǿƛǎǳŀƭ ƻǊ ŀŜǎǘƘŜǘƛŎ ŎƻƴŎŜǊƴǎΣ ƻǊ ƻǇŜƴǎ ƴŜǿ ŀǊŜŀǎ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘΦорп ²ƘƛƭŜ 
ŜȄǇŀƴŘƛƴƎ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ό¢ϧ5ύ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏŀƴ ǇƻǎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎΣ ōǳƛƭŘƛƴƎ 
ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏŀƴ ŀƭǎƻ ƘŜƭǇ ǘƻ ŜƴŀōƭŜ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΦ ¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘƛǎŎǳǎǎŜǎ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ƭŀƴŘπǳǎŜ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ 
ƛƴŎƭǳŘƛƴƎ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ǘƘŜ ƭŀƴŘπǳǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ǇƻǿŜǊ 
Ǉƭŀƴǘǎ ŀƴŘ ¢ϧ5 ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢Ƙƛǎ ǎŜŎǘƛƻƴ ƻƴƭȅ ǘƻǳŎƘŜǎ ƻƴ ŀ ŦŜǿ ƻŦ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŜŎƻƭƻƎƛŎŀƭ 
ƛƳǇŀŎǘǎ ǘƘŀǘ ƻŎŎǳǊ ǳǇǎǘǊŜŀƳ ƻŦ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴΦ ! ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŜȄŀƳƛƴŀǘƛƻƴ 
ƻŦ ǘƘŜǎŜ ƛƳǇƻǊǘŀƴǘ ƛƳǇŀŎǘǎ ǿŀǎ ōŜȅƻƴŘ ǘƘŜ ǎŎƻǇŜ ƻŦ v9w мΦнΦ 

3.4.4.1 Land-Use Impacts 

CƻǊ ŀƭƭ ǘŜŎƘƴƻƭƻƎȅ ǘȅǇŜǎΣ ǘƘŜ ǎƛǘƛƴƎ ƻŦ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƛƴǾƻƭǾŜǎ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ ƭŀƴŘǎŎŀǇŜΣ 
ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ǎƻƛƭ ŀƴŘ ƎǊƻǳƴŘ ǾŜƎŜǘŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŜǊƻǎƛƻƴ ŀƴŘ ǎŜŘƛƳŜƴǘŀǘƛƻƴ ƭƻŀŘƛƴƎ ǘƻ 
ǿŀǘŜǊǿŀȅǎ ŘǳǊƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴΦ IƻǿŜǾŜǊΣ ƻǘƘŜǊ ƭŀƴŘπǳǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǾŀǊȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘŜŘ ƻǇŜǊŀǘƛƻƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΦ [ƛŦŜπŎȅŎƭŜ ƭŀƴŘπǳǎŜ ƛƳǇŀŎǘǎ ƻŦ Ŧƻǎǎƛƭ ŀƴŘ 
ƴǳŎƭŜŀǊ ǇƭŀƴǘǎΣ ǿƘŜƴ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ǿŀǎǘŜ ŘƛǎǇƻǎŀƭΣ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ǇƻǿŜǊ 
Ǉƭŀƴǘǎ ǘƘŜƳǎŜƭǾŜǎ ŦŜŀǘǳǊŜ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭ ŦƻƻǘǇǊƛƴǘǎΦ /ƻƴǾŜǊǎŜƭȅΣ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ ƭƛŦŜπŎȅŎƭŜ ƭŀƴŘπ
ǳǎŜ ƛƳǇŀŎǘǎ ŀǊŜ ƳƛƴƻǊΣ ǿƛǘƘ ƎŜƴŜǊŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ ƘŀǾƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭŀǊƎŜǊ ŦƻƻǘǇǊƛƴǘǎΦ  

¢ƘŜǊŜ ƛǎ ƭƛƳƛǘŜŘ ƭƛǘŜǊŀǘǳǊŜ ŎƻƳǇŀǊƛƴƎ ƭŀƴŘπǳǎŜ ƛƳǇŀŎǘǎ ŀŎǊƻǎǎ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦорр hƴŜ нллф ǎǘǳŘȅΣ 
ƘƻǿŜǾŜǊΣ ǎƻǳƎƘǘ ǘƻ ƴƻǊƳŀƭƛȊŜ ƭƛŦŜπŎȅŎƭŜ ƭŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƴŘ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ 
ƻǇǘƛƻƴǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŀƳƻƴƎ ǊŜƴŜǿŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǘƘŜ t± ƭƛŦŜ ŎȅŎƭŜ ǊŜǉǳƛǊŜŘ ǘƘŜ ǎƳŀƭƭŜǎǘ 
ŀƳƻǳƴǘ ƻŦ ƭŀƴŘΣ ŀƴŘ ōƛƻƳŀǎǎ ǘƘŜ ƭŀǊƎŜǎǘΦорс DǊƻǳƴŘπƳƻǳƴǘŜŘ t± ǎȅǎǘŜƳǎ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘπǉǳŀƭƛǘȅ ǎƻƭŀǊ 
ǊŜǎƻǳǊŎŜǎ ƘŀŘ ƴƻ ƎǊŜŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀƴ ŎƻŀƭπōŀǎŜŘ ŦǳŜƭ ŎȅŎƭŜǎΣ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ǊŜŎƭŀƛƳƛƴƎ ƳƛƴŜ ƭŀƴŘǎ 
ŀƴŘ ǎŜŎǳǊƛƴƎ ŀŘŘƛǘƛƻƴŀƭ ŀǊŜŀǎ ŦƻǊ ǿŀǎǘŜ ŘƛǎǇƻǎŀƭΦ ! нлмн bw9[ ǊŜǇƻǊǘ ƻƴ ǊŜƴŜǿŀōƭŜs’ ƭŀƴŘ ǳǎŜ ŎŀƭƭŜŘ ŦƻǊ 
ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ƛƳǇŀŎǘ ŀƳƻƴƎ ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦорт 

¢ƘŜ ŘƛǊŜŎǘ ƭŀƴŘ ǳǎŜ ŦƻǊ ŀ ƴŀǘǳǊŀƭ Ǝŀǎ ǇƻǿŜǊ Ǉƭŀƴǘ ƛǎ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŀǘ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀ ŎƻŀƭπŦƛǊŜŘ Ǉƭŀƴǘ ōŜŎŀǳǎŜ 
ƭŀǊƎŜ ǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ƴƻǘ ǊŜǉǳƛǊŜŘ ŦƻǊ ŦǳŜƭ ǎǘƻǊŀƎŜ ƻǊ ŜƳƛǎǎƛƻƴπŎƻƴǘǊƻƭ ŜǉǳƛǇƳŜƴǘΦору 

¢ƘŜ ƭŀƴŘπǳǎŜ ŦƻƻǘǇǊƛƴǘ ƻŦ ŀ ǘȅǇƛŎŀƭ рррπa² bD// ǇƻǿŜǊ Ǉƭŀƴǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ǳǎŜ нл ŀŎǊŜǎΣ ǿƘƛƭŜ ŀ ǘȅǇƛŎŀƭ 
ослπa² Ǝŀǎ ǘǳǊōƛƴŜ ǎƛƳǇƭŜ ŎȅŎƭŜ Ǉƭŀƴǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ƻŎŎǳǇȅ ǊƻǳƎƘƭȅ ƘŀƭŦ ŀǎ ƳǳŎƘ ƭŀƴŘ ŀǊŜŀΦ ²ƘŜƴ ǘƘŜ 
ƴŀǘǳǊŀƭ Ǝŀǎ Ǉƭŀƴǘǎ ƘŀǾŜ ŜǉǳƛǇƳŜƴǘ ŦƻǊ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ƻƴǎƛǘŜΣ ǘƘŜƴ ǘƘŜ ƭŀƴŘπǳǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ 
ŜǎǘƛƳŀǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ōȅ мл ǇŜǊŎŜƴǘΦорф ¦ǇǎǘǊŜŀƳΣ ǘƘŜ ŘƛǊŜŎǘ ƭŀƴŘπǳǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ—ŀƴŘ ǇƻǘŜƴǘƛŀƭ 
ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ—ŦǊƻƳ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŘǳŎǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ ǎǘƻǊŀƎŜ ŀǊŜ ƳƻǊŜ ǘƘŀƴ ŀƴ ƻǊŘŜǊ ƻŦ 
ƳŀƎƴƛǘǳŘŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ŦƻƻǘǇǊƛƴǘ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ǇƻǿŜǊ ǇƭŀƴǘǎΦосл 

CƻǊ ŜȄŀƳǇƭŜΣ ǎƘŀƭŜ Ǝŀǎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǾƻƭǾŜǎ Ǌƛǎƪǎ ǘƻ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ ǉǳŀƴǘƛǘȅΣ ŀǎ ŎƘŜƳƛŎŀƭǎ ƴŜŎŜǎǎŀǊȅ 
ŦƻǊ ŦǊŀŎƪƛƴƎ ƳƛƎƘǘ ōŜ ƭŜŀƪŜŘ ƻǊ ǎǇƛƭƭŜŘΦ {Ƙƻǳƭd leakage occur, “[t]he risks to local water resources will
ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ǘƻ ǿŀǘŜǊ ōƻŘƛŜǎΣ ǘƘŜ ƭƻŎŀƭ ƎŜƻƭƻƎȅΣ ǉǳŀƴǘƛǘȅ ŀƴŘ ǘƻȄƛŎƛǘȅ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭǎΣ ŀƴŘ 
how quickly and effectively cleanup operations occur.”осм LƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ ōȅ ǿŀǎǘŜǿŀǘŜǊ ŘƛǎǇƻǎŀƭ ŦƻǊ 
ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŘǳŎŜŘ ǘƘǊƻǳƎƘ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ƛǎ ŀƭǎƻ ŀ ŎƻƴŎŜǊƴΦосн  
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¦ǇǎǘǊŜŀƳΣ Ŏƻŀƭ ƳƛƴƛƴƎ ƛǎ ŎƻƴŘǳŎǘŜŘ ōƻǘƘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ ǳƴŘŜǊƎǊƻǳƴŘΣ ŀƴŘ ƻŦǘŜƴ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ 
ƛƳǇŀŎǘǎ ǘƻ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀƴŘ ǘƘŜ ŜŎƻǎȅǎǘŜƳΦ aƻǳƴǘŀƛƴǘƻǇ ƳƛƴƛƴƎ ŀƴŘ ǾŀƭƭŜȅ ŦƛƭƭǎΣ ŦƻǊ ƛƴǎǘŀƴŎŜΣ Ŏŀƴ ƭŜŀŘ 
ǘƻ ƭŀǊƎŜπǎŎŀƭŜ ƭŀƴŘǎŎŀǇŜ ŎƘŀƴƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƭƻǎǎ ƻŦ ŦƻǊŜǎǘŜŘ ŀǊŜŀǎ ŀƴŘ ŘƛǎǇƭŀŎŜƳŜƴǘ ŀƴŘ ƭƻǎǎ ƻŦ ǎǇŜŎƛŜǎΣ 
ŀǎ ǿŜƭƭ ŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ŀƭǘŜǊŀǘƛƻƴǎ ƻŦ ǎǘǊŜŀƳ ŜŎƻǎȅǎǘŜƳǎΦосо  

{ƛƳƛƭŀǊƭȅΣ ǘƘŜ ŘƛǊŜŎǘ ƭŀƴŘ ǳǎŜ ŦƻǊ ŀ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘ ƛǎ ƭƻǿΣ ōǳǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŀƳŀƎŜ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ 
ǳǊŀƴƛǳƳ ƳƛƴƛƴƎ—ƛƴŎƭǳŘƛƴƎ ŀŎƛŘ ƳƛƴŜ ŘǊŀƛƴŀƎŜ ŀƴŘ ǘƘŜ ŜȄǇƻǎǳǊŜ ƻŦ ǎǳǊǊƻǳƴŘƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ǘƻ ƘŜŀǾȅ 
ƳŜǘŀƭǎǊǊ—ƛǎ ǇƻǎǎƛōƭŜΦǎǎ 

!ƭǘƘƻǳƎƘ ǘƘŜ ǳǇǎǘǊŜŀƳ ƳƛƴƛƴƎ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ŀǊŜ ƭŜǎǎ ǘƘŀƴ ǘƘƻǎŜ ŀǎǎƻŎƛŀǘŜŘ 
ǿƛǘƘ Ƴŀƴȅ ƻǘƘŜǊ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ŀƭǎƻ ǊŜǉǳƛǊŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŀǘŜǊƛŀƭǎΣ 
ƛƴŎƭǳŘƛƴƎ ŎƻƳƳƻŘƛǘƛŜǎ ƭƛƪŜ ƛǊƻƴκǎǘŜŜƭΣ ǇƻƭȅƳŜǊ ŎƻƳǇƻǎƛǘŜǎΣ ŀƭǳƳƛƴǳƳΣ ŀƴŘ ǊŀǊŜ ŜŀǊǘƘ ƳƛƴŜǊŀƭǎΦ {ƻǳǊŎƛƴƎ 
ƻŦ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ǊŜǉǳƛǊŜ ƳƛƴƛƴƎ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭǎΣ ǿƛǘƘ ŀǎǎƻŎƛŀǘŜŘ Ǌƛǎƪǎ ǊŜƭŀǘŜŘ ǘƻ ǘƻȄƛŎƛǘȅ ƻŦ ŀǎǎƻŎƛŀǘŜŘ 
ƳƛƴŜ ǘŀƛƭƛƴƎǎ ŀƴŘ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻƴ ǿŀǘŜǊ ǳǎŜŘ ƛƴ ǊŜǎƻǳǊŎŜ ŜȄǘǊŀŎǘƛƻƴΣ ǎŜǇŀǊŀǘƛƻƴΣ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎΦ 

[ƻƻƪƛƴƎ ǘƻǿŀǊŘǎ ǘƘŜ ŦǳǘǳǊŜΣ 5h9 ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǳƴŘŜǊ ŀ ƘƛƎƘ ǿƛƴŘπǇƻǿŜǊ ŘŜǇƭƻȅƳŜƴǘ ǎŎŜƴŀǊƛƻ ōȅ нлрлΣ 
ǘƘŜ ǘƻǘŀƭ ƭŀƴŘ ŀǊŜŀ ŀŦŦŜŎǘŜŘ ōȅ ǿƛƴŘπǇƻǿŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ǿƻǳƭŘ ōŜ ƭŜǎǎ ǘƘŀƴ мΦр ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƭŀƴŘ ŀǊŜŀ 
ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǿƛǘƘ ǘƘŜ ƳŀƧƻǊƛǘȅ όфт ǇŜǊŎŜƴǘύ ƻŦ ǘƘŀǘ ƭŀƴŘ ŀǊŜŀ ǊŜƳŀƛƴƛƴƎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ƳǳƭǘƛǇƭŜ 
ǇǳǊǇƻǎŜǎΦосп ! нлмр aŀǎǎŀŎƘǳǎŜǘǘǎ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ ǊŜǇƻǊǘ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ŀƭƭ ǇǊƻƧŜŎǘŜŘ ¦Φ{Φ 
ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴ нлрл ŎƻǳƭŘ ōŜ ƳŜǘ ōȅ t±Σ ŀǎǎǳƳƛƴƎ ǎǘƻǊŀƎŜ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀƭƭ ƪ²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘŜŘ ǘƻ ōŜ ǳǎŜŘΤ ƛǘ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ǊƻǳƎƘƭȅ ооΣллл ƪƳн ƻǊ лΦп ǇŜǊŎŜƴǘ ƻŦ ¦Φ{Φ ƭŀƴŘ ŀǊŜŀΦоср ¢Ƙƛǎ ƛǎ 
ǊƻǳƎƘƭȅ Ŝǉǳŀƭ ǘƻ ǘƘŜ ŀǊŜŀ ǳǎŜŘ ōȅ ǎǳǊŦŀŎŜ ƳƛƴƛƴƎ ƻŦ Ŏƻŀƭ ŀƴŘ ƛǎ ƭŜǎǎ ǘƘŀƴ ǘƘŜ ƭŀƴŘ ŀǊŜŀ ƻŎŎǳǇƛŜŘ ōȅ ƳŀƧƻǊ 
ǊƻŀŘǎΦ CƛǘǘƛƴƎ ŎǳǊǊŜƴǘ ŜȄƛǎǘƛƴƎ ¦Φ{Φ ǊƻƻŦǘƻǇ ŀǊŜŀ ǿƛǘƘ t± ŎƻǳƭŘ ƳŜŜǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ сл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ 
bation’s projected 2050 electricity needs.осс {ƛƳƛƭŀǊƭȅΣ bw9[ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŜȄƛǎǘǎ 
ŦƻǊ ǊƻƻŦǘƻǇ t± ǘƻ ƎŜƴŜǊŀǘŜ мΣпон ¢²Ƙ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΣ ƻǊ оф ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ŀƴƴǳŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎΦост 

3.4.4.2  Wildlife Impacts 

tƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ Ŏŀƴ ƘŀǾŜ ŀŘǾŜǊǎŜ ƛƳǇŀŎǘǎ ƻƴ ǿƛƭŘƭƛŦŜΦ ¢ƘŜǊŜ ŀǊŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ 
ŀǾŀƛƭŀōƭŜ ǘƻ ŀƭƭŜǾƛŀǘŜ ǎǳŎƘ ƛƳǇŀŎǘǎ ŀƴŘΣ ŀǎ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿΣ ƳƻǊǘŀƭƛǘƛŜǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ 
ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦŜǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ǘƘŀƴ Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƴŀǘǳǊŀƭ ǇǊŜŘŀǘƻǊǎ ŀƴŘ Ŏƻƭƭƛǎƛƻƴǎ ǿƛǘƘ ōǳƛƭŘƛƴƎǎΦ  

!ǾŀƛƭŀōƭŜ Řŀǘŀ ƻƴ ǿƛƭŘƭƛŦŜ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƻŀƭπŦƛǊŜŘ ǇƻǿŜǊ Ǉƭŀƴǘ ƻǇŜǊŀǘƛƻƴǎ ƛǎ ƭƛƳƛǘŜŘΣ ŀƭǘƘƻǳƎƘ 
ƻƴŜ ǎǘǳŘȅосу ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ŎƻŀƭπŦƛǊŜŘ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŎŀǳǎŜ ǊƻǳƎƘƭȅ ǘƘŜ ǎŀƳŜ ƻǊ ƳƻǊŜ ŀǾƛŀƴ ƳƻǊǘŀƭƛǘƛŜǎ ǇŜǊ 
D²Ƙ ƎŜƴŜǊŀǘŜŘ ǘƘŀƴ ǿƛƴŘ ǘǳǊōƛƴŜǎΦ CŀŎǘƻǊƛƴƎ ƛƴ ǇǊƻƧŜŎǘŜŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎΣ ŀǾƛŀƴ ƳƻǊǘŀƭƛǘƛŜǎ 
ŀǘǘǊƛōǳǘŜŘ ǘƻ ŎƻŀƭπŦƛǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǿŜǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ ŦŀǊ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘƻǎŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎ 
ƎŜƴŜǊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦосф 

bǳŎƭŜŀǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ǇƻǎŜǎ ŀ Ǌƛǎƪ ǘƻ ŀǾƛŀƴ ǇƻǇǳƭŀǘƛƻƴǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŜȄǇƻǎŜŘ ǘƻ ǘƻȄƛŎ ǿŀǎǘŜ ǇƻƴŘǎ 
ŀǘ ǳǊŀƴƛǳƳ ƳƛƴƛƴƎ ŀƴŘ ƳƛƭƭƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ŎƻƭƭƛŘŜ ǿƛǘƘ ƴǳŎƭŜŀǊ ŎƻƻƭƛƴƎ ǘƻǿŜǊǎΦотл 

¦ǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘ Ŏŀƴ ŀŦŦŜŎǘ ōƛǊŘǎ ŀƴŘ ŀǾƛŀƴ ŎƻƳƳǳƴƛǘƛŜǎ ŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ Ŧŀǘŀƭƛǘȅ ƻǊ 
ƛƴŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ ŘŜƎǊŀŘŀǘƛƻƴΣ ƭƻǎǎΣ ƻǊ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ƻŦ ƘŀōƛǘŀǘΦ Lƴ ƎŜƴŜǊŀƭΣ ŘƛǊŜŎǘ ŦŀǘŀƭƛǘƛŜǎ ŀǊŜ ǊŜƭŀǘŜŘ 

                                                           
ǊǊ ¦ǊŀƴƛǳƳ ƳƛƴƛƴƎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ǊŜƎǳƭŀǘŜŘ ōȅ ǘƘŜ !ǘƻƳƛŎ 9ƴŜǊƎȅ !Ŏǘ ƻŦ мфрпΣ ŀǎ ŀƳŜƴŘŜŘ όпн ¦Φ{Φ/Φ ϠϠ нлммπнлнмΣ 
нлннπннусƛΣ ннфсŀπннфтƘπмоύΦ ¢ƘŜǎŜ ǊŜƎǳƭŀǘƻǊȅ ŀŎǘƛƻƴǎ ǇǊƻǘŜŎǘ ǘƘŜ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ ƻŦ ǘƘŜ ǇǳōƭƛŎ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŘǳǊƛƴƎ 
ǘƘŜ ŀŎǘƛǾŜ ƭƛŦŜ ƻŦ ŀ ǳǊŀƴƛǳƳ ǊŜŎƻǾŜǊȅ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ŦŀŎƛƭƛǘȅ Ƙŀǎ ōŜŜƴ ŘŜŎƻƳƳƛǎǎƛƻƴŜŘΦ [ƛŎŜƴǎƛƴƎ Ƴŀȅ ǊŜǉǳƛǊŜ ƭƛŎŜƴǎŜŜǎ 
ǘƻ ǘŀƪŜ ǇǊŜǾŜƴǘŀǘƛǾŜ ƳŜŀǎǳǊŜǎ ǇǊƛƻǊ ǘƻ ǎǘŀǊǘƛƴƎ ƻǇŜǊŀǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ǿŜƭƭ ǘŜǎǘǎΣ ƳƻƴƛǘƻǊƛƴƎΣ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇǊƻŎŜŘǳǊŜǎ 
ǘƘŀǘ ƛƴŎƭǳŘŜ ŜȄŎǳǊǎƛƻƴ ǊŜǎǇƻƴǎŜ ƳŜŀǎǳǊŜǎ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ bw/ issued a “Generic Environmental Impact Statement
ŦƻǊ Lƴπ{ƛǘǳ [ŜŀŎƘ ¦ǊŀƴƛǳƳ aƛƴƛƴƎ CŀŎƛƭƛǘƛŜǎϦ όb¦w9D мфмлύ ƛƴ aŀȅ нллфΥ ƘǘǘǇΥκκǿǿǿΦƴǊŎΦƎƻǾκƳŀǘŜǊƛŀƭǎκǳǊŀƴƛǳƳπ
ǊŜŎƻǾŜǊȅκƎŜƛǎΦƘǘƳƭΦ 
ǎǎ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ ǳǊŀƴƛǳƳ ƳƛƴƛƴƎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛǎ ŎǳǊǊŜƴǘƭȅ ǾŜǊȅ ƭƻǿΦ 

http://www.nrc.gov/materials/uranium-recovery/geis.html
http://www.nrc.gov/materials/uranium-recovery/geis.html


Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 3-65 

ǘƻ Ŏƻƭƭƛǎƛƻƴǎ ƻǊ ǎƻƭŀǊ ŦƭǳȄΦǘǘΣ отм /ƻƭƭƛǎƛƻƴǎ Ƴŀȅ ƻŎŎǳǊ ǿƛǘƘ ŀƭƭ ǘȅǇŜǎ ƻŦ ǎƻƭŀǊ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǘ ǎƻƭŀǊ 
ŦƭǳȄ ŜŦŦŜŎǘǎ ƻƴ ōƛǊŘǎ ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƻƴƭȅ ŀǘ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘ ǘƻǿŜǊǎ ŜǉǳƛǇǇŜŘ ǘƻ ŎƻƴŎŜƴǘǊŀǘŜ ǎƻƭŀǊ 
ǇƻǿŜǊΦ ! ǊŜŎŜƴǘ ǎǘǳŘȅ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ сΣллл ōƛǊŘǎ ŘƛŜŘ ŀŎǊƻǎǎ ǘƘŜ ŦƛǾŜ ǎǉǳŀǊŜ ƳƛƭŜǎ ƻŦ 
California’s Ivanpah solar thermal facility last yearΤотн ƴƻƴŜ ǿŜǊŜ ŜƴŘŀƴƎŜǊŜŘΦ CƻǊ ŎƻƳǇŀǊƛǎƻƴΣ ŘƻƳŜǎǘƛŎ 
Ŏŀǘǎ ƪƛƭƭ мΦп ǘƻ оΦт ōƛƭƭƛƻƴ ōƛǊŘǎ ǇŜǊ ȅŜŀǊΣ ŀƴŘ ōŜǘǿŜŜƴ оср Ƴƛƭƭƛƻƴ ǘƻ фуу Ƴƛƭƭƛƻƴ ōƛǊŘǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ ŘƛŜ 
ŀƴƴǳŀƭƭȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŦǊƻƳ ōǳƛƭŘƛƴƎ ŎƻƭƭƛǎƛƻƴǎΦото  

5h9 ŀƴŘ ǘƘŜ .ǳǊŜŀǳ ƻŦ [ŀƴŘ aŀƴŀƎŜƳŜƴǘ ό.[aύ ƘŀǾŜ Ƨƻƛƴǘƭȅ ŘŜǾŜƭƻǇŜŘ ƎǳƛŘŀƴŎŜ ǘƻ ƳƛƴƛƳƛȊŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ—ƛƴŎƭǳŘƛƴƎ ƛƳǇŀŎǘǎ ǘƻ ǿƛƭŘƭƛŦŜ—ŘǳǊƛƴƎ ǘƘŜ ǎƛǘƛƴƎΣ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ 
ǳǘƛƭƛǘȅπǎŎŀƭŜ ǎƻƭŀǊ ŦŀŎƛƭƛǘƛŜǎ ƻƴ ǇǳōƭƛŎ ƭŀƴŘǎΦ .[a ƛŘŜƴǘƛŦƛŜŘ ǎǇŜŎƛŦƛŎ ƭƻŎŀǘƛƻƴǎ ǿŜƭƭ ǎǳƛǘŜŘ ŦƻǊ ǳǘƛƭƛǘȅπǎŎŀƭŜ 
ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǎƻƭŀǊ ŜƴŜǊƎȅ ǘƘŀǘ ƳƛƴƛƳƛȊŜ ǿƛƭŘƭƛŦŜ ƛƳǇŀŎǘǎΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ 5h9 ƎǳƛŘŀƴŎŜ ƛƴǘŜƎǊŀǘŜǎ ǿƛƭŘƭƛŦŜ 
ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴǘƻ ƛǘǎ ŀƴŀƭȅǎƛǎ ŀƴŘ ǎŜƭŜŎǘƛƻƴ ƻŦ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ƛǘ ǿƛƭƭ ŦƛƴŀƴŎƛŀƭƭȅ 
ǎǳǇǇƻǊǘΦотп 

¢ƘŜ ƛƳǇŀŎǘǎ ƻƴ ŀǾƛŀƴ ŀƴŘ ōŀǘ ǇƻǇǳƭŀǘƛƻƴǎ ŀǊŜ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴŎŜǊƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǿƛƴŘ 
ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ ƭŀƴŘπōŀǎŜŘ ǿƛƴŘ ǇǊƻƧŜŎǘǎΦ 9ŦŦŜŎǘǎ ƻƴ ƳŀǊƛƴŜ ƭƛŦŜ ŀǊŜ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ŎƻƴŎŜǊƴ ŦƻǊ ƻŦŦǎƘƻǊŜ 
ǿƛƴŘΦ 

LƴǾŜǎǘƳŜƴǘǎ ǘƻ ŘŜǾŜƭƻǇ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ Ŏŀƴ ǊŜŘǳŎŜ ǿƛƭŘƭƛŦŜ ƛƳǇŀŎǘǎ ŀǊŜ ƻŦŦŜǊƛƴƎ ƴŜǿ ŀǾƛŀƴ 
ŘŜǘŜǊǊŜƴŎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ όŜΦƎΦΣ ǘƻǿŜǊ ŎƻŀǘƛƴƎǎ ŀƴŘ ǳƭǘǊŀǎƻƴƛŎ ǘǊŀƴǎƳƛǘǘŜǊǎύ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀǘ 
ǿƛƭƭ ƘŜƭǇ ƳƛƴƛƳƛȊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ǘƻ ǎŜƴǎƛǘƛǾŜ ǿƛƭŘƭƛŦŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦотр 

¢ƘŜ 5h9 ²ƛƴŘ ±ƛǎƛƻƴ ǊŜǇƻǊǘотс ŦƛƴŘǎ ǘƘŀǘ ŀƴƴǳŀƭ ōƛǊŘ ƳƻǊǘŀƭƛǘƛŜǎ ŘǳŜ ǘƻ ǿƛƴŘ ǘǳǊōƛƴŜǎ όлΦн Ƴƛƭƭƛƻƴ 
ōƛǊŘǎκȅŜŀǊύ ŀǊŜ ƳǳŎƘ ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻǘƘŜǊ ŜƴƎƛƴŜŜǊŜŘ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ŦŀǊ ƭƻǿŜǊ ǘƘŀƴ 
ǘƘƻǎŜ ƪƛƭƭŜŘ ōȅ ŘƻƳŜǎǘƛŎ ŎŀǘǎΦ aƻǎǘ ǎǘǳŘƛŜǎ ŜǎǘƛƳŀǘŜ ǘƘŜ ōŀǘ Ŧŀǘŀƭƛǘȅ ǊŀǘŜǎ ŘǳŜ ǘƻ ǿƛƴŘ ǘǳǊōƛƴŜǎ ǘƻ ōŜ ƭŜǎǎ 
ǘƘŀƴ мл ōŀǘǎκa²κǎǘǳŘȅ ǇŜǊƛƻŘΦотт ²ƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǿƛƴŘπǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǘƘŜ ǿƛƴŘ ƛƴŘǳǎǘǊȅ ŀƴŘ 
ǊŜƎǳƭŀǘƻǊȅ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ǿƻǊƪŜŘ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǿƛƴŘ ǇǊƻƧŜŎǘǎ ƻƴ ƳƛƎǊŀǘƻǊȅ ōƛǊŘǎ ŀƴŘ ƻǘƘŜǊ 
ǎǇŜŎƛŜǎ ƻŦ ŎƻƴŎŜǊƴ ŀƴŘ ǘƘŜƛǊ ƘŀōƛǘŀǘǎΦǳǳ 

IȅŘǊƻŜƭŜŎǘǊƛŎ ǇƻǿŜǊ Ŏŀƴ ŀƭǎƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇŀŎǘ ŀǉǳŀǘƛŎ ŜŎƻǎȅǎǘŜƳǎΣ ǿƛǘƘ ŦƛǎƘ ŀƴŘ ƻǘƘŜǊ ƻǊƎŀƴƛǎƳǎ 
ƛƴƧǳǊŜŘ ŀƴŘ ƪƛƭƭŜŘ ōȅ ǘǳǊōƛƴŜ ǇŀǎǎŀƎŜΦ aŜŎƘŀƴƛǎƳǎ ƻŦ ƳƻǊǘŀƭƛǘȅ ŀƴŘ ƛƴƧǳǊȅ ŀǊŜ ǾŀǊƛŜŘ όŜΦƎΦΣ ǎǘǊƛƪŜΣ 

                                                           
ǘǘ ¢ƘŜǊŜ ƛǎ ƴƻǘ ŀ ǘƘƻǊƻǳƎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ƻŦ ǎƻƭŀǊ ŦŀŎƛƭƛǘƛŜǎ ƻƴ ŀǾƛŀƴ ǎǇŜŎƛŜǎ ƻǊ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 
ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ŀǘ ǘƘƛǎ ǘƛƳŜΦ /ƻƴǎƛǎǘŜƴŎȅ ŀƴŘ ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƛƴ ŀǾƛŀƴ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ǇǊƻǘƻŎƻƭǎ ŎƻǳƭŘ ōŜ 
ƛƳǇǊƻǾŜŘΣ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ǎȅǎǘŜƳŀǘƛŎ Řŀǘŀ ƻƴ ŀǾƛŀƴ ŦŀǘŀƭƛǘƛŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ǳƴŎŜǊǘŀƛƴǘȅ ŀōƻǳǘ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎΦ ¢ƘŜ 
ǇǊŜŜƳƛƴŜƴǘ ǊŜǇƻǊǘ ƻƴ ǘƘƛǎ ǘƻǇƛŎΣ ǇǳōƭƛǎƘŜŘ ƛƴ нлмрΣ Ŏŀƭƭǎ ŦƻǊ ŎǊŜŀǘƛƴƎ ŀ ǎƻƭŀǊπŀǾƛŀƴ ǎŎƛŜƴŎŜ Ǉƭŀƴ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ǾŀƭǳŜ ƻŦ 
ŀǾƛŀƴ ƳƻǊǘŀƭƛǘȅ ŘŀǘŀΣ ƛƴŦƻǊƳ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ǇǊƻƧŜŎǘ ǎƛǘƛƴƎ ŀƴŘ ŘŜǎƛƎƴΣ ŀƴŘ ŘŜǾŜƭƻǇ ŀƴ ŀǾƛŀƴ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ǘƻƻƭ ǘƻ ƛƳǇǊƻǾŜ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƳǇŀŎǘǎ ŀƴŘ ƛƴŦƻǊƳ ǇǊƻƧŜŎǘπǎǇŜŎƛŦƛŎ ƳƛǘƛƎŀǘƛƻƴ ŘŜŎƛǎƛƻƴǎΦ [ŜǊƻȅ WΦ ²ŀƭǎǘƻƴΣ WǊΦΣ Ŝǘ ŀƭΦΣ A Review of Avian
Monitoring and Mitigation Information at Existing Utility-Scale Solar Facilities ό!ǊƎƻƴƴŜΣ L[Υ !ǊƎƻƴƴŜ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ !ǇǊƛƭ 
нлмрύΣ !b[κ9±{πмрκнΣ ƘǘǘǇΥκκǿǿǿΦŜǾǎΦŀƴƭΦƎƻǾκŘƻǿƴƭƻŀŘǎκ!b[π9±{ψмрπнΦǇŘŦΦ 
ǳǳ ¢ƘŜ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ {ŜǊǾƛŎŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŀƎŜƴŎƛŜǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘƛǎ ŀŎǘƛǾƛǘȅΣ ŀƴŘΣ ƛƴ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ƛƴŘǳǎǘǊȅΣ ƛǘ Ƙŀǎ ŀŎǘŜŘ 
ǘƻ ǎǳƎƎŜǎǘ ŘŜǎƛƎƴ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǘƻǿŜǊǎ ŀƴŘ ǘƻ ŜǎǘŀōƭƛǎƘ ǾƻƭǳƴǘŀǊȅ ƎǳƛŘŜƭƛƴŜǎ ŀƴŘ ƎǳƛŘŀƴŎŜ ǘƻ ǇǊƻǘŜŎǘ ōŀƭŘ ŀƴŘ ƎƻƭŘŜƴ 
ŜŀƎƭŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ LƴŘƛŀƴŀ ōŀǘΦ {ŜŜ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ {ŜǊǾƛŎŜΣ Indiana Bat: Section 7 and Section 10 Guidance for Wind Energy
Projects όCƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ {ŜǊǾƛŎŜΣ нлммύΣ 
ƘǘǘǇΥκκǿǿǿΦŦǿǎΦƎƻǾκƳƛŘǿŜǎǘκŜƴŘŀƴƎŜǊŜŘκƳŀƳƳŀƭǎκƛƴōŀκ²ƛƴŘ9ƴŜǊƎȅDǳƛŘŀƴŎŜΦƘǘƳƭΦ 5h9 ǊŜŎŜƴǘƭȅ ƛǎǎǳŜŘ ǘǿƻ ŦǳƴŘƛƴƎ 
ƻǇǇƻǊǘǳƴƛǘȅ ŀƴƴƻǳƴŎŜƳŜƴǘǎ ǘƻ ŘŜǾŜƭƻǇ ƳƛǘƛƎŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ŜŀƎƭŜǎ ŀƴŘ ōŀǘǎΦ Lƴ 5ŜŎŜƳōŜǊ нлмсΣ ǘƘŜ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ 
{ŜǊǾƛŎŜ ŦƛƴŀƭƛȊŜŘ ŀ ǊǳƭŜ ǘƘŀǘ ǊŜǾƛǎŜŘ ƛǘǎ ǇŜǊƳƛǘǘƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ŜŀƎƭŜ 
populations. Changes to the rule “include revisions to permit issuance criteria, compensatory ƳƛǘƛƎŀǘƛƻƴ ǎǘŀƴŘŀǊŘǎΣ ŎǊƛǘŜǊƛŀ ŦƻǊ 
ŜŀƎƭŜ ƴŜǎǘ ǊŜƳƻǾŀƭ ǇŜǊƳƛǘǎΣ ǇŜǊƳƛǘ ŀǇǇƭƛŎŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƴŘ ŦŜŜǎ.” [ŀǳǊȅ tŀǊǊŀƳƻǊŜΣ “Service Announces Final Rule to
CǳǊǘƘŜǊ /ƻƴǎŜǊǾŜΣ tǊƻǘŜŎǘ 9ŀƎƭŜǎ ǘƘǊƻǳƎƘ wŜǾƛǎŜŘ tŜǊƳƛǘǘƛƴƎΣ aƻƴƛǘƻǊƛƴƎ wŜǉǳƛǊŜƳŜƴǘǎ,” Fish and Wildife Service, 5ŜŎŜƳōŜǊ 
мпΣ нлмс, ƘǘǘǇǎΥκκǿǿǿΦŦǿǎΦƎƻǾκƴŜǿǎκ{ƘƻǿbŜǿǎΦŎŦƳΚǊŜŦҐǎŜǊǾƛŎŜπŀƴƴƻǳƴŎŜǎπŦƛƴŀƭπǊǳƭŜπǘƻπŦǳǊǘƘŜǊπŎƻƴǎŜǊǾŜπǇǊƻǘŜŎǘπŜŀƎƭŜǎπ
ǘƘǊƻǳƎƘπϧψL5ҐорфмнΦ  

http://www.evs.anl.gov/downloads/ANL-EVS_15-2.pdf
http://www.fws.gov/midwest/endangered/mammals/inba/WindEnergyGuidance.html
https://www.fws.gov/news/ShowNews.cfm?ref=service-announces-final-rule-to-further-conserve-protect-eagles-through-&_ID=35912
https://www.fws.gov/news/ShowNews.cfm?ref=service-announces-final-rule-to-further-conserve-protect-eagles-through-&_ID=35912
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ōŀǊƻǘǊŀǳƳŀΣǾǾ ǎƘŜŀǊΣ ǘǳǊōǳƭŜƴŎŜύΦ wŜǎŜǊǾƻƛǊ ǿŀǘŜǊ ƛǎ ǳǎǳŀƭƭȅ ƳƻǊŜ ǎǘŀƎƴŀƴǘ ǘƘŀƴ ƴƻǊƳŀƭ ǊƛǾŜǊ ǿŀǘŜǊΣ ǿƘƛŎƘ 
Ŏŀƴ ƭŜŀŘ ǘƻ ŀƭƎŀŜ ōƭƻƻƳǎ ŀƴŘ ƻǘƘŜǊ ŀǉǳŀǘƛŎ ǿŜŜŘǎ ŎǊƻǿŘƛƴƎ ƻǳǘ ƴŀǘƛǾŜ ŀǉǳŀǘƛŎ ƭƛŦŜΦ 5h9 Ƙŀǎ ǎǇƻƴǎƻǊŜŘ 
ǊŜǎŜŀǊŎƘ ǘƻ ƳƛǘƛƎŀǘŜ ǿƛƭŘƭƛŦŜ ƛƳǇŀŎǘǎ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘȅŘǊƻǇƻǿŜǊ όŜΦƎΦΣ wϧ5 ƻŦ ǘǳǊōƛƴŜ ŘŜǎƛƎƴǎ ǘƘŀǘ 
ƳƛƴƛƳƛȊŜ ŦƛǎƘ ŘŜŀǘƘǎ ŦƻǊ ŦƛǎƘ ǘƘŀǘ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǳǊōƛƴŜύΦоту aŀƴȅ ǎǇŜŎƛŜǎ ƻŦ ŦƛǎƘΣ ǎǳŎƘ ŀǎ ǎŀƭƳƻƴΣ ǎǿƛƳ 
ŦǊƻƳ ǘƘŜ ǎŜŀ ǳǇǎǘǊŜŀƳ ǘƻ ǎǇŀǿƴΣ ŀƴŘ ŘŀƳǎ Ŏŀƴ ōƭƻŎƪ ǘƘŜƛǊ ǿŀȅΦ !ǇǇǊƻŀŎƘŜǎ ƭƛƪŜ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŦƛǎƘ 
ƭŀŘŘŜǊǎ ŀƴŘ ŜƭŜǾŀǘƻǊǎ ƘŜƭǇ ŦƛǎƘ ǘƻ ƳƻǾŜ ŀǊƻǳƴŘ ŘŀƳǎ ǘƻ ǳǇǎǘǊŜŀƳ ǎǇŀǿƴƛƴƎ ƎǊƻǳƴŘǎΦ ¢ƻ ŀŘŘǊŜǎǎ ǘƘŜǎŜ 
ŎƘŀƭƭŜƴƎŜǎΣ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ƛƴǾŜǎǘƛƴƎ ƛƴ ǘƻƻƭǎ ŀƴŘ ƳŜǘƘƻŘǎ ǘƻ ŘŜǾŜƭƻǇΣ ŘŜƳƻƴǎǘǊŀǘŜΣ ŀƴŘ 
ǾŀƭƛŘŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŀƴŘ ŦƛǎƘπŦǊƛŜƴŘƭȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ǘǳǊōƛƴŜǎ ǘƘŀǘ ōŜǘǘŜǊ ŀƭƭƻǿ ŦƻǊ ǘƘŜ 
ŘƻǿƴǎǘǊŜŀƳ ǇŀǎǎŀƎŜ ƻŦ ŦƛǎƘ ŀƴŘ ŀŜǊŀǘƛƴƎ ǘǳǊōƛƴŜǎ ǘƘŀǘ ǿƛƭƭ ŜƴŀōƭŜ ƻǇŜǊŀǘƻǊǎ ǘƻ ōŜǘǘŜǊ ƳŜŜǘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀƴŘŀǊŘǎ ǿƘƛƭŜ ƛƴŎǊŜŀǎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΦ /ƻƳǇǳǘŀǘƛƻƴŀƭ ǘƻƻƭǎ ǘƘŀǘ ŜǎǘƛƳŀǘŜ ŦƛǎƘ 
ǇŀǎǎŀƎŜ Ǌƛǎƪ ŀǊŜ ŀƭǎƻ ƘŜƭǇƛƴƎ ŜƴǎǳǊŜ ǘƘŀǘ ōƛƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŘǳǊƛƴƎ ǘǳǊōƛƴŜ ŘŜǎƛƎƴΦотф 

3.4.4.3 Waste Impacts 

/ƻŀƭ ŀƴŘ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘǎ ǇǊƻŘǳŎŜ ǘƘŜ ƭŀǊƎŜǎǘ ŀƳƻǳƴǘ ƻŦ ǎƻƭƛŘ ǿŀǎǘŜ ŘǳǊƛƴƎ ƎŜƴŜǊŀǘƛƻƴΦ //wǎ ŀǊŜ ǘƘŜ 
ǎŜŎƻƴŘ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ǿŀǎǘŜ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀŦǘŜǊ ƘƻǳǎŜƘƻƭŘ ǿŀǎǘŜΦоул //wǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ 
ŘƛǎǇƻǎŜŘ ƻƴǎƛǘŜ ŀǘ ǘƘŜ ǇƻǿŜǊ ǇƭŀƴǘΣ ǿƘƛƭŜ ǎƻƳŜ ŀǊŜ ǳǎŜŘ ŦƻǊ ōŜƴŜŦƛŎƛŀƭ ǇǳǊǇƻǎŜǎΦоум Lƴ нлмпΣ ¦Φ{Φ Ǉƭŀƴǘǎ 
ǇǊƻŘǳŎŜŘ мол Ƴƛƭƭƛƻƴ ǘƻƴǎ ƻŦ Ŏƻŀƭ ŀǎƘΣоун ǿƘƛŎƘ ƛǎ ŀ ōȅǇǊƻŘǳŎǘ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ŎƻŀƭπŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴΦ 
bŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎ ǊŀŘƛƻŀŎǘƛǾŜ ŎƻƴǎǘƛǘǳŜƴǘǎΣ ǎǳŎƘ ŀǎ ǳǊŀƴƛǳƳΣ ŀǊŜ ŀƭǎƻ ŦƻǳƴŘ ƛƴ Ŏƻŀƭ ŀǎƘΦоуоΣ оуп hƴǎƛǘŜ Ŏƻŀƭ 
ŀǎƘ ƛƳǇƻǳƴŘƳŜƴǘ ǇƻƴŘǎ Ŏŀƴ ōǊŜŀŎƘΣ ƛƳǇŀŎǘƛƴƎ ǎǳǊǊƻǳƴŘƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǿŀǘŜǊǎƘŜŘǎΣ ŀƴ ƛǎǎǳŜ ǘƘŀǘ 
9t! ŎƻƴǘƛƴǳŜǎ ǘƻ ŀŘŘǊŜǎǎ ǘƘǊƻǳƎƘ ƛǘǎ ǊǳƭŜƳŀƪƛƴƎ ǇǊƻŎŜǎǎΦ  

bǳŎƭŜŀǊ ǿŀǎǘŜ ƛǎ ǎǘƻǊŜŘ ŀǘ ǘƘŜ ǊŜŀŎǘƻǊ ǎƛǘŜ ǿƘŜǊŜ ƛǘ ƛǎ ƎŜƴŜǊŀǘŜŘΦ Lƴ ŎƻƴǘǊŀǎǘΣ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƻƛƭ ƎŜƴŜǊŀǘƛƻƴ 
ǇǊƻŘǳŎŜ ƭƛƳƛǘŜŘ ŀƳƻǳƴǘǎ ƻŦ ŎƘŜƳƛŎŀƭ ŀƴŘ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŎƻƴǘǊƻƭ ǿŀǎǘŜΣ ŀƴŘ ǊŜƴŜǿŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ǇǊƻŘǳŎŜ ŀƭƳƻǎǘ ƴƻ ǿŀǎǘŜ ŘǳǊƛƴƎ ƎŜƴŜǊŀǘƛƻƴΦ !ŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǿŀǎǘŜ ŀǎ ƛǘ ǊŜƭŀǘŜǎ ǘƻ 
ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƭŀǘŜǊ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ƛƴ {ŜŎǘƛƻƴ оΦпΦуΦ 

3.4.4.4 Other Ecological Impacts 

!ŘŘƛǘƛƻƴŀƭ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ ǿƛƴŘ ƛƴŎƭǳŘŜ ƛƳǇŀŎǘǎ ŦǊƻƳ ŀǎǎƻŎƛŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ όŜΦƎΦΣ ǊƻŀŘǎΣ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎΣ ǎǳōǎǘŀǘƛƻƴǎύΦ bƻƛǎŜΣ Ǿƛǎǳŀƭ ƛƳǇŀŎǘǎ όŦǊƻƳ ōƭƛƴƪƛƴƎ ƭƛƎƘǘǎ ŀƴŘ ŦǊƻƳ ǿƛƴŘ ǘǳǊōƛƴŜǎ 
ǘƘŜƳǎŜƭǾŜǎύΣ ŀƴŘ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜǎ ŀǊŜ ŀƭƭ ŎƻƴŎŜǊƴǎ ǊŀƛǎŜŘ ōȅ ŎƻƳƳǳƴƛǘƛŜǎ ǿƛǘƘ ǿƛƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ CƻǊ 
ƻƴǎƘƻǊŜ ǿƛƴŘΣ ŀ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ƴƻ ƛƳǇŀŎǘ ōȅ ǿƛƴŘ 
ǘǳǊōƛƴŜǎ ƻƴ ǊŜǎƛŘŜƴǘƛŀƭ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜΦоур  

9ŎƻǎȅǎǘŜƳ ƛƳǇŀŎǘǎ ŦǊƻƳ hydroelectric power plants depend on a river’s size and flow rateΤ ŎƭƛƳŀǘŜ ŀƴŘ 
Ƙŀōƛǘŀǘ ŎƻƴŘƛǘƛƻƴǎΤ ǘƘŜ ǘȅǇŜΣ ǎƛȊŜΣ ŘŜǎƛƎƴΣ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇƭŀƴǘΤ ŀƴŘ ǿƘŜǘƘŜǊ ǘƘŜ Ǉƭŀƴǘ ƛǎ ƭƻŎŀǘŜŘ 
ǳǇǎǘǊŜŀƳ ƻǊ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ƻǘƘŜǊ ǇǊƻƧŜŎǘǎ ƻƴ ǘƘŜ ǎŀƳŜ ǊƛǾŜǊΦоус aƻǎǘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŎƻƴŎŜǊƴǎ ƘŀǾŜ ǘƻ Řƻ 
ǿƛǘƘ Ƙƻǿ ǊŜǎŜǊǾƻƛǊǎ ŀŦŦŜŎǘ ƻȄȅƎŜƴ ƭŜǾŜƭǎ ŘƻǿƴǎǘǊŜŀƳ όǎƛƴŎŜ ǎƛƎƴƛŦƛŎŀƴǘ ŀŜǊŀǘƛƻƴ ƻŎŎǳǊǎ ƛƴ ǇǊƻŎŜǎǎύΦ 

¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƎŜƻǘƘŜǊƳŀƭ ƎŜƴŜǊŀǘƛƻƴΦ ²ƘŜƴ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ 
ƎŜƻǘƘŜǊƳŀƭ ŦƭǳƛŘǎ ŀǊŜ ǿƛǘƘŘǊŀǿƴ ŀƴŘ ƛƴƧŜŎǘŜŘ ōŜƭƻǿ ǘƘŜ ŜŀǊǘƘϥǎ ǎǳǊŦŀŎŜΣ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ ōŜŎƻƳŜǎ ŀ 
ŎƻƴŎŜǊƴΦ LŦ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ ƻŎŎǳǊǎΣ ƛǘ ƛǎ ǘȅǇƛŎŀƭƭȅ ƭŜǎǎ ǘƘŀƴ ƳŀƎƴƛǘǳŘŜ нΦр ƻƴ ǘƘŜ wƛŎƘǘŜǊ ǎŎŀƭŜ 
όŜŀǊǘƘǉǳŀƪŜǎ ǳǎǳŀƭƭȅ ŀǊŜ ƴƻǘ ŦŜƭǘ ōŜƭƻǿ оΦрύΦоут 

                                                           
ǾǾ !ǎ ŀ ŦƛǎƘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ŀ ŘŀƳΣ ƛǘ Ŏŀƴ ŜȄǇŜǊƛŜƴŎŜ ōŀǊƻǘǊŀǳƳŀ—ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜǎǎǳǊŜ ǘƘŀǘ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƛƴǘŜǊƴŀƭ 
ƛƴƧǳǊƛŜǎ ƻǊ ŘŜŀǘƘΦ wƛŎƘŀǊŘ {Φ .ǊƻǿƴΣ !ƭƛǎƻƴ IΦ /ƻƭƻǘŜƭƻΣ .ǊŜǘǘ 5Φ tŦƭǳƎǊŀǘƘΣ /ǊŀƛƎ !Φ .ƻȅǎΣ [ŜŜ WΦ .ŀǳƳƎŀǊǘƴŜǊΣ ½Φ 5ŀƴƛŜƭ 5ŜƴƎΣ [ǳƛȊ 
DΦ aΦ {ƛƭǾŀΣ Ŝǘ ŀƭΦΣ “¦ƴŘŜǊǎǘŀƴŘƛƴƎΣ .ŀǊƻǘǊŀǳƳŀ ƛƴ CƛǎƘ tŀǎǎƛƴƎ IȅŘǊƻ {ǘǊǳŎǘǳǊŜǎΥ ! Dƭƻōŀƭ {ǘǊŀǘŜƎȅ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ 
of Water Resources,” Fisheries офΣ ƴƻΦ о όнлмпύΥ млу–мннΣ ƘǘǘǇΥκκŘȄΦŘƻƛΦƻǊƎκмлΦмлулκлосонпмрΦнлмпΦууортлΦ  
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¢ƻ ŀŘŘǊŜǎǎ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ ǊŜƭŀǘŜŘ ǘƻ ŜƴƘŀƴŎŜŘ ƎŜƻǘƘŜǊƳŀƭ ǎȅǎǘŜƳǎΣ 5h9 
ŎƻƳƳƛǎǎƛƻƴŜŘ ŜȄǇŜǊǘǎ ǘƻ ŀǳǘƘƻǊ ǘƘŜ LƴŘǳŎŜŘ {ŜƛǎƳƛŎƛǘȅ tǊƻǘƻŎƻƭΣ ŀ ƭƛǾƛƴƎ ƎǳƛŘŀƴŎŜ ŘƻŎǳƳŜƴǘ ŦƻǊ 
ƎŜƻǘƘŜǊƳŀƭ ŘŜǾŜƭƻǇŜǊǎΣ ǇǳōƭƛŎ ƻŦŦƛŎƛŀƭǎΣ ǊŜƎǳƭŀǘƻǊǎΣ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎ ǘƘŀǘ ŘŜǘŀƛƭǎ ǳǎŜŦǳƭ ǎǘŜǇǎ ǘƻ 
ŜǾŀƭǳŀǘŜ ŀƴŘ ƳŀƴŀƎŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ ǊŜƭŀǘŜŘ ǘƻ ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧŜŎǘǎΦоуу 

3.4.4.5 Land-Use and Ecological Impacts of Electricity T&D 

²ƘƛƭŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ¢ϧ5 ǘŜƴŘ ǘƻ ōŜ ǎƳŀƭƭŜǊ ǘƘŀƴ ƎŜƴŜǊŀǘƛƻƴ ƛƳǇŀŎǘǎΣ ǘƘŜȅ ŀǊŜ ƴƻǘ 
ƴŜƎƭƛƎƛōƭŜΦоуф !ǎ ¢ϧ5 ŀǎǎŜǘǎ ŀǊŜ ƴƻǘ ƭŀǊƎŜ Ǉƻƛƴǘ ǎƻǳǊŎŜǎ ƻŦ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ŀǊŜ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ŜȄǇŀƴǎƛǾŜΣ ǘƘŜƛǊ 
ƛƳǇŀŎǘǎ ŀƭǎƻ Ƴŀȅ ƴƻǘ ōŜ ǿŜƭƭ ŎƘŀǊŀŎǘŜǊƛȊŜŘΦофл ¢ϧ5 ǎȅǎǘŜƳǎ ƘŀǾŜ ŀƴ ŀǊǊŀȅ ƻŦ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŘƛǾƛŘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ 
ǘƘƻǎŜ ǊŜƭŀǘŜŘ ǘƻ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘΦ ¢ƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ Ŏŀƴ ōŜ ǿŜƛƎƘŜŘ 
against transmission lines’ benefits. CƻǊ ŜȄŀƳǇƭŜΣ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ ŎƻƴƴŜŎǘ ǊŜƳƻǘŜƭȅ ƭƻŎŀǘŜŘΣ ƭƻǿŜǊπ
ŜƳƛǘǘƛƴƎ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ǘƻ ƭƻŀŘ ŎŜƴǘŜǊǎΣ ŀƴŘ ŎƭŜŀǊƛƴƎǎ ŦƻǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ ŎǊŜŀǘŜ ŦƛǊŜōǊŜŀƪǎΣ 
ǊŜŘǳŎƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǿƛƭŘ ŦƛǊŜǎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ŜƳŜǊƎŜƴŎȅ ŀŎŎŜǎǎΦ 

bŜǿ ǇƻǿŜǊ ƭƛƴŜǎΣ ŀŎŎŜǎǎ ǊƻŀŘǎΣ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŜǉǳƛǇƳŜƴǘ ǇƭŀŎŜŘ ƛƴ ǳƴŘŜǾŜƭƻǇŜŘ ŀǊŜŀǎ Ŏŀƴ ŎǊŜŀǘŜ 
ǎǳōǎǘŀƴǘƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŘƛǎǘǳǊōŀƴŎŜ ƻŦ ŦƻǊŜǎǘǎΣ ǿŜǘƭŀƴŘǎΣ ŀƴŘ ƻǘƘŜǊ ƴŀǘǳǊŀƭ 
ŀǊŜŀǎΦ !ŘƧǳǎǘƛƴƎ ǇǊƻǇƻǎŜŘ ǊƻǳǘŜǎ ƻŦ ƻǾŜǊƘŜŀŘ ǇƻǿŜǊ ƭƛƴŜǎ Ŏŀƴ ǊŜŘǳŎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦофм /ƘƻƻǎƛƴƎ 
ŀ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜ ƻŦ ǇƻƭŜ ǎǘǊǳŎǘǳǊŜ ƻǊ ƳƻŘƛŦȅƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŜǘƘƻŘǎ Ŏŀƴ ǊŜŘǳŎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ 
wƛƎƘǘπƻŦπǿŀȅ ƛǎǎǳŜǎ Ŏŀƴ ōŜ ƳƛƴƛƳƛȊŜŘ ōȅ ǳǎƛƴƎ ŎƻǊǊƛŘƻǊπǎƘŀǊƛƴƎ ǊƻǳǘŜǎ ŘǳǊƛƴƎ ǘƘŜ ŘŜǎƛƎƴ ǇƘŀǎŜΦ  

tǳǘǘƛƴƎ ǇƻǿŜǊ ƭƛƴŜǎ ǳƴŘŜǊƎǊƻǳƴŘ Ŏŀƴ ƭƛƳƛǘ ǘƘŜ Ǿƛǎǳŀƭ ƛƳǇŀŎǘ ƻŦ ƻǾŜǊƘŜŀŘ ƭƛƴŜǎΦ .ǳǊȅƛƴƎ ƭƻǿπǾƻƭǘŀƎŜ 
ŘƛǎǘǊƛōǳǘƛƻƴ ƭƛƴŜǎ ƛǎ ŎƻƳƳƻƴ ƛƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΦ .ǳǊȅƛƴƎ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎΣ ƘƻǿŜǾŜǊΣ ƛǎ ǳƴŎƻƳƳƻƴ 
ōŜŎŀǳǎŜ ƛǘ ƛǎ н–мл ǘƛƳŜǎ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ōǳƛƭŘƛƴƎ ŀƴ ƻǾŜǊƘŜŀŘ ƭƛƴŜΦофн ¢ϧ5 ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 5D ǎȅǎǘŜƳǎ ƘŀǾŜ ǎƳŀƭƭŜǊ ŦƻƻǘǇǊƛƴǘǎΦ 5D ǳƴƛǘǎ ŀǊŜ ŎƭƻǎŜǊ ǘƻ ŜƴŘ ǳǎŜǊǎΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ƴŜŜŘ 
ŦƻǊ ƴŜǿ ƻǊ ŜȄǇŀƴŘŜŘ ǘǊŀƴǎƳƛǎǎƛƻƴΦ 5D ǎȅǎǘŜƳǎ Ŏŀƴ ǊŜǉǳƛǊŜ ŜȄǇŀƴŘŜŘ ǘǊŀƴǎŦƻǊƳŜǊ ŀƴŘ ǎǳōǎǘŀǘƛƻƴ 
ŎŀǇŀŎƛǘƛŜǎ όǘƘŜ ŀǾŜǊŀƎŜ Ŏƻǎǘ ƻŦ ǳǇŘŀǘƛƴƎ ŀ ǎǳōǎǘŀǘƛƻƴ ƛǎ ϷплκƪƛƭƻǾƻƭǘπŀƳǇŜǊŜύΦ 

!Ǿƛŀƴ ƳƻǊǘŀƭƛǘƛŜǎ ŦǊƻƳ Ŏƻƭƭƛǎƛƻƴǎ ǿƛǘƘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ ŀƴŘ ǊŜƭŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
Ŏƻǎǘ ƻŦ ǘƘŜ ¢ϧ5 ǎȅǎǘŜƳΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǊŜŘǳŎƛƴƎ ōƛǊŘ ǇƻǇǳƭŀǘƛƻƴǎΣ Ŏƻƭƭƛǎƛƻƴǎ ŀƴŘ ŜƭŜŎǘǊƻŎǳǘƛƻƴǎ Ŏŀƴ ǇǊƻŘǳŎŜ 
ƻǳǘŀƎŜǎΦ .ƛǊŘ Ŏƻƭƭƛǎƛƻƴǎ ǾŀǊȅ ōȅ Ƙŀōƛǘŀǘ ǘȅǇŜΣ ǎǇŜŎƛŜǎ ǎƛȊŜΣ ŀƴŘ ǎŎŀǾŜƴƎƛƴƎ ǊŀǘŜǎΣ ŀƴŘ ǘƘŜȅ ŀǇǇŜŀǊ ǘƻ ōŜ 
ƘƛƎƘŜǊ ŘǳǊƛƴƎ ƳƛƎǊŀǘƛƻƴΦ !ŘǾŜǊǎŜ ŜŦŦŜŎǘǎ ƻƴ ŎŜǊǘŀƛƴ ōƛǊŘǎ όŜΦƎΦΣ ŜƭŜŎǘǊƻŎǳǘƛƻƴ ƻŦ ŜŀƎƭŜǎύ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ 
ǇŜƴŀƭǘƛŜǎΦофо hƴŜ ƛƴǾŜƴǘƻǊȅ ƻŦ ōƛǊŘ ƳƻǊǘŀƭƛǘȅ ŦǊƻƳ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ ŀŎǊƻǎǎ /ŀƴŀŘŀΣ ŀōƻǳǘ ƘŀƭŦ ǘƘŜ ǎƛȊŜ ƻŦ 
ǘƘŜ ¦Φ{Φ ǎȅǎǘŜƳΣ ǊŜǇƻǊǘŜŘ нΦр ǘƻ нрΦс Ƴƛƭƭƛƻƴ ōƛǊŘ ŘŜŀǘƘǎ ŀƴƴǳŀƭƭȅΦофп Lƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǊŜǎŜŀǊŎƘ 
ŎƻƴŘǳŎǘŜŘ ōȅ ǘƘŜ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ {ŜǊǾƛŎŜ ŦƻǳƴŘ ǘƘŀǘ ǇƻǿŜǊ ƭƛƴŜǎ ŀƭƻƴŜ ƳƛƎƘǘ ƪƛƭƭ ǳǇ ǘƻ мтр Ƴƛƭƭƛƻƴ 
ōƛǊŘǎ ŀƴƴǳŀƭƭȅΦофр tǊƻŀŎǘƛǾŜ ǇƭŀƴƴƛƴƎ Ŏŀƴ ƘŜƭǇ ǊŜŘǳŎŜ ǘƘŜǎŜ ƛƳǇŀŎǘǎ ƻƴ ŀǾƛŀƴ ŀƴŘ ƻǘƘŜǊ ǿƛƭŘƭƛŦŜ 
ǇƻǇǳƭŀǘƛƻƴǎΦ 

3.4.4.6 Mitigation of Environmental Impacts 

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ŜȄƛǎǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƭŀǿǎ ŘŜǎƛƎƴŜŘ ǘƻ ƘŜƭǇ ƳƛǘƛƎŀǘŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŀƴŘ 
ŎƻƴŎŜǊƴǎ ƻǳǘƭƛƴŜŘ ŀōƻǾŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀǇǇƭƛŎŀōƭŜ CŜŘŜǊŀƭ ƭŀǿǎ ƛƴŎƭǳŘŜ ǘƘŜ /!!Σофс ǘƘŜ /ƭŜŀƴ ²ŀǘŜǊ !Ŏǘофт 
ŀƴŘ ǘƘŜ 9ƴŘŀƴƎŜǊŜŘ {ǇŜŎƛŜǎ !ŎǘΦофу CǳǊǘƘŜǊƳƻǊŜΣ ŀƴȅ CŜŘŜǊŀƭ ŀŎǘƛƻƴ ƛƴǾƻƭǾƛƴƎ ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǊŜǉǳƛǊŜǎ 
ǘƘŜ ǊŜǎǇƻƴǎƛōƭŜ CŜŘŜǊŀƭ ƻŦŦƛŎƛŀƭ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ŀŎǘƛƻƴ 
ŀƴŘ ŀƴȅ ǊŜŀǎƻƴŀōƭŜ ŀƭǘŜǊƴŀǘƛǾŜǎΦофф ¢Ƙƛǎ ǊŜǉǳƛǊŜƳŜƴǘ ƛǎ ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ bŀǘƛƻƴŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tƻƭƛŎȅ !Ŏǘ 
όb9t!ύ ƻŦ мфсф ŀƴŘ ǘƘŜ /ƻǳƴŎƛƭ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛǘȅ wŜƎǳƭŀǘƛƻƴǎ ŦƻǊ LƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ tǊƻŎŜŘǳǊŀƭ 
tǊƻǾƛǎƛƻƴǎ ƻŦ b9t!Φплл ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻōǘŀƛƴƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊƳƛǘǎ ƴŜŎŜǎǎŀǊȅ ǘƻ 
ōǳƛƭŘ ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǿƛƭƭ ŘƛŦŦŜǊ depending on the implications of the proposed facility’s proximity to
ǎŜƴǎƛǘƛǾŜ ŀƛǊΣ ǿŀǘŜǊΣ ǿƛƭŘƭƛŦŜΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ
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¢ƘŜ ŦƛǊǎǘ ƛƴǎǘŀƭƭƳŜƴǘ ƻŦ ǘƘŜ v9w όv9w мΦмύ ŦƻǳƴŘ ǘƘŀǘ ǿƘƛƭŜ ŜȄǇŀƴŘƛƴƎ ¢ϧ5 ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏŀƴ ǇƻǎŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎΣ ōǳƛƭŘƛƴƎ ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏŀƴ ŀƭǎƻ ƭŜŀŘ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ōŜƴŜŦƛǘǎΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ŀƎŜƴŎƛŜǎ ŀŎǊƻǎǎ ǘƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ŀǊŜ ŜƴƎŀƎŜŘ ƛƴ ǎŜǾŜǊŀƭ ƛƴƛǘƛŀǘƛǾŜǎ ǘƻ 
ƳƻŘŜǊƴƛȊŜ ǘƘŜ CŜŘŜǊŀƭ ǊƻƭŜ ƛƴ ŜƭŜŎǘǊƛŎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇŜǊƳƛǘǘƛƴƎ ŀƴŘ ǇǊƻƧŜŎǘ ǊŜǾƛŜǿΦплм Lƴ ǘƘŜƛǊ ŀƴŀƭȅǎŜǎΣ 
ǇŜǊƳƛǘǘƛƴƎ ŀƎŜƴŎƛŜǎ ǘȅǇƛŎŀƭƭȅǿǿ ŎƻƴǎƛŘŜǊ ƳƛǘƛƎŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀǘ Ƴŀȅ ōŜ ƛƳǇƻǎŜŘ ŀǎ ŎƻƴŘƛǘƛƻƴǎ ǘƻ 
ŀŘŘǊŜǎǎ ǳƴŀǾƻƛŘŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŀǊƳǎΦ 5ŜŎŀŘŜǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǎƛǘƛƴƎ ŜƴŜǊƎȅ ¢ϧ5 ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
ƘŀǾŜ ǇǊƻŘǳŎŜŘ ǾŀǊƛƻǳǎ ƳŜǘƘƻŘǎ ŦƻǊ ƻŦŦǎŜǘǘƛƴƎ ƛƳǇŀŎǘǎ ǘƻ ŀŦŦŜŎǘŜŘ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎΣ ƛƴŎƭǳŘƛƴƎ 
ŀǾƻƛŘŀƴŎŜΣ ƳƛƴƛƳƛȊŀǘƛƻƴΣ ŀƴŘ ŎƻƳǇŜƴǎŀǘƛƻƴΦ ¢ƘŜǎŜ ƳŜǘƘƻŘǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ v9w мΦм ŀƴŘ ŀǊŜ ǊŜǇǊƻŘǳŎŜŘ 
ƛƴ ǘƘŜ ōƻȄ ōŜƭƻǿΦ 

Mitigating Environmental Impacts402 
 Mitigation is an important mechanism for agencies to use to avoid, minimize, rectify, reduce, or

compensate the adverse environmental impacts associated with their activities.403, 404 Federal agencies
typically rely upon mitigation to reduce environmental impacts through modification of proposed actions
and consideration and development of mitigation alternatives during the National Environmental Policy
Act process.xx

 Mitigation is important to Federal agencies managing public lands, which impose a responsibility to
sustain an array of resources, values, and functions. For example, public lands contain important
wildlife habitat and vegetative communities—in addition to recreational opportunities and ecosystem
services, cultural resources, and special status species. These lands are managed for the use and
enjoyment of present and future generations. The location, construction, and maintenance of energy
infrastructure should avoid, minimize, and, in some cases, compensate for impacts to these public
resources, values, and functions. Mitigation is of critical importance to agencies responsible for
protecting the Nation’s waters.405 Applying this mitigation hierarchy early in transmission and
distribution infrastructure planning provides better outcomes for the impacted resources, values, and
functions.406

 Resource-specific mitigation measures can be applied to avoid or minimize impacts from a pipeline or
an electric transmission project. In order to identify and implement appropriate mitigation measures,
first the potential impacts of a project on a specific resource must be assessed. Then, project-specific
and site-specific factors must be evaluated to determine whether the impact can be avoided or
mitigated, what action can be taken, how effective the mitigation measure will be, and the cost
effectiveness of the measure.

3.4.4.7 Mitigating Impacts through Siting and Permitting of Electricity 
Infrastructure 

aƻǎǘ ǎƛǘƛƴƎ ŀƴŘ ǇŜǊƳƛǘǘƛƴƎ ŘŜŎƛǎƛƻƴǎ ŀǊŜ ƳŀŘŜ ŀǘ ǘƘŜ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƭŜǾŜƭǎΣ ōǳǘ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ 
¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ǊŜǉǳƛǊŜǎ ŜŦŦŜŎǘƛǾŜ ǎƛǘƛƴƎ ŀƴŘ ǇŜǊƳƛǘǘƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎ ŀǘ ŀƭƭ ƭŜǾŜƭǎ ƻŦ ƎƻǾŜǊƴƳŜƴǘΦ 
tƭŀƴƴƛƴƎ ŀƴŘ ǇŜǊƳƛǘǘƛƴƎ ƴŜǿ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƛƴŎƭǳŘƛƴƎ ƳŀƴŀƎƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ŀŎǊƻǎǎ 
ƧǳǊƛǎŘƛŎǘƛƻƴǎ ŀƴŘ ǿƛǘƘ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΣ ƛǎ ǳƴƛǉǳŜƭȅ ŎƘŀƭƭŜƴƎƛƴƎΦ CŜŘŜǊŀƭƛǎƳ ŀƴŘ ǘƘŜ ƛƴǘŜǊǇƭŀȅ 
ƻŦ ǎǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ ƭŀǿ ŎǊŜŀǘŜ ƻǾŜǊƭŀǇǇƛƴƎ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƭƛƴŜǎΦ {ǘŀǘŜΣ ƭƻŎŀƭΣ ŀƴŘ ǘǊƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎΣ 
ŀǎǎƛǎǘŜŘ ōȅ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎΣ ƴŜŜŘ ǘƻ ōǳƛƭŘ ŎŀǇŀŎƛǘȅ ǘƻ ƳƛƴƛƳƛȊŜ ǎŀŦŜǘȅ ŀƴŘ ǎŜŎǳǊƛǘȅ ŎƻƴǎŜǉǳŜƴŎŜǎΣ ŀǎ ǿŜƭƭ 
ŀǎ ǇǊƻǘŜŎǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ǿƘƛƭŜ ƭƛƳƛǘƛƴƎ ǇŜǊƳƛǘǘƛƴƎπǊŜƭŀǘŜŘ ŘŜƭŀȅǎΦплтΣ плу [ƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ Ƴŀȅ ŀŘƻǇǘ 
ȊƻƴƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀǘ ŘƛŦŦŜǊ ŦǊƻƳ ǎǘŀǘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƻǊ ŜǾŜƴ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƻŦ ƴŜƛƎƘōƻǊƛƴƎ 
                                                           
ǿǿ !ƎŜƴŎƛŜǎ Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ƳƛǘƛƎŀǘƛƻƴ ǿƘŜƴ ŎƻƳǇƭŜǘƛƴƎ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ǎǘŀǘŜƳŜƴǘΣ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ƛǎ ƻŦǘŜƴ ŎƻƴǎƛŘŜǊŜŘ 
ǿƘŜƴ ŎƻƳǇƭŜǘƛƴƎ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǎǎŜǎǎƳŜƴǘΦ 
ȄȄ The Council on Environmental Quality’s NEPA regulations ǊŜǉǳƛǊŜ ŀƎŜƴŎƛŜǎ ǘƻ ƛŘŜƴǘƛŦȅ ƛƴ ǘƘŜƛǊ wŜŎƻǊŘ ƻŦ 5ŜŎƛǎƛƻƴ ŀƴȅ 
ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ǘƘŀǘ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳƛƴƛƳƛȊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŀǊƳ ŦǊƻƳ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ǎŜƭŜŎǘŜŘ όпл /ΦCΦwΦ Ϡ мрлрΦнόŎύύΦ 
¢ƘŜ b9t! ŀƴŀƭȅǎƛǎ Ŏŀƴ ŀƭǎƻ ŎƻƴǎƛŘŜǊ ƳƛǘƛƎŀǘƛƻƴ ŀǎ ŀƴ ƛƴǘŜƎǊŀƭ ŜƭŜƳŜƴǘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ŀŎǘƛƻƴΦ ¢ƘŜ ǊŜƎǳƭŀǘƛƻƴǎ 
ŦǳǊǘƘŜǊ ǎǘŀǘŜ ǘƘŀǘ ŀ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŜƴŦƻǊŎŜƳŜƴǘ ǇǊƻƎǊŀƳ ǎƘŀƭƭ ōŜ ŀŘƻǇǘŜŘ ǿƘŜǊŜ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ŀƴȅ ƳƛǘƛƎŀǘƛƻƴ όпл /ΦCΦwΦ Ϡ 
мрлрΦнόŎύύΦ 



Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 3-69 

ŎƻƳƳǳƴƛǘƛŜǎΦплф ¢Ǌƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ōŜŎƻƳŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ƛƴ ǇŜǊƳƛǘǘƛƴƎ ŘŜŎƛǎƛƻƴǎ ƛŦ ŀ ǇǊƻƧŜŎǘ Ƴŀȅ ŘƛǎǊǳǇǘ 
ŎǳƭǘǳǊŀƭ ƻǊ ƘƛǎǘƻǊƛŎ ǇǊƻǇŜǊǘƛŜǎ ƻǊ ǊŜǎƻǳǊŎŜǎΦпмл  

CƻǊ ŀƴȅ ǇǊƻƧŜŎǘ ǘƘŀǘ ƛƴǾƻƭǾŜǎ ŀ CŜŘŜǊŀƭ ŀŎǘƛƻƴ όŜΦƎΦΣ ƛŦ ŀ ǇǊƻǇƻǎŜŘ ǇǊƻƧŜŎǘ ǿƻǳƭŘ ōŜ ǎƛǘŜŘ ƻƴ CŜŘŜǊŀƭ ƭŀƴŘ 
ƻǊ ǇŀǊǘƛŀƭƭȅ ŦƛƴŀƴŎŜŘ ǿƛǘƘ CŜŘŜǊŀƭ ŦǳƴŘǎύΣ ǘƘŜ ǊŜǎǇƻƴǎƛōƭŜ CŜŘŜǊŀƭ ŀƎŜƴŎȅ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ b9t! ǘƻ ŜǾŀƭǳŀǘŜ 
ǇƻǘŜƴǘƛŀƭ ǎƻŎƛŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ŀŎǘƛƻƴ ŀƴŘ ŎƻƴǎƛŘŜǊ ǊŜŀǎƻƴŀōƭŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎΦпмм {ƛƴŎŜ ƳǳƭǘƛǇƭŜ CŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ Ŏŀƴ ōŜ ƛƴǾƻƭǾŜŘ ǿƛǘƘ ǇŜǊƳƛǘǘƛƴƎ ¢ϧ5 ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǘƘŜ 
hōŀƳŀ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ Ƙŀǎ ǘŀƪŜƴ ǎǘŜǇǎ ǘƻ ƳƻŘŜǊƴƛȊŜ CŜŘŜǊŀƭ ǇŜǊƳƛǘǘƛƴƎ ŀƴŘ ǊŜǾƛŜǿ ǇǊƻŎŜǎǎŜǎΦпмн !ŎǘƛǾŜ 
ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ CŜŘŜǊŀƭΣ ǎǘŀǘŜΣ ŀƴŘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ŜƴŀōƭŜǎ ǿŜƭƭπƛƴŦƻǊƳŜŘ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎΣ 
ǎǘǊƛƪƛƴƎ ŀ ŦŀƛǊ ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ ƛƴǘŜǊŜǎǘǎΦ 

3.4.5 Federal and State Initiatives to Modernize Permitting and 
Review Processes 

¢ƘŜ CŜŘŜǊŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ǳƴŘŜǊǘŀƪƛƴƎ ǎŜǾŜǊŀƭ ŀŎǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ǇŜǊƳƛǘǘƛƴƎ ŀƴŘ ǊŜǾƛŜǿ 
ǘƛƳŜ ŦƻǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻƧŜŎǘǎΣ ǿƘƛƭŜ ƛƳǇǊƻǾƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ƻǳǘŎƻƳŜǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ 
ŀ ƴǳƳōŜǊ ƻŦ CŜŘŜǊŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ ƛƴƛǘƛŀǘƛǾŜǎ όƻǳǘƭƛƴŜŘ ƛƴ ¢ŀōƭŜ оΦсύ ǘƘŀǘ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎǳǇǇƻǊǘ ōŜǘǘŜǊ 
ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŀȅǎΥ 

 CŀŎƛƭƛǘŀǘŜ ōŜǘǘŜǊ ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ǇŜǊƳƛǘǘƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎ ŀǘ ŀƭƭ ƭŜǾŜƭǎ ƻŦ ƎƻǾŜǊƴƳŜƴǘ 
 5ŜǾŜƭƻǇ ŀƴŘ ǇǳōƭƛǎƘ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴΣ ŘŀǘŀΣ ŀƴŘ ǘƻƻƭǎ 
 {ǳǇǇƻǊǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇƭŀƴƴƛƴƎ ŀƴŘ ŜǎǘŀōƭƛǎƘ ǊƛƎƘǘǎ ƻŦ ǿŀȅ ŦƻǊ ŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎ 
 /ƻƴŘǳŎǘ ǘŜŎƘƴƻƭƻƎȅ wϧ5Φ 

Table 3-6. Federal and Sub-National Initiatives to Modernize Electric Infrastructure Permitting and 
Review Processes413 

Initiative Title Description (Scope and Specific Focus Areas) 

Facilitate Better Coordination between Permitting Authorities, Increase Transparency 

Establishing an Implementation Plan to 
Modernize Permitting 

National; Federal plan includes four strategies, 15 
reforms, and nearly 100 near-term and long-term 
milestones, established by Presidential Memorandum 

Improving Performance of Federal Permitting and 
Review of Infrastructure Projects 

National; Executive Order 13604 to improve the efficiency 
and transparency of permitting and review processes for 
infrastructure projects while producing measurably better 
outcomes for communities and the environment 

Transforming the Nation's Electric Grid through 
Improved Siting, Permitting, and Review 

National; developing an integrated interagency pre-
application process for significant onshore electric 
transmission projects requiring Federal approval, 
identifying and designating energy corridor 

Creating a Permitting Dashboard National; online database to track the status of Federal 
environmental reviews and authorizations for projects 
covered under Title 41 of the Fixing America’s Surface 
Transportation Act  

Establishing an Interagency Rapid Response 
Team for Transmission 

National; improve Federal interagency coordination, tribal 
consultation, and conflict resolution for challenging 
transmission projects 

The Western Governors Association Regulatory 
and Permitting Information Desktop Toolkit 

Western United States; includes wiki platform for 
stakeholder and agency collaboration 

Integrated Interagency Pre-application Process National; DOE final rulemaking to improve project planning 
process  
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Initiative Title Description (Scope and Specific Focus Areas) 

Fixing America’s Surface Transportation Act National; Title 41 establishes the Federal Infrastructure 
Permitting Improvement Steering Council to inventory 
major infrastructure projects that are subject to NEPA and 
improve the review process  

Publish Information, Data, and Tools 

EPA’s NEPAssist National; web-based mapping tool 

Fish and Wildlife Service’s Information, Planning, 
and Conservation Tool 

National; help identify endangered and threatened 
species before beginning project design 

Army Corps’ Federal Support Toolbox National; “one-stop shop” online water resources data 
portal 

Eastern Interconnection States Planning 
Council’s Energy Zones Mapping Tool 

Eastern United States; includes 273 geographic 
information system data layers and links to key resources 

Energy Zones Mapping Tool for the Eastern 
Interconnection Planning Collaborative 

Eastern United States; mapping clean energy resources 
and transmission 

Western Electricity Coordinating Council 
Environmental Data Viewer 

Western United States; interactive transmission planning 
tool 

Support Infrastructure Planning 

Undertaking landscape- and watershed-level 
mitigation and conservation planning 

National; environmental mitigation and resource 
protection at the landscape and watershed levels 

Speeding infrastructure development through 
more efficient and effective permitting and 
environmental review  

National; Presidential Memorandum calling for expedited 
review of priority projects and improved accountability, 
transparency, and efficiency 

Memorandum of Understanding regarding 
transmission siting on Federal lands 

National; aims at reducing approval time and reducing 
barriers to siting new transmission lines 

Designating corridors for pipelines, electric 
transmission lines, and related infrastructure 

Western United States; Energy Policy Act of 2005 Section 
386 establishes rights-of-way on Federal land to promote 
energy development, resolve resource disputes, and 
reduce congestion 

Desert Renewable Energy Conservation Plan California; Federal and state collaboration on landscape-
level plan streamlining renewable development while 
conserving unique and valuable desert ecosystems 

Technology R&D 

Promoting grid modernization, DOE National; Enhance security capabilities and stakeholder 
support 

A number of federal and regional initiatives are designed to improve the electric infrastructure permitting 
and review process. Improved coordination not only reduces permitting and review time, but also improves 
environmental and community outcomes. These initiatives include the facilitation of coordination between 
authorities and increased transparency, new tools to disseminate information effectively, the support of 
infrastructure planning, and technology R&D. 

3.4.6 Addressing Impacts of Increased Deployment and New Clean 
Energy Technologies 

LƴŎǊŜŀǎŜŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŜȄƛǎǘƛƴƎ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ŎƭŜŀƴ ŜƴŜǊƎȅ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ǊŜŦƛƴŜƳŜƴǘ ƻŦ ŜȄƛǎǘƛƴƎ ƳƛǘƛƎŀǘƛƻƴ ǇƻƭƛŎƛŜǎΣ ǿƘƛŎƘ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ōŜŦƻǊŜ ǘƘŜǎŜ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜŎŀƳŜ ŀǾŀƛƭŀōƭŜΣ ŀǎ ǿŜƭƭ ŀǎ ƴŜǿ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƳƛǘƛƎŀǘƛƻƴΦ LƴŎƭǳŘƛƴƎ ŀƴŀƭȅǎŜǎ ƻŦ ƭŀƴŘπǳǎŜ 
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and ecological impacts in the R&D process for new technologies could avoid most impacts and decrease 
the need for mitigation.  

Improving environmental outcomes from infrastructure siting requires the joint efforts of agencies at all 
levels of government and the private sector. 

Recent Transmission Line Approvals 
 Clean Line Plains & Eastern Project:414 In March 2016, Secretary Moniz announced that the 

Department of Energy (DOE) would participate in the development of the Plains & Eastern Clean Line 
Project (Clean Line), a major clean energy infrastructure project. The Clean Line project taps 
abundant, low-cost wind generation resources in the Oklahoma and Texas panhandle regions to 
deliver up to 4,000 megawatts (MW) of wind power via a 705-mile direct current transmission line—
enough energy to power more than 1.5 million homes in the mid-South and Southeast United States.  
 
The Clean Line project will include a 500-MW converter station in Arkansas that will allow the state to 
access the low-cost renewable energy supplied from the project. Currently, Arkansas has no utility-
scale wind generation facilities and none under construction. Furthermore, as a condition of its 
participation, DOE required that Clean Line make payments to localities for any otherwise-taxable 
land and assets that are owned by the Federal Government. 

 Great Northern Transmission Line:415 In November 2016, DOE announced the issuance of a Record 
of Decision and Presidential Permit for the Great Northern Transmission Line. The 224-mile, overhead 
alternating current transmission line will bring up to 883 MW of hydropower from Manitoba Power in 
Canada to Grand Rapids, Minnesota, and will deliver wind power generated in North Dakota to 
Manitoba Power in Canada. The project has the potential to provide enough reliable, affordable, and 
carbon-free electricity to serve approximately 600,000 residential customers in the Upper Midwest.  

 New England Clean Power Link:416 In December 2016, DOE announced the issuance of a Record of 
Decision and Presidential Permit for the New England Clean Power Link Transmission Line. The 154-
mile underground and underwater direct current transmission line will bring up to 1,000 MW of 
hydropower from Quebec, Canada, to southern Vermont. The project has the potential to provide 
enough reliable, affordable, and carbon-free electricity to serve approximately 1 million residential 
customers in New England.  

3.4.6.1 Data and Analytical Needs  

In general, it is important to have authoritative, unbiased data in order to make informed Federal policy 
decisions, but this is also important to empower other public- and private-sector entities at all levels to 
identify cost savings, provide better services, effectively plan for the future, make research and scientific 
discoveries, etc. DOE has done well to provide relevant electricity data for many years, most notably via 
the Energy Information Administration. However, attempts to address a host of emerging issues and 
pursue key policy objectives in the electricity sector have uncovered data issues that are inhibiting such 
efforts by actors at all levels of government. 

Ecological and other environmental impacts, specifically, can be reduced by improving availability, quality, 
harmonization, standardization, and accessibility of relevant data to inform decision making. Some data 
sets exist already, including Tethys,417 a growing compendium of information and data exchanges on the 
environmental effects of wind and marine renewable energy technologies,418 and the Wind-Wildlife 
Impacts Literature Database, a searchable document collection focusing on the impacts to wildlife from a 
variety of technologies.419 However, relevant data, if available, can be plagued with quality issues, and 
there are often spatial and temporal disparities between related data sets that make analysis difficult. 

There is a need for additional data and analytical tools on updated life-cycle analysis using consistent 
methodologies, as well as studies that attempt to monetize external costs420 associated with land-use 
requirements and ecological impacts. More research and increased availability of data would improve the 
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transparency of environmental impacts to developers, regulators, and the public, and help inform more 
effective strategies for mitigating ecological impacts of electricity infrastructure and operations. 

Including analysis of land and ecosystems in the R&D process could decrease the need for mitigation. New 
technologies with no adverse effects on ecosystems would unlock further areas where that technology 
could be deployed. As the United States and other countries accelerate clean energy innovation through 
Mission Innovation, including land-use and ecosystem impacts in Mission Innovation could provide a more 
holistic assessment of the environmental and ecological effects of new clean energy technologies. 

3.4.6.2 Multiple Uses for Rights of Way: Repowering and Repurposing 
Degraded Lands or Brownfields  

Electricity infrastructure can be sited at less environmentally sensitive locations, such as Superfund sites, 
brownfields, landfills, abandoned mining land, or existing transportation and transmission corridors. 
Through its cataloging of Federal and state tracked contaminated lands, landfills, and mine sites, EPA has 
identified thousands of potential sites that could potentially ameliorate incremental environmental 
impacts.421 Comprehensive land-use planning exercises have also identified areas appropriate for 
development, such as the California Desert Renewable Energy Conservation Plan and the DOE-BLM Solar 
Programmatic Environmental Impact Statement. States and Federal agencies could assess the amount of 
land suitable for multiple simultaneous uses, including the installment of clean energy technologies. 
Zoning laws could allow multiple land uses as a factor in permitting decisions for clean energy 
technologies. 

3.4.6.3 Programmatic Environmental Planning and Land-Scale Impact 
Assessments 

The trend has been to consider mitigation through programmatic environmental impact statements (PEIS) 
and landscape scale impact assessment, replacing a more project-orientated focus. A November 2013 
Presidential Memorandum outlined further mitigation principles for Federal agencies, including requiring 
agencies to set a “no net loss” or “net benefit” goal. Subsequent Department of the Interior guidance on 
landscape-scale mitigation supported examining project impacts by considering the range of the resource 
in the context of the larger landscape where the project would be built. Landscape-scale strategies 
consider impacts across ecosystems and administrative boundaries, and give a more comprehensive 
picture than studies focused narrowly on impacts on a project-by-project basis. This approach is being 
applied to a variety of major infrastructure development projects, including transmission and other 
electricity projects. The Fish and Wildlife Service uses landscape-scale analysis to protect the golden eagle, 
among other species, defining its “no net loss” policy to require every golden eagle killed at a wind plant 
to be offset by reducing eagle mortality from another source or by increasing eagle productivity.422  

BLM also conducts PEIS for geothermal explorations or solar energy development in six southwestern 
states. PEIS evaluate environmental impacts of a variety of individual projects over a long time frame and 
a large geographic area.423 Land-use and ecological impacts of energy technologies should be assessed on 
a larger scale, and the necessary cooperation across jurisdictions should be expanded, especially as 
impacts on wildlife could be felt far away from the original site of the deployed technology.  

3.4.7 Electricity and Environmental Justice  

Populations of concern—including low-income communities and some minority and tribal communities—
are more vulnerable to the air- and water-quality impacts of the electricity system. These communities 
are also disproportionately vulnerable and less resilient to the impacts of climate change. These 
communities may have greater exposures due to their proximity to sources of pollution; may be inherently 
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more sensitive to environmental impacts of pollution due to higher baseline risks, such as poor overall 
health; and typically have lower capacity to adapt to the impacts of pollution and extreme weather.424 For 
example, a greater percentage of minorities and people living below the poverty level live within a 3-mile 
radius of coal- and oil-fired power plants, compared to the U.S. population overall.425 Additionally, existing 
health disparities and other inequities in these communities increase their vulnerability to the health 
effects of degraded air quality and climate change.426 

Populations with the greatest sensitivity to the impacts of air pollution from power generation include 
children, the elderly, African Americans, and women.427 Several factors make children more sensitive to 
air quality impacts, including lung development that continues through adolescence, the size of children’s 
airways, their level of physical activity, and body weight. Ground-level ozone and PM are associated with 
increased asthma episodes and other adverse respiratory effects in children.428 Minority adults and 
children bear a disproportionate burden associated with asthma, as measured by emergency hospital 
visits, lost work and school days, and overall poorer health status.429 

Environmental justice concerns have been addressed in recent regulatory actions affecting power plant 
emissions, wastewater discharges, and onsite solid waste impoundment.430, 431, 432 In many cases, these 
rulemakings have provided the opportunity to reduce existing disparities in health impacts. For example, 
the Mercury and Air Toxics Standard requires power plants to limit their emissions of toxic air pollutants 
like mercury, arsenic, and metals, which disproportionately impact certain communities. In addition, 
Executive Order 12898 requires Federal agencies to consider environmental justice in regulatory, 
permitting, and enforcement activities. Also, in developing the CPP, EPA took steps to ensure that 
vulnerable communities were not disproportionately impacted by the rule and that the rule’s benefits, 
including climate benefits and air quality improvements, were distributed fairly. 

The Federal Interagency Working Group on Environmental Justice’s “Promising Practices for EJ 
Methodologies in NEPA Reviews”433 contains successful ideas across nine areas, from which all Federal 
agencies can draw to develop their approaches to address environmental justice in the NEPA process: 

 Meaningful engagement

 Scoping process

 Defining the affected environment

 Developing and selecting alternatives

 Identifying minority populations

 Identifying low-income populations

 Impacts

 Disproportionately high and adverse impacts

 Mitigation and monitoring.

3.4.8 Decommissioning of Generation Assets 

Infrastructure expansion can improve environmental performance by replacing higher-polluting with 
lower-polluting technologies.434 Because of their unique environmental concerns, nuclear power plants 
have strict, mandatory guidelines, payment processes, and monitoring for decommissioning activities, 
while in general, other generation assets do not. There are multiple ways to improve and expedite end-
of-life-cycle processes while also improving environmental and societal outcomes. 

Currently, the changing electricity sector is causing the closure of many coal and nuclear plants in a shift 
from recent trends. From 2000 through 2009, power plant retirements were dominated by natural gas 
steam turbines. Over the past 6 years (2010–2015), power plant retirements were dominated by coal 
plants (37 GW), which accounted for over 52 percent of recently retired power plant capacity.435 Over the 
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next 5 years (between 2016 and 2020), 34.4 GW of summer capacity is planned to be retired, and 79 
percent of this planned retirement capacity are coal and natural gas plants (49 percent and 30 percent, 
respectively). The next largest set of planned retirements are nuclear plants (15 percent).436yy A much 
smaller percentage of planned retirements are diesel combustion and oil steam turbines. These are less 
prominent in planned retirements, in part because they now represent a much smaller percentage of the 
Nation’s electricity capacity than has historically been the case. 

During decommissioning, all plants have waste streams that need to be managed. Coal and nuclear power 
plants produce the largest amount of solid waste during generation. For coal plants, the most expensive 
part of decommissioning in many cases will be environmental remediation of the CCR disposal sites.437 
Nuclear waste is stored at the reactor site where it is generated. The lack of a centralized permanent 
waste disposal facility for nuclear waste means that spent fuel storage facilities require continued 
management after a plant has been decommissioned. Decommissioning needs will continue to evolve as 
new generators, especially non-hydro renewables, reach the end of their operating lives in the next 20–
30 years. These plants have some unique waste streams, including large volumes of glass and aluminum, 
large fiberglass blades, and in some cases, rare earth metals; however, there is a high potential for 
recycling some of these materials, and wind plants often have the opportunity for repowering by 
upgrading the turbine. 

3.4.8.1 Coal 

Increases in coal retirements imply a greater need for decommissioning these plants. The coal ash 
byproduct of conventional coal-fired power plants is the largest quantity of solid waste produced from 
the generation of electricity.438 The composition and quantity of this solid waste depends on the type of 
coal burned, the power conversion technology used, and the addition of environmental controls. 
Decommissioning needs include (1) data on waste and decommissioning costs; (2) development of coal 
plant decommissioning procedures; and (3) identification of barriers to waste recycling and options for 
overcoming these barriers. 

3.4.8.2 Nuclear Power 

NRC operating licenses for approximately 60 percent of the existing nuclear-power generating units in the 
United States will expire by 2040. Without further license extensions, these expirations could result in 
retirements and decommissioning wastes in the coming decades.439 Nuclear plant owners must provide 
NRC with detailed decommissioning plans and periodic updates on the status of their decommissioning 
fund for the nuclear reactors they own.440 Three of the paramount considerations when developing a 
decommissioning plan are the radiological contamination, condition, and configuration of the plant. Two 
decommissioning methods have been used in United States: Safe Enclosure (“SAFSTOR”) and Immediate 
Dismantling (“DECON”).441 In DECON, the plant is immediately dismantled, and the site is prepped for 
reuse by removing nuclear waste in casks for storage. In SAFSTOR decommissioning, plant dismantling is 
deferred for about 50 years. There is currently no centralized permanent disposal facility for commercial 
used nuclear fuel in the United States, so this radioactive material is stored at reactor sites in 35 states 
awaiting construction of a permanent handling facility.442 

3.4.8.3 Oil and Gas 

Unlike coal plants and nuclear reactors, gas- and oil-fired plants do not generate combustion ash or 
nuclear waste. The unique solid waste concerns for gas- and oil-fired plants are the byproducts from 

yy These totals are based on announced retirements as of October 2016. Pending state action may prevent six nuclear reactors 
from retiring, and another reactor has since announced it will retire during this timeframe.  
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emission controls. However, the solid waste from electricity generation is small because of the low 
adoption rate of these emission controls for gas- and oil-fired plants. These solid wastes are similar to the 
waste generated by environmental controls placed on the stacks of coal plants, especially for most post-
combustion removal technology. 

There are three methods for decommissioning an oil or gas plant, considering the conditions of the plants 
and the total budget: cold closure, selective demolition, or total demolition.443 The decommissioning of 
gas and oil power plants creates construction and demolition waste, general refuse, and chemical 
waste.444  

Chemical waste that is particular to oil and gas plants includes naturally occurring radioactive materials 
(NORM). During the oil and gas combustion process, because NORM are not volatile, burning away the 
carbon leads to higher levels of radioactive waste in scale, sludge, and scrapings of the generator, tanks, 
and pipelines.445 Radioactive material can also form a thin film on the interior surfaces of gas processing 
equipment and vessels. Currently, no Federal regulations exist that specifically address the handling and 
disposal of NORM wastes. However, several oil-producing states (Texas, Louisiana, New Mexico, North 
Dakota, and Mississippi) have enacted specific NORM regulations.446  

3.4.8.4 Hydropower 

There are two options for decommissioning a hydropower plant. A partial retirement involves retirement 
of only the hydroelectric facilities and retains portions of the dam and other structures. Some 
rehabilitation of the structure for safety or maintenance may be required and can include reduction in 
height or breach of the dam. In this case, the dam is either reduced or eliminated, while some of the 
ancillary facilities may remain intact. A full retirement includes the removal of the project and all 
appurtenant structures, including rehabilitation or restoration of the affected project area. 
Decommissioning (whether partial or full) generally requires completion of an environmental impact 
statement, and every dam removal process will have site-specific engineering, environmental, and 
community issues. 

3.4.8.5  Wind 

To date, there have not been many wind decommissioning projects. As a result, details of 
decommissioning wind projects are very limited. In some states, developers are required to have 
decommissioning process and cost estimates ready with the decommissioning plan. In general, the 
decommissioning process of a wind plant consists of removing the turbine, destroying the concrete pads, 
restoring the surface, and replanting and rebuilding the soil of disturbed land. Communication towers are 
taken apart, removed, and then either disposed of, recycled or reused.447 

3.4.8.6 Solar PV 

Like wind, there have not been many decommissioning projects for solar to date. During 
decommissioning, PV modules must be removed from racks, and the racks must be dismantled. These are 
stored temporarily onsite until they are transferred by trucks to appropriate facilities, like recycling sites, 
or back to the manufacturer. Similarly, inverters and associated components must be transported to an 
appropriate site per local, state, and Federal waste disposal regulations. Finally, re-vegetation of the site 
is done to minimize erosion and disruption of vegetation. In the case of one solar farm decommissioning, 
the recycling value of the raw material for the solar array is expected to exceed the removal costs and 
provide a net economic benefit.448 
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While there is no industry-wide requirement for solar and wind developers to develop and fund 
decommissioning plans, BLM does impose decommissioning requirements on Federal lands. BLM requires 
developers seeking to site renewable generation projects on Federal lands to file a decommissioning plan 
and post a performance bond to help fund site remediation. The performance bond is intended to cover 
costs associated with (1) removing hazardous materials, including “herbicide use, petroleum-based fluids, 
and dust control or soil stabilization materials”; (2) decommissioning, removing, and properly disposing 
of all “surface facilities,” such as panels; and (3) “addressing reclamation, revegetation, restoration, and 
soil stabilization,” such as regrading or vegetation, as required under the Clean Water Act.449 Thus, solar 
and wind facilities sited on Federal lands must have a decommissioning plan before they are granted right 
of way and must post a bond to fund decommissioning. 
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IV  Ensuring Electricity System 
Reliability, Security, and 
Resilience 

This chapter addresses a range of possible risks to the electricity system and the broader economy, and it 
suggests options to mitigate and prepare for these risks. The first section explores the changing nature of 
reliability—the ability of the system to withstand sudden disturbances such as electric short circuits or 
unanticipated loss of system components—in the future electricity system. The next section examines 
existing and growing vulnerabilities for the electricity system and opportunities to address these 
vulnerabilities, including cybersecurity risks, interdependency of electricity with other critical 
infrastructures, and increased risk due to worsening global climate change. The final section focuses on 
enhancing the resilience of the system to minimize disruptions of service and return rapidly to normal 
operations following adverse events. 



Chapter IV: Ensuring Electricity System Reliability, Security, and Resilience 

4-2   Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 

Ensuring Reliability, Security, and Resilience: Summary of Key 
Findings 
 The reliability of the electric system underpins virtually every sector of the modern U.S. economy.

Reliability of the grid is a growing and essential component of national security. Standard definitions of
reliability have focused on the frequency, duration, and extent of power outages. With the advent of
more two-way flows of information and electricity—communication across the entire system from
generation to end use, controllable loads, more variable generation, and new technologies such as
storage and advanced meters—reliability needs are changing, and reliability definitions and metrics
must evolve accordingly.

 The time scales of power balancing have shifted from daily to hourly, minute, or second-to-second to
millisecond to millisecond at the distribution end of the supply chain, with the potential to impact system
frequency and inertia and/or transmission congestion. The demands of the modern electricity system
have required, and will increasingly require, innovation in technologies (e.g., inverters), markets (e.g.,
capacity markets), and system operations (e.g., balancing authorities).

 Electricity outages disproportionately stem from disruptions on the distribution system (over 90 percent
of electric power interruptions), both in terms of the duration and frequency of outages, which is largely
due to weather-related events. Damage to the transmission system, while infrequent, can result in more
widespread major power outages that affect large numbers of customers with significant economic
consequences.

 As transmission and distribution system design and operations become more data intensive, complex,
and interconnected, the demand for visibility across the continuum of electricity delivery has expanded
across temporal variations, price signals, new technology costs and performance characteristics,
social-economic impacts, and others. However, deployment and dissemination of innovative visibility
technologies face multiple barriers that can differ by the technology and the role each plays in the
electricity delivery system.

 Data analysis is an important aspect of today’s grid management, but the granularity, speed, and
sophistication of operator analytics will need to increase, and distribution- and transmission-level
planning will need to be integrated.

 The leading cause of power outages in the United States is extreme weather, including heat waves,
blizzards, thunderstorms, and hurricanes. Events with severe consequences are becoming more
frequent and intense due to climate change, and these events have been the principal contributors to
an observed increase in the frequency and duration of power outages in the United States.

 Grid owners and operators are required to manage risks from a broad and growing range of threats.
These threats can impact almost any part of the grid (e.g., physical attacks), but some vary by
geographic location and time of year. Near-term and long-term risk management is increasingly critical
to the ongoing reliability of the electricity system.

 The current cybersecurity landscape is characterized by rapidly evolving threats and vulnerabilities,
juxtaposed against the slower-moving deployment of defense measures. Mitigation and response to
cyber threats are hampered by inadequate information-sharing processes between government and
industry, the lack of security-specific technological and workforce resources, and challenges associated
with multi-jurisdictional threats and consequences. System planning must evolve to meet the need for
rapid response to system disturbances.

 Other risk factors stem from the increasing interdependency of electric and natural gas systems, as
natural gas-fired generation provides an increasing share of electricity. However, coordinated long-term
planning across natural gas and electricity can be challenging because the two industries are organized
and regulated differently.

 As distributed energy resources become more prevalent and sophisticated—from rooftop solar
installations, to applications for managing building electricity usage—planners, system operators, and
regulators must adapt to the need for an order of magnitude increase in the quantity and frequency of
data to ensure the continuous balance of generation and load.
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 Demand response and flexibility technologies – such as hydropower and storage – offer particularly
flexible grid resources that are capable of improving system reliability, reducing the need for capital
investments to meet peak demand, reducing electricity market prices, and improving the integration of
variable renewable energy resources. These resources can be used for load reduction, load shaping,
and consumption management to help grid operators mitigate the impact of variable and distributed
generation on the transmission and distribution systems.

 Information and communications technologies are increasingly utilized throughout the electric system
and behind the meter. These technologies offer advantages in terms of efficient and resilient grid
operations, as well as opportunities for consumers to interact with the electricity system in new ways.
They also expand the grid’s vulnerability to cyber attacks by offering new vectors for intrusions and
attacks—making cybersecurity a system-wide concern.

 There are no commonly used metrics for measuring grid resilience. Several resilience metrics and
measures have been proposed; however, there has been no coordinated industry or government
initiative to develop a consensus on or implement standardized resilience metrics.

 Low-income and minority communities are disproportionately impacted by disaster-related damage to
critical infrastructure. These communities with fewer resources may not have the means to mitigate or
adapt to natural disasters, and they disproportionately rely on public services, including community
shelters, during disasters.

 This chapter was developed in conjunction with the closely related and recently published “Joint United
States-Canada Electric Grid Security and Resilience Strategy.”1

Reliability, Resilience, and Security: Grid 
Management and Transformation 

Traditional electricity system operations are evolving in ways that could enable a more dynamic and 
integrated grid. The growing interconnectedness of the grid’s energy, communications, and data flow 
creates enormous opportunities; at the same time, it creates the potential for a new set of risks and 
vulnerabilities. Also, the emerging threat environment—particularly with respect to cybersecurity and 
increases in the severity of extreme weather events—poses challenges for the reliability, security, and 
resilience of the electricity sector, as well as to its traditional governance and regulatory regimes. 

The concepts of reliability, security, and resilience are interrelated and considered from different 
perspectives. Meeting consumer expectations of reliability is a fundamental delivery requirement for 
electric utilities, where reliability is formally defined through metrics describing power availability or 
outage duration, frequency, and extent. The utility industry typically manages system reliability through 
redundancy and risk-management strategies to prevent disruptions from reasonably expected hazards. 

Grid Reliability, Security, and Resilience 
For purposes of this discussion, reliability is the ability of the system or its components to withstand 
instability, uncontrolled events, cascading failures, or unanticipated loss of system components. Resilience 
is the ability of a system or its components to adapt to changing conditions and withstand and rapidly 
recover from disruptions. Security refers specifically to the ability of a system or its components to withstand 
attacks (including physical and cyber incidents) on its integrity and operations.  

Delivery of electricity service has been consistently and highly reliable for most of the century-long 
development, expansion, and continuous operation of grids across all regions of the Nation. The 
traditional definition of reliability—based on the frequency, duration, and extent of power outages—may 
be insufficient to ensure system integrity and available electric power in the face of climate change, 
natural hazards, physical attacks, cyber threats, and other intentional or accidental damage; the security 
of the system, particularly cybersecurity, is a growing concern.  
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Resilience is the ability to prepare for and adapt to changing conditions, as well as the ability to withstand 
and recover rapidly from disruptions, whether deliberate, accidental, or naturally occurring.2 While 
resilience is related to aspects of both reliability and security, it incorporates a dynamic response 
capability to reduce the magnitude and duration of energy service disruptions under stressful conditions.3 
Infrastructure planning and investment strategies that account for resilience typically broaden the range 
of risk-reduction options and improve national flexibility through activities both pre- and post-disruption, 
while also focusing on the electricity-delivery outcomes for the consumer. 

U.S. policies, markets, and institutional arrangements must evolve to reflect new electricity system 
realities and trends—continuing to enable and enhance the reliability, security, and resilience of the 
electric grid. The Department of Energy (DOE), the Federal Energy Regulatory Commission (FERC), the 
North American Electric Reliability Corporation (NERC), regional planning authorities, utilities, power 
system operators, states, and other organizations work together to ensure the reliability of the U.S. power 
system through the implementation of reliability standards, timely planning and investment, and effective 
system operations and coordination.  

The Changing Nature of Reliability 

Electricity customers have high expectations of electricity reliability from their utility providers. Virtually 
every sector of the modern U.S. economy depends on electricity—from food production, to banking, to 
health care. Critical infrastructures like oil, gas, transportation, and water all depend on electricity, and 
the electric system depends on them. This places a high premium on reliability.  

Standard Measures of Reliability 

A brief review of how reliability is measured today will help define the playing field and the associated 
value at stake. From the utility industry perspective, reliability is formally defined through metrics 
describing power availability or outage duration, frequency, and extent. Reliability within the utility 
industry is managed to ensure the system operates within limits and avoids instabilities or the growth of 
disturbances. These practices are not static, and utilities continue to improve their reliability practices and 
implementation methods to reflect increased consumer expectations. Typical approaches to reliability 
include hardening, investment, and redundancy to prevent disruptions from reasonably expected 
hazards. 
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Figure 4-1. System Average Interruption Duration Index (SAIDI) in 2015 by State4 

States experienced varying levels of reliability in 2015. A reliable bulk power system does not necessarily 
mean reliable end-user electricity service because outages often originate on local distribution systems, as 
reflected in the SAIDI measurements in the above map. 

Most state and Federal regulators have significant experience addressing system reliability and currently 
consider the issues of resilience and security through the lens of existing reliability tools, approaches, and 
metrics. One metric applied with the goal of improving system performance with respect to reliability 
indicators is the System Average Interruption Duration Index (SAIDI). SAIDI measures the total duration of 
an interruption for the average customer given a defined time period. Typically, it is calculated on a 
monthly or yearly basis. Another metric, the Customer Average Interruption Duration Index (CAIDI), 
measures how long it takes to restore the system once an outage occurs. And, the System Average 
Interruption Frequency Index (SAIFI) measures the average number of times that a customer experiences 
an outage during the year. SAIFI is calculated by dividing SAIDI by CAIDI. As most outages occur on the 
distribution system rather than the bulk system, these reliability indices are commonly used to measure 
distribution level reliability. NERC uses a number of bulk power system reliability indices.5 

Based on these reliability measures, the average customer experiences 198 minutes of electric power 
unavailability per year,a, 6 although there is significant variability among states and utility providers. The 
best-performing state had a SAIDI level of 85 minutes a year. In contrast, as shown in Figure 4-1, one state 
had a SAIDI statistic in 2015 of nearly 14 hours of outage for the year, with an availability level of 99.84 
percent. Even this state level of aggregation masks some outliers in the data. There were several utilities 
with a SAIDI index below 1 minute of outage for the year. 

a Analysis is based on 2016 Energy Information Administration (EIA) data. Information reported to EIA is estimated to cover 
approximately 90 percent of electricity customers.  
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There are, however, caveats to these findings. First, the variability of reliability performance is a function 
of a myriad of factors, including regional differences, varying regulatory standards, costs, system 
configuration, customer density, hazard exposure, and other. Also, utilities have historically reported 
SAIDI, SAIFI, and CAIDI statistics in inconsistent ways; for example, some utilities include data associated 
with “major events” in their public reporting to public utilities commissions, while others do not.7 Utilities 
also take inconsistent approaches to defining “major events.”8 The lack of uniform national data inhibits 
more sophisticated analysis of macro trends in distribution reliability—something that is important to 
remedy in an electricity sector that is increasingly data intensive. 

Also, although the predecessor to today's NERC was first formed in 1968 to address system reliability, the 
Institute of Electrical and Electronics Engineers (IEEE) Standard 1366 only formally defined industry 
reliability metrics in 1998.9 The Energy Information Administration (EIA) began collecting distribution-level 
reliability data, including SAIDI and SAIFI information, in 2013—marking increased attention and effort on 
the reliability front. Yet, even today, only 33% of utilities report these statistics, covering 91% of the 
electricity sales in the nation, which indicates that there is room for improving reliability reporting 
practices.10  

There are other reliability measures and associated government reporting requirements as well. NERC, 
for example, collects the additional data it needs to promulgate reliability and security standards, but it 
does not make all of these data available to government agencies. Beyond reliability, a number of 
resilience metrics and measures have been proposed; however, there has not been a coordinated industry 
or government initiative to develop consensus or implement standardized resilience metrics, though the 
Grid Modernization Laboratory Consortium is launching the Foundational Metrics Analysis project to 
develop some resilience metrics.11  

Time Scales and Grid Reliability 

Throughout the 20th century, the design of power systems and early metrics (such as the loss of load 
expectation) focused on periods of maximum consumer electricity use. With more controllable loads, 
more variable generation, new technologies (such as storage), and the increasing importance of power 
system reliability, reliability is becoming a more complex concept, and reliability metrics and criteria must 
evolve accordingly.  

Adequacy of generation resources is measured by a utility’s reserve margin and has traditionally meant 
the extent to which utilities have adequate infrastructure to generate electricity to meet customers’ 
needs. Generation reliability criteria is focused on installed generation to meet customer demand; the 
role of the customer as a system resource was not a consideration.  

For vertically integrated systems, grid operators manage the entire electricity supply chain from end 
(generation) to end (delivery service). When new market structures were created across many U.S. regions 
in the form of independent system operators (ISOs) or regional transmission organizations (RTOs), end-
to-end management was replaced with competing power generators. In these markets, variable 
generation may be the lowest cost generation; , generation from certain power stations may not be 
accepted to run because they are not cost competitive for a specific day’s operations. However, if a 
generator is deemed critical to system integrity, power stations can get “reliability must run” payments. 
These out-of-market payments, in turn, lower power market prices, which has been especially 
problematic for certain types of generation such as nuclear, which already faces challenges from low 
power prices due to the relatively low capital, operations, and fuel costs of natural gas-fired generators.  
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Figure 4-2. System Reliability Depends on Managing Multiple Event Speeds12 

Markets are used for traditional grid operations, including hour-ahead, day-ahead, and capacity markets. 
Long-term planning reaches byond typical market and financial signals. 

Supply variabilityb is an important part of system operations, where ISOs/RTOs must ensure that risks of 
unexpected loss or variability of supplies are hedged by having some power plants immediately available 
(spinning reserves) and other plants able to supply power with short-term notifications of need (non-
spinning reserves).  

These adjustments to power flow management occur within the general framework of grid operations. 

This framework has historically been well understood by grid operators because the time dimensions of 

operations have not changed significantly, even when ISOs/RTOs were given responsibility for 

transmission system management. These dimensions, which operators have historically understood 

well, are seen in 

b As used here, variability refers to the difference between the expected and actual load or generation. 
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Figure 4-2 on the right side of the continuum, where the time scales of capacity markets, day-ahead, and 
hour-ahead products are depicted. For out-years beyond capacity contracts, traditional transmission and 
distribution system planning methods work to map and price investment requirements to ensure long-
term grid reliability. Planning for decarbonization and climate resilience reaches beyond typical planning 
horizons for grid operators.  

Changing Time Dimensions, Grid Topology, and Emerging Grid 
Management Challenges 

Variable energy resources (VERs) provide a range of benefits to utilities and their customers, including 
avoided fuel costs, greenhouse gas emissions, and costs associated with environmental compliance.13, 14 
In some cases, distributed VERs are also credited with providing electric reliability and resilience benefits, 
particularly in the context of microgrids.15  

However, the widespread integration of VERs at both utility scale and distributed across all consumer 
segments significantly expands the time dimensions in which grid operators must function, and it 
complicates operations. It underscores the need “to coordinate time and space within the electric grid at 
greater resolution or with a higher degree of refinement than in the past.”16 A recent White House report 
noted, “The distinctive characteristics of [VERs] will likely require a reimagining of electricity grid 
management.”17 

Impacts on transmission and distribution systems and integration options vary by scale. For instance, 
utility-scale solar power flowing onto high-voltage transmission lines can be smoothed and firmed up at 
the point of production by using smart inverters and storage. When onshore wind plants are integrated 
at a large geographic scale, lower correlation factors can smooth out variability. Assuming these 
aggregations are visible to grid operators to adequately assess both their costs and benefits, many 
aggregated distributed solar installations can smooth out the random variations from individual 
installations.  

The time dimensions in which grid operators must function to accommodate the unique characteristics 

of VERs and distributed energy resources (DERs) are identified in the hourly, to minute, to second 

intervals (see 
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Figure 4-3). While grid operations are successfully managed today in some markets with relatively high 
levels of VER penetration,18 this can complicate grid management. Consider a generic example of utility-
scale generation portfolio management in a high VER supply system. Power supplied from solar stations 
has two types of variability to manage: minute-to-minute fluctuations and the dramatic drop in power 
supplied from solar as the sun goes down. This drop can be precipitous and occur within an hour or less.  
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Figure 4-3. System Reliability Depends on Managing Multiple Event Speeds19 

Markets are used for grid operations on the order of seconds to minutes, such as frequency regulation and 
demand response.  Some essential reliability capabilities, such as inertial response, occur faster than 
typical market signals.  

Grid dispatch (actions that operators take to engage power suppliers to provide power to the grid) occurs 
around load changes, traditionally referred to as load-following activities. In grids with wholesale markets, 
economic dispatch occurs based on which generators win daily auctions and produce power for the grid. 
ISOs/RTOs also load follow for grid management, and in regions with high VER production, load following 
and load shaping may provide linked challenges. 

By calling or not calling on generators to produce electricity, grid dispatch determines the value that 
power producers obtain from their assets. Grid dispatch ensures system reliability through management 
of operating generators, as well as those waiting to be called if needed. In a world of sub-second decision 
making, dispatch effectiveness will require the integration of automated grid management, with 
continuing human oversight. The pace of change may dictate faster adaptation times for grid operators, 
but grid reliability may dictate a more methodical consideration of operating protocol changes, which are 
driven by changes in the types, scale, scope, and location of power supplies. Continuous engagement of 
grid dispatchers in planning for the 21st-century grid is essential.  

VER fluctuations on the bulk power side of the equation can be mitigated by regulating power flows onto 
the grid—both up and down and from minute to minute. Mitigating power flows can occur with resources 
and services such as regulation that respond in one to several seconds; through process-flow techniques 
involving ramping up and throttling down generation plants; via transmission system blending with 
flexible resources such as hydro; and through demand response (DR) (including advanced water 
infrastructure),20 which can be used to align demand with supply variations for grid services, including 
frequency regulation. 

Variability is managed through geographic diversity and aggregation. FERC (through NERC) requires 
balancing authorities to constantly match supply and demand within their respective balancing areas.c, 21 
Larger balancing areas could help manage variability by sharing generation resources to smooth out 

c A balancing authority “integrates resource plans ahead of time, maintains Demand and resource balance within a Balancing 

Authority Area, and supports Interconnection frequency in real time.” The Balancing Authority Area (shortened here to 
Balancing Area) is the “collection of generation, transmission, and loads within the metered boundaries of the Balancing 
Authority.” From North American Energy Regulatory Commission (NERC), “Glossary of Terms Used in NERC Reliability 
Standards,” NERC, last updated November 28, 2016, http://www.nerc.com/files/glossary_of_terms.pdf.  

http://www.nerc.com/files/glossary_of_terms.pdf
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supply. A recent National Renewable Energy Laboratory analysis concluded that, “consolidated operations 
of two or more balancing authorities fully captures the benefits of geographic diversity and provides more 
accurate response.”22 For example, the integration of PacifiCorp into the California ISO Energy Imbalance 
Market reduced the amount of required flexibility reserves by about 280 megawatts (MW), or 36 
percent.23 

While there is ramping associated with all generation technologies, because of their variability, baseload 
generators must ramp more frequently to accommodate VERs. Ramping to match supply and demand can 
reduce the efficiency of baseload generators, possibly decrease their ability to recover capital costs, and 
increase fossil unit emission rates. Innovation to improve baseload generators’ ramping capability is an 
important need that will become more important at high levels of VERs. Recent analysis suggests that 
“…High renewable energy penetrations could significantly change dispatch requirements and use of 
conventional generators.”24 Also, price suppression is occurring in RTO/ISO wholesale markets, with 
noticeable amounts of wind and solar generation (and low-cost gas generation). While passing on savings 
to consumers is desirable, in some regions, these low prices have put pressure on baseload units, 
particularly zero-carbon emissions nuclear generation. 

Better forecasting has also reduced VER integration costs. Most North American power markets dispatch 
wind plants along with conventional power plants based on current grid conditions and economics.25 
Setting wind generator schedules as close as possible to the dispatch time minimizes forecast errors, and 
using wind forecasting can greatly facilitate wind integration and reduce costs from carrying reserve 
capacity.26 

Another complication, as noted earlier, is that system operators dispatch the least-cost mix of generation 
needed to meet load, and the least-cost sources are often VER sources, which are fueled by the sun or the 
wind and therefore have low or zero marginal cost of production. In New England, as additional variable 
resources have come online, there has been “more frequent localized [transmission] congestion.”27 In the 
past, congestion was reduced by the system operator “through manual curtailment instructions that 
[were] not reflected in Real-Time Prices,” causing a “mismatch” of signals, when generators who would 
normally respond to high prices by increasing output were instead told to decrease output in order to 
maintain reliability.28 The system operator has undertaken several steps to address these challenges, and 
in April 2016, wind and hydro resources were designated as automated dispatch.29 Going forward, the 
system operator will require a series of actions to further integrate VER sources.30 Specifically, on October 
12, 2016, ISO New England filed proposed revisions to its Transmission, Markets, and Services Tariff with 
FERC, which in part were made to “more directly incorporate non-dispatchable, intermittent power 
resources into [market pricing]”, and on December 12, 2016, FERC issued an order accepting the 
proposal.31 32

Another example of the changes to grid management made in response to increasing penetrations of VERs 
is seen in the California market. Under existing operations, the California ISO found that “the fleet of 
resources committed…to provide energy often does not provide sufficient flexible ramping capability…to 
meet the actual changes in net load.”33 As a result, the operator must “dispatch units out of economic 
sequence, or dispatch units that are not in the market,” imposing “additional costs on the system” and 
creating “prices [that] do not reflect such marginal costs.”34 In California, the ISO addressed this issue by 
amending its tariff to “enhance the CAISO ability to manage the ramping capacity necessary to meet 
changes in net load—both forecasted and unexpected.”35 

Real-time wind penetration in the Southwest Power Pool (SPP) has, at times, approached 40% of 
generation.36 Between March 2016 and May 2016, wind accounted for 21.5% of all energy generated in 
SPP.37 In examining scenarios with significantly more VER, SPP found that new procedures “would enable 
the SPP transmission system to reliably handle up to…60% wind penetration” 38 while lowering overall 
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costs and reducing price volatility. 39 These new procedures include increasing the dispatchability of 
renewable resources, additional transmission capacity, enhancements to ancillary services, and new tools 
to manage inter-hour ramps.40 

In the Pacific Northwest, an increase in wind generation has meant that the operator must “dispatch units 
out of economic sequence, or dispatch units that are not in the market,” imposing “additional costs on 
the system” and creating “prices [that] do not reflect such marginal costs.”41 Additionally, an increase in 
wind generation has meant that “utilities must hold more resources in reserve to help balance demand 
minute-to-minute,” increasing “the need for system flexibility.”42 The Northwest Power and Conservation 
Council anticipates, however, “that the region will have sufficient generation and demand side capability 
on its existing system to meet balancing and flexibility reserve requirements over the next six years if [the 
region’s] energy efficiency and demand response development goals are achieved.”43 

Hydropower provides a variety of essential reliability services that are beneficial to the electricity system. 
One example is regulation and frequency response (including inertia), in which hydropower generators 
can quickly respond to sudden changes in system frequency, making hydro a very suitable complement 
to wind generation. Other essential reliability services include spinning and supplemental reserves 
enabled by high ramping capability, reactive power and voltage support, and black start capability. 

Despite the technical ability of hydropower to provide essential reliability services, these services provided 
by hydropower are not always explicitly compensated by existing market structures. For example, 
hydropower is one of the main providers of inertia and primary frequency response in the Western 
Electricity Coordinating Council, but it is not explicitly compensated for either service.44 Some recent 
market advances have been made that allow greater ancillary service participation. For example, FERC 
now requires ISOs to better compensate generators for frequency regulation services based on their 
response speed and flexibility to respond to a range of situations.45 In addition, in June 2016, FERC issued 
Order No. 825, requiring all regional transmission organizations (RTOs) and ISOs to implement sub-hourly 
settlements, allowing more accurate alignment of the services provided with the prices paid for them. 
Market rules governing participation of flexible resources, such as hydropower and pumped storage, 
could be reviewed to determine if additional changes could allow these resources to participate more 
effectively and ensure just and reasonable compensation.  

Part of the challenge facing hydropower lies in the difficulty of optimizing the limited generating ability of 
hydro resources due to non-market environmental and competing use constraints. Determining the best 
use of hydro resources through manual dispatch or market-based bidding process can be difficult because 
the value of essential reliability services can change quickly due to a number of factors, including location, 
day, time, regulatory constraints, and interaction with other generators. Moreover, in the long term, the 
best use of hydro resources may evolve as the generation mix changes.46 Essential reliability services are, 
however, undervalued in some existing market structures. 

On the consumer side of the utility meter, consistent growth in DERs (of which distributed VERs are a 
subset) has also changed how grid operators sustain high system reliability at both the distribution and 
transmission levels of electricity delivery. DERs represent a broad range of technologies that can 
significantly impact how much, and when, electricity is demanded from the grid, and they include 
distributed generation (DG) and storage technologies, as well as DR.47 Consumers with rooftop solar may 
influence their demand frequently and in diverse ways. This can impact total load (tending to reduce it) 
but may not be directly controlled by grid operators. Other DERs, such as truly dispatchable DR, can be 
directly managed and called by grid operators when needed.  

Deployment of distributed VERs places additional design and operational requirements on distribution 
grid operators. Currently, distribution systems are predominantly radial networks (feeders) delivering 
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grid-supplied power to customer premises. With significant penetration of distributed generation, some 
distribution utilities are facing new demands to interconnect multiple feeders together to accept 
customer-generated power and to be able to balance generation and demand. The new structure and 
roles of distribution systems will require development of advanced distribution circuits and substations 
to enable significant two-way power flows, new protection schemes,d and new control paradigms.  

Grid Frequency Support from Distributed Inverter-Based Resources in 
Hawaii 
Hawaii leads the United States in the portion of its electricity that is produced from variable renewable 
sources, and as an island state, it cannot rely on neighbors to help balance generation and load. Hence, 
the Hawaiian Electric Companies are currently experiencing the bulk system frequency stability impacts 
that mainland U.S. power systems will experience in the coming years and decades.48 The Grid 
Modernization Laboratory Consortium will develop, simulate, validate, and deploy practical solutions that 
enable distributed energy resources (DERs) to help mitigate bulk system frequency contingency events on 
the fastest time scale (milliseconds to seconds).49 The project will examine the ability to leverage the fast 
response capability of power electronics to enable photovoltaic inverters and storage inverters to support 
grid frequency starting a few fractions of a second after the appearance of a frequency event. The 
capabilities of currently available products to provide rapid frequency response will be characterized, and 
new capabilities will be developed with a goal of maximizing DERs’ ability to support grid frequency stability. 

California’s recent experience with its requirements for 20,000 MW of small renewable generation (under 
20 MW) by 2020 is instructive for both valuation and grid management. To make these volumes both 
visible to the ISO and valuable to consumers, aggregators, and grid operators, market designers at the 
California ISO allowed bids of at least 0.5 MW into day-ahead, energy and ancillary markets. Similar efforts 
are underway in Texas and New York.50  

The electricity system is also experiencing an increasing array of “sub-second” events that require 
response times that are far too short for humans to react. One of the driving forces making smart grids 
necessary is the proliferation of smart devices; each one is capable of microscopic frequency disruptions, 
which cumulatively present an unprecedented new challenge for system operators. Many consumer 
electronic devices (such as mobile phones, Wi-Fi-based home automation solutions, and smart 
entertainment devices) represent “endpoints” that can impact system operations. In addition, Internet of 
things (IoT) devices function at microsecond “clock speeds.” In the aggregate, these devices represent a 
new source of variability at speeds far faster than what grids have traditionally managed. The solution 
must take the form of protective relays and synchrophasors operating more-or-less autonomously in real 
time. The upside implications going forward include the need for integrating machine learning into grid 
operations (i.e., as positive solutions for mitigating unprecedented grid disruptive forces); on the 
downside, digitizing grid operations deep into sub-second operations raises new cyber vulnerabilities. 

The kinds of anomalies affecting wholesale markets and grid operators noted above suggest the need for 
frequent adjustments to market designs to accommodate new technologies, changing consumer 
preferences, and security needs. The Nation’s ISOs/RTOs, FERC, and NERC are continuously engaged in 
analysis, evaluation, and design modification processes—working to ensure that the present scoping and 
pace of regulatory change is aligned with the scale and speed of change occurring as a result of continued 
VER deployment. In September 2016, FERC approved new requirements for the quality of real-time 
monitoring and analysis capabilities for system operators,51 and NERC has made a number of 
improvements that have significantly reduced the time it takes to develop a standard. This is an ongoing 
process: both state and Federal regulators face complicated and evolving challenges that grid operators 

d Protection schemes identify coordinated corrective actions to detect and address abnormal system conditions (e.g., faults). 
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must address in a timely fashion while simultaneously operating under existing performance standards 
and system requirements.  

Grid Operation Impacts of the Internet of Things 

Grid control systems now handle, sense, and control endpoints numbered in the thousands. Widespread 
DER/DR penetration implies that future grid control systems may have to coordinate millions of end point 
control devices to support grid functions. These devices vary in type, from digital sensors and smart boards 
built into transformers, to mobile devices used by field operators and grid control managers. 

Current grid control systems are not structured for large-scale optimization of millions of devices  and 
they are not equipped to handle increasingly large volumes and types of data. End-users (consumers, as 
well as aggregators controlling multiple demand profiles) may wish to perform optimal local controls to 
meet their desired requirements that may be in conflict with optimal system-wide control.  

Grid control systems must evolve from being centralized to a hybrid of central and distributed control 
platforms. The need for flexible grid operations is challenging basic assumptions about grid control, which 
will require changes in standards and operating protocols. Bulk power systems operations are the purview 
of both FERC and NERC, but grid security and reliability assurance concerns mean that Federal authorities 
must be included in designing 21st-century grid control systems.  
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Overview of DHS Strategic Principles for Security of  the Internet of 
Things (IoT)  
The Department of Homeland Security (DHS) developed strategic principles, published on November 15, 
2016,52 to mitigate vulnerabilities introduced by the IoT through recognized security best practices. These 
principles are intended to offer guidance to stakeholders  as they seek to manage IoT security challenges. 

Strategic Principles for Securing IoT: 
1. Incorporate security at the design phase—building in security at the design phase reduces potential

disruptions and avoids the much more difficult and expensive endeavor of attempting to add security
to products after they have been developed and deployed.

2. Advance security updates and vulnerability management—vulnerabilities may be discovered in
products after they have been deployed. These flaws can be mitigated through patching, security
updates, and vulnerability management strategies.

3. Build on proven security practices—many tested practices used in traditional information technology
and network security can be applied to the IoT, helping to identify vulnerabilities, detect irregularities,
respond to potential incidents, and recover from damage or disruption to IoT devices.

4. Prioritize security measures according to potential impact—risk models differ substantially across the
IoT ecosystem, and the consequences of a security failure across different customers will also vary
significantly. Focusing on the potential consequences of disruption, breach, or malicious activity
across the consumer spectrum is therefore critical in determining where particular security efforts
should be directed and who is best able to mitigate significant consequences.

5. Promote transparency across the IoT—increased awareness could help manufacturers and industrial
consumers identify where and how to apply security measures, build in redundancies, and be better
equipped to appropriately mitigate threats and vulnerabilities as expeditiously as possible.

6. Connect carefully and deliberately—IoT consumers can also help contain the potential threats posed
by network connectivity, connecting carefully and deliberately, and by weighing the risks of a potential
breach or failure of an IoT device against the costs of limiting connectivity to the Internet.

Utility-Scale and Distributed Storage 

Electricity remains unique among commodities in its limited capability available for storage. There are few 
viable ways to store electrical energy (e.g., batteries, or pumped storage solutions), and there are other 
more exotic possibilities like superconducting magnet rings. Inventory options tend to narrow the amount 
and duration of ready access electricity. The graphic depiction in Figure 4-4 summarizes the power and 
duration capabilities of various storage technologies. 
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Figure 4-4. The Storage Technology Development Map53 

Most electricity storage is water that fuels turbines that produce electricity. Currently, the largest storage 
capacity is pumped hydro.  Electrochemical batteries have been the fastest growing new storage 
technology. Batteries in the form of fuel cells can be used for continuous power production and the scaling 
capabilities of fuel cells make them attractive for fitting load shapes to specifically sized power supplies.  
Other technologies for energy storage include compressed air, flywheels, and capacitors.   

Utility-scale battery storage and distributed battery storage vary by scale and duration, but perform 
consistently at any scale from a grid management perspective. When distributed storage is aggregated, it 
can offer to local grid operators greater flexibility for managing system reliability and power quality than 
utility-scale resources. Aggregation can be scaled to fit specific local needs in distribution systems  

An example of grid reliability applications of energy storage is seen in California, where the building of 
about 60 MW in new battery storage capacity is underway. e, 54, 55, 56 These installations are being built to 

e Upon commissioning, the 20 MW/80 MW-hour SCE Mira Loma project will be the largest battery in operation. The 37.5 
MW/120 MW-hour San Diego Gas & Electric Escondido project will then overtake Mira Loma as the largest battery when it is 
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resolve  reliability issues caused by the Aliso Canyon leak57 (for more information on Aliso Canyon, see 
“Underground Storage Leak in California Driving Natural Gas Storage Safety and Reliability Improvements” 
text box in section 4.3.3) and the San Onofre Nuclear Generating Station outage,58 and they will help level 
out electricity supply in California by moving energy from the afternoon production of solar to the evening 
peak.59 While region-specific critical reliability requirements can drive storage deployment, additional 
incentives can help accelerate these benefits ahead of a major disruption. 

Public investment and policy have been key to electricity storage technology development; the American 
Recovery and Reinvestment Act is the most commonly identified funding source for storage projects.60 By 
2015, through a combination of regulatory reforms, innovation, and cost reductions, lithium-ion batteries  
emerged as a dominant battery design for frequency regulation and renewables integration; lithium-ion 
batteries made up 95% of deployed capacity in 2015, with 80% of this capacity located in the PJM 
Interconnection territory, attracted by its pay-for-performance frequency regulation market.   

The evolution of storage technology is likely to take the electricity sector into new realms. “Hybridizing” 
storage solutions with solar and wind power sources may redefine what is meant by “power plant,” and 
alter how the grid is understood and used. If hybrids can “self-power” even a portion of a significant load, 
then tomorrow’s future electricity sector will be able to achieve national objectives for clean, secure, and 
affordable electricity supplies in a system that is imminently flexible and considerably resilient. 

Demand Response Can Aid Grid Management 

DR empowers consumers to change their normal electricity consumption patterns; it is a particularly 
flexible grid resource, capable of improving system reliability, reducing the need for capital investments 
to meet peak demand, as well as electricity market prices. DR can also be used for load reduction and load 
shaping, as well as to help grids mitigate generation variability, including from VERs. A variety of DR 
programs exist, some of which are offered directly by utilities, while other programs are offered by the 
grid system operators, retail competitors, and aggregators. DR challenges the view that a utility’s 
generation adequacy, measured by its reserve margin, is “steel in the ground”. DR can offset “installed 
capacity” and currently provides nearly 30 gigawatts (GW) of peak reduction capability nationwide;61 this 
accounted for 3.9 percent of U.S. peak demand in 201662 and exceeded 10 percent in some regions.f, 63, 64 
Future DR growth—FERC scenarios show 82 GW to 188 GW in possible DR capacity by 201965—along with 
other DER could significantly shift customer demand from peak to off-peak periods. 

A key driver of today’s DR programs has been the growth of advanced metering infrastructure (AMI), now 
deployed for nearly 65 million customers in the United States (see Figure 4-5).66 AMIs typically include 
two-way communications networks that utilities can leverage to improve electric system operations, 
enable new technological platforms and devices, and facilitate consumer engagement. More than half of 
deployed AMIs are in five states, with California, Florida, and Texas accounting for over 40 percent of the 
total.67 AMI investments have been largely driven by state legislative and regulatory requirements and 
ARRA funding.68 

commissioned. In addition to their titles as largest yet in operation, both projects were built quickly: about six months from 
contract award to commissioning. These projects show how new technologies, many of which benefitted from early publicly 
supported demonstrations, can provide rapid solutions for reliability, resilience, and security. 
f For example, in PJM Interconnection, demand resources account for over 10 GW out of the 167 GW from all capacity 
resources in the 2019/2020 delivery year. See references for more information. 
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Figure 4-5. Advanced Metering Infrastructure Growth Has Contributed to Expanded Role of DR 
Programs69 

A key driver of today’s demand response programs has been the growth of advanced metering 
infrastructure (in orange). In 2015, approximately 65 million customers in the United States had advanced 
metering infrastructure installations.  

State Regulatory Actions That Have Impacted DR70

 The California Public Utilities Commission will require default time-of-use (TOU) rates for residential
customers in 2019, and it is working with California Independent System Operator and the California
Energy Commission to create a market for demand response (DR) and energy efficiency resources.71

 In 2014, Massachusetts ordered its electricity distribution companies to file TOU rates with critical peak
pricing as the default rate design for residential customers once utility grid modernization investments
are in place.72

 In 2015, the Michigan Public Service Commission directed DTE Electric to make TOU and dynamic
peak pricing available on an opt-in basis to all customers with advanced metering infrastructure by
January 1, 2016. Similarly, Consumers Energy must make TOU available on an opt-in basis by January
1, 2017.

 Also in 2015, the New York Public Service Commission released a regulatory framework and
implementation plan (Reforming the Energy Vision) to align electric utility practices and the state’s
regulatory framework with technologies in information management, power generation, and distribution.
A related measure in 2014 approved a $200 million Brooklyn-Queens demand management program,
which includes 41 megawatts (MW) of customer-side measures, including DR, distributed generation,
distributed energy storage, and energy efficiency, to cost-effectively defer approximately $1 billion in
transmission and distribution investment.

 In June 2015, the Pennsylvania Public Utility Commission set a total peak demand reduction of 425
MW for electric distribution companies by 2021, against a 2010 baseline.

 In Rhode Island, DR is continuing to be tested in pilot programs by National Grid and will be
incorporated in analysis for “non-wires alternatives” to traditional utility infrastructure planning.73
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The legal and regulatory environment for DR is highly dynamic and evolving at both the national and state 
levels. On January 25, 2016, the U.S. Supreme Court upheld FERC’s authority to regulate DR programs in 
wholesale electricity markets (FERC Order No. 745).74 While this decision provides final policy clarity, it 
was made almost 2 years after the Appeals Court issued the opposite decision; in the intervening time, 
the markets were operating under the lower court’s interpretation that FERC’s DR order was encroaching 
on each state’s exclusive right to regulate its utility markets. As affirmed by the Supreme Court, the FERC 
order ensures that DR providers are compensated at the same rates as generation owners. This ruling is 
also expected to provide a more favorable environment for DR market growth by facilitating the 
participation of third parties in the aggregation of DR resources.  

As noted, total DR capacity varies widely by region, reflecting the diversity in utility, state, and regional 
policies toward DR and other forms of demand-side management. Regions where DR is installed directly 
in multiple electricity markets (e.g., capacity and essential reliability services) generally have greater total 
DR capacities and can reduce a larger proportion of their peak demand by using DR.75  
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Table 4-1. Potential Peak Reduction from Retail DR Programs, by Region and Customer Class76 

NERC Region Total DR 
Capacity 
(megawatts) 

Residential Commercial Industrial Transportation 

Alaska 27 19.0% 48.0% 33.0% 0.0% 

Florida Reliability 
Coordinating 
Council 

1,924 42.0% 39.0% 19.0% 0.0% 

Hawaii 35 57.0% 43.0% 0.0% 0.0% 

Midwest Reliability 
Organization 

4,264 44.0% 19.0% 37.0% 0.0% 

Northeast Power 
Coordinating 
Council 

467 8.0% 55.0% 34.0% 3.0% 

Reliability First 
Corporation 

5,362 29.0% 13.0% 58.0% 0.0% 

SERC Reliability 
Corporation 

8,254 16.0% 10.0% 74.0% 0.0% 

Southwest Power 
Pool 

1,594 13.0% 20.0% 66.0% 0.0% 

Texas Reliability 
Entity 

459 19.0% 74.0% 7.0% 0.0% 

Western Electricity 
Coordinating 
Council 

4,681 22.0% 24.0% 50.0% 3.0% 

Unspecified 28 100.0% 0.0% 0.0% 0.0% 

Totals 27,095 25.8% 18.9% 54.6% 0.6% 

Demand response (DR) resources tend to be drawn principally from industrial and commercial customers 
of utilities, although three regions—Florida Reliability Coordinating Council, Hawaii, and Midwest Reliability 
Organization—exhibit high-residential DR capacity. Variability among segments within and between 
regions is a function of DR program characteristics and requirements—whether penalties for non- or under-
performance apply, the frequency with which DR resources are called, and the purpose for which DR is 
used, such as peak mitigation or frequency regulation. Capacity estimates must be adjusted for value and 
reliability of delivery based on operational outcomes, as well. DR, when called, may not sustain for a 
complete event period; only a portion of what is called may show up; resource availability may vary over an 
event period; and sometimes the “snap back” at the end of an event can create “echo effects” of peak 
mitigation problems, as well. 

It is important to note that the potential peak reduction in Table 4-1 may not all be reduction in “real 
capacity.” There are significant challenges to making DR resources reliable, predictable, and sustainable 
so that they may function as “proxy generators.” Also,  the terms related to non-delivery or partial delivery 
of DR that is called into service by grid operators tend to have highly variable penalty clauses from region 
to region and from utility to utility’  grid operators generally favor more reliable and predictable resources 
over DR. Until there are consistent standards across regions that ensure data accuracy and validity, data 
on DR capacity will tend to be discounted by grid operators—an estimated 100-MW DR resource that can 
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be called does not mean that 100 MW will show up when called. Real-time visibility of these resources is 
important to grid operators and essential for maximizing the value of DR.77 

Topography and Geography are also Important to Grid Operators 

Topography and geography are additional and important aspects of core grid management challenges 
(see Figure 4-6). Geography is the physical area covered by the grid; topography is the type of geography 
(e.g., flat, hilly, mountainous, etc.). Figure 4-6 illustrates how physical distances can influence system 
structure and operational challenges.  

An example of why these features are important is that information and communications technology (ICT) 
infrastructure and reliability for smart meters and smart grid assets are less effective when mountainous 
terrain and urban infrastructure disrupt reliable wireless signal strength. Smart grid designers must and 
do build in redundancy to deal with certain topographic asymmetries by using multiple ICT channels.  

As another example, the concentration of distributed VERs in a specific urban geography can lead to 
stresses on local infrastructure, including transformers and substations. This can present more disruptive 
problems for local grid operators than non-clustered dispersion of VERs. System operators must watch 
for grid impacts in more granular ways, and grid design changes to mitigate clustering effects will become 
important new paths for adapting to consumer-side influences on grid operations. Because consumer 
behavior can change quickly, new grid design processes must be made to function faster, from core 
architecture to actual deployment. In turn, regulators must become nimble in considering incremental 
system costs that are compelled by grid operators anticipating problems and acting to mitigate them 
before they lead to grid interruptions.  

Figure 4-6. Network Geography and Topography Impact Real-Time Operations Management and 
Influence How System Planning Is Done for Grid Operations and Related Markets78 

A variety of grid services are managed across different distance scales, and markets can be used to 
integrate some necessary services. 

The Growing Role of the Consumer in Grid Reliability 

Reliability is increasingly a two-way proposition between grid operators and consumers, and grid 
reliability, while remaining true to its longstanding commitment to ensure high system “uptime,” now 
abuts an emerging “consumer reliability.” Reliability has typically been synonymous with “grid reliability” 
or “system reliability.” Consumer reliability derives from a series of initiatives over several decades; the 
continuous improvement in energy efficiency; the value of DR to both the grid and consumer; emerging 
new consumer value creation from IoT development; and the shifting priority of consumers (especially 
the commercial segment) for uninterruptible power services. The growing interdependence between grid 
operators and consumers—the two-way flow of information and power—means that grid reliability can 
be made more efficient and more robust if consumer integration into grid operations occurs.  
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Customer Engagement in Demand-Side Management 

Today, many customer categories and segments are interacting with the grid in some way. Customers 
now have the tools to alter their consumption patterns in response to price signals or requests from grid 
operators. This significant change—from a customer that is a passive load to one that is more actively 
engaged in demand management—may trend toward greater customer participation in the future. Within 
10 to 15 years, many of the new devices likely to become part of our electricity system—from power 
plants to rooftop solar systems, from batteries to street lights, from transformers to electric vehicles—
will also be digitally communicating with the grid.79 Most of these new devices will be able to "see" others 
on the grid, as well.  

This kind of connectivity with customers may lead to more fully integrated customer participation in grid 
operations on either an active level—where customers respond to time-of-use or real-time price signals—
or a passive level—with devices encoded to reflect customer preferences that are responsive to system 
prices and operating signals. Visibility of this connectivity is however, key to grid operations and 
management and essential for both customer and system reliability.   

Consumption response to system signals can be more precise, timely, and predictable thanks to improved 
ICT enablers and better grid-side analytics focused on managing overall system reliability, not just peak 
mitigation. DOE, through its laboratories, for example, has developed a platform that “enables mobile and 
stationary software agents to perform information gathering, processing, and control actions and 
independently manage a wide range of applications, such as HVAC [heating, ventilation, and air 
conditioning] systems, electric vehicles, distributed energy or entire building loads, leading to improved 
operational efficiency.” This platform provides the capabilities for real-time, scalable distributed control 
and diagnostics that we need for security and reliability and “…the integration of today's new energy 
system.”80  

Customer Engagement in Generation and System Reliability 

In addition to the potential for increased customer participation in demand side management, there have 
been dramatic increases in distributed generation, such as rooftop solar, which enable customers to 
produce power that is sold back to the grid by the customer or aggregators acting on behalf of the 
customer. The result is that both electricity and information can now flow in two directions across the 
distribution grid, enabled by smart meters and/or Internet platforms. This two-way engagement has 
become more complex as distributed generation continues to penetrate industrial, commercial, and 
residential delivery service segments.  

Most utilities are in the low distributed generation adoption phase, with some states approaching 
moderate levels.81 The growth will be driven by regulatory characteristics within each state, for example, 
through rate design and utility regulation as set by a public utilities commission. Figure 4-7 shows the 
conceptual growth of DG/DER in three phases, from low to high adoption. Such conceptual forecasts are 
helpful in posing policy issues and assisting investors in seeing new opportunities. However, structural 
and systems outcomes depend as much on actual results of markets, regulators, and various jurisdictions 
co-evolving into the future.  
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Figure 4-7. Major Technology, Policy and Infrastructure Enablers of DER Adoption82 

This figure shows a three-stage evolutionary framework based on an assumption that the distribution 
system will evolve in response to both top-down policy and bottom-up customer drivers. Each level includes 
additional functionality to support greater amounts of distributed generation/distributed energy resource 
(DG/DER) adoption and complexity building upon the earlier level. Most of the U.S. distribution system is 
at stage 1; the speed and nature of DG/DER adoption will vary by region based on top-down and bottom-
up drivers.  

Currently, around 4 percent of U.S. generation is from DG, although this varies widely by region.83 Low 
levels of DG penetration generally require modest, though critical, levels of planning and operational 
considerations. Under high DG adoption rates, grid operations and market structures will most likely 
require significant modification. In a future grid where DG comprises a larger portion of the resource base, 
disruptions of system dispatch and control signals that could result from higher levels of DG penetration 
will increase the risk of disturbing grid stability and reliability. In its 2015 Long-Term Reliability Assessment, 
NERC noted the complications DG/DERs create for grid operations and how these issues might be 
resolved: 

“Operators and planners face uncertainty with increased levels of distributed energy resources 
and new technologies. Distributed energy resources (DERs) are contributing to changing 
characteristics and control strategies in grid operations. DERs are not directly interconnected to 
the BPS [bulk power system], but to sub-transmission and distribution systems generally located 
behind customer metering facilities. Visibility, controllability, and new forecasting methods of 
these resources are of paramount importance to plan and operate the BPS—particularly because 
the majority of DERs are intermittent in nature and outside the control of the System Operator. 
As more DERs are integrated, the supply of control to System Operators can decrease. However, 
distribution-centric operations can reliably support the BPS with adequate planning, operating 
and forecasting analyses, coordination, and policies that are oriented to reliably interface with 
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the BPS. Coordinated and reliable integration of DERs into the BPS can also present opportunities 
to create a more robust and resilient system.”84 

At high penetration levels, distribution system changes to enhance DG/DER value to grid reliability will 
require developing advanced distribution circuits and substations that allow for two-way power flows, 
new protection schemes, and new control paradigms. There are digital solid-state technologies combined 
with ICT, such as smart inverters, power electronics, and smart energy storage that can provide grid 
operators the flexibility needed to manage a mixed set of DERs and deal with inbound impacts from utility-
scale VERs upstream as well. The introduction of new grid control and optimization algorithms taking 
advantage of distributed generation and load flexibility in the United States could also contribute to grid 
reliability and related benefits, such as reduction of renewables curtailment, peak load mitigation, and 
transmission and distribution (T&D) congestion management. Development of new technologies could 
enable DGs to provide voltage or reactiveg control resources.  

Currently, customer reliability investments and interests are not necessarily contributing to supporting 
and enhancing overall grid system reliability. In cases where DGs are part of the equation, particularly 
distributed VERs, customer actions can increase reliability risk. The electricity sector has a range of choices 
to adapt to these challenges and demands, many of them coming from new generators and consumers. 
The path that is chosen will shape future sector value-creation potential and the long-term relevance of 
utilities to electricity service delivery. Technology innovation, along with market forces, are redefining 
“grid reality,” the management space where high system reliability is sustained under the aegis of critical 
national goals for a clean, secure, and competitive electricity sector. 

Increased penetration of DGs and increased interconnectivity also bring increased vulnerabilities to 
malicious attacks on customer assets and on the grid. Public networks carry with them risks of being 
conduits through which cyber attacks can be executed—where impacts can spread through grids as well 
as through customer assets that are part of the IoT. There are policy gaps at the interface of electricity 
and information that require new policies that both promote value creation through connectivity and 
protect critical infrastructure against cyber attacks. 

Valuation of DERs: System Benefits and Costs 

The growth of DERs, where significant, will require additional valuation efforts in both planning and 
market design to capture the value of these new systems and services, as well as to avoid uneconomic or 
unintended issues. Valuation can be developed based on different cost perspectives, such as private costs 
that affect the ratepayers’ cost of service or social costs that include the private cost of service and 
externalities. Valuation efforts need to be performed for system as a whole as well as for planning and 
compensation structures (e.g., rate design).  

It is important to consider both the system cost and benefits when valuing DERs. Factors that influence 
DER value include constraint reduction, loss reduction, voltage control, investment deferral, 
environmental benefits, and reliability. These factors can vary significantly based on the size and location 
of the DER. Accurate valuations will depend on evaluations at a finer level or resolution than has been 
considered historically.  

g NERC requires transmission operators to ensure that resources capable of providing “reactive power” or “voltage control” in 
addition to electricity are online or can be scheduled because these reactive power or voltage control services regulate voltage 
levels that maintain grid stability. 
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Flexibility and Management of DERs, VERs, and Two-Way or 
Multi-Directional Flows 

Resilience and flexibility might be considered complementary factors of grid modernization. Grid 
modernization planning should take flexibility of resources, as well as grid operations techniques, into 
account; architecting a flexible grid may require distinctive configurations of ICT and physical assets on 
the grid side, as well as the customer side, of the utility meter. Flexibility is not only a generation matter; 
it bears directly on the core reliability challenges of maintaining balance between generation and load. 

Solar and wind (which are not synchronously connected to the grid) contribute to a net decrease in system 
inertia (loss of frequency control). System frequencyh must be managed tightly around 60 Hertz; it 
measures how well the supply and demand of electricity are in balance, which has significant implications 
for how resources are deployed literally minute-to-minute. Conventional generation, such as nuclear 
facilities or coal-fired power stations, serve as baseload resources and as spinning reserves. These 
resources are synchronously connected to the grid and provide system inertia.i Deviations in frequency 
are corrected by the spinning mass and governor controls of conventional generators, which automatically 
adjust electricity output within seconds to correct out-of-balance conditions.  

In contrast, conventional solar photovoltaic (PV) generators, storage devices, and non-frequency 
responsive loads do not have inertial value for grid operators. As wind and solar power (and other non-
synchronous DERs) replace conventional synchronous generation, total system inertia is reduced along 
with the number of units available to provide frequency response services. In other words, system 
flexibility could be compromised in the absence of intentional mitigating actions that preserve or boost 
frequency response capabilities. Power electronics and advanced inverters that simulate inertia are 
available to add to wind and solar generators, providing a version of frequency response; but, 
development and deployment of these technologies may be hindered without additional policies 
prioritizing or enabling frequency response service.j, 85  

Steep ramping resources will become more important as more VERs come online and increase their share 
of power supply. Ramping is used to follow load patterns to ensure that resources match the loads on the 
system. VERs expand the role of ramping from being primarily load focused to more of a role in matching 
increasing supply variability. For example, in California in 2015, grid operators were required to bring on 
approximately 10,000 MW within a 3-hour period at the end of each workday to compensate for the 
reduction in PV output as the sun was setting. Over time, more ramping will be needed as variable 
resources continue to grow.86 There is not yet an established method for calculating the type of flexibility 
required to ensure reliability, especially in circumstances with high penetration of variable or DG. 

Distribution systems were designed to deliver power to customers rather than receive power from them. 
When the same grid assets are tasked with handling power delivered to the grid, as well as power 
delivered to customers, the settings on many field devices (such as capacitors, feeder switches, and relays) 
need to be adjusted to handle multi-directional power flows. Where deployment of PV on distribution 
feeders may significantly exceed real-time demand, distribution system upgrades will be required. 
However, upgrades cannot be determined simply by evaluating grid requirements but must be configured 

h Frequency is the number of times per second that the electric charge reverses direction. “Electric Systems Respond Quickly to 
the Sudden Loss of Supply or Demand,” Energy Information Administration, Today in Energy, November 21, 2011, 
http://www.eia.gov/todayinenergy/detail.php?id=3990. 
i NERC defines inertia as “the ability of a machine with rotating mass inertia to arrest frequency decline and stabilize the 

system.” See http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF_Draft_Concept_Paper_Sep_2014_Final.pdf.  
j FERC issued a Notice of Inquiry on February 18, 2016, seeking comment on whether it should require all generators, including 
wind and solar, to provide frequency response service. See https://ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf. 

http://www.eia.gov/todayinenergy/detail.php?id=3990
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF_Draft_Concept_Paper_Sep_2014_Final.pdf
https://ferc.gov/whats-new/comm-meet/2016/021816/E-2.pdf
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to deal with existing and potential increases in PV deployments. Thus, the concept of “hosting capacity,” 
much in the same way that Internet services calculate capacity requirements to serve Internet loads, will 
become a key decision criterion for future grid upgrades. Regulators will need to learn how hosting 
capacity is a relevant measure for grid planning and how cost justifications for rate purposes should be 
framed. 

As noted, consumers are adopting renewable technologies and devices that enable them to manage their 
electricity use (e.g., through smart meters and energy management systems). Proactive consumers 
reduce demand pattern predictability, particularly when remote control of loads is involved. This 
complicates very near-term system planning, which, in turn, increases the need for redundancy to hedge 
the unexpected drops and surges in consumption that can happen. Discussion of these circumstances and 
policy implications can be found in Chapter II (The Electricity Sector: Maximizing Economic Value and 
Consumer Equity).  

Visibility Is Key to Addressing the Changing Nature of 
Reliability 

Flexibility in grid operations requires visibility into connected resources. Visibility—knowledge of “which 
resources are interconnected, as well as their locations and current capabilities”87—is a key attribute for 
managing the electricity system. Visibility is a necessary condition for managing rapidly changing and 
complex grid conditions and for providing awareness of incursions, as well as foresight for planning.  

Advanced communication and information technologies facilitate visibility. Visualization requires data 
collection; analysis (e.g., modeling, business cases, etc.); transparency (i.e., sharing data and results); 
modeling (with both existing and new models); and deploying various sensing technologies, such as 
synchrophasors and smart meters. Creating foresight for transformation requires increasing visibility 
across many dimensions: 

 Temporal—real time to planning

 Geographic—such as seams between balancing areas in the bulk electric system

 Analytical—identification and specification of computer models needed to evaluate the path to
the future grid (such as finance tools, transmission planning tools, etc.)

 Price—the single most important mechanism for conveying information to customers and
suppliers

 Societal impacts– associated risks taken on by the consumer may not be accounted for in price

 Business—business models and business-use cases for incumbent service providers and new
technology providers

 Technological—including characteristics of new technologies and grid elements

 Regulatory—between different layers of jurisdiction and many different types of entities that
must be synchronized to make the future grid work

 Vertical industry boundaries—between distribution and bulk system operations.

Integration of DER resources with ICT and other enabling technologies that provide visibility in the 
distribution system can give system operators the ability to react and respond to critical events with a 
level of efficiency and accuracy that is currently unavailable. Policies that comprehensively assess and 
manage DERs could help reduce associated reliability challenges. At some level of DER penetration, these 
policies may merit extending to encompass the interstate bulk power system. Data requirements and 
visibility of assets (possibly including tracking production) are important policy issues for state regulators. 
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The deployment of innovative visibility technologies face multiple barriers that can differ by technology 
and the role each technology plays in T&D systems. For example, synchrophasors are an important new 
technology that increase T&D operator visibility, but technology dissemination is being limited by utility 
concerns about vulnerabilities associated with sharing data and the fact that current regulations do not 
necessarily encourage investments in new technical solutions. This suggests that there is a role for the 
Federal Government in working with stakeholders and state regulators to identify, analyze, and develop 
recommendations for removing barriers to the deployment of value enhancing advanced technologies. 

Growing Vulnerabilities for the Electric Grid 

The electricity system requires management of risks from a wide variety of threats, each with different 
characteristics, not all of which are considered in a comprehensive way by decision makers. Threats and 
hazards to the electricity system represent anything that can cause disruption and outages, while 
vulnerabilities are points of weakness within a system that increase susceptibility to such threats. The 
physical vulnerabilities and specific risks to the electric power system vary among infrastructure 
components and by geographic location.  

Significant Cost of System Outages 
A National Research Council study of the 2003 blackout in the Midwest, Northeast, and Canada concluded 
that “the economic cost of the 2003 blackout came to approximately $5 per forgone kilowatt-hour, a figure 
that is roughly 50 times greater than the average retail cost of a kilowatt-hour in the United States.”88

 Data 
suggest that electricity system outages attributable to weather-related events are increasing, costing the 
U.S. economy an estimated $20 billion to $55 billion annually.89 

Grid Reliability Risk 

Reliability risk is a complex mix of natural and human threats. Risk mitigation includes developing future 
grid designs that maximize flexibility, as well as making investments in structural, process, and technology 
solutions, which increase grid resilience to reduce outage events. Some strategies can help reduce risks 
with respect to a variety of threats, while other strategies are more threat specific. Specific measures fall 
into a few broad categories—such as hardening (e.g., protection from wind and flooding), modernization 
(e.g., investment in sensors, automated controls, databases, and tools), general readiness (e.g., 
equipment maintenance, vegetation management, stockpiling of critical equipment), and analytics and 
security upgrades.90, 91, 92  

Grid owners and operators are tasked with managing risks from a broad range of threats, defined as 
anything that can disrupt or impact a system—natural, environmental, human, or other. Many threats to 
critical electricity infrastructure are universal (e.g., physical attacks), while others vary by geographic 
location and time of year (e.g., natural disasters). Threats also range in frequency of occurrence, from 
highly likely (e.g., weather-related events) to less likely (e.g., electromagnetic pulse). Electric utilities have 
long prepared for specific hazards. However, hazards that evolve over time, or combinations of hazards 
that occur simultaneously, require enhanced or new measures for prevention or mitigation.93  

Cyber attacks are emerging and rapidly evolving threats that may increase the vulnerability of utilities’ 
system operations. Understanding the various established and emerging risks to the electricity system, 
including characterization of historical trends and future projections, as well as the predictability of 
different threats, has important implications for threat mitigation and resilience.94 Figure  4-8 depicts the 
scope and severity of risks where probabilities of occurrence of each threat can change significantly 
“without notice.” This Figure illustrates the status of risk management with respect to current threats, 
some of which are expected to worsen in the future, suggesting a need for new risk management 
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strategies. Current risk management practices are well suited to address common threats for most system 
components; however, the picture is mixed, particularly with respect to emerging threats, where there is 
limited data and experience. Figure 4-8 includes the current risks of system disruption (color coding) for 
electricity system segments (columns across) to various threats (by rows). The threats are further broken 
out by incidents of low and high intensity (rows). While the sector has well-established risk management 
practices for many current threats (indicated with filled circles), practices for other types of threats are 
nascent (open circles).  
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Figure 4-8. Integrated Assessment of Risks to Electricity Sector Resilience from Current Threats95 

Electricity system owners and operators must manage risks in a comprehensive manner for a broad range 
of threats. This chart provides an integrated portrait of current risks to the electricity system and the maturity 
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of current risk management practices. The sector generally has well-established practices for managing 
familiar threats (e.g., wildlife), but much more work is needed to effectively manage risks from high-impact, 
low-frequency events (e.g., high-intensity hurricanes), combined threats, and unfamiliar threats for which 
information is lacking or unknowable (e.g., cyber and physical attacks). Additional attention is needed to 
reduce risks for above-ground distribution systems, substations susceptible to large-scale geomagnetic 
disturbances. This assessment does not reflect the status of risk management with respect to threats that 
are expected to worsen, such as extreme weather and cyber attacks. 

Grid Operator Reliability Risk Management Is Increasingly Important 

Delivery system reliability remains high and robust in today’s world, but emerging threats create a higher 
risk profile that, in turn, creates challenges for ensuring sustained high delivery system reliability. There 
are many electricity sector risks that are continuously managed, such as investment risks, regulatory risks, 
and grid operational risks. Operational risks encompass all variables that can produce outages or disrupt 
frequency and voltage—from new types of power generation, to changing customer behavior, to extreme 
weather. Despite risk management practices, the risk of system disruption remains particularly high to 
certain system segments (e.g., above-ground distribution systems) or threats (e.g., large-scale 
earthquakes). Further, there remain evolving or dynamic threats for which the levels of risk are unknown 
and the risk management practices could be improved (e.g., high-intensity physical attacks, high-intensity 
cyber attacks, or combined threats).  

Key policy questions include how investments should be prioritized, how cyber threats to ICT 
infrastructure should be managed, how emerging climate threats should be mitigated and planned for, 
and whether a highly dispersed power supply system contributes to a more resilient and secure electricity 
sector. Finally, longstanding high-voltage transmission and baseload power supply assets now must be 
analyzed as possible insurance assets for reliability 

Extreme Weather Is a Leading Threat to Grid Reliability 

Some types of extreme weather are becoming more frequent and intense due to climate change, and 
these trends have been the principal contributors to an observed increase in the frequency and duration 
of power outages in the United States between 2000 and 2012.96 Figure 4-9 summarizes the main sources 
of contemporary outage events in 2015, excluding consideration of cyber-related effects.  
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Figure 4-9. US Electric Outage Events by Cause and Magnitude, 201597 

There are regional variations in weather-related outage causes in the United States. While the East and 
Gulf Coast regions are subject to hurricanes, large, weather-related outages in the West are more often 
caused by winter storms. Major outages from weather events are more common than from cascading 
failures.  

Superstorm Sandy demonstrated the severe impacts of a large storm and the interdependencies of 
electricity and other infrastructures. The storm knocked out power to 8.66 million customers from North 
Carolina to Maine and as far west as Illinois and Wisconsin. Electric utilities deployed over 70,000 workers 
to the affected areas, the largest-ever dispatch of utilities workers.98 The nearly 1,000-mile-diameter 
storm caused flooding and power outages that shut down many other major infrastructure components, 
illustrating the dependence of other critical infrastructures on electricity.99 Oil refineries were shut in, as 
well as many East Coast product import terminals—which act as the primary back-up method for securing 
bulk product supplies during refinery outages—due to the loss of power. A week after the storm, product 
deliveries in New York Harbor had returned to only 61 percent of pre-storm levels, and less than 20 
percent of gas stations in New York City were open for business. The Department of Defense provided 9.3 
million gallons of fuel, though fuel shortages still greatly hindered the ability of emergency response 
personnel to respond to the crisis.100  

Weather-related events, including lightning and storms, have historically posed the greatest operation 
risk to the electricity system.101 Strong winds, especially hurricane-force winds, are the primary cause of 
damage to electric T&D infrastructures. Failures on the distribution system are typically responsible for 
more than 90 percent of electric power interruptions, both in terms of the duration and frequency of 
outages.102 Damage to the transmission system, while infrequent, can result in more widespread major 
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power outages that affect large numbers of customers and large total loads.103 Figure 4-10 summarizes 
major weather-induced reliability disruptions from 2002 to 2012.  

Figure 4-10. Major Weather-Related Outages Requiring a National Response, 2002–2012104 

There are regional variations in outage causes in the United States. While the East and Gulf Coast regions 
are subject to hurricanes, large, weather-related outages in the West are more often caused by winter 
storms. Major outages from weather events are more common than from cascading failures. 

Further, 2016 is on track to be the third consecutive year of record-breaking global temperatures.105 
Cooling degree daysk have already increased in the United States by roughly 20 percent over the last few 
decades (see Figure 4-11), and this trend is projected to continue in the future.106 These changes in 
temperature are expected to result in increased electricity use, particularly during the mid- to late-
afternoon peak hours, primarily to meet rising demand for air conditioning.107  

k The number of degrees that a day's average temperature is above 65o Fahrenheit, indicating that consumers need to use air 
conditioning to cool their buildings, and there is an increase in electricity demand. 
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Figure 4-11. Heating and Cooling Degree Days in the Contiguous 48 States, 1970–2015 
(Fahrenheit)108 

As air temperature continue to rise, since 1970, the number of cooling degree days has increased in the 
United States by roughly 20 percent, while the number of heating degree days has declined. 

The maps in Figure 4-12 show projected median changes in cooling degree days by 2040 under two global 
greenhouse gas emissions scenarios, based on analysis of output from several global climate models,l 
which were downscaled to the county level.109 This analysis found that while the average American has 
historically experienced around 2 weeks of days over 95°F each year, this could rise to 3 to 6 weeks, on 
average, by 2040.110  

l To account for uncertainty surrounding future emissions pathways, the study cited here uses a plausible range of scenarios 
developed for the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. The highest emissions scenario 
corresponds to a world where fossil fuels continue to power global economic growth. The lowest emissions scenario reflects a 
future in which global greenhouse gas emissions are reduced through a rapid transition to low-carbon energy sources.  
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Figure 4-12. Median Change in Cooling Degree Days from Historical (1981–2010) Average for 
Average Year between 2030 and 2049 under Two Emissions Scenarios111 

The average number of cooling degree days are expected to increase significantly by 2040, particularly in 
southern parts of the country. Projected changes for the higher emissions scenario (right panel) are much 
greater than under the lower emissions scenario (left panel). 

Power-sector system costs increase with higher temperatures, particularly as additional capacity is built 
to meet higher peak demand. Higher air temperatures also reduce the generation capacity and efficiency 
of thermal generation units. Both of these factors were taken into consideration by modeling conducted 
for the QER. Models showed the likely range of total power system costsm increasing by 2 percent to 7 
percent (with a median value of 4.5 percent) under the lowest greenhouse gas emissions scenario, rising 
to 4 percent to 11 percent under the highest emissions scenario.112 The scale of these modeled costs 
illustrates why electricity system planners should consider how best to incorporate possible weather 
changes into load forecasting and other considerations that affect investment planning for the electric 
power sector. Increased earth observation and modeling of local-scale climate effects to improve 
forecasting would benefit electricity system planning and could reduce costs. 

Extreme temperatures also increase the potential for electrical equipment to malfunction. For example, 
transformers do not last as long when overloaded to meet peak demand, particularly when they are 
simultaneously exposed to high temperatures that exceed the heat ratings for which they were 
designed.113 When planning for future investments, it may become important for utilities to proactively 
invest in transformers with higher heat ratings to reduce the potential for overloading under future, 
warmer conditions.  

A continuation of sea-level rise, in conjunction with storm surges caused by tropical cyclones, hurricanes, 
and nor’easters, will increase the depth and the inland penetration of coastal flooding, thus increasing the 
frequency with which electricity assets are exposed to inundation during storm events.114 These 
challenges are exacerbated by the fact that some coastal areas may be experiencing load growth—rapid 
population growth and development in coastal areas—which is expected to continue in the coming 
decades.115, 116

Another aspect of uneven impacts is that low-income and minority communities are disproportionately 
impacted by disaster-related damage to critical infrastructure.117 These communities often do not have 

m Calculated in net present value terms, between 2016 and 2040, using a 5 percent discount rate. 
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the means to mitigate or adapt to natural disasters and disproportionately rely on public services, 
including community shelters, during disasters. As a result, there may be a Federal role in providing 
technical and financial resources to help states and localities prioritize resilience investments in critical 
public infrastructure that would protect the most vulnerable communities. 

Electricity and Natural Gas System Interdependencies 

A key interdependency (and vulnerability) for all economic sectors and critical infrastructures is reliance 
on electricity, making its reliability a fundamental need and requirement across the entire economy. Many 
of these interdependencies are growing, such as the interdependency of electric and natural gas systems. 

The reliability of the Nation’s electricity system is increasingly linked to the reliability of natural gas 
pipelines and associated infrastructure. On May 24, 2016, NERC released a special assessment of gas-
electric interdependencies, which included an investigation of the potential reliability risks to the Nation’s 
bulk power system due to increased reliance on natural gas. NERC found that areas with growing reliance 
on natural gas-fired generation are increasingly vulnerable to gas supply disruptions. These concerns were 
reinforced by NERC’s latest long-term reliability assessment, which was released in December, 2016.  

Unlike other fossil fuels, natural gas is not typically stored onsite and must be delivered as it is consumed.n 
In many regions, sufficient gas infrastructure is a key requirement for electric reliability. An interruption 
in natural gas deliveries could result from extreme weather or force majeure events, as well as from low-
probability events that could unexpectedly remove infrastructure from service, such as a well malfunction, 
as seen in the underground storage leak in Aliso Canyon, California. Extreme weather events, such as in 
the Southwest outages of 2011, can simultaneously increase energy demand for gas and electric heating, 
while reducing supplies in the affected region.118 Operators may be able to respond to disruptive events 
by rerouting gas onto other pipelines, as was the case during a 2016 disruption to the Texas Eastern 
Pipeline.119 Electric curtailments also have the potential to reduce gas available to gas-fired generators. 
For example, in 2011, power outages disabled electric-powered gas compressors on well gathering lines, 
which reduced supplies of natural gas to New Mexico.120 In addition to physical natural gas disruptions’ 
impact on the electricity system, the electricity sector’s increasing reliance on natural gas raises serious 
concerns regarding the need to secure natural gas pipelines against emerging cybersecurity threats. Thus, 
the adequacy of cybersecurity protections for natural gas pipelines directly impacts the reliability and 
security of the electric system.  

The vulnerabilities due to natural gas and electric system interdependency are the subject of ongoing 
regulatory reforms, physical upgrade efforts, and industry collaboration. Some ISOs have undertaken 
surveys of critical gas facilities to ensure that these facilities are exempt from potential load-shedding 
plans in the event of a system emergency, and FERC has allowed communication of proprietary and other 
non-public operational information between the gas and electric industries to continue in order to 
facilitate further sharing of critical reliability issues.121 To date, many stakeholders have performed 
extensive analysis to improve real-time and near-term operations and planning in order to address natural 
gas-electricity interdependencies. One result has been FERC issuing a final ruling requiring interstate 
natural gas pipelines to change their pipeline nomination schedules to better conform to dispatch 

n Some natural gas power plants also have the ability to operate on alternatives to pipeline-delivered natural gas, such as fuel 

oil and local stores of liquefied natural gas or liquefied petroleum gas. In addition, note that potential deliverability challenges 
for coal have also been documented. For example, see Energy Information Administration, “Coal Stockpiles at 
Coal-Fired Power Plants Smaller than in Recent Years,” Today in Energy, November 6, 2014, 
http://www.eia.gov/todayinenergy/detail.cfm?id=18711. See also Department of Energy (DOE), Natural Gas Infrastructure 
Implications of Increased Demand from the Electric Power Sector (Washington, DC: DOE, 2015), v, 
http://energy.gov/epsa/downloads/report-natural-gas-infrastructure-implications-increased-demand-electric-power-sector.  

http://www.eia.gov/todayinenergy/detail.cfm?id=18711
http://energy.gov/epsa/downloads/report-natural-gas-infrastructure-implications-increased-demand-electric-power-sector
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scheduling in organized electricity markets.122 Most coordination efforts have been focused on short-term 
planning and operations. Mid- and long-term planning coordination is also being explored to properly plan 
for long-term assets like electric transmission and natural gas pipelines. However, coordinated long-term 
planning across natural gas and electricity can be challenging as the two industries are organized and 
regulated differently. 

Underground Storage Leak in California Driving Natural Gas Storage 
Safety and Reliability Improvements123 
On October 23, 2015, the largest methane leak from a natural gas storage facility in U.S. history was 
discovered by the Southern California Gas Company at well SS-25 in its Aliso Canyon Storage Field in Los 
Angeles County. The leak continued for nearly four months until it was permanently sealed on February 17, 
2016. In the interim, residents of nearby neighborhoods experienced health symptoms consistent with 
exposure to odorants added to the gas; thousands of households were displaced; and the Governor of 
California declared a state of emergency for the area. Approximately 90,000 metric tons of methane were 
released from the well, although estimates vary, and the State of California is continuing its analysis. The 
incident also created serious energy supply challenges for the region and prompted broader public 
concerns about the safety of natural gas storage facilities.  

From an electric reliability perspective, the continued shutdown of this facility has been significant because 
it is a key component of the Southern California gas system serving customers in the Los Angeles Basin 
and San Diego, particularly many gas-fired power plants. Curtailments of gas deliveries were expected to 
cause electric reliability problems in the summer of 2016. Such disruptions were avoided, however, due to 
the combined effects of comparatively mild summer weather, intensified electric demand response efforts, 
coordinated maintenance programs, and extraordinary management of the region’s gas delivery system. 
The possibility of gas and electric delivery problems remains a concern, however, for the winter of 2016–
2017, and additional preparation and coordination are required in order to avoid gas and electric 
curtailments. 

In April 2016, the Obama Administration convened an Interagency Task Force on Natural Gas Storage 
Safety to support state and industry efforts to ensure safe storage of natural gas. Congress codified the 
Task Force through the Protecting our Infrastructure of Pipelines and Enhancing Safety Act, which was 
signed into law by President Obama in June 2016. The legislation created a task force established by the 
Secretary of Energy that consists of representatives from the Department of Transportation, Environmental 
Protection Agency, Federal Energy Regulatory Commission, and the Department of the Interior. The 
Protecting our Infrastructure of Pipelines and Enhancing Safety Act tasked the group with performing an 
analysis of the Aliso Canyon event, making recommendations to reduce the occurrence of similar incidents 
in the future, and required that Pipeline and Hazardous Materials Safety Administration promulgate 
minimum safety standards for underground gas storage that would take effect within 2 years.  

In October 2016, the Task Force released a report, called Ensuring Safe and Reliable Underground Natural 
Gas Storage, and 44 recommendations. These recommendations address concerns regarding the integrity 
of wells at underground natural gas storage facilities, public health and environmental effects from leaks 
like the one at the Aliso Canyon facility, and energy reliability concerns that could arise in the case of failures 
at such facilities in the future.  

Combined Threats to the Grid 

The stochastic nature of certain events such as hurricanes and earthquakes makes the probability of two 
closely spaced, co-located events very low. However, an intelligent attacker may plan to use the 
occurrence of one naturally occurring, high-intensity, and low-frequency event to amplify the impact of a 
physical, cyber, or electromagnetic pulse attack.124 While electric power systems are generally resilient 
and quick to recover from failures caused by most natural and accidental events, the National Academy 
of Sciences concluded that an intelligent multi-site attack by knowledgeable attackers targeting 
specialized components, like power transformers, could result in widespread, long-term power outages 
from which it could take several weeks to recover.125 Another combined threat is the simultaneous 
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occurrence of a severe heat wave during a prolonged drought, which is expected to become increasingly 
likely in certain regions, such as the U.S. Southwest.126 

Physical Attacks on the Grid 

Incidents such as a series of as-yet unexplained attacks on exposed electricity substations—including the 
Metcalf incident in California and the attack on the Liberty substation in Arizona—have raised the public’s 
consciousness about the vulnerability of the U.S. electricity grid and the need for the United States to 
address these vulnerabilities. With an increased focus on physical security, NERC developed Critical 
Infrastructure Protection (CIP) Standards (CIP-014) in 2014 to address the physical security risks and 
vulnerabilities of critical facilities on the bulk power system.127 The Reliability Standard requires 
transmission owners that meet specific voltage criteria to identify and then protect facilities that, if 
rendered inoperable or damaged, could result in instability or uncontrolled separation within an 
interconnection. Transmission owners must also complete third-party verification of their analyses and 
mitigate the identified areas of concern. Per NERC, the initial risk assessments of critical facilities (including 
transmission stations, substations, and control centers) were completed by October 1, 2015, while the 
third-party review of proposed changes to security plans and mitigation strategies was to be completed 
by November 24, 2016.128 All entities subject to NERC CIP-014 Standards must retain data and/or evidence 
of compliance, as described by NERC guidance.129 

Evolving Cyber Threats to the Grid 

The integration of cyber assets to electricity infrastructure presents unique and significant challenges for 
maintaining and planning for reliable and resilient grid operations. The current cybersecurity landscape is 
characterized by rapidly evolving threats and vulnerabilities juxtaposed against the slower-moving 
prioritization and deployment of defense measures. This gap is exacerbated by difficulties in addressing 
vulnerabilities in operational technologies that cannot easily be taken offline for upgrades, and the 
presence of significant legacy systems, as well as components that lack computing resources to 
incorporate new security fixes. Also, any operational changes must be implemented by the thousands of 
private companies that own and operate electricity infrastructure. 

Sector transformation based on a two-way flow of energy and information between grids and consumers 
brings to the foreground the importance of Federal Government engagement in helping to manage and 
mitigate vulnerabilities inherent in 21st-century modernization. Interoperability standards, in particular, 
have the potential to enhance cybersecurity. Improved tools, analytic methodologies, and demonstrations 
would serve to clarify the circumstances where improved interoperability can improve grid cybersecurity 
by standardizing security solutions such that utilities can select ‘plug-and-play’ options to mitigate 
cybersecurity issues. To this end, there is a role for the Federal Government to facilitate state and utility 
adoption of interoperability standards that provide high societal net benefits through providing high-
quality and trusted information to decision makers.130 

While cyber attacks on the U.S. grid and affiliated systems have had limited consequences to date, attacks 
elsewhere in the world on energy systems should be seen as an indicator of what is possible. Threats can 
emerge from a range of highly capable actors with sufficient resources, including individuals, groups, or 
nation-states under the cloak of anonymity.  

As noted, the 2015 cyber attack on the Ukrainian electric grid was the most sophisticated cyber incident 
on a power system to date. On December 23, 2015, Ukraine experienced widespread power outages after 
malicious actors remotely manipulated circuit breakers across multiple facilities in a series of highly 
coordinated attacks.131 The event  compromised six organizations, including three electric distribution 
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companies; disconnected seven 110 kilovolts and 23 35-kilovolt substations (which would straddle Federal 
and state jurisdiction in the United States); rendered equipment inoperable; overwhelmed the call center 
with a denial-of-serviceo event to prevent people from reporting outages; and left 225,000 without power 
for 1 to 6 hours.  

Grid Communication and Control Systems 

Deploying smart grid technologies can support increased grid systems’ observability and reliability by 
allowing more real-time awareness via sensors, which enable self-healing systems like fault location and 
service restoration. At the same time, deployment of smart technologies and DERs can provide new 
vectors for cyber attacks. While not yet a significant issue, this is a growing and significant concern in a 
grid with two-way, end-to-end flows of electricity. While the likelihood that a malicious actor could bring 
down large regions of the electric grid by manipulating distributed energy and behind-the-meter 
equipment is currently low, the risks may change as distributed energy and other advanced technologies 
increase in number, are operated in aggregation, and are used by the bulk power system to manage and 
shape load. Smart meters track detailed power usage and allow for two-way communication between the 
utilities and end users via smart grid technology, which can include remote customer connection and 
disconnection. Hackers targeting this technology could cause erroneous signals and blocked information 
to cut-off communication, cause physical damage, or more, and disconnect large numbers of customers 
to disrupt the grid.  

Recently, some utilities have been moving toward combining their physical security and cybersecurity 
business centers to create a “centralized operations center” organized under a chief information security 
officer responsible for cybersecurity.132 These centralized operations centers generally work toward 
meshing informational technologies with physical operational technologies. Other utilities have their 
cybersecurity risk management program located in existing information technology (IT) security 
departments.133 However, some utilities suffer from a lack of practical cyber expertise. A recent survey 
showed that 37 percent of utilities surveyed make cybersecurity decisions at the executive level, 47 
percent at the management level, and only 16 percent by professional staff.134  

Reported cybersecurity incursions into industrial control systems (ICS) within the U.S./Canadian energy 
sector, have decreased slightly, from 111 reported incidents in 2013,135 to 79 incidents in 2014,136 and 46 
in 2015.137 This is occurring despite an overall increase in the number of reported ICS incidents across the 
broader economy, and so far, these incursions have been unsuccessful at inhibiting or disrupting power 
system operations.138 Typical cybersecurity events impacting the grid have been mainly limited to gaining 
access to networks through phishing emails or infecting flash drives with the hope that they will be 
connected to a network. Russian hacking of utility systems as seen in the Ukraine incident, however, 
underscores that such events should not be viewed simply as information theft for business purposes. 
The more common cyber intrusions impacting the electricity subsector today could be preparatory activity 
for disruptive attacks in the future. 

Mitigation of Threats to the Grid 

Detecting anomalies and sharing information across organizations are critical measures to enhance grid 
security; this covers everything from prevention to mitigation and recovery from cyber attacks. However, 
it is difficult to identify cyber intrusions when no changes or disruptions to system operations are evident 
or detectible. Furthermore, utilities report a lack of intrusion detection systems,139 which allow security 
personnel to identify anomalies in cyber systems and to obtain forensic data.140 Organizations vary 

o Distributed denial of service refers to the prevention of authorized access to multiple system resources or the delaying of
system operations and functions. 
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monitoring systems, and nearly every utility will require distinct intrusion detection system specifications 
due to utility-specific IT and operational technology system configurations.141, 142  

Even in optimized detection environments, programs and institutions that wish to facilitate sharing within 
and across industry and government face challenges, including human delays in sharing information, 
procedural barriers related to classified information, and liability and privacy concerns from industry that 
inhibit sharing. For example, Federal agencies maintain classified information related to cyber and 
physical security threats. While some of this information is shared via existing mechanisms, including the 
Electricity Information Sharing and Analysis Center and DOE’s Cybersecurity Risk Information Sharing 
Program,p sector representatives routinely ask for more in-depth, synthesized, and timely security 
information. 

When digital components of the grid have been compromised, manual operationsq can be a temporary 
alternative. Utilities may need to maintain mechanical controls to prevent degradation and loss of 
operability.143 Some subject matter experts suggest utilities are also leveraging decades of experience 
with mutual assistance agreements to set up cyber assistance in the event of a cyber attack, but response 
and recovery from cyber attacks pose distinct challenges that are generally not covered by existing mutual 
assistance programs. The Electricity Subsector Coordinating Council established the Cyber Mutual 
Assistance Task Force to convene industry experts and develop a cyber mutual assistance framework. The 
Federal Government could play a convening role for the electricity sector and thereby accelerate efforts 
to design and employ cyber mutual response programs and ensure swift grid recovery after a cyber attack. 

Grid Cybersecurity Workforce Gaps 

A shortage of skilled cybersecurity personnel across government and electricity industry presents 
challenges to meeting response and recovery needs in the aftermath of a large, disruptive cyber event. 
The power grid is a cyber-physical system, requiring a cross-disciplinary workforce dedicated and trained 
to design, manage, and protect such complex systems.144 Companies face challenges in designating 
sufficient personnel for system security.145 In addition to the challenge of incorporating sufficient cyber 
and physical security expertise into their businesses, recruiting and maintaining a workforce that is 
adequately trained is a growing challenge. To address emerging cybersecurity risks, the United States 
requires a workforce adept in a variety of skills, such as risk assessment, behavioral science, and familiarity 
with cyber hygiene.r  

Smart Grids and Related Risk 

Deployment of smart grid technologies—sensors and the ability to collect and analyze more data faster— 
supports increased observability of grid systems and thereby contributes to increasing grid reliability. 
However, in the absence of adequate cyber protections, deployment of smart technologies and DERs 
could increase system vulnerabilities. Because the deployment of these technologies is still in the 

p In partnership with industry, the Department of Energy’s Office of Electricity Delivery and Energy Reliability has been 
supporting the Cybersecurity Risk Information Sharing Program (CRISP), which is a collaborative effort with private energy 
sector partners to facilitate the timely sharing of threat information and the deployment of situational awareness tools to 
enhance the sector’s ability to identify threats and coordinate the protection of critical infrastructure. In August 2014, the 
North American Electric Reliability Corporation and the Electricity Subsector Coordinating Council agreed to manage CRISP for 
its sector. 
q Use of mechanical switches and controls rather than computer-based controls. 
r Cyber hygiene is a set of practices designed to maintain cyber security and keep out the “bugs” from a digital system. Just as 
hand washing keeps germs from entering the body, practices such as deleting data from cloud storage when it is no longer 
needed or prohibiting the download of non-essential applications, which might contain viruses, are intended to keep intrusions 
out of a computer system. 
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relatively early stage, electricity regulatory bodies should ensure that cyber protection planning includes 
advanced cyber protection protocols when execution occurs. 

Automated smart meters, for example, are increasingly relied on to track actual power usage and allow 
for two-way communication between the utilities and end users. Hackers targeting this technology could 
cause disrupted power flows, create erroneous signals, block information (including meter reads), cut off 
communication, and/or cause physical damage. Also, some supervisory control and data acquisition 
(SCADA) systems rely on modern communication infrastructure or a blend of modern and conventional, 
(i.e., telephone lines communication channels to achieve the same ends), which could make SCADA 
communications more accessible to hackers and more vulnerable to disruptions. Hacking may come 
through access to hardcoded passwords,s system backdoors,t passwords in clear text,u lack of strong 
authentication,v and firmware vulnerabilities.w, 146, 147  

Development of Security Metrics 
A major impediment to common metrics is variation in how to measure benefits (or conversely, the cost of 
interruptions), such as “freight cost per mile” or “value at risk.” After the attack on the Metcalf substation in 
April 2013, the California Public Utilities Commission analyzed methods of quantifying distribution system 
security.148 Metrics included copper theft, successful or unsuccessful intrusion or attack, and false or 
nuisance alarms; the condition of all monitoring equipment and the performance of security personnel in 
training exercises and on tests; results of substation inspections; instances of vandalism or graffiti; and 
problems with access control, number of malfunctions of security equipment, or camera coverage. 

Comprehensive Vulnerabilities Assessments 

Reliability requirements in the face of human and natural threats require enterprises, as well as state and 
Federal entities, to seriously assess vulnerabilities and prioritize investments to ensure that highly reliable 
service continues. These entities diligently work to identify and mitigate risks to grid reliability. However, 
given the scope and complexity of risks, especially related to new vectors such as cyber attacks, there may 
be a need to improve coordination not only around assessing event outcomes, but also around 
maintaining contemporary assessments of vulnerabilities, their associated risks, and professional 
estimates of their likelihood.  

Gaps in National Reliability, Security, and Resilience 
Authorities and Information 

The primary Federal entities with roles related to security and resilience of the electric grid under normal 
and emergency conditions are DOE, the Department of Homeland Security (DHS), the Department of 
Commerce, and FERC.149 These entities’ roles span research and development, standards and guidance, 
information-sharing mechanisms, and the coordination of resource deployment during emergency 
events.  

Existing authorities cover a wide breadth of Federal Government responsibilities, yet certain gaps remain 
in implementing comprehensive reliability, security, and resilience measures. For example, the Fixing 
America's Surface Transportation (FAST) Act granted the President new authorities to protect critical 
infrastructure against electromagnetic pulse, cyber, geomagnetic disturbances, and physical threats, but 
not to take anticipatory action for natural disasters and extreme weather. Nevertheless, certain extreme 

s Passwords that cannot be changed by the user 
t Alternative access (to secure data or functions) that bypass normal security procedures 
u Passwords stored without encryption 
v Not scrambling login information, which enables a digital eavesdropper to capture passwords 
w Generic catch-all for hardware-based exploits (rather than software-based) 
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weather events (e.g., heat waves, hurricanes) can be easier to anticipate,150 and to date, they have caused 
significantly more direct physical harm to the electric grid than have malicious acts. Taking actions in 
advance of an impending threat can have significant positive effects in reducing power outages,151 so 
extending this authority for all hazards would be a great benefit for protecting the grid. 

The lack of access to data represents another challenge to Federal agencies to enhance the security and 
resilience of the grid. Given that the majority of electricity infrastructure is privately owned, the Federal 
Government must rely on industry data collection activities to understand the vulnerability and security 
landscape of the electric grid. Furthermore, as noted earlier, utilities report SAIDI, SAIFI, and CAIDI 
statistics in inconsistent ways,152, 153 limiting the ability of governments to independently conduct robust 
risk assessments of the grid. DOE and FERC in particular lack access to data on critical grid assets and their 
vulnerabilities. In order to support the President in executing new anticipatory security authorities under 
the FAST Act, addressing this information deficit is a priority.  

NERC collects certain data, in its role of performing grid reliability assessments and supporting the 
development of reliability and security standards, but NERC does not make all of that data available to 
government agencies. DOE has some  limited visibility into critical electricity infrastructure through tools 
like EAGLE-Ix'; additional system data, to determine, for example, where there are critical vulnerabilities, 
are needed to exercise the new emergency authorities granted to the President and the Secretary of 
Energy under the FAST Act.  

One of the most prominent examples of this data gap is a lack of information on risk mitigation practices 
at the utility level, including information regarding participation in risk mitigation programs, a utility's 
specific risk mitigation practices, and spare equipment specifications and numbers for critical 
infrastructure, such as transformers. Without with enhanced and appropriately protected data on utility 
practices, component part reserves, and an increase in awareness on a range of additional topics—such 
as transformer configuration, the direct current resistance of various components, and substation 
grounding resistance values—DOE’s ability to understand the extent to which infrastructure will be 
improved, enabling DOE to better fulfill key statutory and executive responsibilities.  

Markets and Their Impact on Reliability and 
Resilience 

Organized wholesale markets are recent innovations in the century-plus life of the electricity sector. They 
were developed and implemented beginning in the 1990s on the heels of state legislative and regulatory 
direction, but are considered Federally regulated structures that adhere to rules set by FERC and reliability 
standards set by NERC. Organized markets operated by ISO/RTO include time-delineated markets (e.g., 
day-ahead, hour-ahead, and real-time), as well as system support services such as spinning reserve and 
non-spinning reserve, often referred to as Ancillary Services. Commodity exchanges, such as the 
Intercontinental Exchange (ICE) and the New York Mercantile Exchange, offer future contracts for 
location-specific electricity trading (referred to as hubs in U.S. markets). These short-term markets are 
designed to provide price discovery on the marginal cost of power production and delivery. 

Seven U.S. regions have operating ISOs/RTOs that manage centrally organized wholesale markets for 
energy trades (i.e., MW-hour only, as compared to capacity trades that are for MW-only transactions). 
Together, these trades play an important role in operating and economically optimizing regional grids and 

x EAGLE-I, which stands for Environment for Analysis of Geo-Located Energy Information, is an interactive geographic information 
system (GIS), created and managed by DOE. It allows participants to view and map the nation's energy infrastructure and obtain 
near real time informational updates concerning the electric, petroleum and natural gas sectors within one visualization platform. 
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ultimately delivering fair-priced electricity to the Nation’s consumers. Aspects of the bilateral model exist 
in the RTO/ISO regions, particularly in the SPP and Midcontinent ISO. Also, several RTO/ISOs operate 
ancillary services markets and some run capacity markets designed to help ensure that total electricity 
resources will be sufficient to meet the immediate demand for electricity. 

Wholesale electricity trade occurs through bilateral transactions, as well. These transactions vary in 
duration of contract, as well as in volume, daily timing, and duration of delivery. Trade differs regionally 
as a function of distinctive characteristics of regional grids. Bilateral trade volumes tend to be much larger 
than daily trade in ISO/RTO markets short-term markets. 

There are many reasons that wholesale markets developed—from requirements for open-access 
transmission systems, which enable development of competitive power generation, to the need to value 
resources in more refined ways, which help ensure that system reliability is maintained across a broad 
spectrum of possible disruptive situations. For example, peak mitigation requires generators to perform 
differently than a traditional baseload production model might specify, and therefore, it may be more 
valuable than day-ahead committed baseload generation. Increasingly, frequency regulation is as 
important as peak mitigation, but frequency regulation methods may differ at the transmission level 
compared to the distribution level. For example, increasingly, distribution frequency regulation occurs at 
much faster millisecond speeds compared to transmission frequency regulation. 

As noted, an array of new and evolving business models—aggregators, consumer generators, and an 
evolving generation mix—have emerged from the adoption and integration of new technologies and their 
associated economics. These developments are raising jurisdictional and market questions. For instance, 
at the bulk power (wholesale) level, short-run markets are deemed by regulators to be workably 
competitive, but concerns have been raised about the ability of short-run markets to address longer-term 
issues, such as ensuring that adequate capacity will be available when needed. Also, wholesale markets 
have successfully integrated independent generation into system operations, and efforts have been 
underway for some time to make individual DER providers (principally DR) and aggregators of DERs (also 
principally DR) active market participants. More visibility of and reliance on these potential resources is 
needed, however, to maximize their value.  

At the local and utility level (retail), electricity choice markets that are intended to bring new services and 
lower prices to consumers have seen minor successes, and consumer demand for these services is a 
significant driver of change. Some states are exploring new structures that would open retail commodity 
trade to emulate wholesale markets. These models are under consideration in the State of New York, for 
instance, and are often referred to under the rubric Distribution System Operator models.  

Organized Wholesale Markets and Reliability 

Electricity production and delivery have traditionally been organized around large centralized power 
stations and high-voltage transmission lines. Power is shipped over long distances before voltage is 
stepped down to flow through distribution systems for delivery to consumers. This system often is 
referred to as the “bulk power system.” Organized wholesale markets are structured to provide price 
discovery of wholesale electricity costs in the bulk power system. Costs relating to bulk power are more 
than half—and up to two-thirds—of most customers’ electricity bill. The significance of costs to customers 
and the associated economic value of electricity to them is why the functioning of wholesale markets is 
so important to the overall operation of the electricity supply chain. 

High-voltage transmission infrastructure tends to be much more networked than distribution systems. 
Networked infrastructure increases system resilience by enabling grid operators to reroute power flows 
when a single line or multi-line pathway is compromised. Transmission infrastructure already is 
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significantly automated (through such tools as Automated Generator Control and advanced SCADA 
systems) and information intensive. New tools, such as highly granular system visualization solutions, 
synchrophasors, smart relays, and smart inverters increase network resilience. While changing weather 
patterns and storm intensity are impactful, the structure of most transmission networks is already 
hardened against such disruptive factors. What remains to be addressed more comprehensively is how 
transmission grids can resist cyber incursions that could paralyze wide areas of a large-scale interconnect, 
such as the Western or Eastern Interconnection. These considerations were discussed in the preceding 
section. 

Stakeholder input as part of the QER process, FERC dockets, National Association of Regulatory Utility 
Commissioner meetings, and other venues have consistently raised the following issues as part of ongoing 
grid operations and planning efforts: 154  

 The roles of mandatory capacity markets in PJM, ISO-New England, and parts of New York ISO

 The ability of bulk power markets, especially in RTO/ISO markets, to incentivize new generations
in addition to natural gas and state-Renewable Portfolio Standard mandated renewables, thus
helping with resource diversity, resource adequacy, and long-term decarbonization

 The incorporation of state policy and environmental goals in RTO/ISO markets

 The ability to integrate increasing wind and solar generation at lower costs, while allowing
remaining traditional sources of generation to earn sufficient revenue to continue to provide
needed generation and reliability services

 The ways to address the increasing changes occurring at the distribution level

 The continued evolution of transmission planning and seams issues between major bulk power
market regions.

In addition to the issues noted above, analysis of markets with high volumes of VERs, notably California, 
point to emerging impacts, which eventually will affect other regions as their VERs increase as an overall 
share of the resource mix. It is in these emerging issues that new resilience and flexibility considerations 
come into focus. A 2014 study, “Investigating a Higher Renewables Portfolio Standard in California,” which 
involved Los Angeles Department of Water and Power, Pacific Gas & Electric, Sacramento Municipal 
Utilities District, Southern California Edison Company, and San Diego Gas & Electric as sponsors. The study 
identified emerging operations and planning issues under a 50% RPS standard (note that CAISO already 
consistently handles up to 40% renewable resources on its system).155  Concerns in the study included 
over-generation as a critical management challenge that occurs when “must-run” generation—non- 
dispatchable renewables, combined-heat-and-power, nuclear generation, run-of-river hydro, and thermal 
generation that is needed for grid stability—is greater than loads plus exports. The principal mitigation for 
over-generation in many current systems is curtailing renewable resource contributions to the overall 
resource mix. Future systems may increase the role of storage, DR, and flexibility to manage over-
generation. Second, renewable resources can change supply patterns suddenly, and as the sun sets, 
significant solar production disappears, requiring a need for fast ramping generation to fill in for lost solar 
resources.  

The study also found that a variety of integration solutions can reduce the cost of a high renewable 
scenario. Improvements in regional coordination—which address jurisdictional challenges when state 
regulation cannot reach beyond state borders, and Federal regulation cannot easily reach into distribution 
systems—could improve integration. DR, especially advanced practices that increase overall DR reliability, 
can support higher levels of VER integration. Energy storage is an important technology that must be 
developed and deployed as a key tool for VER impact mitigation. Finally, VER portfolio diversity is a key 
success factor as more VER volume impacts grids. 
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Resilience is an important transmission network matter, but its traditional treatment has occurred as part 
of ongoing, FERC-approved investments to meet NERC standards and to ensure reliable operations in 
regionally distinct conditions. The emergence of VERs and their growing contribution to resource mixes in 
some U.S. regions bring with them a need to more robustly differentiate reliability investments from 
resilience investments. As noted, resilience in transmission networks with high VERs requires behavioral 
changes in system operations, as noted above. In bulk power systems with wholesale market overlays, 
resolving valuation matters where curtailment of VERs is a valid resilience methodology is a serious 
matter. To avoid complex issues of how to compensate curtailed VERs adjustments in market designs and 
new market developments are required. For example, in California, one element in an overall VER 
management model is the Energy Imbalance Market created by CAISO, which involves PacifiCorp, a large 
multi-state utility based in the Pacific Northwest. These initiatives tend not to be considered resilience 
efforts when in fact they are important contributors to both system reliability and longer-term resilience 
in high VER systems. In short, as resource mixes change with decarbonization efforts of grid operators and 
power producers, the role of resilience grows more important as a distinct compliment to established 
reliability management investments and techniques. 

The Role of Markets in Downstream Electricity Delivery 
Services 

Presently, downstream electricity delivery services provided by investor-owned and public utilities—
whether integrated with retail customer service or separated into wires operations and competitive retail 
services—do not function with organized “retail commodity markets” that emulate upstream wholesale 
markets. But, there are aspects of market mechanisms that impact grid operations and provide proxies 
for valuing various types of grid investments for reliability assurance, system flexibility, and network 
resilience. For example, some distribution systems allow net metering, which involves the sale of power 
from consumers to grid operators. Pricing of these services is based on state regulatory and ratemaking 
processes, not auction platforms like those used by ISOs/RTOs. Energy Service providers, retail 
competitors, and aggregators compete through various sales channels for consumers interested in 
controlling and/or reducing energy costs, deploying onsite power generation, and adopting microgrids 
that optimize sources and uses of electricity as an integrated onsite system. 

Downstream electricity markets may not yet value commodity electricity in a manner that allows for 
effective pass-through of wholesale clearing prices in real-time to end-use consumers. Wholesale and 
retail linkages may develop over time; the New York Reforming the Energy Vision process and 
consideration of distribution system operator models may provide meaningful guidance for such 
evolution. Whether realized or not, under appropriate and necessary requirements for visibility of such 
generation, downstream electricity delivery services achieve enhanced resilience by systematically 
promoting and integrating advanced DR and energy storage solutions into local grid operations. 

Similar to wholesale markets and resilience considerations, distribution system resilience measures can 
be enhanced by incorporating behavioral systems and processes into specific asset-based investments 
that harden systems against severe weather-related impacts, physical threats, and cyber-attacks. 

Electricity Markets, Reliability, and Resilience 

Reliability investments are typically incorporated into ratemaking processes in both investor-owned and 
public utility institutions. Supplementary investments for recovery from outage events also are handled 
through established ratemaking processes. Resilience requirements tend to be valued as contributions to 
reliability and incorporated as part of ratemaking processes. These processes are more easily executed in 
structures that are traditional end-to-end, vertically integrated electricity delivery services; other market 
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structures complicate reliability and resilience investment decision-making. Short-run markets may not 
provide adequate price signals to ensure long-term investments in appropriately configured capacity. 
Also, resource valuations tend not to incorporate superordinate network and/or social values such as 
enhancing resilience into resource or wires into investment decision making. The increased importance 
of system resilience to overall grid reliability may require adjustments to market mechanisms that enable 
better valuation. 

Grid Operations Planning and Resilience 

Resilience of the electricity system is increasingly important. Recent weather extremes, climate change 
impacts, physical security and cybersecurity threats, and a changing workforce have added to the 
challenges faced by electric utilities, prompting industry to develop new multidisciplinary all-hazards 
approaches for managing these issues and making the grid more resilient. 

Resilience Measures Expedited Restoration after Hurricane 
Matthew156 
Hurricane Matthew began impacting the southeast United States on Thursday, October 6, 2016, and the 
flooding caused by the storm continues to affect North Carolina and South Carolina. The initial effects of 
the storm were felt from Florida to Virginia, with increased rain and wind causing damage to energy 
infrastructure. Industry efforts to restore that damaged infrastructure are ongoing and have involved mutual 
assistance from utilities from across the country. More than 99 percent of customers who lost power had 
their power restored within 8 days, by 11:00 a.m., on October 14, 2016.  

Florida Power and Light has invested $2 billion over the last 10 years, leveraging $200 million in Federal 
investment through the American Recovery and Reinvestment Act of 2009, to advance smart grid 
functionalities with technologies, such as advanced smart meters, distribution automation, and advanced 
monitoring equipment, for the utility’s transmission system. Early damage assessments suggest that 
investments in resilience measures expedited Florida Power and Light’s restoration timeline; without these 
new technologies and functions, it is estimated that restoration efforts would have taken 10–15 days. Florida 
Power and Light reports that 98 percent of the 1.2 million customers who lost power had their power 
restored within 3 days.  

Government, industry, and the various state energy offices helped coordinate the national effort to restore 
power following the storm. Government responders helped industry crews access impacted areas, 
facilitated waivers requested by utilities to use unmanned aerial systems for damage assessments, and 
provided energy-sector situational awareness reports that informed decisions about where to place limited 
Federal and state resources. Government responders remained in Georgia, as well as North Carolina and 
South Carolina, providing assistance until restoration was complete. The response effort built on lessons 
learned from Hurricane Sandy of 2012. 

Resilience enhancement initiatives are generally focused on achieving at least one of three primary goals: 
(1) preventing or minimizing damage to help avoid or reduce adverse events; (2) expanding alternatives 
and enabling systems to continue operating despite damage; and/or (3) promoting a rapid return to 
normal operations when a disruption occurs (i.e., speed the rate of recovery). Resilience relates both to 
system improvements that prevent or reduce the impact of risks on reliability and to the ability of the 
system to recover more quickly. 

Unlike reliability, there are no commonly used metrics for the resilience of the electric grid, and threats 
to system resilience are typically associated with disasters or high-intensity and low-frequency events. An 
additional complication is that the responsibility for maintaining and improving grid resilience lies with 
multiple entities and jurisdictions, including Federal and state agencies and regulatory bodies, as well as 
multiple utilities. For investments in electricity sector resilience, approval is generally up to the discretion 
of state public utilities commissions or equivalent bodies, which are balancing competing, more near-term 



Chapter IV: Ensuring Electricity System Reliability, Security, and Resilience 

4-46   Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 

interests. Furthermore, from the societal perspective, building resilience of critical infrastructure to future 
disasters involves decision making that also considers social, cultural, and environmental issues, which 
have both qualitative and quantitative value, from a risk assessment standpoint.157 Therefore, building 
resilience to disasters depends upon close coordination among multiple entities, which have varying 
approaches to measuring electricity system performance and outcomes for society.  

Perhaps most relevant is the underlying barrier to prioritizing investments in reliability and resilience that 
utilities and regulators face.158 There is no established method for quantifying the benefits of investments, 
which depend on the occurrence of some events with low probabilities. One exception to this is an order 
recently released by the New York State Public Service Commission;159 however, there is a clear need for 
a set of commonly used methods for estimating the costs and benefits of reliability and resilience 
investments. 

Real-Time Electricity System Monitoring Enhances Situational 
Awareness 

Maintaining situational awareness is an important aspect of overall resilience management in service to 
maintaining high electricity system reliability. Utilities rely on field personnel to assess and report grid 
system conditions through site inspections. During emergency situations, utilities’ abilities to assess and 
communicate system status after a large disruption tend to be significantly degraded. Where there is a 
widespread disruption beyond electricity infrastructure damage, personnel may be responding to a 
specific emergency situation, which limits work scope. Transportation challenges, such as road blockages 
and traffic, may also prevent the movement of utility personnel and equipment to assess electricity 
infrastructure throughout the affected area. Furthermore, wide communication system outages will also 
limit utilities’ ability to assess system conditions. These initial assessment limitations then impede 
response and recovery planning.160  

When distribution-level SCADA pairs with a distribution management system,  operations can be 
conducted remotely, increasing the speed at which a utility can identify and locate faults on the 
distribution system and restore service, as well as manage voltage and reactive power to reduce energy 
losses and integrate distributed generation and storage technologies.161  

Analyses of the August 2003 Northeast blackout concluded that it was preventable and that the reliability 
of the U.S. and Canadian power systems needed an immediate and sustained focus on investments in 
technologies to promote “situational awareness” and adequate responses to major disturbances.162 New 
institutional structures and processes were developed to coordinate information among power pools for 
improved coordination across systems and across NERC regions for improved coordination of system 
resource adequacy requirements.  

Grid Operations and Communications Redundancy 

With the increasing interdependence between communications and electricity, redundancy in 
communications systems is essential to continuity of grid operations. Some utilities have expanded 
satellite communications capabilities with mobile satellite trailers that can be deployed to field staging 
areas and include full capabilities for email, Internet, outage management systems, voice-over Internet 
protocol telephones, and portable and fixed satellite phones. Others have redundant and diversely routed 
dedicated fiber-optic lines to enable continued operations.163, 164 

Dynamic Line Rating Systems for Transmission Systems 

Current transmission system operations rely on fixed ratings of transmission line capacity that are 
established to maintain reliability during worst-case conditions (e.g., hot weather). Line ratings may also 
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be reduced if ambient conditions are abnormally hot and still. There are times when the conditions 
associated with establishing line ratings are not constraining, and transmission lines could be operated at 
higher usage levels. Dynamic line rating systems help operators identify available real-time capacity and 
increase line transmission capacity by 10 percent–15 percent. Dynamic line rating systems can help 
facilitate the integration of wind generation into the transmission system.165 This real-time information 
about overhead conductors can help further enhance situational awareness, while simultaneously 
providing economic benefits. Incremental investments that increase the capacity of the existing 
transmission system can provide a low-cost hedge, as well as enhanced real-time awareness. However, 
economic, financial, regulatory, and institutional barriers limit incentives for regulated entities to deploy 
these low-capital cost technologies that could increase transmission capacity utilization.166 NERC has an 
important role to play in setting relevant standards, which would drive increased operational focus on 
dynamic line ratings as part of overall response and recovery planning and execution. 

Information Collection and Sharing Can Mitigate Threats to 
the Grid 

The Federal Government has established programs and launched pilots to analyze cyber and physical 
threat information, share information with industry, and provide technical assistance to state and utility 
decision makers in their mitigation efforts. The electric sector utilizes resources and participates in these 
programs, while also collaborating with one another through industry-led initiatives.y While several 
Federal programs facilitate the sharing of threat information with industry, challenges remain with respect 
to the Federal Government’s ability to provide data quickly enough to be useful. Several factors limit 
timely and effective exchange of information, including human delays in sharing information, procedural 
barriers related to classified information, and liability and privacy concerns from industry. 

One particular challenge is that some government intelligence on threat indicators and vulnerabilities is 
classified, preventing power sector owners and operators who lack the appropriate security clearances 
from accessing relevant information. Many sector owners and operators and Federal employees often 
lack the security clearances to access this information.  

Another important information gap is a national repository for all-hazard event and loss data, which would 
help utility regulators, planners, and communities analyze and prioritize resilience investments. In 2012, 
the National Academy of Sciences recommended the establishment of such a database167 to support 
efforts to develop more quantitative risk models and better understand structural and social vulnerability 
to disasters. 

The Grid and Emergency Response 

As not all hazards to the grid can be prevented, local authorities and stakeholders focus on failing elegantly 
and recovering quickly. Response options can leverage existing capabilities, tools, and equipment to act 
immediately before, during, and after a disruptive event. Emergency response resources can be provided 
by public and private sectors and can include mobile incident management and command centers, mutual 
aid agreements, and access to specialized materials.168  

y For example, in 2011, Edison Electric Institute, in conjunction with private-sector experts and its member utilities, initiated the 
Threat Scenario Project to identify threats and practices to mitigate these threats. Identified threats included coordinated cyber 
attacks, as well as blended physical and cyber attacks. The project established common elements for each threat scenario, 
including likely targets, potential threat actors, specific attack paths, and the likely impacts of a successful attack. Edison Electric 
Institute, “EEI Business Continuity Conference Threat Scenario Project (TSP),” (presentation, April 4, 2012), 1, 
http://www.eei.org/meetings/Meeting_Documents/2012Apr-BusinessContinuity-Treat%20Scenario%20Project_Engels.pdf.  

http://www.eei.org/meetings/Meeting_Documents/2012Apr-BusinessContinuity-Treat%20Scenario%20Project_Engels.pdf
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A utility’s power restoration and business continuity planning includes year-round preparation for all 
types of emergencies, including storms and other weather-related events, fires, earthquakes, and other 
hazards, as well as cyber and physical infrastructure attacks. A speedy restoration process requires 
significant logistical expertise, skilled/trained certified workers, and specialized equipment. Utility 
restoration workers involved in mutual assistance typically travel many miles from different geographic 
areas to help the requesting utility to rebuild power lines, replace poles, and restore power to 
customers.169 

Lessons Learned from Severe Outages170, 171, 172 
After the immediate response to manage the adverse effects of an event, recovery activities and programs 
take place to effectively and efficiently return operating conditions to an acceptable level. This may entail 
restoring service to the same level as before the event or stabilizing service to a new normal. Recovery 
measures usually consist of longer-term remediation measures and include access to critical equipment, 
municipally owned utility activation, and after-action reporting that would make the grid more resilient to 
future disruptions.  

Hurricane Sandy (and Katrina in 2005) caused significant damage to critical national energy infrastructure 
and stressed Federal capabilities to protect and restore critical infrastructure. In the aftermath, the White 
House and Federal Emergency Management Agency (FEMA) conducted detailed analyses of the Federal 
response to identify challenges and lessons learned and to make recommendations for future disaster 
preparedness and response efforts. Several common themes emerged about response and recovery: 

Ensure mutual aid in the utility sector. In response to Hurricane Sandy, electric utilities mobilized the 
largest-ever dispatch of mutual aid workers (totaling approximately 70,000), primarily from the private sector 

but including some government workers.  

Grant energy sector restoration crews the appropriate credentials to enter damaged work zones 
and have priority for fuel distribution. In the storm response, some energy sector repair crews were 
designated as first responders, giving them priority access to fuel and expediting travel into affected areas. 
However, not all energy infrastructure repair crews had this status or access. After Hurricane Sandy, the 
Department of Energy’s (DOE’s) Office of Electricity Delivery and Energy Reliability recommended that 
electrical workers, as well as refinery and terminal repair crews, be given appropriate credentials to enter 
damaged work zones quickly.  

Coordinate Emergency Support Function (ESF) 12 functions across Federal agencies. ESF-12, 
under the National Response Framework, is an integral part of the larger DOE responsibility of maintaining 
continuous and reliable energy supplies for the Nation through preventive measures and restoration and 
recovery actions in coordination with other Federal Government and industry partners. In the “Hurricane 
Sandy FEMA After-Action Report,” FEMA noted that ESF-12—coordinated by DOE—struggled to fully 
engage supporting Federal departments and energy sector partners in addressing energy-restoration 
challenges. A DOE report on the response to Sandy recommended that DOE permanently deploy 
DOE/ESF-12 responders to the states and regions so they could provide on-the-ground situational 
awareness of energy disruptions, establish relationships with State and local energy sector partners, and 
gain first-hand system knowledge to better coordinate energy preparedness efforts with state and local 
public and private sector partners.  

State governments play a major role in coordinating and directing response and recovery efforts to 
electricity disruptions. These responsibilities received a boost through DOE grants to states and local 
governments to support a State Energy Assurance Planning Initiative. Grants were awarded under this 
initiative in 2009 and 2010 to 47 states, the District of Columbia, 2 territories, and 43 cities.173 The grants 
were used over a 3–4-year period to improve energy emergency preparedness plans and to enable quick 
recovery and restoration from any energy supply disruption. States also used these funds to address 
energy supply disruption risks and vulnerabilities, with the aim of mitigating the devastating impacts that 
such incidents can have on the economy and on public health and safety.174 
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Each state under the Energy Assurance Planning Initiative was required to track energy emergencies, to 
assess the restoration and recovery times of any supply disruptions, to train appropriate personnel on 
energy infrastructure and supply systems, and to participate in state and regional energy emergency 
exercises that were used to evaluate the effectiveness of their energy assurance plans. States were also 
required to address cybersecurity concerns and to prepare for the challenges of integrating smart grid 
technologies and renewable energy sources into their plans. Because of the initiative, nearly all state and 
territory governments and select local governments have Energy Assurance Plans in place. A review of the 
State Energy Assurance Plan was recommended to occur every 2 to 3 years, and to date some states have 
undertaken update efforts.175 

Back-Up Power and Spare Transformers for Emergency 
Response 

During outages and emergencies, fast but safe system recovery is the mission of a utility. Part of the effort 
to maintain service while power is being restored involves the use of back-up power along with speedy 
deployment of equipment spares that may have failed.  

Back-up power sources can be used to bypass existing distribution service lines until they are restored, 
and they are used by customers in lieu of utility service. Critical facilities, such as hospitals, maintain robust 
back-up power systems. Microgrids offer islanding solutions for large facilities and campuses by their 
integration of DG, storage, and demand side management solutions. According to an Argonne National 
Laboratory report, “One hundred percent of the following assessed facility groups have an alternate or 
back [-up] power in place: Banking and Finance; Critical Access Hospitals; Private or Private Not-for-Profit 
General Medical and Surgical Hospitals; State, Local, or Tribal General Medical and Surgical Hospitals.”176 
More than 75 percent of other users, including manufacturing, wastewater, hotels, arenas, retailers, 
offices, and law enforcement offices, also maintain some form of alternate or back-up power source.177 
Critical data centers and server centers also have robust back-up systems that enable islanding from the 
impacts of grid failures. 

It is also important to ensure that key grid components are available in the event of emergencies. Utilities 
have robust supply chains and inventory management systems that help ensure that spare transformers, 
including the stocking of interchangeable spare transformers,178 the ordering of conventional spares in 
advance, and the early retirement of conventional transformers for use as spares. Conventional spares 
are typically used for planned replacements or individual unit failures; but these transformer spares can 
also be used as emergency spares. Under this approach, the spares are identical to those transformers 
that are to be replaced and often stored at the substation next to existing transformers—which allows for 
quick energization without the transformer being moved. The close proximity of such spares to the 
existing transformers can lead to potential high-intensity and low-frequency physical attacks or weather 
events. Some utilities retain retired transformers to repurpose them as emergency spares.179 These are 
transformers that have retired but not failed, which would allow their use as temporary spares until a new 
transformer is manufactured and transported.180  Utilities also use mobile transformers and substations 
to temporarily replace damaged assets, much in the way that mobile power is used for resilience and 
repowering efforts. 
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Nuclear Regulatory Commission Requirements 
The Nuclear Regulatory Commission has issued several cyber and physical security regulations for nuclear 
power plants covering cybersecurity plans, response and recovery strategies from aircraft crashes, and 
training for security personnel, among other measures. For example, 10 Code of Federal Regulations § 
73.54 stipulates that licensees provide “…high assurance that digital computer and communication systems 
and networks are adequately protected against cyber-attacks…” Each nuclear power plant must submit a 
cybersecurity plan and implementation schedule, which is then reviewed by the Nuclear Regulatory 
Commission.181 Additionally, the Nuclear Regulatory Commission is also required to conduct “force-on-
force” exercises at nuclear power plants at least once every three years. These security exercises deploy 
a mock adversary force attempting to penetrate a plant’s critical locations and simulate damage to target 
safety components. These exercises provide an evaluation of power plant security and identify deficiencies 
in security strategy, plans, or implementation. When these deficiencies are identified, additional security 
measures must be promptly implemented.182 These regulations have led to significant investments by 
nuclear power plant operators. 

Some utilities retain retired transformers to repurpose them as emergency spares. These are transformers 
that have retired but not failed, which would allow them to be used as temporary spares until a new 
transformer is manufactured and transported.183 Utilities also use mobile transformers and substations to 
temporarily replace damaged assets. “A mobile substation includes a trailer, switchgear, breakers, 
emergency power supply, and a transformer with enhanced cooling capability. These units enable the 
temporary restoration of grid service while circumventing damaged substation equipment, allowing time 
to repair grid components. Mobile transformers are capable of restoring substation operations in some 
cases within 12–24 hours.”184 

Finally, utilities preparing for response after cyber disruptions are also taking measures to build 
redundancies for cyber infrastructure. Some of these measures include building back-up control centers 
for full functionality and developing independent, secured control mechanisms that would provide limited 
vital functions during an emergency.185 NERC CIP standards require utilities to maintain back-up energy 
management systems to manage bulk electric system generation and transmission assets.186 

Equipment Constraints on Speedy Restoration: Large Power 
Transformers 

The shortage of critical electrical equipment can cause significant delays for power restoration. 
Specifically, the loss of multiple large power transformers (LPTs) may overwhelm the system and cause 
widespread power outages, possibly in more than one region, increasing vulnerability and the potential 
for cascading failures.  

Replacement of multiple, failed LPTs is a challenge, due to the cost and complex and lengthy process 
involving the procurement, design, manufacturing, and transportation of this equipment. These processes 
can take months, depending on the size and specifications of the needed LPTs, even under an accelerated 
schedule and normal transportation conditions. Utilities mitigate the risk of losing LPTs through several 
strategies, including adopting measures to prevent or minimize damage to equipment, purchasing and 
maintaining spare transformers (conventional spares), identifying a less critical transformer on their 
system that could be used as a temporary replacement (provisional replacement transformer), and/or 
setting up contracts to procure a transformer through a mutual assistance agreement or participation in 
an industry sharing program.  

There are currently three key industry-led, transformer-sharing programs in the United States—NERC’s 
Spare Equipment Database program, Edison Electric Institute’s Spare Transformer Equipment Program, 
and SpareConnect. Another program, Recovery Transformer, developed a rapidly deployable prototype 
transformer designed to replace the most common high-voltage transformers, which DHS successfully 
funded in partnership with Electric Power Research Institute and completed in 2014.187 As of December 
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2016, three additional programs—Grid Assurance, Wattstock, and Regional Equipment Sharing for 
Transmission Outage Restoration (commonly referred to as RESTORE)—are in development. QER 1.1 
recommendations noted that DOE should “analyze the policies, technical specifications, and logistical and 
program structures needed to mitigate the risks associated with the loss of transformers.”188 In December 
2015, Congress directed DOE to develop a plan to establish a strategic transformer reserve in consultation 
with various industry stakeholders in the FAST Act. To assess plan options, DOE commissioned Oak Ridge 
National Laboratory to perform a technical analysis that would provide data necessary to evaluate the 
need for and feasibility of a strategic transformer reserve. The objective of the study was to determine if, 
after a severe event, extensive damage to LPTs and lack of adequate replacement LPTs would render the 
grid dysfunctional for an extended period (several months to years) until replacement LPTs could be 
manufactured. DOE's recommendations will be published in the report to Congress in early 2017. 

Grid Analytics and Resilience 

Both grid reliability and resilience increasingly depend on highly granular data about what is happening 
on grids in real time. Data analysis is an important aspect of today’s grid management, but the granularity, 
speed, and sophistication of operator analytics must increase as greater distribution system complexity 
occurs. Regional differences may matter, but the core analytic engines that must be developed and 
configured for grid operator use will be the same across regions and systems.  

Figure 4-13. Information Drives Solution Sophistication, which Drives New Benefit Realization for 
Grids189 

Grid information systems are expected to evolve over time, growing increasingly autonomous and self-
managing. Increased autonomy and self-management also involves increased system integration, which 
amplifies the complexity systems and requires a degree of human-machine interdependence that is 
unprecedented for grid operations.  
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Smart Grid and System Resilience 

The installment and implementation of advanced meters and smart grid technology can make significant 
contributions to system resilience. Advanced smart grid systems can be used to expedite information flow; 
remotely monitor demand, performance, and quality of service; enhance system efficiency; and improve 
outage detection and restoration by identifying the location and description of damaged equipment. Real-
time system monitoring can support hourly pricing and reactive power and/or DR programs, which allow 
utilities to make same-day operational decisions, near-term forecasts, and scenario evaluations. Historical 
data, coupled with predictive modeling of extreme weather events and the related effects on electric 
infrastructure, can also be used to inform management decisions, identify areas of greatest risk, ascertain 
system vulnerabilities, allocate resources, and help prioritize investments. 

Still, system managers need better real-time information about system trends and changes, including the 
growth in VERs, the rise of the “prosumer,” two-way electricity and information flows, and real-time load 
management data—which means that demands on and expectations of SCADA systems are only 
increasing. Grid modernization requires changes in operational systems and processes, and in the way 
that system planners design for grid evolution. Critical to smart grid realization is systems engineering to 
determine the requirements for ICT infrastructure, which includes how latency factors (communications 
delays) and bandwidth requirements are embedded in operations to accommodate the proliferation of 
intelligent assets from relays to whole substations to automated customer DR controls that grid operators 
can access and use.  

Fortunately, as the complexity of the electricity system increases, so do computer- and network-based 
capabilities. The growing electricity-ICT interdependence is enabled in part by new technologies, such as 
sensors and software that can provide greater situational awareness of grid conditions and operational 
efficiencies (although much more work is needed).190 Large volumes of data are, however, unwieldy, and 
developing additional ways to translate data into usable and timely information is essential. Networks are 
evolving to include cloud computing and IoT technologies to help reduce costs, increase efficiencies, and 
increase system integration.191, 192 Smart meters, synchrophasors, and other devices have also been 
deployed across the grid. Even electromechanical devices, like voltage regulators, are adopting digital 
control interfaces. 

On transmission networks, SCADA systems traditionally have been used to monitor and control power 
systems by measuring grid conditions every 2 to 4 seconds. Synchrophasor technology, which addresses 
the lack of situational awareness provided by conventional instrumentation, uses high-resolution phasor 
measurement units (PMUs) that provide time-synchronized data at a rate of more than 30 times per 
second to detect destabilizing network oscillations that would otherwise be undetectable. Strategically 
located PMUs connected by high-speed communications networks provide grid operators with wide-area 
visibility to better detect system disturbances, improve the grid’s efficiency, and prevent or more quickly 
recover from outages. In 2009, there were 166 PMUs in the United States—there are now over 1,700 
PMUs located around the country (see Figure 4-14).193 The impact of this deployment is that it now takes 
16 milliseconds for PMUs in the Western Interconnect to send signals over a dedicated fiber-optic system 
to transmission operators in control centers throughout the system—a system that covers western North 
America from Mexico to western Canada, from east of the Rockies to the Pacific Ocean.  
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Figure 4-14. Phasor Measurement Units, Technologies that Enable Superfast Network 
Management across Large Interconnected Systems, Are Being Deployed to Improve Grid 
Operations194 

Note the concentration of phasor measurement units (PMUs) in regions and interconnected systems where 
ISOs and RTOs dominate transmission service. PMU deployment can be interpreted as a first mover in the 
development of smart grids and as evidence that upstream transmission systems are advancing more 
consistently and at a faster pace toward smart grid realization than local distribution systems, although 
recent rate cases and public utility budgets for larger investor-owned utilities and public power indicate that 
smart grid investments are beginning to ramp up quickly. However, it should not be assumed that PMU 
deployment at the distribution level will mirror that at the transmission level because distribution smart grid 
deployment is much more complex in scale and scope. Note that the Western Interconnect is in gray. 
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The electricity sector has also been relying on a variety of redundant communications networks for 
operations since its inception. Internet Protocol-based communications (networking) systems—whether 
fiber-optic, radio, or other means for conveying data—can be owned by utilities or provided by 
telecommunication firms. Utilities have invested heavily in these ICT networks over the last decade, in 
part spurred by funding Congress provided through ARRA. Roughly one-third of customers are connected 
to the distribution grid by the 60 million smart meters that serve as an essential building block to grid 
digitization.195 Smart meters send data to utility control systems every 15–60 minutes through 
communications networks and can provide information back to customers in real time, often through the 
Internet. These meters enable remote meter reading, connections, and disconnections, and they allow 
for improved outage management and restoration. During Superstorm Sandy, smart meters reduced 
PECO Energy’s restoration time by 2–3 days. Florida Power and Light has developed a tablet-based 
application for its field crews using AMI and geographic information systems data to improve emergency 
response; this was recently used to increase the speed of power recovery after Hurricane Matthew. Smart 
meters have an additional benefit—they give customers price information that enables them to respond 
to market conditions and reduce their electricity bills.States and RTOs/ISOs will continue in their 
traditional regulatory roles as the system evolves. Given the increasing technical sophistication of grid 
operations, state regulatory staff may need additional support from the Federal Government in evaluating 
technical proposals from utilities as they seek to modernize their grids. Of concern are grid security 
standards across distribution delivery services. Proactive planning should be considered, as well as 
emergency response. The impetus to invest in mitigation and preparedness may only occur following a 
catastrophe, but proactive investments can prevent catastrophe and ultimately benefit ratepayers in the 
long term. However, distribution utilities face various challenges to implementing cybersecurity 
measures, including outdated legacy equipment, budgetary constraints, workforce readiness, and 
technology availability. Recent electricity response exercises demonstrate the nascent status of 
coordinated industry and government efforts to jointly respond to potential cyber incidents. The 
electricity industry has a long history of employing mutual assistance agreements to recover from most 
disruptions, and the Nation would benefit from the development of appropriate mechanisms for 
addressing cybersecurity disruptions. 

Underinvestment in Research, Development, Demonstration, and 
Deployment, and Implications for System Resilience 

This chapter has emphasized the importance of resilience to overall grid reliability. From an investment 
perspective, high grid reliability is a key factor in the treatment by investors of utilities (both public and 
private) as low risk investments with predictable returns. Analysis suggests that in an increasingly 
complex grid management environment, more focused investments  are needed to ensure continued high 
system reliability and resilience. Future investments must focus on innovations that help mitigate new 
sources of system disruption, including VERs, extreme weather, and physical and cyber attacks; these 
investment must occur in an environment that does not necessarily favor increased utility funds being 
used for research, development, demonstration, and deployment (RDD&D). 

Despite existing RDD&D funding and activity in the electricity sector, there is systemic underinvestment 
in RDD&D of technologies, as described in 3,  Building a Clean Electricity Future.   Also, private industry 
serving the electricity sector lacks incentives for investments in infrastructure resilience, in part, due to 
uncertainties in emerging risks.196 Utilities acquiring resilience assets and solutions face rate proceedings 
that have an inherently conservative perspective on new technologies and approaches, which limits the 
ability to test new approaches in a timely manner and move to deploy successful efforts at an accelerated 
pace compared to traditional electricity sector norms. The lack of incentives, and preference for existing 
methods, constrains the innovation options that are pursued and tested, then enter the innovation 
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process supply chain. These characteristics drive the need for additional Federal RDD&D opportunities to 
improve the resilience of electricity systems, as well as system security, rapid response, and recovery from 
disruptions. 

Entities that operate distribution systems—the grid components most critical to reliability, security, and 
resilience—operate almost universally on the basis of cost-of-service. The combination of stable revenues 
and low operational risk enables these entities—investor-owned utilities, Munis, Coops, and other 
entities—to acquire capital at lower rates (see Figure 4-15). Investors view these entities as relatively low-
risk investments compared with other electricity sector opportunities that face more competitive 
pressures.  

As the operational characteristics of the industry evolve, traditional utility returns may not be compelling 
for investors, if sector transformations cause utilities to take on more or different types of risks. New types 
of regulatory structures may be needed to provide appropriate incentives to plan for an increasingly 
uncertain and more complex risk environment, as well as incorporate new approaches and technologies, 
which enable the kind of resilience investments that may be needed but not otherwise funded. 

Figure 4-15. Cost of Equity by Company Type and Size for Sampled Power Sector Companies197 

Regulated utilities, with their predictable revenues and low risks, tend to be viewed as safe investments, 
exhibiting a low cost of equity compared to the rest of the sector. As the industry addresses increasing risks 
and uncertainties, existing regulatory structures may evolve to meet risk appetite.  
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Planning Is Essential for System Reliability and Resilience 

The responsibility for maintaining and improving grid reliability and resilience resides with a complex mix 
of entities with overlapping and sometimes inadequate jurisdictional responsibilities, which include 
Federal and state agencies and regulatory bodies, regional and national reliability organizations, and 
multiple utilities with various business models.  

There are many existing planning platforms for reliability planning that are well understood by utilities, 
stakeholders, and other responsible entities. New, value-added planning contributions can help grid 
operators make tradeoffs among multiple investment options, strengthen the system, and help ensure 
resilience and reliability, which are needed for transforming a dramatically changing electricity system. 
Rigorous tradeoff analysis implies and includes rigorous risk analysis. Planning elements that should be 
added to existing platforms to accommodate system changes, challenges, threats, and opportunities 
include the following: 

 Regional integrated resource planning that includes both T&D

 Integration of end-to-end options for optimal resource mix and operational integrity into existing
planning

 Analyses with proposals for how to mitigate vulnerabilities.

In many parts of the country, investor-owned utilities conduct integrated resource planning in accordance 
with state requirements that were established through legislation or regulatory actions. While more than 
half of states in the Nation have integrated resource planning requirements, other states have adopted 
"Long-Term Procurement Planning" or other similar processes.198, 199 Only a small number of distribution 
utilities conduct planning200 in response to state policies,201 aiming to increase resilience to extreme 
weather events or stressful system conditions. Also, with few exceptions, very few utilities take emerging 
threats from climate202, 203 or cyber attacks into consideration when conducting integrated resource 
planning and distribution planning.204 

In most cases, cybersecurity efforts are often funded out of the overall rate base. This means that funding 
for cybersecurity comes at the expense of profit or other investment needs, which may have a 
disproportionate budgetary impact on smaller distribution utilities. In rarer cases, distribution utilities 
have a separate security recovery factor in their rate structure.  

Integrated Planning Considerations 

The changing role of the consumer that drives the transformation of distribution also drives a need for 
new distribution planning approaches and tools to effectively integrate DERs into the grid and to 
understand the benefits and costs for developing forward-looking investment plans. New solutions like 
smart inverters bring important issues to center stage, like whether such solutions can be fully valued 
prior to deployment. Because consumer preferences and needs are changing faster than the pace of grid 
planning, there may be misalignment of operating circumstances. Whatever investments are planned are 
likely to require revisions as actual events diverge from what is planned in advance. Continued and rapid 
changes on the customer side of the meter may require  adjustments in regulatory processes to assist grid 
owners and operators in keeping systems up to date. 

Methods are under development in leading states (e.g., California and New York) to incorporate DERs, 
and the growing role of ; “prosumers” --  consumers that produce power for the grid; and third parties 
into the distribution system planning processes. Important considerations for the development if such 
methods  should include hosting capacity of distribution feeders for DERs and probabilistic DER growth 
scenarios, as well as balance utility investments in system upgrades versus the services provided by DERs 
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(e.g., in energy supply, supply/load balancing, storage, and support of both frequency and voltage 
regulation). These planning processes will need sufficient transparency to permit all stakeholders, 
including DER service providers, to participate in supporting long-term capacity and energy requirements. 
Contractual provisions between utilities and DER service providers will need to be established to ensure 
grid reliability and security, which might benefit from the development of standard offer DER contracts. 
As capacity and energy are increasingly being delivered at the distribution system level, distribution- and 
transmission-level planning will need to be integrated.  

Integrated Probabilistic Planning as an Emerging Tool 

Typically, reliability decisions are based on a deterministic, binary decision—a new facility is approved if 
it resolves a violation of a reliability standard. In contrast, economic decisions are based on a scenario 
framework, where the expected value of a facility is evaluated across a range of likely scenarios. The 
changing system topology, uncertain regulatory frameworks, decentralized market decisions, and 
evolving vulnerabilities introduce economic and reliability uncertainties and risks that cannot be 
adequately assessed through a deterministic framework.  

Probabilistic risk assessment (PRA) methodologies offer a framework to consider underlying uncertainties 
and risks. PRA methods in transmission planning are still at a research stage and are not implemented 
widely. Currently, PRA is used to model topological changes, such as variations in renewable generation 
levels; variations in load level due to weather and DER output; generation and transmission equipment 
performance; variations in hydro-generation; and physical threats like weather.205 However, considerable 
barriers to implementation of PRA approaches in transmission planning include the following:  

 Tradition of planning for worst-case scenarios using a deterministic approach

 Lack of industry-wide accepted approach for reliability indices in PRA framework

 Lack of standardization and availability of historic reliability data

 Lack of qualified workforce, skillset, and awareness of PRA approaches

 Lack of modeling tools for implementing PRA methodologies

 Lack of commercial tools for system security assessment under PRA framework.206

The Grid of the 21st Century 

The electricity sector’s long history is one of managing continuous, albeit slow, change while sustaining 
the same high reliability year in and year out. The stock of the sector is incrementally refreshed as needed, 
but changes highlighted in this chapter and other chapters of QER 1.2 call attention to several factors that 
place new emphasis on the sector’s effort to sustain high reliability, security, and resilience. 

A transformed 21st-century grid is likely to be one that invests more in flexibility and resilience to achieve 
the same desired outcome that is the prime directive of grid operators—sustained, high-service reliability. 
How the grid is managed depends on the capabilities built into the stock of assets that make up the end-
to-end supply chain, but managing real-time operational flows also requires specific systems and 
processes to continuously succeed. The complexity of grid operations requires grid control tools that 
enable granular visibility and certain operational algorithms that help grid operators stay on top of 
second-to-second and millisecond-to-millisecond changes. The era of enhanced grid operations through 
artificial intelligence is here. Execution, however, must occur in a context that assiduously assures 
deflection of cyber attacks that could cripple grids; it must also occur through market mechanisms to help 
value and ensure cost-effective outcomes. 

State and Federal regulatory bodies and policymakers play key roles in helping ensure system integrity, 
safety, and the ongoing financing of the electricity sector. Planning, which is central to ensuring long-term 
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stock and flow integrity, must evolve as the sector itself evolves. More robust modeling, improved risk 
analysis, and better optimization realization at the two-way interface of information and energy flows 
between consumers and grid operators are important improvements that are likely to be significant 
contributors to enabling a transformation that ensure today’s service reliability and quality can continue, 
if not improve. 

This is the state of sector grid management as the Nation continues its march deeper into the 21st century. 
The scope of transformation required to adapt to new security concerns, coupled with the organic 
evolution of a sector that is qualitatively changing as consumers have more direct and indirect influence 
on grid reliability, are non-trivial costs that must be financed and paid for. There are many ways to 
facilitate transformation and assist grid operators and other stakeholders in the sector in adapting to the 
sector’s changing physical and cyber “topography.” QER 1.2 turns now to addressing the “how to” 
question in the final chapter, where recommendations designed to assist the Nation in maintaining a 
highly reliable electricity sector are mapped for consideration by policymakers and sector leaders alike. 
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V  The Electricity Workforce: 
Changing Needs, New 
Opportunities 

This chapter provides an overview of current and projected employment in and related to the electricity 
sector, and it discusses options to assist workers and develop a workforce that has the skills to build, 
maintain, and operate the electricity system of the future. The chapter begins with an overview of the 
current workforce and key trends that have shaped employment in this sector. It then discusses the 
demographics of the sector, including the underrepresentation of women and minorities in employment 
and leadership. Next, the chapter identifies challenges to replacing retiring workers, the incompatibility of 
available worker skills and electricity workforce needs, and possible approaches to developing a skilled 
workforce for future sector demands. 
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Key Findings 
The broader changes in the electricity industry have created both new opportunities and new challenges for 
the electricity industry workforce. Opportunities include new workforce potential in the renewable energy 
industry and information and communications technologies; challenges include the skills gap for deploying 
and operating new technologies, the shift in the geographic location of jobs, and the need to recruit and retain 
an inclusive workforce. The electricity industry is the dominant consumer of coal, natural gas, and renewable 
energy technologies, so changes in electricity industry demand for these resources can cause regional and 
sectoral dislocations in these industries. Each industry has distinctive workforce skills requirements and 
geographic concentrations, so employment gains in one industry do not always translate to opportunities for 
workers affected by employment loss in other industries that may be geographically distant and require 
different skills. 

 Over 1.9 million people are employed in jobs related to electric power generation and fuels, while 2.2 

million people are working in industries directly or partially related to energy efficiency.1 

 Job growth in renewable energy is particularly strong. Employment in the solar industry has grown 
over 20 percent annually from 2013 to 2015. From 2010 to 2015, the solar industry created 115,000 
new jobs. In 2016, approximately 374,000 individuals worked, in whole or in part, for solar firms, with 
more than 260,000 of those employees spending most of their time on solar. There were an additional 
102,000 workers employed at wind firms across the Nation. The solar workforce increased by 25 

percent in 2016, while wind employment increased by 32 percent.2 
 The oil and natural gas industry experienced a large net increase in jobs over the last several years, 

adding 80,000 jobs from 2004 to 2014.3 Unlike coal production, natural gas production is projected 
to increase over the coming decades under a business-as-usual scenario, sustaining natural gas 

industry employment.4, 5   

 Employment in the natural gas industry is regionally and temporally volatile; 28,000 jobs were lost 

between January 2015 and August 2016.6 Shifts in locations pose challenges for employees and the 

economies of the areas where they live and work.7  

 Between 1985 and 2001, coal production increased 28 percent as industry employment fell by 59 

percent due to efficiencies gained by shifting production from Appalachia to the West.8, 9 In 2015, 
annual coal production was at its lowest level since 1986, and it is forecast to continue declining over 

the coming decades.10, 11  

 Aside from a minor employment increase from 2000 to 2011, 141,500 domestic coal jobs were lost 
between 1985 and 2016, and the industry shrank by 60 percent. As of November 2016, according to 

BLS data, the coal mining industry employs about 53,000 people.12,a 

 Despite ongoing economic challenges in the Appalachian region, the non-highway appropriated 
budget for the Appalachian Regional Commission (ARC), a Federally funded regional economic 
development agency, has fallen from roughly $600 million in the early 1970s to around $100 million 
in the 1980s and remained roughly constant until 2016. The ARC budget recently increased from $90 

million in fiscal year 2015 to nearly $150 million in fiscal year 2016.13  

 The Abandoned Mine Lands Reclamation Fund’s (AML Fund’s) inability to fully support the 
reclamation of lands disrupted by the coal mining industry has the potential to leave communities in 
regions with declining local revenues with polluted and unsafe lands and few means to repair the 
damage. The AML Fund’s increased ability to support coal mine reclamation would provide local 
employment opportunities and help coal communities transition to new industries.  

 The continued fiscal difficulties of coal miner pensions threaten the solvency of the Pension Benefit 
Guaranty Corporation, a Federal agency that insures private-sector pension funds and is funded out 
of insurance premiums paid by member funds.  

 Proliferation of information and communications technology and new technologies like distributed 
generation, smart home devices, and electric battery storage have led to new businesses and 

employment opportunities, which will require a wide array of new skills.14  

a The 2017 U.S. Energy and Employment Report records 74,084 jobs for Coal Fuels employment in March 2016.  The BLS data from 
November 2016 is relied upon here to illustrate both the recent trends and the historical record over many decades. 
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 The electricity industry will need a cross-disciplinary power grid workforce that can comprehend, 
design, and mange cyber-physical systems; the industry will increasingly require a workforce adept 
in risk assessment, behavioral science, and familiarity with cyber hygiene.15,16 

 A dip in the number of electricity industry workforce training programs in the 1980s contributed to a 
currently low number of workers in the electric utilities able to move into middle and upper 

management positions—creating a workforce gap as the large number of baby boomers retire.17  

 Workforce retirements are a pressing challenge. Industry hiring managers often report that lack of 
candidate training, experience, or technical skills are major reasons why replacement personnel can 

be challenging to find—especially in electric power generation.18, 19  

 Electricity and related industries employ fewer women and minorities than the national average, but 

have a higher proportion of veterans.20, 21 Only 5 percent of the boards of utilities in the United States 
in 2015 include women, and approximately 13 percent of board members among the top 10 publicly 

owned utilities were African American or Latino.22, 23 Underrepresentation in or lack of access to 

science, technology, engineering, and mathematics educational opportunities and programs 
contribute to the underrepresentation of minorities and women within the electricity industry. 

 From 1995 to 2013, the number of injuries per 100 employee-years in the electricity utility industry 

decreased from 4.7 to 1.3.24 However, line workers continue to experience hazardous working 
conditions. In 2014, electrical power line installers and repairers suffered 25 fatal work injuries—a 
rate of 19 per 100,000 full-time equivalent workers, which is over five times the national fatal work 

injury rate.25  

 While data on energy sector workforce are improving, there are still major shortcomings in the data 
availability, precision, and categorization of energy sector jobs.26 

5.1 A Modern Workforce for the 21st Century 
Electricity Industry 

The evolving demands on the electricity  industry are causing a number of workforce challenges for the 
electricity industry, which include large shifts in skills needed and in geographic location of jobs, a skills gap 
for deploying and operating newer technologies, changes occurring during a period when the industry is 
facing high levels of retirements, and challenges recruiting and retaining a workforce that reflects the gender 
and racial diversity of the Nation. At the same time, the evolution of the industry is also creating a number 
of new workforce opportunities, including jobs in renewable energy, natural gas, and information and 
communications technology (ICT). 

The electricity sector's full potential will only be realized if its workforce is able to appropriately adapt and 
evolve to meet the needs of the 21st-century electricity system. A skilled workforce that can build, operate, 
and manage this modernized grid infrastructure is an essential component for the sector’s development. 
Addressing the workforce challenges identified here will create well-paying jobs that contribute to the 
economic health of local communities, support the increased use of efficiency technologies, reduce injuries 
and improve worker safety enable employees in the electricity industry to support a modernized 21st-
century energy system, and ensure a resilient electricity system. 

This chapter provides an overview of the composition of the electricity industry workforce, as well as the 
challenges the sector faces in maintaining an adequate and skilled workforce for the 21st-century electricity 
system. This chapter further examines how qualities and characteristics of the electricity workforce are 
shifting in light of the ongoing transformation of the energy sector, and it provides an overview of how 
industry and government action can respond to challenges facing the industry.  
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5.2 Overview of the Electricity Industry Workforce 

The electricity system depends on a workforce that fills a diverse set of jobs—from the coal miner extracting 
fuel from the ground for electricity generation, to the utility worker repairing a distribution line, and 
everything in between. The following section provides an overview of the number and types of jobs related 
to the electricity industry. 

5.2.1 Workforce Size 

The Bureau of Labor Statistics (BLS) reports that nearly half a million people are employed in electric power 
generation, transmission, and distribution (see Table 5-1).27 Of the 290,000 employees in the electric power 
transmission and distribution subsector, over a quarter million are employed with distribution companies. 
There are an additional 600,000 jobs in extraction and mining industries, though only a portion of those jobs 
are directly attributable to the electricity industry.28 

Table 5-1. Direct Employment and Income in Industries Related to Electric Power Supply as Tracked 
by BLS, 201529 

Industry Sector/Subsector Jobs Percent Related to 
Electricity Industry 

Average Annual 
Income 

Electric power generation 192,000 100 percent $116,000 

Electric power transmission 
and distribution 

290,000 100 percent $99,000 

Electric power total 482,000 100 percent $106,000 

Coal miningb 71,000 ~80 percent $82,817 

Oil and gas extractionc 540,000 ~10 percent to 
20 percent 

$113,022 

Mining and extraction total 611,000 Unknown $110,000 

More than 80 percent of the coal mined in the United States goes to power production.30 The oil and gas 
extraction sector is not subdivided and includes many non-power uses. About 35 percent of the natural gas 
and roughly 1 percent of petroleum usage in the United States is for power production.31 

In addition to the 482,000 jobs in the electric power generation, transmission, and distribution subsectors, 
BLS reports that 169,000 people are employed in the Power and Communication Line and Related Structures 
Construction industry. Some of these employees work constructing transmission lines, substations, and 
power plants.32 

The electricity industry is a dynamic industry with changing sources of employment and job categories. As 
a result, the direct employment figures captured by the BLS job categories provided in Table 5-1 do not 
include all employment related to the electricity industry, particularly those related to construction, solar, 
wind, and energy efficiency workers.33 In 2015, the Department of Energy published the first edition of the 
U.S. Energy and Employment Report (USEER), which provided a broader depiction of electricity industry 
employment than the BLS data based on supplemental employment surveys. A second edition of the USEER, 
published in January 2017, finds that about 862,000 people are employed in jobs related to electric power 
generation.  Another 1,082,746 are also employed in jobs related to fuels extraction and mining, although 
not all of these are directly attributable to the electric power sector (see Table 5-2). 

b Includes supporting North American Industry Classification System (NAICS) industry categories 
c Includes supporting NAICS industry categories 
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Table 5-2. Electric Power Generation and Fuels Extraction and Mining Employment Estimates by 
Technology, First Quarter 201634 

Technology Electric Power 
Generation (Employment 

Estimates) 

Fuels Extraction  
and Mining  

(Employment Estimates) 

Hydroelectric 65,554 - 

Coal 86,035 74,084  

Natural Gas 88,242 309,993  

Nuclear 68,176 8,592  

Solar 373,807 - 

Wind 101,738 - 

Geothermal 5,768 - 

Bioenergy 7,980 104,663  

Oil 12,840 502,678  

Combined Heat and Power 18,034 - 

Other 32,695 82,736  

Total 860,869 1,082,746 
The U.S. Energy and Employment Report (USEER), provides a broader accounting than the BLS data 
presented above, and finds that as of the first quarter of 2016, over 800,000 people were employed in the 
electric power generation industry, most of which are related to the construction and buildout of new solar 
and wind generation capacity. Another 1,082,746 are also employed in jobs related to fuels extraction and 
mining, although not all of these are directly attributable to the electric power sector. As noted above over 80 
percent of coal, 35 percent of the natural gas, and merely 1 percent of petroleum usage in the United States 
is for power production. 35  

USEER finds that the BLS estimates are particularly low for jobs associated with solar, wind, geothermal, and 
biomass electric power generation.36 These low estimates result from classifying many jobs in these 
industries as construction or business and professional services employment. For instance, most solar 
company installers are classified as electrical contractors.37 

Though BLS does not estimate employment in energy efficiency jobs, USEER found that 2.2 million people 
are working in industries directly or partially related to energy efficiency—more than 2.5 times the number 
employed by electric power generation. Of those 2.2 million, 1.4 million are in the construction industry.38 
Energy efficiency employment includes both the production of energy-saving products and the provision of 
services that reduce end-use energy consumption. However, USEER estimates only include work with 
efficient technologies or building design and retrofits. They do not capture employment related to energy-
efficient manufacturing processes. If process efficiencies were included, estimates for the energy efficiency 
workforce would be even larger. 

5.2.2 Skills and Training 

The electricity industry offers diverse jobs, which require a variety of skills. Table 5-3 includes job 
descriptions and educational requirements for selected job categories across the utility portion of the 
electricity industry. Traditional jobs, such as lineman, will continue to be needed, but the increase of 
renewable energy, as well as an increased ICT component to the electricity industry, will change the skillset 
required for many jobs in the electricity system of the 21st century. 
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Table 5-3. Typical Electricity Workforce Roles and Required Education or Training39 

Required Education 

Job Category Job Description 
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Lineman Responsible for the installation and repair of overhead and 
underground distribution and transmission lines, poles, 
transformers, and other equipment. 

Power Plant 
Operator 

Responsible for the maintenance and operation of all 
primary and auxiliary equipment required to generate 
electricity or meet natural gas customers' demands. 

Technicians 
(Transmission 
and 
Distribution) 

Responsible for the repair of both electrical and mechanical 
equipment. This includes inspecting and testing electrical 
equipment in generating stations and substations. 

Technicians 
(Generation) 

Responsible for the construction, assembly, maintenance, 
and repair of steam boilers and boiler house auxiliary 
equipment. 

Pipefitters and 
Pipelayers 
(Generation) 

Responsible for the installation and maintenance of pipe 
systems and related equipment for steam, hot water, 
heating, sprinkling, and industrial production and 
processing systems. 

Power 
Engineers 

Focus on electrical systems, equipment, and facilities 
rather than on mechanical systems and other non-electrical 
systems involved in electric and natural gas energy 
services. It includes people involved in planning, research, 
design, development, construction, installation, and 
operation of equipment, facilities, and systems for the safe, 
reliable, and economic generation, transmission, 
distribution, consumption, and control of electricity. 

All Other 
Engineers 

Focus on non-electrical systems, processes, equipment, 
and facilities involved in electric energy services. It includes 
people involved in the planning, research, design, 
development, construction, installation, and operation of 
equipment, facilities, and systems for the safe, reliable, and 
economic generation/supply, transmission, distribution, 
consumption, and control of electricity. 

The electricity workforce includes several job categories, each with specific educational requirements (shown 
in orange). The striped orange boxes show where a specific level of education is sometimes required or 
infrequently required. 

One ongoing challenge for maintaining the electric industry workforce is the amount of time required to 
train new workers. For example, training to become a journeyman line worker can take up to 7 years.40 if 
enrollment in apprenticeships and training programs increases during a period of worker shortage, the new 
employees would not be prepared for the full range of line worker duties for several years.41 The electricity 
industry appears to have made progress on maintaining a pipeline of skilled labor; the number of pre-
apprenticeship training programs has more than tripled since the 1990s.42, 43 Furthermore, skilled workers 
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coming from related industries—such as construction electricians—may not require as much training and 
would be ready for duty in a shorter timeframe.  

In addition to the electricity workforce job categories shown in Table 5-3, the electricity industry also 
employs thousands of corporate services employees engaged in jobs such as customer service, finance, 
management, and human relations. Skills required in these jobs are often more transferable between 
industries and require less specialized electricity industry training. 

Training Programs in the Electricity Industry between the 1980s and 
Today 
The economic outlook of an industry often determines the availability of training programs. During the 1980s 
and 1990s, the electricity industry experienced much lower demand growth than the decade before. A 
conservative outlook on demand growth coupled with an increased focus on productivity in anticipation of 
impending industry deregulation led utilities to scale back hiring and internal training programs.44 

The 1980s and 1990s also coincided with a shift away from technical education as the primary tool to train 
the next generation, toward a larger emphasis on four-year college programs. This shift further decreased 
the interest in technical and vocational training, previously a main pillar of education for the electricity industry 
workforce, which led to the closure of many technical high schools, shrinking the pool of available applicants 
for the electricity industry even further.45 The future workforce is now educated through a variety of means, 
including community colleges, apprenticeship programs, and certificate programs. This has led to a lack of 
uniformity of standards and curricula, which is a challenge for electric companies, as they often have to retest 
skills to ensure that applicants have the necessary education. While the 2000s have seen a rebuilding of 
some of the training and apprenticeship programs, the dip in training programs in the 1980s contributed to 
fewer workers in middle management in the electric utilities—creating a gap as the large number of baby 
boomers retire.46 

5.2.3 Electricity Utility Worker Health and Safety 

The electricity industry has made progress in improving workplace safety. From 1995 to 2013, the number 
of injuriesd per 100 employee-years in electricity utilities decreased from 4.7 to 1.3.47 In 2015, the workplace 
injury rate across electricity generation, transmission, and distribution companies was slightly more than 
half the national rate.48 However line workers continue to experience hazardous working conditions. In 
2014, electrical power line installers and repairers suffered 25 fatal work injuries—a rate of 19 per 100,000 
full-time equivalent workers, which is over five times the national fatal work injury rate.49 

For electricity utility workers, the injury rate is highest among the 21–30-year-old age group at 3.7 percent 
(see Figure 5-1). This segment only makes up 10.7 percent of the sector workforce, but has higher rates of 
injury due to “fewer years of experience and a higher proportion of young workers employed in higher risk 
occupations, performing physically demanding or higher risk tasks.”50 

d Injury rates reported here are for injuries resulting in a worker missing at least one full day of work after the injury date. 
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Figure 5-1. Injury Rates and Employee Age Group Distribution for Electricity Utilities, 1995–201351 

Overall injury rates are highest among the 21–30-year-old group, although employees between 41 and 50 
years of age comprise the largest group of employees, with 32.9 percent.  

Injury rates for electricity utilities are not only unevenly distributed by age group, they also differ regarding 
the nature of the job. Welders, line workers, and meter readers accounted for the highest proportion of 
injuries among all electricity power sector occupations.52 The specific causes of worker injuries and fatalities 
can be generally grouped into four categories: a misunderstanding or non-compliance with safety concepts, 
poor communication, absence of leadership, and/or lack of experience and qualified employees.53  

As the electricity sector modernizes, there may be opportunities to leverage technological advances to 
improve worker safety and reduce rates of injury.  New equipment, processes, and infrastructure design 
can complement innovations in training practices to improve workplace safety in the electricity industry 
through reducing electrical exposures, instances where utilities deploy crews and trucks, as well as instances 
where crews work at elevated heights. 

5.2.4 Electricity Industry Workforce Inclusion 

The electricity and related resource extraction industries employ fewer women and minorities than the 
national average (see Figure 5-2). Women constitute 22 percent of the electric power generation, 
transmission, and distribution industry workforce, compared to 47 percent of the entire workforce. African 
Americans constitute just 8 percent of the electricity workforce but are 12 percent of the workforce as a 
whole. Oil and gas extraction, construction, and coal mining industries employ even fewer women and 
African Americans. Asian Americans are not statistically represented in the coal mining industry, and again, 
lag the national average for the other industries surveyed here. Latino employment in the construction 
industry is the only minority demographic that is higher than the national average for the population groups 
and industries included here.54 
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Figure 5-2. Electricity and Related Industry Employment Demographic Indicators, 201555 

The electricity industry ranks far below the national average in employment of women, African Americans, 
Asian Americans, and Latinos. The oil and gas extraction and coal mining industries have similar 
demographic characteristics. The construction industry, where energy efficiency jobs are mostly located, has 
a higher percentage of employment of Hispanic or Latino Americans.  

The lack of diversity in the electricity industry extends to the executive level as well—only 5 percent of the 
boards of utilities in the United States in 2015 include any women, and approximately 13 percent of board 
members among the top 10 publicly owned utilities were African American or Latino.56, 57  

Veterans make up a slightly higher proportion of electricity industry jobs than their representation in the 
national workforce. A recent study found that veterans make up 8 percent of the current workforce and 10 
percent of new hires across the electricity utility, natural gas utility, and nuclear energy industries.58 The 
solar industry employed an estimated 16,835 U.S. veterans in 2015, and the percentages of veterans 
working as solar manufacturers, solar installers, and solar project developers each exceeded the total 
percentage of veterans in the broader national workforce.59  

Underrepresentation in or lack of access to science, technology, engineering, and mathematics (STEM) 
educational opportunities and programs contribute to the underrepresentation of minorities and women 
within the electricity industry. For instance, African American and Latino students are critically 
underrepresented in STEM programs in high schools and colleges, and STEM education is often necessary 
for entry into many positions in the electricity sector. Two-thirds of public high schools with a majority of 
African American students do not offer calculus, and more than half do not offer physics.60 These curriculum 
deficits result in lower STEM college graduation rates among underrepresented communities. In the 2013–
2014 school year, African Americans and Latinos received only 7.2 percent and 9.5 percent of all STEM 
bachelor’s degrees, respectively.61 

While the renewable portion of the electricity industry is seeing dynamic job growth, workforce inclusion in 
renewable energy also tends to lag behind the national average. Women represented 24 percent of the 
solar workforce, which is well below the national average workforce participation levels. However, the 
number of women in the solar industry has been steadily trending upward from 19 percent in 2013. This 
trend is reversed for African Americans and Latinos, who are trending downward, with African Americans 
comprising 5.2 percent of the solar workforce in 2015 (down from 5.9 percent in 2013) and Latinos 
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accounting for 11 percent of the workforce in 2015 (down from 16 percent in 2013). The number of veterans 
in the solar workforce is also trending downward—9.2 percent in 2013 and 8.1 percent in 2015, but it is still 
above the national average.62  

5.3 Electricity Industry Workforce Challenges 

The electricity industry is facing several changes that present challenges for maintaining a skilled workforce. 
New technologies require new and evolving skillsets for industry employees, as high levels of retirees take 
with them industry experience, and regional mismatches are emerging between the needed and available 
workforce. These changes could create  skills gaps for the industry and workforce, as well as recruitment 
challenges in attracting appropriately trained and qualified employees. The time required to train new, 
qualified workers in the sector serves to limit the industry’s ability to respond to rapid shifts in the workforce 
and limit the employment appeal to prospective employees faced with alternative career options. 
Workforce challenges facing the industry are exacerbated by the lack of robust, reliable data and by 
forecasts on industry needs and workforce supply—especially as business models evolve. Meanwhile, new 
technologies like distributed generation, smart home devices, and electric battery storage have led to the 
proliferation of many new business, job types, and employment opportunities. These new business models 
are expanding the definition of electricity industry jobs, and they present new workforce development 
challenges related to skills transferability and uniform safety and security practices and services.  

The electricity system of the 21st century will require an adaptable and flexible workforce with additional 
areas of expertise and capabilities than the current workforce. The integration of variable renewable 
sources, storage systems, smart grid, and demand management will require new training and skillsets. 
Sector engineers need to have well-developed expertise in traditional topics such as electrical engineering, 
while also possessing knowledge of information technology, communications, and other relevant topics. 
Maintaining existing training programs for the legacy systems while also focusing on the skillsets of 
tomorrow’s workers will be a unique challenge. As an example of these new workforce needs, the increased 
ICT component in the smart grid of the 21st century requires a wide array of new and different skills. 63  

With the issue of cybersecurity increasingly at the forefront of electricity industry concern, the industry will 
require a workforce adept in risk assessment and behavioral science, as well as familiar with cybersecurity 
risk factors.64 A 2010 report from the President’s Council of Advisors on Science and Technology, Designing 
a Digital Future, highlighted challenges stemming from the lack of a dedicated and trained cross-disciplinary 
power grid workforce that can comprehend, design, and manage cyber-physical systems (CPS).65 In the 
future, the electricity industry faces dual challenges of growing a workforce with new requirements and 
qualifications, while also competing with other industries that are demanding CPS trained workers. Training, 
curriculum, and education in CPS remains nascent. The shortage of CPS-trained workers could place 
constraints on the evolution of the 21st-century electricity system. Addressing those ICT and sectoral skills 
challenges requires a strategic approach to talent management, focused on upgrading skills for existing 
employees and recruiting new employees with needed skills. 

5.3.1 Electricity Industry Capacity Gaps 

Much of the utility and electricity sector workforce is nearing retirement. The aging workforce of the 
electricity sector is not unique in the U.S. economy, yet its specific skills requirements and the importance 
of the industry to national security and economic prosperity elevate the importance of its workforce 
management. Electricity utility, natural gas utility, and nuclear generation industry surveys indicate that 
roughly 25 percent of employees will be ready to retire in the next 5 years.66 Noting demographic trends 
within the industry, in 2006, the North American Electric Reliability Council (NERC) raised concerns about 
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worker and skills gaps among electricity industry employees, stating that “industry action is urgently needed 
to meet the expected 25 percent increase in demand for engineering professionals by 2015.”67 Spurred by 
this and other reports, the industry has pursued multiple initiatives and programs to address the looming 
increase in demand for skilled workforce.  

Although the industry has made some progress on recruiting and developing the next generation workforce 
through hiring (see Figure 5-3), the capacity gap remains stubbornly persistent due to a workforce that 
continues to age, recruitment difficulties, a rapidly changing industry and specific training and certification 
needs.68 A recent industry study forecasts the need for 105,000 new workers in the smart grid and electric 
utility industry by 2030, but expects that only 25,000 existing industry personnel are interested in filling 
those positions.69 The remaining 80,000 employees in this supply-demand mismatch will need to be filled 
through recruiting and training. However, the industry is not expected to meet the forecasted need with its 
current recruitment and training rates.70 In one recent survey, 43 percent of utilities surveyed stated that 
they see the aging workforce and the increased rate of retirements as one of their top three most pressing 
challenges.71  

Figure 5-3. Age Distribution in Electric and Natural Gas Utilities in 2006 and 201472 

The age distribution in electric and natural gas utilities has shifted between 2006 and 2014, reflecting both 
the higher proportion of the workforce that is nearing retirement and industry efforts to address the aging 
workforce by hiring younger employees.  

5.3.2 Electricity Industry Employee Recruitment Challenges 

As workers retire, the electricity sector is experiencing challenges in hiring replacement personnel. Industry 
hiring managers often report that lack of candidate training, experience, or technical skills are major reasons 
why replacement personnel can be challenging to find—especially in electric power generation.73 This lack 
of experience can, in part, be attributed to hiring slow-downs in the 1990s and 2000s that have resulted in 
a current shortage of mid-career professionals with the experience to take on supervisory roles (see 
“Training Programs in the Electricity Industry between 1980 and Today” textbox).74  

According to survey responses, over half of employers in the Mid-Atlantic region report very high difficulty 
with hiring in the electric power and fuels transmission, wholesale trade and distribution, and storage 
subsector, while no more than 32 percent of employers in other regions reported hiring difficulty in this 
field (see Figure 5-4). The Mid-Atlantic region, home to more than 40 million people and Washington, D.C., 



Chapter V: The Electricity Workforce: Changing Needs, New Opportunities 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 20175-12 

also reports among the highest rates of difficulty hiring in the energy efficiency and electric power 
generation and fuels industries.75, 76    

Figure 5-4. Percentage of Employers Reporting Very High Hiring Difficulty by Census Region and 
Subsector (Q4 2015)77  

Over half of employers in the Mid-Atlantic region report very high difficulty hiring in the electric power and 
fuels transmission, wholesale trade and distribution, and storage subsector, while no more than 32 percent 
of employers in other regions reported hiring difficulty in this field. The Mid-Atlantic also reports among the 
highest rates of difficulty hiring in the energy efficiency and electric power generation and fuels industries. 

The employment supply and demand imbalance is already evident in the electric power transmission 
industry. One analysis finds that 10 states were experiencing a shortage of worker for electric power 
transmission in 2014. The same analysis projects that the number of states that will experience a shortage 
of worker supply will grow to at least 12 by 2018.78  

5.3.3 Training Capacity and Timeline 

One of the challenges for maintaining the electric sector workforce is the amount of time required to train 
new workers in order to respond to changing industry needs. Even if enrollment in apprenticeships and 
training programs increased today, sector employees would not be ready to enter the job market until 
several years from now. For example, initial training to become a fully educated lineworker is between 4.5 
and 7 years.79 And, due to the closure of many training programs in the 1980s because of lower need (see 
“Training Programs in the Electricity Industry between 1980 and Today” textbox), there is also a dearth of 
mid-career employees within the electricity sector that might otherwise fill these roles (see Figure 5-3).80  
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5.4 Electricity Industry Sectoral and Regional 
Variations, Training Opportunities 

The electricity industry is the dominant consumer of coal, natural gas, and renewable energy technologies, 
so changes in electricity industry demand for these resources can cause separate regional and sectoral 
dislocations in these industries. Each industry has distinctive workforce characteristics, skills requirements, 
and geographic concentrations, which means that employment gains in one industry do not always translate 
to opportunities to workers affected by employment loss in other industries that may be geographically 
distant and require different skills.  

In many cases, changes in the electricity industry result in new businesses and sources of employment, 
especially with the growth of natural gas production and the renewable energy industry. In other parts of 
the country where employment is heavily dependent on a single industry, like coal, the economic 
consequences of the shifts in the electricity industry can be significant; employment in the coal mining 
industry has fallen by nearly 70 percent over the last three decades, largely in rural America.81 Even in 
sectors experiencing long-term growth, employment can be volatile; the oil and natural gas extraction 
industry has lost about 14 percent of its workforce since the beginning of 2015 (through August 2016).82 
These changes in employment not only impact the labor force, but also the communities in which they live, 
work, and contribute to funding public infrastructure and services like roads and schools. While the shift 
from jobs in coal to natural gas and renewables is a recent example of job dislocation, this issue is not limited 
to coal or to the energy industry as a whole. Job dislocation has been, and will continue to be, a critical issue 
across many industries as the Nation’s economy grows and changes. 

5.4.1 Falling Demand for Coal Has Reduced Coal-Related 
Employment 

In 2015, the electricity industry consumed over 80 percent of domestically produced coal.83 Recent shifts 
away from coal for electricity generation and toward natural gas and renewable energy technologies—
largely driven by recent reductions in natural gas prices and renewable generation costs—have sharply 
reduced overall coal demand over the past several years. Annual coal production in 2015 was at its lowest 
level since 1986.84 Because of the reduction in electricity industry demand and other shifts in the economy, 
coal production is forecast to continue declining over the coming decades (see Figure 5-5).  

Coal production in the Appalachian region began falling in 1990, even as total U.S. coal production increased 
through 2007. The primary reason for coal’s reduced market share in Appalachia is its higher relative price 
compared to coal in the western United States; in 2015, the price of coal from West Virginia was four times 
as much per ton as coal from Wyoming.85  

Differences in mining efficiency and ownership cause the higher cost for Appalachian coal. Mines in the 
West tend to be larger and use surface mining techniques, which result in lower production expenses 
compared to the mix of underground and surface mining used in Appalachia.86 While most mining in 
Appalachia occurs on private lands, 80 percent of coal production in the western United States occurs on 
Federal lands, where companies pay lower royalties and fees.87 Appalachian coal’s relative economic 
disadvantage is forecast to continue for the coming decades (see Figure 5-5).88 
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Figure 5-5. Historic and Projected Coal Production, 1985–204089, 90 

Coal production in the United States peaked in 2008 after a period of decreasing production in Appalachia 
and increasing production in the West. Production is forecast to continue to fall in the business-as-usual 
scenario shown here. 

Coal mining jobs in the United States have declined over the last several decades. Between 1985 and 2000, 
employment in the coal industry shrank nearly 60 percent. During this period, 105,500 domestic coal jobs 
were lost. While national coal mining employment experienced a minor increase from 2000–2011, 36,000 
coal mining jobs were lost between 2011 and September 2016, a reduction of 40 percent.e Of these losses, 
nearly 90 percent were in the Appalachian region.  As of November 2016 the BLS reported employment of 
about 53,000f people in the coal mining industry. (see Figure 5-6).91 

e 2011 is used as the base year for this comparison because it was the peak year for domestic coal production this century. Since 
then, coal mining jobs have been declining, while natural gas and oil extraction jobs have been on the rise overall. 
f The 2017 U.S. Energy and Employment Report records higher Coal Fuels employment numbers in comparison to BLS due to 
differences in terms, categorizations, and survey methods; reporting 74,084 Coal Fuels jobs in March 2016, as shown in 

Table 5-2.  The BLS data is relied upon here to illustrate both the recent trends and the historical record over many decades. 
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Figure 5-6. Coal Industry Employment and Production, January 1985–September 201692, 93 

Employment in the coal industry fell from 1985 through 2003, while production increased due to 
mechanization and a shift to western coal that has much higher labor productivity than Appalachian mines. 
Over 23,000 jobs were lost between 2011 and 2015; nearly 90 percent of those losses were in the 
Appalachian region. Note: Data from 2010 to 2016 are quarterly, extrapolated to annual estimates.  

This loss of coal jobs can be attributed to increased efficiencies in mining and, later, a reduction in coal 
demand over the last several decades. Between 1985 and 2001, coal production increased 28 percent, as 
industry employment fell by 59 percent,  due to the increased efficiencies in the industry and by the shifting 
of production  and lower sulfur coal produced by shifting production from Appalachia to the Western U.S., 
especially within the Powder River Basin.94, 95 From 2001 to 2015, annual mining productivity in Appalachia 
ranged from 5,100 tons per employee to 8,100 tons per employee; in the West, it ranged from 35,000 tons 
per employee to 45,000 tons per employee.96  

Coal miners provide crucial economic support for communities in which they live, which tend to be 
concentrated in rural areas. In 2011, at the peak of coal mining employment in this century, coal mining jobs 
accounted for over 5 percent of employment in 64 U.S. counties and over 20 percent in 12 counties, not 
including indirect employment supporting the coal sector. Fifty of the counties with over five percent coal 
mining employment experienced job losses between 2011 and 2015.97, 98 The total net job loss in the 64 
counties was over 20,000 jobs, with 12 counties losing over 10 percent of their entire workforce.99, 100 These 
counties that have been hit particularly hard by recent employment declines are located primarily in central 
and northern Appalachia (see Figure 5-7).  
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Figure 5-7. Change in Coal Mining Employment by County, 2011–2015101 

Nationally, 161 counties experienced coal industry job losses between 2011 and 2015, when over 20,000 
jobs were lost in total. The most severe job losses are concentrated in central and northern Appalachia, where 
some regions have a high proportion of their workforce in the coal industry.  

Coal mining is a major economic driver within many rural communities. Coal mining jobs pay well relative 
to other available occupations in those areas; miners earn roughly 40 percent more than the average wage 
for all U.S. workers.102 The combination of relatively high income and employment concentration means 
that many local economies are very sensitive to changes in the industry.103 A reduction in jobs lowers 
municipal tax revenues, severely impacting support for public schools, local infrastructure, and public 
services. Less spending at local businesses depresses the local economy, causing more unemployment, and 
further reducing public revenue.  

There are 1.8 million people living in Appalachian counties with ongoing coal-mining activity and classified 
as “economically distressed” or “economically at risk” by the Appalachian Regional Commission (ARC) based 
on a combined index of unemployment, poverty, and income levels.g, 104 These counties are heavily 
concentrated in West Virginia, eastern Kentucky, and southern Ohio, largely overlapping with regions facing 
coal industry employment losses (see Figure 5-8). 

g The Appalachian Regional Commission ranks all U.S. counties according to a combined index of unemployment, poverty, and 
income, and considers counties in the bottom decile for the country to be ‘distressed’ and the bottom quartile to be ‘at risk.’ 
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Figure 5-8. Economic Wellbeing of Appalachian Counties, 2016105 

There are 1.8 million people living in Appalachian counties with ongoing coal-mining activity and classified as 
“economically distressed” or “economically at risk” by the Appalachian Regional Commission. The 
Appalachian Regional Commission ranks all U.S. counties by a combined index of unemployment, poverty, 
and income. It considers counties in the bottom decile for the country to be ‘distressed’ and the bottom quartile 
to be ‘at risk’. 

More than 45 percent of the mining workforce is over 45 years old.106 For these employees, finding 
alternative employment—especially at a similar income level—can be more challenging than for younger 
workers with more time ahead of them in the labor force.107 Underfunded pension and retiree healthcare 
obligations put these older workers, retired miners, and their communities in a particularly vulnerable 
position. Federal efforts to support economically vulnerable communities and workers are discussed in later 
sections of this chapter. 

Coal-miner pension funds are in financial distress, putting retirees and surviving dependents in jeopardy of 
losing their planned retirement and healthcare benefits. As coal employment has declined, mine-worker 
pensions have some of the highest ratios of retirees to current workers of any pension programs in the 
United States, which can drain the principal balance of the fund faster than it can be replenished. The largest 
coal-miner pension fund, United Mine Workers of America’s 1974 Pension Plan, has 90,000 beneficiaries, 
with only 8,000 working members still contributing to the fund—a 9 percent ratio of contributing workers 
to active beneficiaries.108 On average, 37 percent of pension participants in Federally guaranteed, multi-
employer pensions are still working and contributing to their pension funds.109 

The financial crisis and the bankruptcy of three of the largest coal mining companies in the United States 
between 2014 and 2016 have further imperiled these pension and healthcare programs. These bankruptcies 
have allowed several large coal companies, including Patriot Coal and Alpha Natural Resource, to default on 
some or all of their obligations to these pension and healthcare funds.110, 111 The miners’ pension funds are 
insured by the Pension Benefit Guaranty Corporation (PBGC), a Federal corporation analogous to the 
Federal Deposit Insurance Corporation and funded out of insurance premiums paid by member pension 
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funds. The 1974 Pension Plan is so large that its default could lead to the insolvency of the PBGC, imperiling 
retirements across the economy.112 Retiree health insurance programs have no similar Federal guarantee.113 
Typically, a single employer providing retiree health insurance is not required to pre-fund such obligations, 
and, in bankruptcy, may be relieved of the obligation to fulfill its commitments.114 Historically, the Federal 
Government has intervened to support coal miner retiree benefits in times of crisis through legislative and 
administrative actions.115 President Obama’s fiscal year (FY) 2016 and FY 2017 budgets included the transfer 
of Federal funds to protect the health and pension benefits of retired coal miners and their families, as did 
bipartisan legislation in the Senate and House.  However, the 114th Congress adjourned at the end of 2016 
without passing this legislation and instead only extended healthcare coverage to retired miners and their 
dependents through the term of the Continuing Resolution (April 28, 2017). 

Continued reductions in coal production in Appalachia are also frustrating efforts to protect community 
health and the environment against land and water degradation from pre-1977 mining activities. Since 1977, 
the coal industry has taken responsibility for the remediation of the lands and waters affected by mining, as 
required by the Surface Mining Control and Reclamation Act of 1977 (SMCRA). However, prior mining 
activity has left an estimated $4 billion of high-priority, health-related and safety-related issues with 
abandoned mine lands in the United States116 and up to $9 billion of abandoned coal mine sites needing 
restoration.117 SMCRA created the Abandoned Mine Lands Reclamation Fund (AML Fund) to reclaim land 
damaged before 1977 using funds collected through a small per-ton fee—currently less than 1 percent of 
retail value—on all coal mined in the United States.118 

Declining coal production has reduced funding for abandoned mine reclamation. AML Fund receipts have 
declined from a peak in 2007 of $305 million to $197 million in 2016.119 At this revenue level, it would take 
20 years to fully fund the high-priority, health-related and safety-related coal mine reclamation in the United 
States—the majority located in Appalachia.  

The current formula for distributing AML Fund resources poorly matches regional needs. Until 2023, SMCRA 
requires that 50 percent of the fees collected for AML Fund restoration are spent in the state in which they 
are collected. Most U.S. coal is produced in the western United States, where little need for pre-1977 mine 
reclamation remains. Meanwhile, disbursements to Appalachia, the historic heart of coal production where 
mine reclamation needs are most severe, have fallen due to declining coal production in that region. The 
President’s FY 2016 and FY 2017 budgets proposed to invest $1 billion over five years from the remaining 
unappropriated balance in the AML Fund. The proposal would allow states and Native American tribes 
across the country to accelerate efforts to clean up abandoned mine lands and polluted waters, then link 
those projects with economic development strategies to revitalize coal communities impacted by the 
downturn of the coal industry. In February 2016, the Revitalizing the Economy of Coal Communities by 
Leveraging Local Activities and Investing More (commonly known as RECLAIM) Act (H.R. 4456), a bill 
consistent with the President’s proposal sponsored by Congressman Hal Rogers, was introduced in the 
House and gained a bipartisan group of 27 co-sponsors by the end of the 114th Congress.   
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Coal Power Plant Closures 
From 2011 to 2015, 345 coal-fired generators were shut down and 20 were added, resulting in a loss of 33 
gigawatts, or 10 percent, of the 2011 coal-fired generating capacity.120, 121 The number of power plants 
reporting coal as their primary fuel source dropped from 589 to 427.122 Not all of these numbers represent 
closures of entire plants—many plants have multiple generating units, and some units have been switched to 
natural gas rather than shut down, retaining much of their workforce. Nevertheless, fossil fuel electric power 
generation employment fell 5 percent from 2011–2015.123 The loss of power plant jobs in rural communities 
can have effects similar to those described above for coal mining job losses. 

Several factors help mitigate, though not eliminate, the effects of coal-fired power plant job losses.124, 125 For 
example, in 2012, American Electric Power began planning for plant closures affecting 570 jobs that would 
occur by 2016. As closures occurred, almost half of the employees moved to positions at other plants. Some 
retraining occurred, but many employees received similar jobs. Other positions remained vacant after normal 
retirements, and many employees were retirement eligible at the time of closure due to the advanced age of 
the workforce.126 These closures still affected workers and communities, but the utility’s planning efforts 
lessened the effect. 

5.4.2 Natural Gas Employment Trends Reflect Shale Boom 

Beginning around 2009, the influx of new supply from unconventional sources reduced natural gas prices to 
pre-2000 low price levels (see Figure 5-9).127 Low prices relative to coal increased demand for natural gas 
from the electric power system—now the largest consumer of natural gas in the United States. From 2008 
to 2015, electricity generation from natural gas rose 51 percent. 128 

Figure 5-9. Average Monthly Cost of Delivered Fossil Fuels in the U.S. Electricity Industry, 1993-
2015129 

Natural gas prices fell back to pre-2000 prices around 2008. This price drop and increase in the price of coal 
has made natural gas more competitive than coal in many regions of the country.  

The changing relative prices of natural gas and coal and the subsequent change in generation mix led to a 
large net increase in jobs over the last decade. The natural gas and oil extraction industry added about 
80,000 jobs from 2004 to 2014.130 When support activities, pipeline construction, and associated machinery 
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construction are included, this number increases to about 400,000.131 Recently, natural gas and oil 
extraction employment has declined by around 25,000 jobs between early 2015 through November of 
2016.132 However, unlike coal production, natural gas production is projected to increase over the coming 
decades, sustaining natural gas industry employment (see Figure 5-10).133, 134  

Figure 5-10. Historic and Projected Annual Coal and Natural Gas Production, 1985–2040135, 136, 137 

Coal production is projected to decline in the coming years in the business-as-usual scenario shown here, 
while natural gas production is forecast to increase substantially. These changes imply the employment 
prospects within these two industries. Though the oil and gas industry has lost a substantial number of jobs 
in 2015 and 2016, the industry is forecast to increase production in the long term.  

Despite potential employment growth from the expected increase in natural gas production in the coming 
years, jobs in the natural gas industry pose several workforce challenges. As revealed by the recent shale 
boom, jobs in the oil and natural gas production industry shift location regularly—posing challenges for 
employees and the economies of the areas where they live and work.138 Rapid influx of workers can strain 
local housing availability, and subsequent outflows of workers can leave partially constructed housing in its 
wake.139 While average incomes in oil and gas extraction are high (see Table 5-1), job security is low, as the 
industry fluctuates in response to global markets and as extraction regions experience boom and bust 
cycles.140 These rapid transitions are characteristic of the oil and natural gas industry, while changes in the 
coal industry have played out over longer periods.  

5.4.3 Sector Employment in Renewable Energy Continues to Grow 

In 2016, the traditional energy sector employed approximately 4.1 million workers. Of these, electric power 
generation and fuels technologies directly employed more than 1.9 million workers. And, job growth in the 
renewable energy industry remains strong. Wind power constituted the largest portion of generation 
capacity additions in 2015.141 Employment in the solar industry has grown over 20 percent annually from 
2013 to 2015. From 2010 to 2015, the solar industry created 115,000 new jobs. In 2016, just under 375,000 
individuals worked, in whole or in part, for solar firms, with more than 260,000 of those employees spending 
most of their time on solar. There were an additional 108,000 workers employed at wind firms across the 
Nation. The solar workforce increased by 25% in 2016, while wind employment increased by 32%.142 Of the 
375,000 individuals working in solar, nearly half of these are in the solar installation industry, requiring 
distinct skillsets compared to traditional generation technologies. Solar industry jobs are relatively high 
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paying compared to all jobs nationally, with a significant range of earnings across occupations within the 
industry. Currently, renewable energy jobs are geographically concentrated according to high-value wind 
and solar resources and state-specific renewable portfolio standards; over half of all the solar jobs in the 
United States are found in only four states (see Figure 5-11).143 

Figure 5-11. Distribution of Solar Industry Jobs (top) and Wind Industry Jobs (bottom) by State, 2015
144, 145

Solar industry jobs are primarily located on the coasts, while wind industry jobs are prevalent in the central 
United States. Together, wind and solar employment cover much of the United States. Job locations are 
driven by resource availability and by state policies. 
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5.4.4 Coal, Natural Gas, and Renewable Energy Shifts Create a 
Mismatch in Electricity System Job Opportunities 

While there is potential for long-term job growth in renewable energy and natural gas extraction and further 
declines in coal mining, these jobs are not substitutable. Several factors prevent the employment 
opportunities in the renewables and natural gas industries from reaching those communities most affected 
by erosion of job opportunities: 

 The geographic locations of electricity sector job losses and gains are currently not well 
correlated.  

Job losses from the coal mining industry are largely concentrated in southern Appalachia, while 
growth in natural gas extraction and the renewable energy industry is located elsewhere. 

 Income discrepancies between industries is a challenge for reemployment. 

The median wage for solar installers is higher than the median wage across all occupations. It 
remains more than 20 percent less than the median wage for coal mining jobs, 146 and solar 
manufacturing jobs in the United States pay 10 percent less than U.S. manufacturing jobs generally. 

147 While there is an income discrepancy between coal and solar jobs, solar jobs are rapidly 
increasing. Retraining and creating more localized solar jobs is important.  

 The skills required for employment vary between industries experiencing growth and those 
experiencing decline. 

Natural gas and coal jobs are largely extraction focused, whereas wind and solar energy jobs are 
significantly manufacturing-based (almost 50 percent for wind and 40 percent for solar) and 
construction-based (20 percent for wind and almost 30 percent for solar).148 Significant retraining 
would be required to transition between these jobs. 

Employment in the Nuclear Industry 
The U.S. Energy and Employment Report finds that 68,000 people are employed in the nuclear generation 

industry.149 Employment in the industry may fall as nuclear power plants retire. Since 2013, six nuclear 

reactors have shut down prior to the end of their existing licenses. Closure announcements have been made 
for another 10 reactors to cease operation over the next 10 years, 8 will close before the end of their current 
operating licenses. Recent state actions, pending any legal challenges, may enable four of those to continue 
operating.  However, the net employment impact of plant closures may be mitigated through employee 
retirements and transfers to other power generation facilities.150 

Construction of nuclear power plants requires thousands of skilled construction workers.151 To ensure an 
adequate supply of highly trained workers for the construction of nuclear reactor units at Plant Vogtle in 
Georgia, North America’s Building Trades Unions and Georgia Power created an apprenticeship-readiness 
training program under the Helmets to Hardhats initiative. The program focuses on increasing workforce 
inclusiveness and providing job opportunities to veterans.152 

Employment in uranium production (mining, milling, and processing) has trended with production levels. 
Though employment numbers are unknown prior to 1993, uranium production over the last two decades was 
a fraction of average annual production from 1960 to the early 1980s.153 The uranium production industry 
employed 625 people in 2015, down from a 21st-century peak of 1,563 in 2008.154  

Employment trends in the uranium industry closely mirror resource prices; these have fallen from a peak of 
over $100 per pound of triuranium octoxide (U3O8) in 2007 to below $30 in 2015.Prices are anticipated to 
remain low due to growing inventories owned by nuclear power owners and operators. Total inventories in 
2015 were enough to fuel two years of nuclear power production at use-rate averages over the last decade.155 
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5.4.5 Skills Training and Workforce Development 

Companies, industry representatives, and labor unions have pursued a variety of skills training and 
workforce development programs to overcome workforce skills deficiencies.  

Many utilities operate their own line worker schools, joint labor management apprenticeship programs, and 
other training programs, while others recruit from line worker training schools that offer introductory 
programs.156 Additional programs include a uniform nuclear curriculum program and a power plant 
technology program.157 In FY 2014, 7,253 apprentices were enrolled in registered apprenticeship programs 
for line installer/repairers, line maintainers, and line erectors.158  

In 2006, the major industry trade associations and many leading companies formed the non-profit Center 
for Energy Workforce Development (CEWD). “CEWD was formed to help utilities work together to develop 
solutions to the coming workforce shortage in the utility industry. It is the first partnership between utilities, 
their associations, contractors, and unions to focus on the need to build a skilled workforce pipeline that 
will meet future industry needs.”159 Today, CEWD includes the five major utility trade associations, the 
industry’s two principal unions, and more than 100 companies that employ over 90 percent of utility 
workers. CEWD is organized through more than 30 state consortia that are focused on working with local 
educational institutions, their union apprenticeship programs, and other stakeholders to create a high-
quality, diversified workforce.  

Construction industry training programs are particularly important for energy efficiency. Nationally, North 
America’s Building Trades Unions operate over 1,600 Joint Apprenticeship Training Committees (JATC) with 
their construction employers. These JATC’s train 74 percent of all construction apprentices in the United 
States at a cost of $1.3 billion annually.160   

As the electricity industry relies increasingly on ICT components in creating a smart grid, the labor intensity 
of the electricity grid of the 21st century may decrease. Critically important industries that face similar 
challenges have already used redesigned work processes and innovative workforce practices to increase 
efficiency. The increased use of technology—for example smart meters to reduce the need for meter 
readers, smart grid components that isolate faults and reduce outages, or aerial inspection technology to 
improve damage assessments—might also increase workforce efficiency.  

Smart Grid Workforce Training and Development under the American 
Recovery and Reinvestment Act of 2009 
In 2010, the Department of Energy awarded nearly $100 million of funding appropriated under the American 
Recovery and Reinvestment Act of 2009 to support 54 workforce training programs in the utility and electrical 
manufacturing industries. Funding for these programs was cost-shared with community colleges, universities, 
utilities, and manufacturers, and it is estimated to have trained approximately 30,000 people.161 

5.4.6 Electricity System Workforce Outreach and Inclusion Programs 

In addition to government programs, private partnerships with non-profit organizations are also focused on 
increasing the inclusiveness of the energy sector workforce. GRID Alternatives, together with SunEdison, 
created the Realizing an Inclusive Solar Economy Initiative, which focuses on recruiting members of 
underrepresented communities for jobs in the solar industry—providing solar installation training, working 
with the solar industry to identify needed skills for the trainings, linking trained candidates with available 
employers, and ensuring the retention of a diverse workforce in the industry.162  

Additional targeted initiatives include the Utility Industry Workforce Initiative, where CEWD joined with the 
Departments of Energy, Labor, Defense, and Veterans Affairs; the International Brotherhood of Electrical 



Chapter V: The Electricity Workforce: Changing Needs, New Opportunities 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 20175-24 

Workers; and the Utility Workers Union of America to increase hiring rates of veterans in the industry.163 
Helmets to Hardhats, run by the North American Building Trades Unions, also trains veterans for the 
construction and utility industries.164 

Department of Energy Workforce Inclusion Programs 
Several outreach programs have been established to build a more inclusive work environment in the energy 
sector. The Department of Energy (DOE) launched the Minorities in Energy Initiative in 2013 to “strive to 
ensure that our energy workforce more fully reflects the diversity and strengths of the country.”165 The 
Department, through the National Nuclear Security Agency, also sponsors the Minority Serving Institutes 
Partnership Program and the Cybersecurity Consortium at Historically Black Colleges and Universities.166 In 
2014, DOE also created the Solar Ready Vets® program through its SunShot Initiative.167 The program trains 
exiting service members to become solar installers and has developed a program that provides on-base 
training through the Department of Defense SkillBridge program during the last six months of service. Other 
programs are more broadly focused on improving participation among women and minorities in science, 
technology, engineering, and mathematics (STEM) fields and career pathways. Specific DOE initiatives for 
STEM outreach include the Clean Energy Education & Empowerment initiative and the Mickey Leland Energy 
Fellowship Program.168, 169 

5.4.7 Federal Workforce Data and Coordinated Programs 

In response to the lack of high-quality and discrete energy jobs data, the Department of Energy launched 
the Jobs Strategy Council, which commissioned USEER, making significant strides in improving the 
availability of data and insights for the energy and electricity industry workforce.170 The second edition of 
the report will provide more precise job categorization—particularly for natural gas industry employment 
estimates—and will be published in January 2017. 

Title X of H.R. 6, the 2007 Energy Bill, established the Energy Efficiency and Renewable Energy Worker 
Training program for the Department of Labor to administer.171 In addition to the training program, H.R. 6 
required the Secretary of Labor to collect and analyze labor market data to track energy-related workforce 
trends, award competitive National Energy Training Partnerships Grants to implement training for economic 
self-sufficiency, and develop an energy efficiency and renewable energy industries workforce. Finally, the 
Secretary of Labor was required to award competitive grants to states to administer labor market research, 
information, and labor exchange research programs, as well as renewable energy and energy efficiency 
workforce development programs.172 To date, this program remains unfunded by Congress. 

5.4.8 Support for Communities Experiencing Economic Dislocation 

The United States has a long history of providing adjustment and training programs to workers in industries 
undergoing transition. The Trade Adjustment Assistance program for workers in trade-exposed industries 
with increased import competition was established in 1962, and the broader Job Training Partnership Act 
was passed in 1982.173 The Clean Air Employment Transition Assistance Program, included in the Clean Air 
Act Amendments of 1990 and subsequently repealed, provided training, adjustment assistance, 
employment services, and needs-related payments to workers who lost jobs due to a business's compliance 
with the Clean Air Act.174, 175 Current changes in the electricity sector are rapid and significant; targeted 
assistance may aid in addressing this transition. An alternative approach for older workers in regions with 
few economic opportunities could also provide a financial bridge to retirement in areas of rapid transition. 

The Appalachian Regional Commission (ARC) is a regional economic development agency created in 1965 
to help the Appalachian region reach socioeconomic parity with the rest of the Nation. ARC funds business 
development, workforce development, infrastructure investment, and community capacity building 
through Federal appropriations. Despite ongoing economic challenges in the region, ARC’s non-highway 
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appropriated budget has fallen from roughly $600 million in the early 1970s to below $100 million in the 
1980s. Its budget has averaged below $100 million per year until 2016 when it grew to $146 million.176, 177 

The continued fiscal difficulties of coal miner pensions threaten the solvency of PBGC. Ensuring the 
continued fiscal health of PBGC would support retired workers and their spouses and provide sources of 
economic wealth in communities with decreasing sources of local government revenues. 

While local governments experience losses in tax revenue, it is essential to ensure that children have access 
to adequate education. The Federal Government previously assisted in similar situations through the now-
expired Department of Agriculture Secure Rural Schools (SRS) program, which provided grants to schools in 
communities that were suffering from the precipitous decline in logging on Federal land in the 1990s.178 In 
FY 2015, the SRS program paid $222 million to localities in 41 states and Puerto Rico to invest in school 
systems and road infrastructure.179, 180 The amount of support required in coal communities is likely 
significantly less than in the SRS program, which reached 9 million children.181 All of the central Appalachian 
states spend within 10 percent of the U.S. average of $10,600 per student per year, and fewer than 100,000 
students live in counties where at least 1 percent of the population works in coal mining. 182, 183, 184 

The AML Fund’s inability to fully support reclamation of lands disrupted by the coal mining industry has the 
potential to leave communities in regions with declining local revenues with polluted and unsafe lands and 
few means to repair the damage. Ensuring funding and appropriate design for the AML Fund will help 
prevent mines that were once a source of prosperity for these communities from becoming sources of 
sustained financial and community health challenges.  

The Partnership for Opportunity and Workforce Economic Revitalization 
(POWER) Initiative 
The POWER Initiative is a coordinated Federal effort designed to assist communities that are negatively 
impacted by changes in the coal and electricity industries by funding investments in economic revitalization 
and workforce training in coal communities across the United States. The Appalachian Regional Commission 
and the Department of Commerce’s Economic Development Administration administer the program.185 
Several first and second round grantees provide workforce development and training opportunities for 
workers displaced by the contraction of the coal industry in addition to economic development planning 
assistance.186, 187 

The recommendations based on the analysis in this chapter are covered in Chapter VII, A 21st-Century 
Electricity Sector: Conclusions and Recommendations. 
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VI Enhancing Electricity Integration 
in North America 

This chapter details the interconnectivity of the United States’, Canada’s, and Mexico’sa electric systems 
and opportunities for enhancing integration. First, the chapter outlines the existing consensus between 
the nations to improve integration and the regional variation in transmission capacity that exists. The next 
two sections explore the integration of the United States with Canada and Mexico, respectively, and 
provide in-depth discussions of relevant country-specific policies. The chapter concludes with possible 
policy options to improve integration as well as ongoing and potential opportunities for collaboration. 

a Due to the nature of electricity system interconnections and for simplicity of terminology, the term “North America” will be 
used in this chapter to refer narrowly to the continental United States, Canada, and Mexico.  
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Key Findings 
Integration of the power systems of Canada, Mexico, and the United States historically occurred by gradual, 
ad hoc, and regional adjustments implemented by an array of regional, public, and private stakeholders, 
reflecting the complex and fragmented jurisdictions in all countries. Many opportunities for enhanced 
integration have included a collection of stakeholders and were pursued on a subregional basis.1  

One model for power-sector collaboration across national borders is demonstrated by the reliability planning 
under the North American Electric Reliability Corporation; however, this engagement has been limited to 
Canada, the United States, and the Baja California region of Mexico.2 The Canadian, Mexican, and United 
States governments have all made significant climate commitments and have indicated a desire to shift 
toward greater renewable energy penetration.3 In June 2016, the United States, Canada, and Mexico 
announced a goal for North America to strive to achieve 50 percent clean power generation by 2025. 
Greater cross-border integration could be a tool to maximize gains from the deployment of clean energy 
generation and energy efficiency, but the complexity and current asymmetry of national and subnational 
policy frameworks may impede implementation.4   

The design of domestic U.S. clean energy policies, both at the Federal and state level, has implications for 
cross-border trade and continental emissions reductions. Currently, there are significant disparities 
between U.S. states’ policies for recognition or exclusion of international clean energy imports.5  

Continued study of the context and levels of integration of each subregional, cross-border interconnection 
will allow for a deeper understanding of policies that have shaped current levels of cross-border trade 
(Table 1-1).

Canada has additional hydropower resources that could be exported to the United States to provide a 
reliable source of firm, low-carbon energy.6 There are concerns among stakeholders that increased imports 
of Canadian hydropower could reduce U.S. clean energy competitiveness; however, there are examples of 
arrangements where Canadian hydropower decreases curtailments of U.S. clean resources.7 

Trade has been increasing across the North American bulk power system,8 but cross-border flows, 
especially between Canada and the United States, are now using the full capacity of existing transmission 
infrastructure.9, 10 

Under a low-carbon future scenario, current modeling results show that transmission with Canada becomes 
increasingly important for sustaining emissions reductions and has a significant impact on the generation 
mix in border regions.   

While many electricity system models exist for the United States (and in some cases, the United States and 
Canada), detailed modeling tools to explore the economic, social, and/or reliability impacts of electricity 
trade across all of North America are currently insufficient to inform opportunities for enhancing integration. 

While extensive integration between the United States and Canada can inform the potential for increased 
future U.S.-Mexico integration, these situations are fundamentally dissimilar in four main ways: (1) the lack 
of a dominant exporting country on the U.S.-Mexican border; (2) the different regional approaches to 
integration on the U.S. side; (3) the nascent regulatory framework in Mexico; and (4) the differing legal 
instruments for open-access transmission agreements and reliability coordination between the United 
States and Mexico.11 

Mexico’s ongoing electric utility industry reforms could have significant impacts on the future of cross-border 
integration. The reforms are focused on the overall goal of competitiveness, with the twin objectives of 
reducing electricity costs and developing more clean energy.12 A transition in Mexico from oil to natural gas 
in electricity generation could have tremendous impacts in the manufacturing sector, reducing electricity 
prices, boosting manufacturing output, and increasing overall gross domestic product for Mexico.  

Mexico’s increasing importation of U.S. natural gas could be an economic and environmental opportunity 
for both sides, by offsetting expensive and high greenhouse gas-emitting diesel generation in Mexico and 
creating economic opportunities for U.S. exporters. The resulting reduction in electricity costs in Mexico 
could also boost overall North American competitiveness. 
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The Electric Reliability Council of Texas could benefit from greater integration with Mexico, through access 
to enhanced imports or as a business opportunity for power exporters. 

California’s ambitious clean energy policy provides an opportunity for energy exporters in Mexico, especially 
in the Baja California region, to supply clean energy, dispatchable power, or essential reliability services.13 

Cross-Border Electricity Integration 

Consensus to Enhance North American Electricity Integration 

The potential for electricity integration to provide economic benefits and support the development of 
more modern and resilient energy infrastructure has been a long-standing theme for North American 
diplomacy.14, 15 Leaders in the United States, Canada, and Mexico have publicly and repeatedly affirmed 
support for the concept of increasing energy integration,16 and there is a general understanding across 
the continent that the benefits of cross-border electricity trade can be improved with deeper system 
integration. Earlier this year, at the North American Leaders’ Summit, President Barack Obama, President 
Enrique Peña Nieto, and Prime Minister Justin Trudeau signed a statement agreeing to collaborate on 
cross-border transmission projects in order to achieve the mutual goal of advancing clean and secure 
power. In particular, the United States, Canada, and Mexico announced a goal for North America to strive 
to achieve 50 percent clean power generation by 2025. 

A number of additional recent developments make a discussion of cross-border electricity integrationb 
especially relevant:  

 The completion of transformational energy reforms in Mexico in the oil, gas, and electricity
sectors.

 Canada’s framework on clean growth and climate change, charting an accelerated path to achieve
deep greenhouse gas (GHG) emissions reductions and green infrastructure development.

 The shale gas boom in the United States, which presents new opportunities for natural gas
generation, as well as raises questions about land use and emissions.

 The Paris Agreement and the steps needed to implement nationally determined contributions
globally.

 All three countries’ sustained interest in stimulating strategic opportunities in clean energy
development and energy efficiency.17

 The acceleration of the deployment of renewable energy technologies, which creates
opportunities for grid management through integration.

The extensive electricity integration that already exists between the United States and Canada and the 
potential to increase existing integration between the United States and Mexico suggest that North 
America has much to gain from collaborative planning, strategy, and cooperation in the power sector. 

Regional Variation in Integration across North America 

There is international consensus that electricity integration brings great value to Mexico, Canada, and 
the United States, but the details of planning and implementing electricity integration require the 

b While the discussion of power sector integration has been of intense international interest, moving from aspirational objectives 
to actionable policy steps requires a clear, yet nuanced, definition of “integration” (or its close homologue, “harmonization”). 
While these terms are commonly discussed among a broad range of cross-border power sector stakeholders, there is no single 
definition for their use. For the purposes of this discussion, we define integration to include basic information sharing in policy 
making and planning, as well as the coordination of policies and decision making, often with the result of enhancing flows of 
cross-border trade. For the power sector, this includes any level of coordination in planning, system operations, or regulation. 
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navigation of national, regional, and local interests through the engagement of a broad set of public and 
private stakeholders.18 The North American electricity system is heterogeneous; operations and 
planning primarily take place through regional entities, and every part of the system has evolved with 
different characteristics and structures.19 This leads to complex and asymmetrical jurisdictions and 
regulations, as well as cases in which international, cross-border coordination is sometimes greater than 
subregional coordination within a specific country. U.S.-Canadian integration is often greater than 
between Canadian provinces.20  

A subregional lens is necessary to understand the many varying contexts of integration between Canada 
and the U.S. Pacific Northwest, Midwest, and Northeast Regions, as well Mexico and the southern 
border region with Arizona, California, New Mexico, and Texas. These contexts include different levels of 
integration that range from physical, asynchronous interconnections geared towards emergency trade 
(such as in the Electric Reliability Council of Texas (ERCOT)-Mexico cross-border interactions), to 
extensive, synchronous interconnections that enable Canadian cross-border participation in U.S. 
competitive electricity markets (such as in the Manitoba Hydro-Midcontinent Independent System 
Operator [ISO]). Because of this diversity, there are additional opportunities for enhanced integration 
that should be examined in order to bring maximum benefit for the greatest number of stakeholders at 
a minimum cost. 

For example, additional cross-border transmission infrastructure with Canada has been projected to 
lead to lower overall system costs in U.S. border regions, and it could enhance reliability, backstop 
variable renewable energy development, and enable lower overall emissions of U.S. power 
consumption.21, 22 Greater cross-border planning of transmission and operations between the United 
States and Mexico could maximize efficiencies for commercial opportunities for U.S. generators to sell 
into a higher-priced market, while lowering the electricity costs paid by industrial consumers in 
Mexico.23, 24 Additional trading in electricity between Mexico and the United States could have further 
impacts, including possibly on long-term price stability and other market factors, which will need to be 
further analyzed. Coordination of the United States’ and Mexico’s clean energy incentives and programs, 
such as Clean Energy Certificates, could lead to additional opportunities for clean energy research, 
development, and deployment, as well as reductions in carbon emissions.25   

The barriers to deepening integration are also regionally nuanced. Increasing cross-border integration, 
and especially increasing cross-border trade, raises important questions regarding the economic impacts 
of enhanced integration on domestic power generators and jobs; the reliability of power supply; the 
environment; costs for consumers; and increased reliance on international sources of power. In most 
border regions, increasing electricity flows would require the construction of additional transmission 
infrastructure (see Figure 6-1) since current lines between the United States and Canada are operating
at or near capacity, and the connections between the United States and Mexico tend to have low 
capacity. Developers of new infrastructure will need to strategically align planning across borders in 
order to overcome opposition. 
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Figure 6-1. Transmission Capacity and Electricity Trade across Major Interconnections (June
2015–May 2016) 

Blue lines show hourly export data from Canada and Mexico to the United States in negative megawatt-
hours (MWh); red lines indicate maximum export capacity, recorded hourly from June 9, 2015 to May 19, 
2016. As the blue lines reach the red limit of maximum capacity, transmission in that region is full and 
cannot be expanded on current lines. The proximity of hourly export flows to the maximum export capacity 
suggests that transmission lines are often fully utilized, especially in the U.S. Northeast. Flat-lined regions 
in Hydro Quebec figures are attributed to maintenance outages.  

U.S.-Canada Integration 

Historical Overview 

The United States and Canada serve as a global model of highly functional, cross-border electricity 
coordination. Cross-border electricity trade and coordination of operations, policy, and regulatory 
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planning are extensive, mature, and efficient, and they have led to economic and reliability benefits on 
both sides of the border.26 Significant levels of cross-border transmission interconnect both countries, and 
electricity trade has been growing overall since 2005, increasingly dominated by flows from Canada to the 
United States.27, 28 Total U.S.-Canada trade (including flows in both directions) in 2015 was 77 million 
megawatt-hours (MWh), accounting for a total of U.S. dollars (USD) $2.6 billion in revenues (Canadian 
dollars $3.4 billion).29 With the notable exception of trade in the Pacific Northwest, which continues to be 
bidirectional (with the United States acting as a net exporter to Canada since 1999), in all other regions, 
Canadian exports to the United States have significantly overtaken flows in the opposite direction 
(Figure 6-2).30

These recent trends reinforce a longer historical trajectory. Since the first electricity developments led to 
trade between the two countries in the early 1900s, Canadian private hydropower generators have 
prioritized exports to the United States over pan-Canadian trade, due to a number of factors.31 In 
accordance with Section 92A of the Canadian Constitutions Act of 1867, Canadian provinces have near-
complete authority over their individual electricity systems. Many hydropower-producing provinces (such 
as British Columbia and Quebec) have vertically integrated utilities with regulated pricing structures. 
Markets with more diversified generation mixes (such as Ontario and Alberta), however, have 
implemented varying levels of restructuring, resulting in a system in which neighboring provinces often 
host asymmetrical market structures that aren’t conducive to trade.32 Transmission infrastructure 
development is determined by Canada’s spatial population distribution: 75 percent of the Canadian 
population lives within 100 miles of the U.S. border and is clustered along the coasts.33 Canadian 
hydropower producers, who have the greatest potential to increase capacity to serve other loads, have 
focused on extending transmission the short distances from Canadian population centers to the U.S. 
border, rather than on more costly east-west transmission to other provinces.c, 34 The high level of north-
south integration between Canada and the United States, guided by jurisdictional, population, and 
geographic factors, means that cross-border coordination often surpasses east-west coordination among 
provinces, states, or ISOs within either country.35 Primary interconnections link single Canadian provinces 
to markets in the United States: The Pacific Northwest to British Columbia; Manitoba to Midcontinent 
ISO; Ontario and Quebec to New York ISO; and Quebec to ISO New England.  

High levels of integration between the United States and Canada exist across the border and are facilitated 
in a variety of ways. For example, since 1964, the Columbia River Treaty has contributed substantially to 
the economic progress and safety of both countries through coordinated flood-risk management and 
clean, renewable hydropower within the Columbia River Basin in the Pacific Northwest. Ongoing 
negotiations on a new formal treaty with Canada to extend this arrangement beyond 2024 are critically 
important to the economy of the Pacific Northwest region, particularly for flood management and 
hydropower optimization. 

The significant level of integration between the United States and Canada also has reliability implications. 
Two large-scale, cross-border blackouts, the Great Northeast Blackout of 1965 and the Northeast Blackout 
of 2003, among other factors, significantly shaped the current policies regarding reliability. Those events 
played a role in spurring the subsequent establishment of the North American Electric Reliability 
Corporation (NERC), the Energy Policy Act of 1992, and the Federal Energy Regulatory Commission (FERC) 

c The Maritime Link Project, which links New Foundland, Labrador, and Nova Scotia, as well as discussions about exporting 
hydropower from British Columbia Hydro’s Site C Clean Energy Project to Alberta suggest this might be changing. 
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orders to open transmission access.36 See the History and Trends Appendix for additional detail on these 

events. 

Figure 6-2. Overall U.S. Electricity Trade with Canada in Four Regions37

The graphs show U.S. electricity trade with Canada (1997–2014) in the Northwest, Midwest, New York, 
and New England. While the Pacific Northwest has been steadily increasing electricity exports to Canada, 
the Midwest, New York, and New England have been increasing imports over time.  

Benefits and Barriers to Increasing Cross-Border Electricity 
Trade 

There is high potential to increase Canadian hydropower exports to the United States. The Canadian 
Hydropower Association estimates that Canada has a technical hydropower-generation potential that 
could more than triple current levels, up to 236 gigawatts.38 As a resource, hydropower has several 
advantages: it is flexible, reliable, and cost-competitive with other sources of power, and it produces 
nearly zero carbon emissions.39, 40 Hydro reservoirs can provide energy storage, and hydropower 
generation can be adjusted relatively quickly, making it a natural complement to intermittent resources 
such as solar and wind power.41 Some dams also serve additional functions, such as managing flood 
control or storing potable water. Already, the climate and energy security benefits of Canadian-U.S. 
hydropower trade may be substantial. By one estimate, trade in hydropower between Quebec and its 
neighbors (New England, New York, Ontario, and New Brunswick) can be credited with 20.6 megatonnes 
of avoided emissions from 2006–2008.42 

Electricity imports can serve as a cost-effective supply for wholesale power markets in the United States. 
The External Market Monitor of ISO New England concluded that importing electricity from Quebec and 
New Brunswick “reduces wholesale power costs for electricity consumers in New England.”43 Similarly, a 
New England States Committee on Electricity study on incremental hydroelectric imports from Canada 
found average annual economic benefits associated with reduced electricity prices in New England to be 
in the range of USD $103 million to $471 million.44 

Cross-border trade between the United States and Canada is mature and highly integrated, but enhancing 
integration—especially with the objective of increasing cross-border trade—faces interrelated barriers. 
First, there are concerns from generators within the United States that increasing cross-border trade 
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would have a negative impact on domestic markets and give Canadian suppliers market power.45 In the 
2000s, Canadian hydropower was viewed as one of the most cost-effective electricity sources, which 
presented a double-edged sword: it could lower prices for U.S. customers, but it could also outcompete 
U.S. generators in the natural gas and renewable energy sectors. In recent years, low U.S. natural gas 
prices have shifted the business case for increasing cross-border trade by reducing the extent to which 
imports from Canada would lower costs for electricity users.d, 46 Continued, thorough examination of the 
long-term implications of integration for consumers and generators will be needed in the future.   

Second, increasing electricity trade would require additional transmission capacity. While several 
transmission projects have already been proposed to increase capacity in the Midwest and Northeast, the 
complexity of these projects raises a variety of stakeholder concerns that lead to long development times 
and unexpected delays.47 Concerns range from the environmental impacts of transmission infrastructure 
to the potential implications of greater Canadian imports on local and regional economic development.   

Siting and permitting decisions are made at the state and local level, including for international 
transmission lines. Continued integration and transformation of the North American electricity system 
requires effective siting and permitting capabilities at all levels of government. Planning and permitting 
new cross-border transmission infrastructure, including managing ecological impacts across jurisdictions 
and with a wide range of domestic and international stakeholders, is uniquely challenging. State, 
provincial, local, and tribal governments, assisted by federal agencies, need to build capacity to minimize 
safety and security consequence and protect the environment, while limiting permitting-related delays.48, 
49 Government efforts at the federal and local levels should ensure that project developers have a clear 
understanding of expectations, best practices, and priorities during the permitting of cross-border 
transmission projects. The issuance of recent cross-border Presidential permits for the Great Northern 
Transmission Line50 in Minnesota and the New England Clean Power Link51 in Vermont are both examples 
of the application of collaborative principles of early engagement with stakeholders detailed in the new 
Integrated Interagency Pre-Application Process.52 Additional study of and updated information on cross-
border regulation can assist with establishing a clear understanding of requirements at the federal and 
state levels for the permitting of cross-border transmission facilities. 

Clean Energy Development in the Cross-Border Context 

Many states have established renewable portfolio standards (RPSs), not only to reduce GHG emissions, 
but also to stimulate local development of clean energy. Currently, many U.S. clean energy policies are 
not designed to allow existing Canadian hydropower imports as a compliance option. The additional 
concern about negative environmental impacts of large-scale hydropower have led a number of states to 
adopt RPSs that exclude large-scale hydropower, leading to a “non-counting” of Canadian hydropower, 
regardless of the positive impact such imports would have on the state’s emissions. Currently, Minnesota, 
Vermont, and Wisconsin are the only U.S. northern border states that have RPSs that allow for the 
accounting of some forms of large-scale hydropower, including imports from Canada, as a clean energy 
resource.53 Completed analysis of the economic and environmental impacts of increased levels of 
hydroelectric imports from Canada indicates that the potential for cumulative reductions in GHG 
emissions ranges from 58 million to 97 million megatonnes. 

There are examples of Canadian hydropower supporting greater renewable energy development in the 
United States.e A 2013 MISO/Manitoba Hydro study explored the potential for Canadian hydropower to 

d According to the Energy Information Administration, natural gas prices for electric power fell from USD $9.26 per thousand 
cubic feet in 2008 to USD $3.37 per thousand cubic feet in 2015. 
e This association is also suggested by the preliminary ReEDS projection shown for New York ISO in Figure 6-6. 



QER Report: An Integrated Study of the U.S. Electricity System | January 2017 6-9 

provide balancing for U.S. intermittent energy (primarily wind) and found that greater deployment of this 
arrangement provides economic and environmental benefits on both sides of the border, with annual 
modified production cost savings ranging from $228 million to $455 million for 2027, and annual load cost 
savings ranging from $183 million to $1,302 million for 2027.54 Variations in planning and market design 
may require a different approach by region. In addition, lessons learned from examining the creation of 
economic and environmental benefits across international borders should be explored and disseminated 
when possible. 

U.S.-Mexico Integration 

Mexico’s Energy Industry Reforms 

Due to a combination of historical, geographic, and resource factors, there is significantly less electricity 
integration between the United States and Mexico (Figure 6-3). According to the Energy Information
Administration (EIA), in 2015, the United States and Mexico traded approximately 7.69 million MWh total 
(compared to 77.2 million MWh traded between the United States and Canada), with the United States 
exporting 0.39 million MWh and importing 7.3 million MWh.f   

A number of factors explain the differences: both countries’ border regions have experienced electricity 
shortages and lack reliable excess-generation resources55 to export to the other; Mexico’s states along 
the U.S. border have some of the lowest population densities in the country;56, 57 and the border regions 
include areas with low (or insufficient) levels of existing transmission capacity. Two U.S. states, Texas and 
California, dominate the cross-border interactions with very different visions for integration. ERCOT 
shares the longest border with Mexico of any U.S. state, but all transmission connections between the 
Mexican grid and ERCOT are asynchronous, and trades are primarily for emergency backup, as 
illustrated in Figure 6-1. Baja California is not connected to the rest of the Mexican federal grid, and
therefore, robust California-Baja California cross-border integration may not lead to more integration 
opportunities in the absence of more domestic, long-distance transmission in Mexico. 

f U.S. and Mexican estimates of U.S.-Mexico electricity trade vary significantly—a disparity that is being addressed by energy 
information institutions in both countries under the North American Energy Information Cooperation. Mexico’s regulatory 
agency (Comisión Reguladora de Energía) and wholesale market operator (El Centro Nacional de Control de Energía) estimate 
total trade to be 4 million MWh in 2014, nearly double the EIA estimate.  
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Figure 6-3. Electricity Flows Between the United States and Mexico58

Monthly cross-border electricity trade between the United States and Mexico shows a number of differences 
with U.S.-Canada trade; it occurs at lower volumes and is more sporadic/seasonal and bidirectional. Like 
U.S.-Canadian trade, however, it has been increasing overall since 2011.  

Mexico’s 2013 energy industry reforms, which included transformational structural reforms across the 
oil, gas, and power sectors, are highly relevant to cross-border electricity integration (Figure 6-3).g Until
2013, the Mexican Federal Electricity Commission (CFE), the vertically integrated, state-owned utility, 
served as the sole producer, provider, and distributor of electricity in Mexico,59 and private participation 
in the sector was reserved for the state except in limited situations (small power production, 
cogeneration, and independent power production). The existing framework, however, faced significant 
stress in the 1990s and early 2000s, caused by a mixture of external and structural factors, including 
high energy prices, low industrial competitiveness, government subsidization of electricity, lagging 
domestic fossil fuel production, and under-investment in the power sector. Projected growth of power 
demand over the next decade led the government to pass extensive energy reforms in 2013, followed 
by a series of implementing laws that unbundled CFE and established a new wholesale electricity 
market to foster competition with private-sector participation (Figure 6-4). Under the new framework,
the private sector is now free to participate in all aspects of the generation and sale of electricity, while 
CFE maintains physical control of transmission and distribution infrastructure and remains the sole 
provider to residential users with regulated tariffs, and the National Energy Control Center is now the 
ISO in charge of the operational control and administration of the new wholesale electricity market.60 
Many power 

g Unlike U.S. and Canadian power sector governance, which defers a number of authorities to state and provincial governments, 
Mexico’s federal government is more centralized and also has near-complete authority in the power sector. 
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sector stakeholders have called the reforms groundbreaking and admirable, including for reducing 
the strain of electricity consumption costs on industry in Mexico (Figure 6-5).61

The reforms are focused on the overall goal of competitiveness, with twin objectives of helping consumers 
pay less for electricity and have cleaner electricity.62 Currently, the industrial sector in Mexico faces costs 
per MWh of electricity that are almost double electricity costs in the United States, making production 
and goods more expensive for all of North America. In seeking lower energy prices for its consumers, 
Mexico is focusing on switching from fuel oil and diesel-fired generation in the power sector to natural 
gas (in part through greater imports from the United States63); reducing transmission and distribution 
losses (estimated at 16 percent of total generation in 2010); and increasing renewable energy 
deployment.64 The impacts for Mexico’s northern border region, specifically, could be significant as the 
region includes a number of industrial centers in Ciudad Juárez, Matamoros, Mexicali, Nogales, Nuevo 
Laredo, Reynosa, Tecate, and Tijuana.65 One economic analysis estimates that transitioning from oil to 
natural gas for electricity production could have tremendous impacts in the manufacturing sector, where 
it could reduce electricity prices by 13 percent, boost manufacturing output by up to 3.9 percent, and 
increase overall gross domestic product by up to 0.6 percent.66, 67  

As is natural for such a transformational change to the sector, the full implementation of the reforms is 
still in development, and uncertainties about the final form of the new framework exist.   

Figure 6-4. Structural Changes Following Mexico’s Energy Industry Reforms

A simplified schematic showing the adjustments in the Mexican power sector, pre-reforms, post-reforms, 
and future aspirations. Pre-reforms, CFE was vertically integrated and responsible for the generation, 
commercialization, transmission, and distribution of electricity to nearly all users, with exceptions for some 
forms of self-generation. The reforms created a wholesale competitive electricity market in which private 
generators can participate, and divided users into “basic supply” users (those who consume under a given 
threshold and continue to receive direct service from CFE) and “qualified users” (those who consume over 
that threshold and are serviced by the wholesale competitive market). Over time, the wholesale market is 
intended to supply the majority of consumers. CFE continues to maintain control over transmission and 
distribution post-reforms. 
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Figure 6-5. Industrial and Residential Electricity Rates in the United States and Mexico, 1993–
201368 

Different policies regarding industrial electricity and residential tariffs in the United States and Mexico, as 
well as different electricity generation sources (over the given period, Mexico used greater diesel/heavy 
fuel oil-fired generation, while the United States was more reliant on coal and natural gas) have led to a 
significant differential between U.S. and Mexican electricity rates. Of particular note, industrial rates in 
Mexico were slightly less than double U.S. rates in 2013, which impacts Mexican industrial competitiveness. 
Rates include government subsidies to Mexican residential consumers. 

Mexico is already seeing reductions in electricity prices; though the recent low oil and natural gas prices 
are likely a contributing factor, this trend is also likely to be stimulated by the reforms. From December 
2014 to December 2015, electricity rates fell between 30 to 42 percent for industry. The wholesale 
electricity market also began to operate in January of 2016 and renewable electricity-generation capacity 
increased by 8.5 percent from 2013–2014 alone.69 However, a differential in prices still exists: in the first 
six months of 2016, average wholesale prices in most locations of Mexico have ranged from $48/MWh to 
$60/MWh;70 while in Texas, the ERCOT North 345-kilovolt peak wholesale prices over the same period 
were $22/MWh.71 

Projected Actions and Potential Opportunities 

Mexico’s energy industry reforms may shift the cost-benefit analysis of enhanced integration in 
meaningful ways: these reforms were intended to increase generation in Northern Mexico (including a 
number of industrial centers); stimulate private-sector investment in the power industry; lower energy 
costs; increase flows of natural gas from the United States; and increase renewable energy and energy 
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efficiency deployment. All of these objectives could have implications for the attractiveness of increasing 
cross-border coordination and electricity trade.   

According to analysis done by EIA, Mexico plans to build an additional 57 gigawatts of generation capacity 
from 2016 to 2030 and double natural gas imports from the United States from 2013 to 2018,72 which will 
lead to a decline in electricity subsidies. The Program for Development of the National Electricity System, 
an annual report known by its Spanish acronym “PRODESEN,” also demonstrates the intent to increase 
transmission capacity within Mexico, with some developments that could have impacts on cross-border 
trade, including connection of the Baja California Peninsula to the Mexican federal system by 2021 and 
construction of a new 150-MW asynchronous connection between Nogales, Sonora, and Arizona.73, 74 The 
government of Mexico is also studying the possibility of a larger east-west transmission line along the U.S. 
border, with the objective of enhancing transmission capacity in Northern Mexico and facilitating cross-
border trade.75 Policy, regulatory, infrastructure, and economic changes in Mexico may lead to a number 
of other new opportunities. The smart grid is a key area of focus; the PRODESEN report supports a smart 
grid program every three years to evaluate projects for the integration of new technologies into 
transmission; new wide-area monitoring systems; diagnostics and protections coordination using phasor 
measurements; and automation and modernization of substations. These investments will likely stimulate 
interest among U.S. generators to export electricity to Mexico; increase potential for flows from Mexico 
to the United States to supply U.S. demand for clean energy and essential reliability services; expand trade 
flows in both directions to enhance reliability; and/or improve cooperation to stimulate clean energy 
development; and reduce GHG emissions. Mexico’s increasing importation of U.S. natural gas has been 
and will remain an economic and environmental opportunity for both sides, by offsetting expensive and 
high-GHG-emitting diesel generation in Mexico and creating economic opportunities for U.S. exporters. 
The resulting reduction in electricity costs in Mexico could boost overall North American competitiveness 
and opportunities to integrate supply chains.76  

As for clean energy development, Mexico has established a program of clean energy certificates, which 
bears a resemblance to California’s renewable energy credit system. Mexico’s Transition Strategy has a 
significant focus on promoting clean technologies and fuels, with goals of reaching 35 percent clean 
energy generation by 2024.77 A variety of tools, such as the Clean Energy Zone Atlas, will help Mexico plan 
for the development of clean energy power plants and the expansion of the grid, similar to the 
Competitive Renewable Energy Zones in Texas. Two long-term clean energy auctions in 2016 produced 
record-low prices for energy, capacity, and clean energy certificates, and in the first auction, contracts 
were awarded with an average certificate price of USD $47.76; these projects will start operations in 2018. 
In the second auction, renewable projects including solar, wind, geothermal, hydro, and combined-cycle 
natural gas (only for capacity) produced three record-low prices for Latin America: a wind price of 
$32/MWh and a solar price of $27/MWh. These recent auction results indicate the opportunities in 
Mexico for renewable energy development. There are even instances where projects in Mexico qualify 
for California’s RPS—the Energia Sierra Juarez project, a wind farm constructed miles from the California 
border, is one example of a Mexican project that has received certification to qualify. The Mexican 
government is fully committed to capitalizing on these opportunities, and its federal authority is sufficient 
to implement widespread changes. 

Enhanced cross-border electricity integration with Mexico does present challenges. Mexico’s sector 
continues to experience high levels of technical and non-technical losses,78 and it will need significant 
investments to improve system functionality to achieve greater efficiencies, especially in a scenario that 
includes significant increases in power trading with the United States’ bulk power system. Mexico has 
different protections for open access to transmission from the United States and Canada. Though rules 
exist for access to government-owned transmission in Mexico, these are dissimilar to FERC Order Nos. 
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888 and 890.79, 80 Additionally, both sides of the border have experienced power shortages in the past 
decade, suggesting that at this time, neither border region has developed significant and reliable excess 
power to sell to the other on a firm basis. The limitations of trade between Texas and the rest of the 
United States, vis-à-vis the Federal Power Act, do not apply to, and therefore are not a limitation on, 
ERCOT’s electricity trade with Mexico. 

Though ERCOT has maintained a more isolated domestic trade strategy for electricity, the same Federal 
Power Act issues that drive these policies should not impact ERCOT-Mexico trade in electricity. But the 
combination of challenges to trade, even though ERCOT shares the longest border with Mexico of any U.S. 
state, suggests that it will take a very compelling business case to enhance cross-border flows. 

Emerging Integration Opportunities across 
North America 

Carbon Trading and Pricing to Address Emissions in Mexico 
and Canada 

In recent months, the federal governments of both Canada and Mexico have announced plans for new 
policies to address carbon dioxide emissions. For several years, provinces and the private sector have 
pursued various forms of carbon accounting, charging, and trading. The electricity sector has and will play 
an important leading role in reducing economy-wide emissions of carbon dioxide. Given the highly 
integrated nature of the U.S.-Canada electricity system and the increasingly integrated state of the U.S.-
Mexico electricity system, it will be important to explore the effects of implementation of new federal 
carbon reduction policies across North America.  

Subregional carbon markets are present all around the United States, including in states that border 
Mexico and Canada. The Regional Greenhouse Gas Initiative was the first mandatory carbon market in the 
United States, and it includes a cap-and-trade program for carbon-dioxide emissions from power 
generators in the Northeast, Delaware, and Maryland (see Chapter III, Building a Clean Electricity Future 
for additional detail). California and Quebec have had linked carbon markets since 2014, and Ontario will 
join those markets in 2018. Mexico and the province of Manitoba are also considering joining. As these 
arrangements evolve, the implications of these new markets for carbon trading should be examined 
further. 



QER Report: An Integrated Study of the U.S. Electricity System | January 2017 6-15 

Table 6-1. New Carbon Trading and Pricing Policies in Canada and Mexico Are a First for North
American Federal Governments 

Canada Mexico 

Most of Canada’s provinces have implemented 
initiatives to reduce carbon-dioxide emissions 
from the power sector,h and 80 percent of 
Canadians live in a province where there is 
pollution pricing.81 In September 2016, the federal 
government announced a “floor” carbon tax that 
will be introduced in 2018 at $10/ton of carbon. 
Under the federal program, the carbon price will 
rise $10/ton per year until 2022, when the price 
will freeze at $50/ton. Provinces have 
considerable implementation flexibility. The price 
can be in the form of a specific tax or levy or as a 
cap-and-trade program, provided provinces set 
emissions caps that correspond to the expected 
reductions from the carbon price. The carbon tax 
will be revenue-neutral for the federal 
government, which will return funds to provinces 
from federally imposed carbon taxes. Any 
province can also levy the carbon tax and collect 
revenue itself, without involving the federal 
government, to meet the carbon pricing 
requirement.82, 83 A number of provinces, including 
British Columbia,i Alberta,j Ottawa, and Quebec,k 
are already in compliance with a carbon price for 
2018, though the rising federal price of carbon will 
necessitate additional action from all provinces by 
2022. 

A carbon tax on the use of fossil fuels was 
introduced in Mexico in 2014. The initial price on 
carbon was set at USD $3.5/ton of carbon.84 In 
November 2016, Mexico launched its first federal 
initiative to deal with carbon, a pilot project with 
voluntary participation for study purposes of 
Mexico’s new cap-and-trade program. The 
information will inform implementation of the 2018 
launch of Mexico’s new cap-and-trade program. 
The program is being guided by the Secretariat of 
Environment, the Mexican Stock Exchange, and 
the Mexican Carbon Platform, a private trading 
platform established in 2003. The platform 
involves voluntary participation of approximately 
60 companies from various industries, including 
steel, cement, and chemicals, which combine to 
annually generate 70 million tons of carbon 
dioxide. Historically, the state of Baja California 
has been involved in California’s carbon trading 
and clean energy policies for several years. To 
formally launch cap-and-trade in 2 years, Mexico 
will need to establish a cap on GHG emissions 
and create a program for monitoring and 
verification.85, 86

The electricity sector has and will continue to play an important leading role in reducing economy-wide 
emissions of carbon dioxide across North America. Table 6-1 briefly describes recent announcements 
and actions by the federal governments of Canada and Mexico to address carbon dioxide emissions from 
the electricity system.  

h Prince Edward Island has no current targets or initiatives in place; the territory of Nunavut is implementing climate adaptation 
strategies that do not address power generation. All other provinces and territories either have some form of emissions-reduction 
target and/or carbon pricing in place, including but not limited to mass-based targets, cap-and-trading, and RPS. Two territories, 
Northwest Territories and Yukon Territory, have voluntary energy efficiency targets in place for households and businesses that 
will reduce emissions from the power sector. 
i British Columbia currently has a carbon tax of $30/tonne. 
j Alberta will levy a carbon tax on fuels at a rate of $20/tonne beginning in January 2017. One year later, the levy will increase to 
$30/tonne. 
k Carbon was trading at $17 Canadian/tonne in May 2016 for the cap-and-trade market that includes Quebec and will include 
Ottawa (according to the International Carbon Action Partnership). 
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Improving Grid Security and Reliability 

Protecting the grid against vulnerabilities is a shared responsibility across North America. Most recently, 
the United States and Canada have agreed upon goals to: (1) protect today’s electricity grid and enhance 
preparedness; (2) manage contingencies and enhance response and recovery efforts; and (3) build a more 
secure and resilient future electric grid.87 The joint U.S.-Canada Grid Security Strategy promotes 
improvements to information sharing, vulnerability assessment, emergency response and continuity, and 
management of new and evolving risks from grid technologies and design.88  

The United States and Canada have developed respective national action plans to address and improve 
grid security. Going forward, there are key areas of mutual interest where joint cooperation can continue 
to grow between the United States and Canada. These include the Department of Energy and Natural 
Resources Canada working, in coordination with the Department of Homeland Security and Public Safety 
Canada, to  

 Inform and support the private energy sector in response to a significant cyber incident

 Improve tools, frameworks, protocols, and methods for information sharing, risk assessment, and
situational awareness

 Coordinate with existing table-top exercise formats

 Develop standardized curricula and training materials for utilities to educate their workforces on
protection against threats, including cybersecurity.

Coordination of grid security efforts can lead to a more proactive approach to addressing emerging threats 
across North America. As Mexico’s interconnections with the United States grow in number and capacity, 
it will be important for ongoing discussions of grid security goals and objectives to be informed by 
Mexico’s experiences and perspective. 

Mexico is working closely with NERC to achieve well-interconnected, secure, and stable electricity grids. 
Currently an inter-ministerial body (The Ministry of Energy, the System Operator, and the Regulatory 
Commission) has been set to produce a first version of Mexico’s proposal of a Memorandum of 
Understanding with NERC. Along with this proposal, the group is working very closely with the staff of the 
Department of Energy, FERC, and the Western Electricity Coordinating Council to ensure consistency with 
other specific agreements. 

As more interconnections are planned and built between the United States, Canada, and Mexico, the 
North America bulk power system must not only remain secure but reliable. High-level cooperation 
between all three countries on energy issues should maintain a focus on the shared goal of a reliable 
electricity system for the continent. From coordination on high-level principles for reliability, to modeling 
and analysis to inform operations of the future bulk power system, cooperation across North America on 
reliability will complement efforts to improve security and ensure economic competitiveness. 

Policy Options for North America 

There are a variety of policy options that all three countries, and the United States individually, can take 
to support targeted action to enhance integration: (1) engagement—often high-level and internationally 
through bilateral and trilateral dialogues and other cooperation mechanisms; (2) analysis—both 
cooperative and independent carried out through working groups and projects); and (3) policy-level 
actions—primarily executed by domestic federal and state entities. Specific recommendations are 
described more thoroughly in Chapter VII, A 21st Century Electricity Sector: Conclusions and 
Recommendations.  
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Key Existing Efforts to Analyze Cross-Border Electricity 
Policy 

While many detailed electricity sector modeling tools exist for the United States (and in some cases, the 
United States and Canada), modeling tools capable of analyzing the economic, environmental, social, or 
reliability impacts of electricity integration throughout North America are relatively coarse. Improved 
models would lead to more informative and useful results to enable better stakeholder decisions. 

While there is a diversity of power sector modeling tools to analyze U.S. grid or market operations at 
varying levels of detail and accuracy, such tools do not yet exist at a robust level for the combined power 
system of Canada, Mexico, and the United States, limiting the ability of modeling to estimate costs and 
benefits of increasing cross-border trade.89 One exception is the Regional Energy Deployment System 
(ReEDS), which does represent both the United States’ and Canada’s power systems.90 Sample, 
preliminary analysis from this model is highlighted in Figure 6-6. The Department of Energy’s Office of
Energy Efficiency and Renewable Energy is working with the National Renewable Energy Laboratory to 
expand this model to Mexico in cooperation with the Mexican Secretariat of Energy and the Mexican 
National Energy Control Center. Final results will be used to understand the implications of a variety of 
U.S.-Mexican energy scenarios; inform decision-making about renewable energy integration and cross-
border energy markets; and establish the analytical framework for long-term strategic thinking about a 
shared North American energy future. The U.S. Department of Energy, Natural Resources Canada, and 
Mexico’s Secretariat for Energy are also supporting a 3-year effort through the North American Renewable 
Integration Study (NARIS) to share data and enable modeling and analysis of coordinated planning and 
operations across North America under high-market-penetration renewable energy scenarios. The ReEDS 
United States, Canada, and Mexico models will be used to inform the NARIS study scenarios. The NARIS 
study will be completed in 2018. 
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Figure 6-6. Possible Long-Term Impacts of Cross-Border Transmission on Regional Generation
Mix in the United States, 2018–2040 in the Regional Energy Deployment System Model  

Under a low-carbon 
future scenario, results 
from ReEDS show that 
transmission with 
Canada becomes 
increasingly important 
for sustaining emissions 
reductions and has a 
significant impact on the 
generation mix in border 
regions. In ISO New 
England, greater cross-
border transmission 
capacity reduces 
domestic natural gas 
generation. In New York 
ISO, additional 
transmission capacity 
with Canada is 
associated with an 
increase in domestic 
renewable generation. 

Though not scenario-based, complementary qualitative analyses (Table 0-2) can allow policymakers to 
understand the current status of integration and the relevance of specific factors to impact cross-border 
trade opportunities. 
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Table 6-2. Analysis of Variables That Have Led to Current Levels of Cross-Border Trade in Cross-
Border Trade Relationships 

Criteria Pacific 
Northwest 

Midwest NYISO/Can 
ISO-NE/ 
Quebec 

California-
Baja 

ERCOT-
Mexico 

Integration enhances 
electric reliability  

Coordination in cross-
border operations and 
planning 

Economic opportunities 
stimulate greater cross-
border trade flows 

Regulatory certainty: 
transmission access 
agreements 

Sufficient transmission 
capacity  

Clean Energy/Climate 
incentives stimulate cross-
border trade  

Color 
Legend:  

Sufficient for 
needs in an 

expanded trade 
scenario 

Sufficient for 
current needs 

Moderately available; 
expansion/adjustment 

already in process 

Present but 
insufficient for 
current needs 

Not present, 
N/A 

The analysis, done by the Office of Energy Policy and Systems Analysis, demonstrates the variables that 
have contributed to differences in the level of cross-border integration observed in each cross-border 
interaction, with robust cross-border integration between the United States and Canadian counterparts, and 
less developed integration between the United States and Mexico. Cross-border ties with Arizona and New 
Mexico were not included, due to their small capacity.  

Table 0-2 assesses the degree to which cross-border electricity trade in each region has met the criteria 
that must be present in order to increase international trade in electricity. Cross-border trade in electricity 
must: provide for customer demand across the border; enhance reliability; provide sufficient transmission 
capacity; coordinate cross-border operations and planning; and provide regulatory certainty. Additionally, 
incentives for clean energy can also influence cross-border trade and have been included in this table. 
Looking at the assessment, it is clear that some key factors required for enhanced integration are still 
emerging on the U.S.-Mexico border, while supporting factors for cross-border trade in regions shared by 
the United States and Canada are already in place. This table points also to areas for further work and 
cooperation among regional stakeholders and governments, including for transmission capacity 
development. 

Explanation of Policy Option Types 

6.5.2.1  Engagement 

Engagement between Canada, Mexico, and the United States will serve to align national objectives. For 
example, trilateral and bilateral dialogues or mechanisms for cooperation, including the North American 
Leaders’ Summit, North America Energy Ministers’ Meetings, and the Working Group on Climate Change 
and Energy; trilateral and bilateral memoranda of understanding; the U.S.-Canada Regulatory 
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Cooperation Council; and bilateral dialogues with Canada (U.S.-Canada Clean Energy Dialogue, U.S.-
Canada Energy Consultative Mechanism) and Mexico (U.S.-Mexico High Level Economic Dialogue, U.S.-
Mexico Task Force on Clean Energy and Climate Policy, U.S.-Mexico Bilateral Framework on Clean Energy 
and Climate Change) provide a comprehensive set of diplomatic and working group opportunities for 
leaders to provide a high-level commitment to action, establish national priorities, establish working 
groups and task forces to explore specific topics in greater detail, and coordinate developments 
internationally. Additionally, meetings of leaders at which commitments are made, including the recent 
goal of 50 percent clean power generation by 2025 for North America, can provide an important forum 
for engagement. All of these efforts can help to align development and technical assistance efforts; 
expand networks beyond governments to include key stakeholders from the private sector and other 
relevant power sector institutions or multilateral development institutions; and stimulate new interest in 
analysis of other policy options.  

Descriptions of recommended engagements to enhance North American electricity integration can be 
found in Chapter VII, A 21st Century Electricity Sector: Conclusions and Recommendations.  

6.5.2.2  Analysis 

The extraordinary complexity of the North America bulk power system means that policymakers and other 
stakeholders will require robust and extensive analysis to understand the implications of any specific 
action. Three main elements comprise what is necessary for analysis: 

 Access to consistent energy information and data from all three countries (including information
regarding generation, transmission, and distribution functions and expansion plans, electricity
flows, and pricing).

 Access to information on existing policy, regulatory, and operational features of the power system
at the national, state/provincial, ISO, and local levels.

 Rigorous power-sector modeling capabilities that can provide estimates of economic,
environmental, social, and operational benefits and costs at varying levels of detail.

Descriptions of analyses that will enhance North American electricity integration can be found in Chapter 
VII,  A 21st Century Electricity Sector: Conclusions and Recommendations. 

6.5.2.3  Specific Policy-Level Actions 

Finally, at the most granular level, specific policies can be implemented, strengthened, or adjusted to 
support enhanced integration. These policy actions range from domestic financial incentives that affect 
cross-border trade (e.g., tax policy, export tariffs, clean energy incentives), to regulatory frameworks that 
could be improved to ensure more coordinated yet robust functioning of existing governance (e.g., 
permitting processes).  

Descriptions of policy actions that will enhance North American electricity integration can be found in 
Chapter VII,  A 21st Century Electricity Sector: Conclusions and Recommendations. 
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VII A 21st-Century Electricity 
System: Conclusions 
and Recommendations 

This chapter highlights many recommendations that are enablers of the modernization and 
transformation necessary. The recommendations build on the analysis and findings in earlier QER 1.2 
chapters. Many of the recommendations will provide the incremental building blocks for longer-term, 
planned changes and activities, undertaken in conjunction with state and local governments, 
policymakers, industry, and other stakeholders. The policy, research, and investment choices made today 
will establish critical pathways for decades. 
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A 21st-Century Electricity System 

The central finding in the second installment of the Quadrennial Energy Review (QER 1.2) is as 
follows: “As a critical and essential national asset, it is a strategic imperative to protect and enhance 
the value of the electricity system through modernization and transformation.”  

Figure 7-1.  Goals, Objectives, and Organization of QER 1.2 

7.1 Key National Security and Reliability Priorities 
for a 21st-Century Electricity Sector 

The electricity sector is a complex system of overlapping interests, investments, and impacts that affect 
industry, businesses, consumers, and communities served by electricity providers. Accordingly, migration 
from the present state to a desired outcome for the 21st-century electricity sector requires recognition 
of critical crosscutting factors that should be addressed as superordinate to the perspectives discussed in 
preceding chapters. These high-level, crosscutting issues and recommendations address national security, 
reliability, jurisdictional adjustments, technology investments, streamlined regulatory processes, better 
gathering and use of data and analysis, and realistic assistance solutions to enable key elements of a 21st-
century electricity system. 

The Electricity System as a National Security Concern 

A set of actions and recommendations in the second installment of the Quadrennial Energy Review (QER 
1.2) address the fundamental role of the Federal Government: promoting national security and ensuring 
the national defense. To this end, it is worth restating a key conclusion from Chapter I (Transforming the 
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Nation’s Electricity System: The Second Installment of the QER) to illustrate the essential and growing role 
electricity now plays in this fundamental function of the Federal Government. The conclusion of a 2015 
report from the Center for Naval Analyses notes, 

“Assuring that we have reliable, accessible, sustainable, and affordable electric power is a national 
security imperative. Our increased reliance on electric power in every sector of our lives, including 
communications, commerce, transportation, health and emergency services, in addition to 
homeland and national defense, means that large-scale disruptions of electrical power will have 
immediate costs to our economy and can place our security at risk. Whether it is the ability of first 
responders to answer the call to emergencies here in the United States, or the readiness and 
capability of our military service members to operate effectively in the U.S. or deployed in theater, 
these missions are directly linked to assured domestic electric power.”1 

The analysis in QER 1.2 reaches a similar conclusion: The reliability of the electric system underpins 
virtually every sector of the modern U.S. economy, which depends on electricity—including sectors from 
food production to banking to health care. Electricity is at the center of key infrastructure systems that 
support these activities—transportation, oil and gas production, water, finance, and information and 
communications technology. Electricity-dependent critical infrastructures represent the core underlying 
lifeline framework that supports the American economy and society.  

The range of goods and services that involve grid communications and two-way electricity flows, including 
the Internet of Things (IoT), represents significant value creation and greatly supports and enhances our 
economy and global competitiveness. At the same time, these goods and services place new demands on 
the electric grid for high levels of reliability, smarter components, visibility, analytics, and system-wide 
planning. These features and services also introduce new vulnerabilities to our electricity system (e.g., 
accelerated time scales sufficient to require significant automation and cybersecurity) that rise to the level 
of national security concerns.  

These vulnerabilities are underscored by the October 21, 2016, hacking incident of simple home devices. 

Figure 7-2 shows the location of key data centers that support the Internet (discussed in detail in 

Chapter I, Transforming the Nation’s Electricity System: The Second Installment of the QER), as well as 

the global impacts of this event. In this incident, the "Mirai" botnet used the IoT devices, including baby 

monitors, to create the largest denial-of-service attack in history. The impact of this event was amplified 

by the U.S. Domain Name System company (called Dyn), infecting 100,000 IoT devices deployed 

throughout the world (Figure 7-3).2 The IoT devices in foreign countries worked together to attack a U.S. 

company. This attack underscores the national security and economic vulnerabilities associated with the 

growing proliferation of unhardened consumer devices on the distribution network that have the 

potential to infect bulk power systems. 
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Figure 7-2. Primary Data Centers for Major Service Providers3 

Figure 7-3. October 21, 2016, Hack Had Global Reach4 

The global Internet is supported by a worldwide network of subsea cables and large-scale data centers 
operated by firms such as Amazon, Google, IBM, and Microsoft (Figure 7-2). This global reach and 
interconnectedness, however, also introduces vulnerabilities for U.S. assets and systems that can be 
affected by connected devices worldwide, as was seen in the October 21, 2016, “Mirai” botnet attack (Figure 
7-3, with blue depicting the global impacts of the attack). The global exposure of the “internet of things” 
merits deliberate risk management activities as the electric power sector becomes increasingly 
interconnected with global communications networks. 

As noted in Chapter I (Transforming the Nation’s Electricity System: The Second Installment of the QER) 
and worth repeating here, Congress has recognized the national security implications of the electricity 
system in the Fixing America’s Surface Transportation Act (FAST Act), passed in December 2015. To place 
the recommendations in QER 1.2 in context, it is important to repeat key language in the Act. The FAST 
Act gives the Secretary of Energy new emergency authorities for “critical electric infrastructure,” where, 
upon a directive from the President, the Secretary may “with or without notice, hearing or report, issue 
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such orders for emergency measures as are necessary…to protect or restore the reliability of critical 
electric infrastructure or of defense critical infrastructure during an emergency.” These authorities apply 
to “the occurrence or imminent danger of [italics added]…electronic communication or an 
electromagnetic pulse, or a geomagnetic storm event that could disrupt the operation of those electronic 
devices or communications networks, including hardware, software, and data, that are essential to the 
reliability of critical electric infrastructure or of defense crucial electric infrastructure…the disruption of 
the operation of such devices or networks, with significant adverse effects on the reliability of critical 
electric infrastructure or of defense critical electric infrastructure…a direct physical attack on critical 
electric infrastructure or on defense critical infrastructure; and significant adverse effects on the reliability 
of critical electric infrastructure or of defense critical electric infrastructure as a result of such physical 
attack.”5 

Four essential observations about these provisions should be noted. First, there are, in effect, anticipatory 
authorities in the law, described in the FAST Act as events that present “imminent danger.” Second, the 
provisions of the law are all tied to the reliability of critical electric infrastructure, directly linking reliability 
to security: the new security authorities of the President and Secretary of Energy cover security events 
that affect reliability; to inform imminent threats, they must also encompass cyber, electromagnetic 
pulses (EMPs), or geomagnetic disturbance events that threaten security. Third, the increasing reliance of 
the electricity system on natural gas—it is now the number one primary fuel source for power generation 
for the first time in the Nation’s history—makes security information about related gas infrastructures a 
critical component for decision making under the FAST Act. Finally, cyber threats do not respect 
jurisdictional boundaries.     

Figure 7-4 clearly illustrates the interconnectedness of the electricity system; the national security 
responsibilities included in the FAST Act must be addressed without regard to jurisdictional boundaries.    

Figure 7-4. Current Jurisdictional Boundaries and the Security of the Electricity System6 

The U.S. electricity sector regulatory authorities are generally split between the Federal Government for 
generation and transmission assets and states for distribution networks. The recently passed FAST Act 
specifies federal authorities to address critical electric infrastructure emergencies. 
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In addition, the interconnectedness of our modern grid was underscored by the Supreme Court’s decision 
on Federal Energy Regulatory Commission (FERC) Order No. 745. While the Court’s majority opinion on 
Order No. 745 acknowledged that FERC, in this order, only addressed wholesale markets, it also noted, 
“It is a fact of economic life that the wholesale and retail markets in electricity, as in every other 
known product, are not hermetically sealed from each other…To the contrary, transactions that 
occur on the wholesale market have natural consequences at the retail level. And so too, of 
necessity, will FERC’s regulation of those wholesale matters…When FERC regulates what takes place 
on the wholesale market, as part of carrying out its charge to improve how that market runs, then 
no matter the effect on retail rates, [the Federal Power Act] imposes no bar.”7  

Recent FERC actions are designed to address and clarify key security issues, as well as issues raised by 
two-way flows and a modern electricity system. FERC has issued an order pursuant to the FAST Act to 
control the availability of sensitive critical energy infrastructure information on “production, generation, 
transmission and distribution of energy,” noting that a single critical energy infrastructure information 
process is “…the most efficient way to fulfill the statutory mandate of the FAST Act and to avoid any 
confusion that could result from different processes for different types of critical infrastructure 
information.”8 FERC has also taken steps to enable the aggregation of storage, including at customer 
facilities, examining the need to develop participation models consisting of market rules.9 

Integrated Planning Needed to Address National Security Imperatives of the 
Electricity System  

National security investments, regardless of scale, are costs that should be born, in part, by the Federal 
Government acting on behalf of all Americans. Sorting out how costs should be allocated will be a critical 
success factor in achieving and sustaining a secure grid throughout this century. New authorities must 
come with appropriate budgets for Federal responsibilities, and costs to be carried by ratepayers must be 
made explicit as well. Managing investment requirements while keeping affordability in mind must be a 
key concern of the Federal Government. While most analysts do not think that these costs will cause rate 
shocks, having mechanisms for clearly articulating the associated Federal and ratepayer costs will be 
important for security and public acceptance. 

QER 1.2 discusses the limits of existing reliability and resilience planning methodologies and processes in 
Chapter IV (Ensuring Electricity System Reliability, Security, and Resilience). There are many planning 
methods currently used by utilities, ranging from integrated resource planning to more-focused 
procurement planning. Despite the breadth and depth of current and emerging planning methods, there 
are gaps in standards, operational definitions, and geographic scope. There are also several levels of 
planning as well, such as state-level regulatory planning; state energy office planning; independent system 
operator/regional transmission organization regional planning; North American Electric Reliability 
Corporation (NERC) region planning; and FERC planning requirements, which affect all entities regulated 
by FERC. Still, when aligned with a map of the Nation, there are no adopted common demarcations that 
enable consistent and seamless planning related to grid security that can serve the need for a national 
security overlay.  

7.1.1 Key Crosscutting Recommendations to Support the Security 
and Reliability of the Electricity System 

Protect the Electricity System as a National Security Asset 

The Federal Power Act provides a statutory foundation for an electricity reliability organization to develop 
reliability standards for the bulk power system. Pursuant to this authority, FERC has certified NERC as the 
Electric Reliability Organization. Under this arrangement, NERC and FERC have put into place a 
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comprehensive set of binding reliability standards for the bulk power system over the past decade, 
including standards on cybersecurity and physical security. However, the Federal oversight authority is 
limited: FERC can approve or reject NERC-proposed reliability standards, but it cannot author or modify 
reliability standards. 

The nature of a national security threat, however, as articulated in the FAST Act, stands in stark contrast 
to other major reliability events that have caused regional blackouts and reliability failures in the past. In 
the current environment, the U.S. grid faces imminent danger from cyber attacks. Widespread disruption 
of electric service because of a transmission failure initiated by a cyber attack at various points of entry 
could undermine U.S. lifeline networks, critical defense infrastructure, and much of the economy; it could 
also endanger the health and safety of millions of citizens. Also, natural gas plays an increasingly important 
role as fuel for the Nation’s electricity system; a gas pipeline outage or malfunction due to a cyber attack 
could affect not only pipeline and related infrastructures, but also the reliability of the Nation’s electricity 
system.  

1. Amend Federal Power Act authorities to reflect the national security importance of the Nation’s
electric grid. Grid security is a national security concern—the clear and exclusive purview of the
Federal Government. The Federal Power Act, as amended by the FAST Act, should be further
amended by Congress to clarify and affirm the Department of Energy’s (DOE’s) authority to
develop preparation and response capabilities that will ensure it is able to issue a grid-security
emergency order to protect critical electric infrastructure from cyber attacks, physical incidents,
EMPs, or geomagnetic storms. In this regard, Federal authorities should include the ability to
address two-way flows that create vulnerabilities across the entire system. DOE should be
supported in its development of exercises and its facilitation of the penetration testing necessary
to fulfill FAST Act emergency authorities. In the area of cybersecurity, Congress should provide
FERC with authority to modify NERC-proposed reliability standards—or to promulgate new
standards directly—if it finds that expeditious action is needed to protect national security in the
face of fast-developing new threats to the grid. This narrow expansion of FERC’s authority would
complement DOE’s national security authorities related to grid-security emergencies affecting
critical electric infrastructure and defense-critical electricity infrastructure. This approach would
maintain the productive NERC-FERC structure for developing and enforcing reliability standards,
but would ensure that the Federal Government could act directly if necessary to address national
security issues.

2. Collect information on security events to inform the President about emergency actions as well
as imminent dangers. DOE should collect targeted data on critical cyber, physical, EMP, and
geomagnetic disturbance events and threats to the electric grid to inform decision making in the
event of an emergency or to inform the anticipatory authorities in the FAST Act. DOE should
concurrently develop appropriate criteria, processes, and definitions for collecting these targeted
data using a dedicated information protection program to safeguard utility data consistent with
FERC rules. Reporting will be done on a confidential basis. Updating will be required to address
evolving threats. DOE will coordinate the development of analytical data-surveillance and data-
protection tools with the National Labs, states, universities, industry, Federal agencies, and other
organizations as appropriate.

3. Adopt integrated electricity security planning and standards. FERC should, by rule, adopt
standards requiring integrated electricity security planning on a regional basis to the extent
consistent with its statutory authority. Such requirements would enhance DOE’s effectiveness in
carrying out its responsibilities and authorities to address national security imperatives and new
vulnerabilities created by (1) two-way flows of information and electricity and (2) the transactive
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role of customers and key suppliers (such as those providing stored fuel for strategic generators). 
Important national security considerations warrant careful consideration of how generation, 
transmission, distribution, and end-user assets are protected from cybersecurity risks. 
Vulnerabilities of distribution and behind-the-meter assets, which may provide an increasing 
number of potential entry points for access to utility control systems, are threats that can 
adversely affect the operation of the transmission system; for these vulnerabilities, a careful 
review of protections is required. To adequately address and support the security requirements 
of the FAST Act and DOE’s implementation of the FAST Act, this review should be performed on 
an integrated basis, rather than separating the review into bulk power system and other assets.  

To ensure that there are no unnecessary vulnerabilities associated with state-to-state or utility-
to-utility variations in protections, integrated electricity security planning should be undertaken 
to cover the entire United States, including Alaska, Hawaii, and U.S. territories. FERC should 
consider having existing regional organizations undertake such planning, as it deems 
appropriate. FERC should evaluate whether the costs of implementing security measures 
identified in the integrated electricity security plan are appropriate for regional cost allocation, 
where such measures are found to enhance the security of the regional transmission electric 
system.  

To the extent necessary, appropriate statutes should be amended to clearly authorize FERC to 
adopt such integrated electricity security planning requirements. However, FERC should 
immediately begin to advance this initiative to the maximum extent possible under its current 
authority by initiating a dialogue, including discussions with DOE and state authorities, and driving 
consensus on Integrated Electricity Security Plans.  

4. Assess natural gas/electricity system infrastructure interdependencies for cybersecurity
protections. DOE, pursuant to FAST Act authorities and in coordination with FERC, should assess
current cybersecurity protections for U.S. natural gas pipelines and associated infrastructure to
determine whether additional or mandatory measures are needed to protect the electricity
system. If the assessment concludes that additional cybersecurity protections—including
mandatory cybersecurity protocols—for natural gas pipelines and associated infrastructure are
necessary to protect the electricity system, such measures and protocols should be developed
and implemented. This work should build on existing assessments, including those underway at
the Transportation Security Administration.

Increase Financing Options for Grid Modernization 

Estimates of total investment requirements necessary for grid modernization range from a low of about 
$350 billion to a high of about $500 billion.1011 Grid modernization is the platform for the 21st-century 
electricity system, bringing significant value associated with lower electricity bills due to fuel and efficiency 
savings, more electricity choices, and fewer and shorter outages. The Federal Government currently plays 
a role in providing tax incentives for deployment of clean energy technologies (discussed further in 
Chapter III, Building a Clean Electricity Future), as well as Federal credit assistance to facilitate early 
deployment of innovative technologies.  

5. Expand DOE’s loan guarantee program and make it more flexible to assist in the initial
deployment of innovative grid technologies and systems. The design of the current DOE loan
guarantee program is focused primarily on financing deployment of innovative generation
technologies. Most DOE loan guarantee recipients, for example, are structured as special project
entities that can raise equity outside of regulated business structures and can provide credit
security in the form of power purchase agreements. This financing model is not amenable to grid
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modernization financing by regulated entities, especially in cases of some technological 
uncertainty associated with initial commercial deployments. In addition, there will an ongoing 
need for innovation in grid technologies beyond the likely availability of current DOE loan 
guarantee authority. Also, the limitations of the loan program restrict the program to a very small 
and ever-changing portion of new transmission capacity; more projects and innovation are 
necessary to transform the grid.  

Modifications to the current DOE Title XVII loan guarantee program are needed to (1) reduce 
restrictions on numbers/types of projects and timeframes, e.g. in order to adequately address 
innovative transmission capacity needs, and (2) provide clear statutory authority for lending to 
other public or public/private entities that support transmission and other grid modernization 
projects (e.g., state agencies, regional power pools) through on-lending or equity investing. By 
their nature, transmission projects, especially big projects, involve many entities and jurisdictions. 
Statutory clarification is needed on indirect lending authorities to such entities for multi-
jurisdictional projects. 

Some of the benefits of grid modernization are realized over time, as the electricity system itself 
is changed by technology and market innovations. Additional funding resources would bridge the 
gap between investment costs and realization of benefits and would enable utilities to invest in 
grid modernization. A relatively low-cost permanent Federal financing system could be 
established by setting up a revolving loan fund with one-time seed capital. 

Increase Technology Demonstrations and Utility/Investor Confidence 

The future electric grid will require that utilities deploy a wide range of new, capital-intensive 
technologies. Primary technologies are needed to support increased reliability, security, value creation, 
consumer preferences, and system optimization and integration at the distribution level. Demonstrating 
the technical readiness and economic viability of advanced technologies is needed to inspire the 
confidence of utilities and investors.  

6. Significantly expand existing programs to demonstrate the integration and optimization of
distribution-system technologies. The complexity of the issues facing distribution systems—
including new technologies, the need for systems approaches, and geographical differences in
markets and regulatory structures—points to a significant need for multiple "solution sets" to
enable two-way electricity flows on distribution systems, enhance value, maximize clean energy
opportunities, optimize grid operations, and provide secure communications. Building on existing
demonstration programs and reflecting the Administration’s commitment to the doubling of
Federal clean energy innovation over 5 years as part of its Mission Innovation initiative, DOE
should develop a focused, cost-shared program for qualifying utilities to demonstrate advanced
distribution system technologies at the community scale, including advanced voltage
control/optimization systems; dynamic protection schemes to manage reverse power flows,
communications, sensors, storage, switching and smart-inverter networks; and advanced
distribution management systems, including automated substations.

Demonstrations supported by the cost-shared, cooperative agreement program would be
specifically designed to inform standards and regulations and increase regulatory and utility
confidence in key technologies or technology systems. Under this program, utilities would have
to make a positive business case for projects and obtain regulatory approvals for their proposed
demonstrations. Preference would be given to multi-utility partnerships with diverse customer
profiles and to projects that promote education and training in key academic disciplines that are
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essential for distribution system transformation. Cybersecurity plans for all projects would be 
required and supported by programmatic review of plans and deployments. 

Existing DOE programs, including advanced distribution management systems, microgrids, 
communications and sensors, storage, and cybersecurity, should be leveraged to provide 
technical assistance regarding technological issues, planning and performance evaluation, and 
institutional needs. A percentage of funding could be dedicated to small, publicly-owned utilities. 
The program should be of sufficient size to have a material impact; it should start in fiscal year 
(FY) 2018 and be ramped up over the time period identified in the Mission Innovation initiative.  

Build Capacity at the Federal, State, and Local Levels 

The 21st-century electricity system is becoming increasingly transactive, and properly valuing attributes 
is key to an efficient system. Application of lessons learned that pair economic and system analysis will 
lead to a power system that cost-effectively serves customers while providing nationally valued public 
goods, e.g., reliability, resilience, and acceptable environmental performance. 

Advances in electricity technologies (i.e., smart grid processes and solutions) require enhanced 
capabilities in human resources to ensure the cost-effective selection, deployment, and operations of key 
technologies.  

7. Provide funding assistance to enhance analytical capabilities in state public utility commissions
and improve access to training and expertise for small rural electric cooperative and public
power utilities. Federal support should be provided to states and small utilities to enable them to
better manage the increasing complexities in the electricity system, such as integrating variable
energy resources; incorporating energy efficiency, demand response (DR), and storage into
planning; developing competencies in various technologies; and making investment and security
decisions within uncertain parameters. These issues are highly technical and require a new
knowledge base and skillset often within the domain of computer sciences, economics, and
cybernetics. At the same time, these entities are dealing with the workforce issues of outside
recruitment or retirement across the electricity industry, which are referenced in the QER. DOE
should build and cultivate much-needed analytical capacity at the state level over a limited period
of time by allocating funding to state public utility commissions to allow them to hire new or train
existing analysts with more sophisticated and advanced skills and build institutional knowledge.
Eligibility for state and local funding should be contingent upon demonstration of consideration
for Integrated System Planning, which is outlined in this chapter. DOE should support these
analysts through an online interactive education and training platform with access to nationally
recognized experts. This platform would also be available and tailored to the needs of small
utilities. On a national scale, these actions will serve to sustain system reliability and security and
bolster resilience.

8. Create a Center for Advanced Electric Power System Economics. DOE should provide 2 years of
seed funding for the formation of a center designed to provide social science advice and economic
analysis on an increasingly transactive and dynamic 21st-century electricity system. The center
should be modeled after the National Bureau of Economic Research and be managed by a
university consortium. The consortium will establish and maintain a network of experts in
economics, the social sciences, and the electricity system; these experts should be from academia,
industry, nonprofit institutions, and the National Laboratories. The center will develop new
methods where appropriate, serve as advisor and consultant to stakeholders preparing germane
analyses, and foster the advancement of students and professionals who are developing expertise
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in these disciplines. The focus of the center will include power systems evaluation (e.g., valuation, 
benefit-cost, and competition analysis).  

Inform Electricity System Governance in a Rapidly Changing Environment 

The rapid rate of change in the electricity sector today often exceeds the ability of institutions and 
governance structures to respond in a manner sufficient to meet critical national goals and objectives. 
This is particularly true in the resolution of jurisdictional disputes over responsible price formation and 
valuation. Clarification and harmonization of roles and responsibilities for developing pricing can reduce 
market uncertainty, facilitate the achievement of policy goals, and reduce costs to ratepayers.  

9. Establish a Federal advisory committee on alignment of responsibilities for rates and resource
adequacy. DOE, in collaboration with the National Association of Regulatory Utility
Commissioners, should convene a Federal advisory committee that reports to the Secretary or
the Secretary’s designee to examine potential jurisdictional concerns and issues associated with
harmonizing wholesale and retail rates and tariffs. This advisory committee will evaluate and
make recommendations (where appropriate) on the way in which the organized markets reflect
state policy; pricing mechanisms for maintaining resource adequacy; state and Federal roles in
pricing and operation of distributed energy resources (DERs), storage, and microgrids; the role of
aggregators; and mechanisms for implementing consumer protection across the various markets
and jurisdictions. The advisory committee will represent a broad cross-section of industry and
stakeholders. An annual report will be prepared by this advisory committee for the Secretary that
identifies the impact of governance issues and recommends solutions.

7.2 Maximizing Economic Value and Consumer 
Equity 

Consumer options for electricity 
services have grown dramatically, 
enabled in part by the smart grid and 
the IoT, and supported by significant 
consumer demand. New consumer 
options range from building 
efficiency technologies that reduce 
consumer costs for high-quality 
electricity services, to distributed 
generation (DG) technologies, to 
technologies for dynamic energy 
management. In addition to 
technology options, different utility 
business models also have a 
significant impact on consumer value 
and compensation. Utilities still 
provide a majority (84 percent) of the 
electricity supplied nationwide;12 
however, in the 16 states and the 
District of Columbia where retail 
competition is allowed, 58 percent of 

industrial load, 44 percent of commercial load, and 7 percent of residential load have switched to 
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competitive energy suppliers.13 These technologies can create value for both grid operators and 
consumers; adequate and accurate valuation of these new services is essential for maximizing their value. 
As noted in Chapter IV (Ensuring Electricity System Reliability, Security, and Resilience), these two-way 
flows are affecting both consumer demands for reliability as well as reliability requirements for grid 
operations. The key components of both consumer and grid reliability are highlighted in Figure 7-6.  

Figure 7-5. Electric Service Reliability Increasingly Interactive between Grid and Consumer 

The development and adoption of new consumer technologies and services have dramatically outpaced 
those of the grid. The electricity sector is adapting to the demands placed on the grid by the two-way flows 
with new market structures, technological solutions, interconnection and reliability standards, and complex 
grid controls enabled by wide-spread operational data. The evolution of technologies and services on both 
sides of the grid will likely continue at the same or an accelerated pace. Maintaining—or increasing—grid 
reliability in the midst of these changes will require new approaches in both the public and private sectors. 
Acronyms: supervisory control and data acquisition (SCADA); distribution management system (DMS); 
outage management system (OMS); advanced metering infrastructure (AMI); heating, ventilation, and air 
conditioning (HVAC). 

The two-way flows and different expectations about reliability between consumers and grid operators 
can benefit both grid operators and consumers if flows are transactional and collaborative. In the 
alternative, two-way flows can significantly complicate grid operations. Grid operators must adapt to 
increased consumer options that can both positively and negatively affect grid reliability by changing their 
systems, processes and technologies. Only when the depth of grid and consumer interdependencies are 
understood equally by each group can the 21st-century electricity sector be fully realized. 
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Tailor and Increase Tools and Resources for States and Utilities to Effectively 
Address Transitions Underway in the Electricity System  

States and electric utilities are responsible for making critical decisions regarding how to improve the 
reliability, affordability, and sustainability of the electric grid, and officials from state agencies and utilities 
provided comments as part of the QER stakeholder process on the Federal role in informing these 
decisions. Technical assistance, improved regional consideration in program offerings, and new analysis 
for decision making will allow the Federal Government to respond to the needs of states and utilities in 
ensuring consumer value and equity in the electricity system of the 21st century. 

10. Improve energy management and DR in buildings and industry. Communication-capable and
programmable energy management systems that monitor and control energy using appliances
and equipment have demonstrated substantial potential to reduce both volumetric (kilowatt-
hours) and peak (kilowatt) electricity demand, delivering significant economic value and service
benefits to both consumers and utilities. This joint DOE–Environmental Protection Agency (EPA)
initiative could further accelerate the deployment of communications-capable control systems
that can deliver improved energy management and DR for residential buildings, small to medium
commercial buildings, and comparable industrial facilities.

11. Create a multi-sector initiative to improve efficiency of miscellaneous electric loads through
research and development (R&D), testing, labeling, targeted incentives, and minimum
standards. Miscellaneous electric loads are a broad, rapidly growing, and poorly understood
group of end users, which can be addressed by building on existing DOE and EPA efforts. Working
with utilities, states, manufacturers, and other key stakeholders, this DOE, Energy Information
Administration (EIA), and EPA initiative could gather data, set priorities and take action to increase
R&D, improve testing and labeling, and implement targeted incentives and minimum standards
to improve the efficiency and management of miscellaneous electric loads in the residential,
commercial, and industrial sectors.

12. Increase Federal support for state efforts to quantitatively value and incorporate energy
efficiency, DR, distributed storage, and DG into resource planning. DOE and EPA should leverage
existing programs to provide targeted capacity building and related analytical support to states
on the merits of incorporating the value of energy efficiency, DR, distributed storage, and DG in
resource planning, meeting environmental goals, and to extract additional value from advanced
metering infrastructure networks and resulting data and digital services.

13. Conduct an analysis of the potential for deployment of demand side (energy efficiency, DR, DG,
storage) technologies. While numerous studies have indicated significant cost-effective potential
from energy efficiency investments, there is an incomplete patchwork of different energy
efficiency potential studies and other distributed resources at the utility or state level that use a
variety of different methodologies. These studies, which typically consider only energy efficiency,
do not take into account the potential to integrate energy efficiency investments with other
consumer options, such as DR, DG, and onsite storage—technologies to which consumers have
growing access. DOE, with input from EPA, should conduct a national demand-side resources
potential study with sufficient geographic resolution to more effectively value and integrate DERs
into state and national electricity policy, while meeting environmental goals.

14. Increase state-level clean energy financing. DOE and the Department of the Treasury, in
coordination with other Federal agencies, will identify promising practices in the types of state-
level policies, mechanisms, and incentives that support system evolution to a cleaner grid, e.g.,
Property Assessed Clean Energy (PACE) financing.  These efforts will provide states with the tools
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and potential solutions to better leverage state resources and deploy clean energy. As part of 
sharing promising practices, DOE and the Department of the Treasury would help standardize 
contracts/financing structures for nontraditional project structures.  

15. Evaluate the potential to further increase energy savings and reduce costs to consumers and
manufacturers through appliance efficiency standards. DOE’s minimum appliance efficiency
standards have resulted in significant energy savings for consumers and businesses across a wide
range of products. DOE, working with the Department of the Treasury and EPA, will evaluate
approaches for further increasing or optimizing energy savings to consumers, while reducing costs
for manufacturers and consumers.

Expand Federal and State Financial Assistance to Ensure Electricity Access for 
Low-Income and Under-Served Americans 

Analysis indicates that electricity costs represent a disproportionate share of total income for low-income 
Americans. Increased funding for proven, state-administered programs and enhanced data and tools for 
targeting assistance can reduce this “electricity burden.” Ensuring that the costs of the rapid transition of 
the electricity system are not disproportionately borne by low-income Americans is a top priority; low-
income Americans should also be able to share in the benefits from an electricity system transition.  

16. Increase Low Income Home Energy Assistance Program (LIHEAP) and Weatherization Assistance
Program (WAP) funding. Low-income Americans in areas across the country face
disproportionate burdens from electricity costs. Congress should increase Federal support for
low-income home weatherization, through DOE’s WAP, over the next 5 years to weatherize
100,000 homes per year, including support for training and improving auditing tools. Congress
should also create a mandatory contingency funding mechanism for LIHEAP, as described in the
President's FY 2017 budget.

17. Evaluate incentives to cut electricity bills for low- and moderate-income households. The
Federal Government should improve the coordination between WAP and LIHEAP to ensure
optimal use of resources and increased benefits to households served. The Federal Government
should encourage state and local governments to (1) take full advantage of the use of LIHEAP
funds for weatherization, (2) use the National Renewable Energy Laboratory’s solar savings-to-
investment ratio calculator to identify cost-effective areas for solar projects, and (3) find other
ways to make it easier for low-income households to access the long-term savings possible from
energy efficiency and renewable energy. In particular, DOE should evaluate the impacts of utilizing
WAP and LIHEAP to decrease energy bills (i.e., from energy efficiency retrofits and installing
renewable energy projects). In addition, state and local governments should ensure human
services providers educate low-income clients receiving bill assistance about opportunities to save
on their electricity bills through energy efficiency and renewable energy programs and should
actively encourage participation in those programs.

18. Strengthen incentives for public housing authorities to invest in renewable energy and energy
efficiency. Small- and medium-sized housing authorities are often unable to participate in existing
energy performance contracting (EPC) options because of a lack of capital or interest from energy
services companies. This project would incentivize such public housing authorities to use existing
resources to make energy upgrades by allowing them to retain energy cost savings outside of an
EPC contract. Congress should authorize a pilot program to allow public housing authorities to
retain a greater portion of the savings realized from investments in energy efficiency and
renewable energy. The Office of Public and Indian Housing at the Department of Housing and
Urban Development (HUD) would focus the pilot on strengthening incentives for housing
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authorities, especially smaller and medium-sized housing authorities, to invest their Capital Fund 
dollars in energy efficiency or renewable energy. The pilot would provide an alternative to the 
long-standing EPC program, which has primarily served larger housing authorities.  

19. Improve HUD data and utility benchmarking. In order to reduce taxpayer costs on tenant utility
bill allowances, Congress should enact legislation allowing HUD and property owners to access
whole-building, aggregated energy consumption and expenditure data for HUD-assisted
properties (i.e., whole-building utility data) and appropriate funding for HUD to implement its
utility benchmarking strategy, including building out the information technology (IT) systems
needed to link current systems with benchmarking software.

20. Encourage public-private partnerships to underwrite and support clean energy access for low- 
and moderate-income households. The Federal Government should align public funding
programs and encourage private-sector investment to help make energy efficiency and renewable
energy accessible to households that do not qualify or are unlikely to be served by WAP. The bank
regulatory agencies are encouraged to publicize recently-issued Community Reinvestment Act
guidance concerning loans financing renewable energy or energy efficiency improvements, which
help reduce operational costs and maintain the affordability of single-family or multifamily
housing.

21. Provide assistance to address rural, islanded, and tribal community electricity needs. The Tribal
Indian Energy Loan Guarantee Program provides loan guarantees for renewable energy on Indian
land and is authorized under the Energy Policy Act of 2005. Indian lands have over 9,000,000
megawatts (MW) of renewable energy potential. Because of the lack of capital, only 125–130 MW
have been built. Most tribes do not meet eligibility requirements for existing loan guarantee
programs. Existing rural and islanded electricity systems generally rely on imported (nonlocal)
diesel fuel oil and, consequently, are high cost and produce significant emissions. Renewable
electricity generation and other electricity technologies have the potential to lower cost and
reduce emissions on such systems, yet may require new technology capabilities or significant
technical expertise to successfully integrate into such systems. The Federal Government should
increase support for grants and technical assistance to allow isolated communities that rely on
expensive diesel-generated electricity to install more renewable energy, such as wind, small-scale
hydro, or solar energy.

Increase Electricity Access and Improve Electricity-Related Economic 
Development for Tribal Lands 

The interdependencies of electricity access, health, economic wellbeing, and quality of life underscore the 
importance of universal access to electricity. While recent data on electricity access on tribal lands are 
limited, there are still areas that lack adequate access to electricity despite the Nation’s commitment to 
full electrification, which dates back to the Rural Electrification Act of 1936. More recent anecdotal 
evidence suggests that the problem broadly persists. It is a moral imperative that the Federal Government 
support tribal leadership and utility authorities to provide basic electricity service for the tens of 
thousands of Native Americans who currently lack access to electricity and to foster the associated 
economic development on tribal lands. Federal agencies should also support renewable energy 
acceleration and economic development opportunities through renewable energy incentives, workforce 
development, financing program improvements, and improved consultation with tribes. 

22. Support the achievement of full tribal land electrification. Over 10 years and building on existing
programs, DOE, the Department of the Interior (DOI), and the Department of Agriculture (USDA)
will provide technical assistance for distribution infrastructure with the goal of supporting tribal
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communities’ efforts to achieve complete electrification (Indian tribes, including Alaskan Natives, 
on Indian lands), while respecting the sovereignty and culture of tribal and Alaska Native 
communities. DOE, DOI, and USDA should support development of distribution infrastructure to 
provide access to household electricity and electricity distribution that enables productive 
economic activity and public services.  

23. Support advanced technology acceleration and economic development opportunities for tribal
lands. While wind energy and solar energy have grown exponentially in recent years, tribes have
not been able to fully take advantage of their wind or solar resources. DOE and DOI could
accelerate renewable energy development on tribal lands and economic development in tribal
communities through new incentives and financing support, workforce development resources,
and enhanced consultation with tribes.

Strengthen Rural Electricity and Broadband Infrastructure 

The Federal Government has historically supported the expansion of access to affordable electricity and 
communications service in rural America, with major initiatives continuing today mainly through USDA. 
The lack of access to broadband in rural areas means that these consumers lack access to DR technologies, 
such as smart meters, smart thermostats, and other technologies, which can reduce pollution, help 
consumers save electricity, improve overall grid resilience and reliability, and enhance economic 
development. Broadband expansion into these regions would significantly advance grid modernization 
goals, while providing significant communications, connectivity, and educational benefits to numerous 
regions of the country. Supporting broadband access in sparsely-populated rural areas, many of which are 
low-income areas, is not, however, profitable for the private sector. Federal support would help enhance 
security, environmental, and economic development goals. 

24. Leverage utility broadband build-out to expand public broadband access in rural areas. Many
rural areas presently lack access to public broadband service required to take advantage of these
consumer smart grid technologies. The Federal Government should continue to modernize
Federal programs to expand support for rural broadband, smart grid, and smart home
technologies. USDA should update guidance for the Rural Development Community Facility
Program to make broadband projects eligible, revise regulations to expand eligibility for the Rural
Utilities Service (RUS) Telecommunications Program, and expand financing for smart grid and
communications improvements for energy management in the RUS Electric Program.

25. Increase opportunities for small and rural utilities to utilize USDA’s electricity financing
programs. USDA should develop and implement a strategy to remove barriers to participation in
its RUS financing program for energy efficiency and renewable energy investments, which would
support Congress’ intent to provide Federal financial support for ratepayers served by small and
rural utilities. DOE and USDA should strengthen collaboration on strategic priorities, including
developing a strategy to increase the use of USDA's financing programs by borrowers and
supporting the technical needs of small and rural utilities, in part through their industry
stakeholders.

26. Improve the competitiveness of USDA’s financing for small and rural utilities. Congress should
give USDA’s RUS the authority to refinance its loans to small and rural utilities to keep their
competitiveness and reflect economic changes in the broader economy. Congress should
undertake legislative action to unlock USDA’s renewable energy financing under Section 317(c) of
the Rural Electrification Act.
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7.3 Enable a Clean Electricity Future 

Achieving a clean, affordable, 
and reliable electricity sector 
for the 21st century is a key 
national objective. The 
transition for accomplishing 
this objective is complicated 
and will require major changes 
in the generation resource 
mix; in the valuation of key 
services; and in the way the 
grid is operated. Managing this 
complex set of changes while 
ensuring affordability, 
reliability, and security for 
electricity consumers, will 
require focused investments, 
incentives and policies in key 
areas, including the following: 
optimizing the management of 
many different types of 
generation; enhancing the 
visibility, integration, and 
valuation of load-shaping and 
consumer technologies; 

enabling the development and diffusion of distributed and utility-scale storage technologies; managing 
the large-scale integration of variable energy resources and DERs into grid operations; and supporting the 
ongoing need for dispatchable baseload generation. This transition will also require a core investment in 
operational and predictive analytics, including control algorithms and granular grid visualization tools. 
Clean electricity options from generation to end use need to be advanced through a combination of 
additional research, development, and demonstration (RD&D) across the portfolio of solutions and 
additional policy that encourages the most cost-effective options.  

Transform the Electricity System through Leadership in National Clean Electricity 
Technology Innovation 

Private-sector investment in clean energy technology faces many barriers; for example, prices do not 
reflect the costs and benefits of clean energy, investments are made in a highly regulated environment, 
and there are high capital costs and lengthy time horizons for R&D and capital stock turnover in 
comparison to many other sectors (e.g., IT). Increased investments in electricity technology innovation 
are essential for the transformation of the electricity system. Federal investments have a history of 
success and have been leveraged by the private sector to create significant economic value; case studies 
on nuclear energy, shale gas, and solar photovoltaic power, among many other electricity-related 
technologies, demonstrate the instrumental role of Federal investment in early-stage R&D. 

27. Significantly Increase Federal investment in clean electricity RD&D. The current scale and speed
of clean electricity innovation is well short of what is needed for meeting the Nation’s clean
energy and climate goals, yet there are a series of barriers to the private sector investing adequate
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amounts on its own. The American Energy Innovation Council in 2010 identified specific needs for 
government involvement in accelerating energy innovation and recommended that Federal clean 
energy funding be more than tripled, as the minimum level required to maintain America’s 
competitive edge. Pursuant to the Mission Innovation initiative, the Federal Government should 
double clean energy R&D funding across all relevant Federal agencies from $6.4 billion to $12.8 
billion between FY 16 and FY 21.  

28. Implement regional clean energy innovation partnerships. Create cost-shared, technology-
neutral innovation partnerships based in multi-state regions intended to accelerate clean energy
R&D, including electricity, by tailoring project portfolios to the needs, opportunities, innovative
capabilities, and intellectual and economic infrastructure of those regions. The FY 17 DOE Mission
Innovation request includes initial funding of $110 million for regional partnerships.

29. Expand clean electricity innovation analysis and tools. Improve the data, metrics, analysis, and
tools used to plan DOE’s investments in clean energy innovation. Although there is substantial
research on the value and impact of innovation for individual technologies, there are few robust
measures and quantitative assessments of energy innovation. Enhanced energy innovation
frameworks and models that include policy interactions are needed to characterize the
relationship between inputs and outputs of energy innovation, help inform investment, and
deploy scarce innovation dollars.

30. Continue reducing barriers to deploy clean energy technologies. Since 2008, the cost of solar,
wind, storage, and electric vehicle technologies has decreased more than 50 percent. DOE should
continue working to cut the costs of solar, wind, storage, and electric vehicle technologies through
their world class programs, continuing to reduce the cost of solar more than 50 percent by 2030;
making electric vehicles cost competitive with gasoline-powered cars by 2022; decreasing the
price of energy storage; and developing the next-generation wind technologies, including offshore
technologies and tall turbines, to expand the geographic reach of cost-competitive wind.

31. By 2030, reduce the electricity intensity of newly constructed residential and commercial
buildings by at least 50 percent relative to typical new building construction today. Buildings,
which last for decades, account for significant portions of electricity demand and greenhouse gas
emissions in the United States. Ensuring highly efficient new construction will capture decades of
energy savings for American families and businesses. DOE, in consultation with EPA, should set a
goal, establish baselines, and scale up activities to deploy energy efficient technologies and DERs
in newly-constructed residential and commercial buildings.

Address Challenges to Large-Scale, Centralized Clean Generation 

Regardless of the energy source, there are a number of challenges to deploying large, centralized power 
generation facilities. Lower electricity prices, largely related to low-cost natural gas, are reducing the 
economic viability of other clean generation resources, especially nuclear energy. Nuclear power currently 
provides 60 percent of zero-carbon generation in the United States. Hydropower is one of the oldest and 
most established forms of electricity generation, contributing 6 percent of the electricity generated in the 
United States in 2015 and 19 percent of zero-carbon generation. Non-hydropower renewables—including 
wind, solar, geothermal, and biomass—accounted for about 7 percent of electricity generated in the 
United States in 2015. Each of these technologies faces a range of siting constraints, licensing and 
permitting processes, or environmental concerns, which can be broad and extensive; this can make new, 
large-scale deployments difficult. In some cases, these deployments can take a decade or more to build. 
A combination of Federal coordination, licensing support, analysis of financing opportunities, and RD&D 
can help address these barriers. 
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32. Analyze financing for advanced large-scale generation. Alternative financing and organizational
structures should be explored for advanced large-scale generation, including small modular
reactors, advanced reactors, enhanced geothermal, concentrated solar power, offshore wind, and
advanced carbon capture and storage projects. Many of these new, larger systems require
sponsors to make significant upfront capital investments, and several also contain technology risk,
which creates barriers for lenders and regulators. For example, it is currently challenging for state
public utility commissions to allow a regulated utility to begin construction on an advanced new
nuclear or carbon capture and storage plant with guaranteed rate base recovery. DOE should
analyze potential opportunities to support the financing options for advanced large-scale
generation by utilities and others, building upon existing programs where applicable.

33. Increase funding for the life-extension R&D program to ensure maximum benefits from existing
nuclear generation. The existing DOE research program to resolve technical issues with regard to
subsequent license renewals for existing nuclear plants should be significantly expanded to
accommodate the expected increase in renewal applications and to enable the continued
operation of existing plants through technology development, as well as to improve performance
and reduce costs and the use of high-performance computing to simulate reactor processes.

34. Increase support for advanced nuclear technology licensing at the Nuclear Regulatory
Commission. Congress should provide funding to the Nuclear Regulatory Commission for the
certification and licensing of advanced reactors, including the development of advanced reactor
certification and licensing criteria, and processes and for general public outreach, as reflected in
the President's FY 17 budget proposal. In addition, Congress should authorize and fund a program
at DOE to support advanced reactor license applicants, especially in the development and
submission of pre-applications.

35. Develop environmental mitigation technologies for hydropower. Increase funding for RD&D to
better understand and mitigate the environmental impacts of new and existing hydropower
projects. Continued operation of some existing facilities and deployment of new facilities depends
upon demonstration and acceptance of environmental mitigation technologies and strategies for
facilities of all sizes.

36. Promote responsible operation, optimization, and development of non-Federal hydropower.
Organize a national dialogue to address potential licensing and re-licensing processes that would
encourage the responsible operation, optimization, and development of non-Federal hydropower
in a manner that maximizes opportunities for low-cost, low-carbon renewable energy production,
economic stimulation, and environmental stewardship to provide long-term benefits for the
Nation.

Address Significant Energy-Water Nexus Issues Affecting—and Affected by—the 
Electricity System 

Electricity systems and water systems are, in many cases, interconnected. Water is a critical requirement 
for many electricity generation technologies. Two-thirds of total U.S. electricity generation—including 
many coal, natural gas, nuclear, concentrated solar power, and geothermal plants—requires water for 
cooling. In addition, carbon capture, utilization, and storage (CCUS) technologies have significant water 
demands. Electricity is also required for water and wastewater conveyance, treatment, and distribution. 
From a full-system perspective, the joint reliance of electricity and water systems can create 
vulnerabilities (e.g., drought impacts on thermoelectric generation and hydropower), but it can also 
create opportunities for each system to benefit from well-designed integration. Such challenges and 
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opportunities can be addressed through improved policy integration; data collection; modeling; analysis; 
research, development, demonstration, and deployment (RDD&D); and engagement with stakeholders. 

37. Launch an electricity-related energy-water nexus policy partnership with Federal, state, and
local partners. DOE should create an electricity-related energy-water nexus policy partnership
with states, related organizations, local governments, and other Federal agencies, where
appropriate; this policy partnership would discuss ways to improve and better integrate existing
energy and water policies with respect to goals, data, metrics, and compliance dates. Many energy
and water policies are designed to address only energy or water, but not both, potentially leading
to conflicting incentives and unintended consequences that could be avoided through more
integrated policy design. In support of the partnership, DOE should develop an Integration
Analysis Framework to map out broad, system-wide benefits and potential vulnerabilities of
energy-water systems integration (at multiple temporal and spatial scales) to inform relevant
decision makers. This analysis framework would serve to enable valuation of costs and benefits
associated with energy-water systems.

38. Support additional RDD&D to reduce water requirements for carbon capture technologies.
Provide additional funding to complement existing efforts in technology RDD&D to reduce water
requirements of carbon capture systems, including capture systems themselves (solvents,
membranes, materials), as well as integration of the capture system with the generation plant or
industrial facility. Reduced water use at power plants and other industrial facilities outfitted with
CCUS would lower water withdrawal and consumption out of natural water bodies and could
make CCUS technology more attractive in water-scarce areas.

Provide Federal Incentives for a Range of Electricity-Related Technologies and 
Systems 

A package of tax incentives targeted at specific market segments can support an all-of-the-above energy 
strategy by helping to reduce the costs of deploying and using innovative, commercially available energy 
technologies. The economies of scale and “learning by doing” promoted by such deployments support 
continued technology cost reductions and greater market competition.  

39. Expand tax incentives for renewable electricity, electric vehicles, and energy efficiency.
Consistent with the current Administration’s Green Book proposal, expand the list of technologies
eligible for Federal tax incentives to include other sources of low-carbon generation beyond wind
and solar; extend the timeframe for the Production Tax Credit (PTC) and Investment Tax Credit
(ITC); and make the PTC refundable, available to otherwise eligible renewable electricity
consumed directly by the producer, and also available to individuals who install solar electric or
solar water heating property on a dwelling. In addition, implement the proposed reform to the
electric vehicle tax credits and extension of commercial building energy efficiency tax credits
included in the President’s FY 17 budget.

40. Extend the time frame and the total capacity allowed under the PTC for nuclear generation.
Current law provides a $0.018/kilowatt-hour production tax credit for new nuclear plants placed
in service by 2020 and places a capacity cap of 6,000 MW. Extend the eligibility date so that
reactors placed in service after 2020 could qualify and increase the capacity cap.

41. Provide tax credits for CCUS. Provide a tax credit, such as the proposal to create $2 billion in
refundable ITCs for 30 percent of eligible CCUS equipment and infrastructure in the President’s
FY 17 budget; create a refundable sequestration tax credit ($10 per metric ton for carbon dioxide
that is stored and reused, and $50 per metric ton for carbon dioxide that is stored and not reused);
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index to inflation; or implement reforms to the existing 45Q tax credit that would achieve similar 
goals. Expand eligibility to include industrial-sector applications of CCUS. 

42. Assess business model inequities associated with Federal electricity financial incentives and
public-private partnerships. DOE should assess the current utilization of energy tax credits by
ownership type, including the impact of proposed changes to the tax code on the ability of entities
to utilize incentives. DOE should also identify options to increase the impact of tax credits on the
deployment of clean energy assets. Relevant topics could include the usage of tax credits by tax-
exempt entities, the exclusion of ITCs from normalization, Federal financing for public power and
rural electric cooperative utilities, and the possibility for expanded use of public-private
partnerships.

43. Increase power purchasing authorities for the Federal Government from 10 to 20 years. The
Federal Government is currently subject to goals and mandates for the purchase of clean energy
which, if achieved, can help to catalyze action in the private, state, and local sectors. However,
widespread Federal Government clean energy purchases are constrained by generally applicable
procurement rules that prohibit entering long-term contracts. Congress should authorize all
Federal agencies to negotiate 20-year power purchasing authorities for clean energy.

Address a Range of Power Plant Siting Issues 

The land-use requirements for different types of power generation reflect significant differences between 
the various types of infrastructure and their operational requirements. 

44. Evaluate and develop generation-siting best practices. DOE and DOI should initiate a 2-year
series of technical workshops to evaluate generation-siting best practices, environmental
impacts, mitigation options, and risk to inform decision making by developers and regulators. The
workshops will draw upon state and local permitting expertise and experience and will issue
reports to provide developers and regulators tools and best practices for streamlining and
potentially standardizing underlying requirements for environmental impact studies and siting
analysis. Permitting of projects should continue expeditiously during this process.

45. Support improved regional and interregional transmission planning processes. DOE should fund
the development of a systematic monitoring program to enable valuation of new transmission
facilities, measure the outcomes of FERC Order Nos. 890 and 1000, and develop methodologies
to improve their effectiveness. The objective of FERC Order No. 1000 is to identify methods and
approaches that enable the selection of the “best” set of transmission facilities (i.e., the more
efficient or cost-effective transmission facilities selected in a regional transmission plan for
purposes of cost allocation); it aims to accomplish this by (1) establishing requirements for
regional transmission planning and interregional transmission coordination processes, and (2)
opening transmission investment to non-incumbent owners. However, because implementation
of FERC Order No. 1000 is in early stages and no systematic monitoring system is in place, it is not
possible to assess whether its requirements are having their intended effects. Success would
mean that transmission planning and cost allocation would be effectively supporting
transmission, while also reducing costs, sustaining or improving reliability, reducing congestion,
and/or meeting transmission needs driven by public policy requirements.

46. Modernize electricity transmission permitting procedures. DOE should expand the domestic
coverage of its Regulatory and Permitting Information Desktop (RAPID) Toolkit, which contains
information relating to critical state requirements to include the 36 states that currently have no
transmission-related information in the Toolkit. This would provide support for the Federal
Permitting Improvement Steering Council, which was tasked with modernizing Federal
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infrastructure permitting to create efficient project delivery and improve outcomes. One step in 
reducing complexity is providing developers, government agencies, tribes, and other affected 
entities ready access to information relating to Federal and state policies and requirements that 
would expedite their involvement

7.4 Ensure Electricity System Reliability, Security, 
and Resilience 

System reliability has been 
an essential expectation of 
electricity consumers since 
the development of the 
modern electricity system. 
Reliability is formally 
defined through metrics 
describing power 
availability or outage 
duration, frequency, and 
extent of the outage. The 
utility industry is primarily 
responsible for ensuring 
system reliability through 
risk-management strategies 
to prevent disruptions from 
reasonably expected 
hazards. Risk-management 
practices need to keep pace 
with the emerging threat 
environment, particularly 
cybersecurity and severe 
weather associated with 
climate change. The grid’s 

growing interconnectedness and incorporation of new energy resources also create new risks and 
vulnerabilities, even as they create significant new value to all users of the electricity system.  

For these reasons, the traditional definitions of reliability alone may be insufficient to ensure future 
system integrity and available electricity services. U.S. policies, markets, and institutional arrangements 
must evolve to reflect this new reality. Actions and approaches are needed to integrate resilience 
concerns into system planning and reliability standards, prioritize investments in reliability and resilience, 
quantify the benefits of investments that address emerging or low-probability hazards, broaden the range 
of risk-reduction options, improve flexibility through activities both pre- and post-disruption, and 
ultimately, focus on maintaining and improving energy delivery outcomes for the customer under all 
conditions.  

A focus on evolving hazards, new metrics, better analysis, finer data granularity, and strong 
interdependencies between grid operators and consumers frames the scale and scope of necessary sector 
transformation. These challenges could be mitigated through a combination of standards, risk-
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management methods and processes, and collaboration across industry, state, local, and Federal 
stakeholders. 

Support Industry, State, Local, and Federal Efforts to Enhance Grid Security and 
Resilience 

Some types of extreme weather events are projected to increase in frequency and intensity. Cyber threats 
to the electricity system are increasing in sophistication, magnitude, and frequency. Physical threats 
remain a concern. These challenges could be addressed through a combination of cost-benefit analyses, 
standards, and collaboration across industry, state, local, and Federal stakeholders. The following 
recommendations build upon and extend current initiatives, such as DOE’s Grid Modernization Initiative 
and Partnership for Energy Sector Climate Resilience. 

47. Develop uniform methods for cost-benefit analysis of security and resilience investments for
the electricity system. DOE should develop methods for calculating the costs and benefits of
investments in resilience solutions, as well as methods for managing the risks associated with
many types of high-impact, low-frequency events or emerging and rapidly evolving threats related
to climate change, cyber or physical attacks, or combined threats. This could be implemented in
part through the establishment of a “community of practice” for valuation of electricity-sector
reliability and resilience, providing a stakeholder forum for sharing current practices and
developing uniform valuation methods.

48. Provide incentives for energy storage. Provide a financial incentive to reduce the cost and
support deployment of non-emitting energy storage. Qualified storage includes equipment that
receives, stores, and delivers energy using batteries, compressed air, hydrogen storage (including
hydrolysis), thermal energy storage, regenerative fuel cells, flywheels, capacitors,
superconducting magnets, technologies and systems that provide the verified services and
benefits or technologies and systems.

49. Improve and upgrade existing Federal hydropower operations. Fifty percent of U.S. hydropower
is federally owned. DOE, the Army Corps of Engineers, and the Bureau of Reclamation should
convene relevant stakeholders to identify and discuss opportunities to improve existing Federal
hydropower. Relevant topics to address include technology upgrades; increasing generation,
capacity, and essential reliability service capabilities; operations and maintenance efficiency;
acquisition improvements; funding flexibility; and mitigating impacts from hydropower.

50. Account for emerging threats in reliability planning. Reliability standards and planning
requirements should be updated to increase electricity-sector resilience to emerging and rapidly
evolving hazards, like climate change and cyber and physical threats. The Federal Government
should take formal steps to update reliability planning standards for the bulk power system.
States, cooperatives, and public power should update or establish new requirements for resource
planning and other planning processes for distribution systems. States should also update design
standards for critical infrastructure and annually update Energy Assurance Plans accordingly.
Similarly, standard making organizations (e.g., the American National Standards Institute and the
Institute of Electrical and Electronics Engineers [IEEE]) should take steps to evaluate whether new
performance standards and testing procedures are needed to ensure electrical equipment
resilience to rapidly evolving hazards.
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51. Support grants for small utilities facing cyber, physical, and climate threats. Small utilities cover
over 75 percent of the Nation’s landmass, including sensitive and military installations.a The
combination of large service territories, minimal staffing, limited budgets, lack of access to tax
incentives, and low customer density presents challenges to small utilities addressing such new
and evolving threats. DOE and USDA’s RUS should work together to develop risk-management
tools, provide grants for shared staff to implement solutions (such as through joint action and/or
generation and transmission programs), and host workshops to facilitate knowledge transfer to
support small utilities as they address these challenges.

52. Support mutual assistance for recovering from disruptions caused by cyber threats. Utilities
have a long history of providing mutual assistance in the event of traditional disruptions, but as
the grid becomes more reliant on digital technology, cyber and cyber-physical threats present
new and distinct challenges to system restoration. DOE, in coordination with interagency partners
and industry, should increase support for private-sector efforts to respond to significant cyber
incidents on the electric system.

53. Support the timely development of standards for grid-connected devices. Common
interoperability standards are critical to enabling the distribution system to accommodate the
growth of grid-connected technologies at large scale and to potentially improve grid
cybersecurity. DOE should work with the National Institute of Standards and Technology to
increase the pace of standards development so that it aligns with the rapid development and
deployment of grid-connected devices.

54. Support development of an enhanced reliability service class for commercial customers. When
there is a power failure, a new and growing class of commercial customers loses significant
economic value immediately. The electricity demand of individual commercial customers is of
insufficient scale, however, to support options similar to those of large industrial customers, who
can pay their utilities to install additional feeders to enhance service reliability. This lack of scale
and rate options has led some commercial customers to pursue third-party options (e.g., storage,
back-up generators, onsite generation) to improve their electricity reliability. Associated grid
defections could affect the overall customer and rate base. Analysis is needed to inform new rates
for this class of customers. DOE should encourage states to consider having utilities offer
enhanced reliability through commercial service packages that provide reduced outages, higher
reliability, and quicker recovery for interested customers.

55. Improve system reliability through analysis of back-up generation best practices. Many
industrial, commercial and residential customers utilize onsite back-up power generation during
electricity disruptions. There have however been several high-profile failures of back-up
generation had significant impacts on consumers and businesses. Also, as load management
grows in importance, so too does the visibility of the level and reliability of back-up generation.
Finally, key lifeline infrastructures and defense facilities depend on back-up generation. DOE
should conduct a nationwide study of back-up generation; it should specifically identify related
gaps and critical needs for consumers, critical infrastructure, and sensitive facilities. This analysis
should further consider interconnection approaches for back-up generation to improve overall
system resilience and reliability through the update and adoption of IEEE 1547 interconnection
standards. This analysis should also take into account cost effectiveness and environmental
performance. DOE should consider the outcomes of this analysis and provide recommendations

a Although such facilities frequently have back-up power capabilities, the durability of such backups is typically limited to fuel 
supplies on hand.  



Transforming the Nation’s Electricity Sector: The Second Installment of the QER | January 2017 7-25 

on best practices for back-up generation and how to maximize is value for grid operations, lifeline 
networks, and consumers.  

56. Develop guidance, best practices, and protocols for select categories of distribution equipment
and consumer grid-interactive devices. Distribution system-wide outages could be induced by
disrupting interconnected DERs and their associated data feeds to the distribution grid, especially
during critical peak demand or by causing lasting damage to a distribution transformer. DOE will
do this in coordination with the National Institute of Standards and Technology and industry.

57. Require states to consider the value of DERs, funding for public purpose programs, energy and
efficiency resource standards, and emerging risks in integrated resource or reliability planning
under the Public Utility Regulatory Policies Act (PURPA). PURPA section 111(d) establishes
Federal standards for regulated electric utilities that State public utility commissioners "must
consider.” Because rates of distribution utilities are not directly regulated by the Federal
Government, PURPA amendments serve to preserve the legal authority of the states to amend or
establish new standards. Without statutorily dictating any final state decisions, Congress should
amend PURPA to require state public utility commissions and nonregulated utilities to consider
the following: (1) the costs and benefits of DERs and alternatives in rate design and integrated
resource planning, (2) stable funding for public purpose programs, (3) energy efficiency resource
standards, and (4) emerging risks in integrated resource or reliability planning.

Improve Data for Grid Security and Resilience 

As the Nation increasingly relies on electricity to power the economy and support consumer options and 
choices, the consequences of electricity outages are rising. The United States currently lacks sufficient 
data on all-hazard events and losses. Such data would help utility regulators, planners, and communities 
analyze and prioritize security and resilience investments. 

58. Establish Federal standards for maintaining and sharing common data on Presidentially-
declared natural disasters and physical attacks affecting the electricity system. DOE and DHS
should improve the collection, curation, and accessibility of data related to the impacts of
disasters along with detailed characterizations of the nature and cause of each disaster. By
improving the availability and quality of historical disaster impact data, the government and its
partners can develop improved risk models, as well as gain the ability to more effectively locate
and more clearly understand points of vulnerability within existing systems. Defining data
standards would increase the ability of Federal agencies to manage and share disaster impact
data by making it possible to merge and query disparate data sets by common feature, such as
Presidential disaster declaration number. Types of data that would be more readily available as a
result of this effort include detailed characterization of the nature and cause of each disaster as
well as the extent and degree of associated impacts, such as power outages, fatalities, injuries,
property losses, as well as other data to inform decision making that will help communities better
prepare for and respond to future disasters.

59. Enhance coordination between energy-sector information sharing and analysis centers and the
intelligence communities to synthesize threat analysis and disseminate it to industry in a timely
and useful manner. The nature of cyberspace and its associated threats requires individuals,
organizations, and the government to actively participate in incident response activities.
Increased coordination would provide deeper analysis of threats based on both classified and
unclassified data available from the operational and enterprise environments.
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Encourage Cost-Effective Use of Advanced Technologies that Improve 
Transmission Operations 

Permitting and planning are necessary but complex processes that can slow transmission development 
and increase costs. Other barriers restrain the use of new technologies that can increase transmission 
system capacity utilization and improve reliability and security, as well as other planning priorities.  

60. Promote deployment of advanced technologies for new and existing transmission. DOE should
work with stakeholders to identify, analyze, and develop recommendations for removing barriers
to the valuation and deployment of advanced technologies for new and existing transmission,
such as those that enhance reliability, security, and affordability through visibility and control.
DOE should explore a range of legislative and regulatory options and analytically test their
potential effectiveness on both a stand-alone basis and a collective basis to enable deployment
of technologies that cost-effectively increase existing transmission capacity utilization (i.e.,
remove barriers to technology solutions that enable greater transmission utilization of existing
transmission capacity). In addition, DOE should identify and mitigate barriers to technologies that
can increase transmission capacity utilization and create a framework for future work based on
the experiences of work in capacity utilization, synchrophasors, and storage.

Improve EIA's Electricity Data, Modeling, and Analysis Capabilities 

EIA provides all levels of stakeholders—government, companies and customers—with data to inform the 
evaluation and development of policies that affect the electricity grid. More timely and publicly accessible 
data on how system operations are changing and on how efficiency and renewable energy are specifically 
affecting them would facilitate the development of Federal and state policies and investments needed to 
ensure the reliability, resilience, and security of the grid. Substantially improved electricity transmission 
data and related analyses by EIA would support significant improvements in the effectiveness of a broad 
range of government policies and programs, including market design and transmission planning. 

61. Expand economic modeling capability for electricity. EIA should be able to more accurately
reflect the role of energy efficiency, DR, electricity storage, and a variety of DG technologies in
current and future energy consumption to better inform investments and modeled policy
scenarios.

62. Expand EIA data collection on energy end uses. EIA should expand the scope and frequency of
its data collection on energy end uses and services in the residential, commercial, and industrial
sectors, including the use of new data collection methods and tools, in order to enable a more
detailed representation by region, income, and other characteristics.

63. Expand EIA hourly data collection on power system operations. EIA should expand the scope of
the current grid operations data collection to require (1) net generation by energy source (e.g.,
coal, solar, wind, natural gas, nuclear) and (2) sub-regional detail for large balancing authorities
in order to inform investment decisions and provide higher-resolution and more quickly delivered
data on how system operations are changing. EIA should continue to evaluate new definitions for
National Energy Modeling Systems Electricity Market Module.

64. Expand EIA data collection on electricity transmission. EIA should improve the scope, frequency,
and resolution of transmission data collection by (1) developing an regional transmission
organization/independent system operator dashboard on the operation of centrally organized,
wholesale power markets; (2) collecting and maintaining information on the utilization of the bulk
transmission system that complements current data collection; and (3) improving reporting on
transmission investment and on the functioning and outcomes of transmission planning activities,
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to enable analysis on whether transmission policies and regulations are achieving their intended 
effects. All proposed activities should be undertaken through processes that comply with existing 
data-collection protections. 

65. Support EIA’s collection of additional data on Electricity and water flow for water and
wastewater utilities. Electricity usage in delivering water services represents a significant portion
of U.S. electricity consumption (estimated at 3 to 4 percent of total electricity consumption) and
may present major opportunities for both efficiency and renewable generation; however, EIA
does not currently collect this data in its surveys. EIA should expand its data collection to include
annual electricity and annual water flow (millions of gallons) by water and wastewater utilities, in
order to enable identification of new opportunities for electricity use and savings.

7.5 The Electricity Workforce: Changing Needs, 
New Opportunities 

Support the Electricity-Sector Workforce 

The electricity sector is undergoing a number of significant shifts in structure, energy sources, and 
applications as the industry modernizes and evolves. The full potential of these shifts will, however, only 
be realized if the electricity-sector workforce appropriately adapts and grows to meet the needs of the 
21st-century electricity system. The Federal Government has an interest in the development of this 
workforce. 

66. Support cyber-physical systems (CPS) curriculum, training, and education for grid
modernization and cybersecurity. The December 2010 report of the President's Council of
Advisors on Science and Technology, titled “Designing a Digital Future,” highlighted the unique
importance and challenges of CPS, such as the power grid. One of the challenges with such
systems is the lack of a dedicated and trained cross-disciplinary workforce skilled at
comprehending, designing, and managing CPS. This presents an acute challenge in the realm of
power-sector cybersecurity, where cyber and cyber-physical threats are presenting new and
distinct challenges. Prevention, mitigation, and response and recovery efforts require a workforce
that understands the unique electric sector IT and operational technology systems and
challenges; however, the industry currently faces a shortage of such workers. The Federal
Government—through the Department of Education, DOE, National Science Foundation, and
others—should sponsor development and deployment of CPS and cybersecurity educational
curricula with community colleges, universities, and institutions of higher education to meet the
grid-modernization needs of the 21st-century electricity system; they can do this by offering
grants and supporting programs for educational institutions to develop and deploy CPS and
power-sector cybersecurity educational curricula.

67. Enhance and align skills-based training and electricity-sector workforce development. The
Federal Government has multiple resources that help address the difficulty employers are
experiencing in hiring skilled workers in the electricity sector. To facilitate access to these Federal
programs, the following steps should be taken:

 DOE should, with other Federal agencies (e.g., the Department of Labor [DOL], National
Science Foundation, Department of Commerce, Department of Education, and Department
of Defense), coordinate Federal initiatives on electricity-sector education and training,
including programs to facilitate national training credentials in new electricity technologies.

 DOL should expand its pre-apprenticeship programs.
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 DOE should expand its existing programs to increase the number of internships, fellowships,
traineeships, and apprenticeships.

 DOE, DOL, and the Department of Defense should work together to create workforce
opportunities for veterans, to build a more inclusive workforce, and to bring clean energy job
training to low- and moderate-income communities.

 DOL and DOE should develop a single resource web portal to inform industry and potential
employees about the multiple Federal agency workforce development initiatives and
resources.

68. Support Federal and regional approaches to electricity workforce development and transition
assistance. Changes in the electricity sector are increasing the need for a diverse and specialized
workforce. To ensure electricity-sector workers maintain the capabilities required to provide for
reliable and affordable electricity in a rapidly changing environment, DOE (in partnership with
other agencies) should facilitate programs and regional approaches for workforce development.
Federal funding and technical support should enhance existing programs on workforce diversity;
apprenticeship and apprenticeship-readiness programs; skills-based training and education;
transition assistance; and curriculum development. Workforce assessment tools should be
developed to complement training programs. Federal agencies should coordinate their efforts
through the interagency Energy and Advanced Manufacturing Workforce Initiative, staffed by
DOE. Unemployed workers nearing but not yet eligible for retirement may have difficulty
retraining after careers built on specialized skills that are no longer in demand in the modern
electricity industry. Retirement transition assistance should be provided to these workers. Where
possible, Federal agencies should leverage existing government, nongovernment, labor, and
industry workforce consortia.

Meet Federal Commitments to Communities Affected by the Transformation of 
the Electricity Sector 

To achieve the transition to the electricity sector of the 21st century smoothly, quickly, and fairly, the 
Federal Government should offer a synthesized package of incentives that address the needs of the most 
important stakeholders both within and outside of the electricity sector. Many of these needs are 
addressed through other recommendations on this list, including incentives to reduce the cost of flexible 
and clean assets, encourage the deployment of new and improved technologies throughout the electricity 
supply chain, and train workers for 21st-century electricity jobs. Recognizing that the shift to the 21st-
century electricity system can impact communities dependent on 20th-century resources, the following 
recommendations provide transition assistance for communities affected by the multi-decadal decline in 
coal production. 

69. Fulfill Federal commitment to fund coal miner retiree benefits. Over the last 50 years, coal
miners have repeatedly foregone increases in wages in exchange for pension and healthcare
benefits. These benefits are now imperiled by (1) the recent bankruptcy of three of the largest
public coal companies in America—allowing those companies to avoid fully funding their
employees’ benefit funds—and (2) the declining ratio of active contributing workers relative to
beneficiaries in the health and pension funds. Recognizing the commitments to support coal
miner retirement benefits made by the Federal Government in the 1946 Krug-Lewis Agreement,
the 1992 Coal Industry Retiree Health Benefit Act, and the 2006 amendments to that act, and also
recognizing the contribution that coal miners have made to the U.S. economy, the Administration
strongly supports legislation that would transfer funds to the largest multi-employer health and
pension fund serving retired coal miners and their families, thereby ensuring that it can continue
paying benefits.
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70. Meet the Federal commitment to appropriate sufficient funding to accomplish the mission of
the Abandoned Mine Lands (AML) Fund. DOI’s Office of Surface Mining Reclamation and
Enforcement estimates that there are more than $4 billion worth of high-priority, health- and
safety-related abandoned coal mine lands in the United States. At the same time, the AML Fund
has an unspent balance of $2.5 billion dedicated to reclaiming these sites. The AML fees should
be returned to their original 1977 levels to raise additional reclamation funds, and disbursements
from the AML Fund should be accelerated over the next 5 years, enhancing economic
development in distressed coal communities through reclamation employment.

7.6 Targeted Opportunities to Enhance Electricity 
Integration in North America 

Increase North American Cooperation on Electric Grid and Clean Energy Issues 

Cooperation on electricity is needed to strengthen the security and resilience of an integrated, cross-
border electricity grid, as well as to provide increasing amounts of clean energy and improve economic 
competitiveness across North America. A clear understanding of the regulatory requirements at the 
Federal and state levels for the permitting of cross-border transmission facilities, a sharing of best 
practices, and an exploration of potential future cooperation on grid management issues will limit 
uncertainties and improve policy coordination at the multilateral and international levels. This includes 
implementing the target established in the 2016 North American Leaders Summit to increase clean power 
to 50 percent of the electricity generated in North America by 2025. 

71. Increase U.S. and Mexican cooperation on reliability. In 2005, the United States and Canada
codified an international reliability framework based on an electricity reliability organization. As
Mexico moves ahead with electricity reform and looks to expand their electricity system (including
planning for international transmission), an international commitment to reliability would signal
good progress towards improved electricity system management across North America. A
commitment to working jointly on reliability was also included in the statement from the North
American Leaders Summit in June 2016, where these leaders “committed to deepened electric
reliability cooperation to strengthen the security and resilience of an increasingly integrated
North American electricity grid.”14 The U.S. Government should increase cooperation on reliability
between the United States and Mexico by establishing bilateral reliability principles between the
United States and Mexico.

72. Advance North American grid security. In December 2016, the United States and Canada released
a Joint United States–Canada Grid Security Strategy framing how these two countries plan to work
together to strengthen the security and resilience of the electric grid, including against the
growing threat from cyber attacks and climate change impacts. This recommendation aims to
complete that objective through sharing of best practices and exploration of potential future
cooperation on grid security issues with Mexico, in parallel with implementation of the Joint
United States–Canada Grid Security Strategy and domestic Action Plans.

73. Promote North America clean energy infrastructure development by sharing best practices for
community engagement. Lessons learned from sharing across regional entities can be a
challenge, but the Federal Government can provide a forum for that engagement. This
recommendation proposes that the U.S. Government initiate a series of high-level meetings with
Canada and Mexico to share best practices relating to community engagement for clean energy
infrastructure development throughout North America.
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74. Promote permitting of cross-border transmission facilities. The “Regulatory Side-by-Side
Governing Permitting of Cross-Border Electricity Transmission Facilities between the United
States and Canada” summarizes existing regulations as of the time of publication. The document
has proved incredibly useful as a resource for other analytical efforts and in informing discussion
about simplifying or harmonizing regulations. Expanding this work to Mexico as the energy
reforms move ahead would be very helpful to developers and governments. In addition, high-
level meetings to improve community engagement for infrastructure can be supported by an
effort at the U.S. Department of Energy with partners in Canada and Mexico to complete and
update the Regulatory Side-by-Side and expand the Regulatory and Permitting Information
Desktop (RAPID) Toolkit to the North America cross-border context. Consistent with the “North
American Climate, Clean Energy, and Environment Partnership Action Plan,” DOE should promote
permitting of cross-border transmission facilities by expanding the Regulatory and Permitting
Information Desktop (RAPID) Toolkit.  Expansion of this toolkit will enable a clear understanding
of the regulatory requirements at the Federal and state levels for the permitting of cross-border
transmission facilities, in addition to those for bulk transmission.

75. Modernize international cross-border transmission permitting processes. Building upon
Executive Order 13604, “Improving Performance of Federal Permitting and Review of
Infrastructure Projects,” a 2013 Presidential Memorandum titled “Transforming our Nation's
Electric Grid through Improved Siting, Permitting, and Review” aims to modernize transmission
permitting processes. The Presidential Memorandum directed Federal agencies to create the
integrated interagency pre-application process (IIP) across the Federal Government (1) to help
identify and address issues before the formal permitting process begins and (2) to improve
coordination of permitting across Federal, state, and tribal governments. On September 21, 2016,
DOE’s Office of Electricity Delivery and Energy Reliability announced a final rule for the IIP. The IIP
process encourages robust early coordination prior to the submission of a formal transmission
permit application. That includes increased engagement with DOE as a coordinating agency, as
well as relevant state, local, and tribal stakeholders. The principles of the IIP have already been
successfully applied to two existing and recent Presidential permit applications for clean energy
transmission. Building on these activities, DOE should modernize international cross-border
transmission permitting processes by implementing a pre-application process and update the
Presidential Permitting rules.

76. Increase North American clean energy and technical coordination. Technical discussions have
the potential to support better coordination on clean energy and climate goals, primarily through
the creation of more robust North American modeling capabilities and wider accounting of clean
energy and carbon emissions associated with cross-border trade. Technical discussions can also
continue and enhance cooperation on energy information exchange across North America. In
addition, technical discussions should focus on increasing North America wholesale electricity
markets cooperation by sharing best practices for market development. As North America moves
towards greater integration, there should be continued engagement on the cross-border impacts
of climate and clean energy policies in order to limit uncertainties and improve policy coordination
at the multilateral and international levels. There is a need for analytical tools and models that
can estimate the value of technology deployment and summarize the impacts of policies in the
clean energy and climate policy space. Specifically, models and studies are needed to examine (1)
policy levers and incentives for clean energy and technologies to achieve climate goals; (2) the
emissions impacts of jointly planning climate action and policies for climate and clean energy; (3)
the impacts of cross-border trading on clean energy development, emissions, and the electricity
system; and (4) the impacts of market policies, including cross-border trading schemes for carbon
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and emissions. With new modeling capabilities and through technical discussions, DOE should 
explore the impact of enhanced cross-border trade on greenhouse gas emissions, economic 
development (in all countries, and collectively), as well as system reliability. Specific analysis could 
model market structures and examine the interplay between short-term operational flexibility 
and long-term financial certainty; examine the impact of enhanced U.S. imports of Canadian 
hydropower on carbon emissions and U.S. renewable energy development; examine best 
practices for the development of wholesale electricity markets; study Mexico's integration into 
the Western Climate Initiative; and explore impacts on the U.S. renewable energy industry, end-
use costs for consumers, and the impacts of adjustments in sub-national policies on clean energy 
consumption across the continent. 
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VIII Analytical and Stakeholder 
Process 

This chapter describes the analyses and stakeholder engagement process that provided the substantive 
basis for this second installment of the Quadrennial Energy Review (QER 1.2). The first section describes 
the analytical work carried out for the QER 1.2, including baselines, models, topical reports, and white 
papers. The second section describes how the QER 1.2 process included engagement with a broad range 
of stakeholders across the Nation, through technical workshops, seven formal public stakeholder 
meetings, and the collection and consideration of public comments. This chapter is intended to document 
the process of developing the QER 1.2 and to provide transparency on the methods used to develop the 
material in the report. 
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Figure 8-1. Inputs to QER 1.2

This figure shows the analytical, stakeholder, and interagency efforts underpinning the QER 1.2. 

8.1 Systems Analysis 

The Administration-wide Quadrennial Energy Review (QER) is intended to enable the Federal Government 
to translate policy goals into a set of analytically based, integrated actions over a 4-year planning horizon. 
The White House Domestic Policy Council and Office of Science and Technology Policy jointly chair the 
interagency QER Task Force, while the Secretary of Energy provides an Executive Secretariat in the 
Department of Energy’s (DOE’s) Office of Energy Policy and Systems Analysis (EPSA). The QER involves a 
multi-agency review process, and more than 20 executive departments and agenciesa play key roles in 

a The members of the Task Force include: (1) the Department of State; (2) the Department of the Treasury; (3) the Department 
of Defense; (4) the Department of the Interior; (5) the Department of Agriculture; (6) the Department of Commerce; (7) the 
Department of Labor; (8) the Department of Health and Human Services; (9) the Department of Housing and Urban Development; 
(10) the Department of Transportation; (11) the Department of Energy; (12) the Department of Veterans Affairs; (13) the 
Department of Homeland Security; (14) the Office of Management and Budget; (15) the National Economic Council; (16) the 
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developing and implementing policies proposed in the QER. Unlike other Federal quadrennial review 
processes where analysis is done every 4 years, the QER is conducted through installments to allow for 
granular analysis of key energy subsectors. Serving as Secretariat, EPSA is responsible for coordinating 
activities related to the preparation of the report, including commissioning an extensive suite of policy 
analysis focused on the electricity system (see Figure 8-1).  

QER 1.2’s analysis was completed over many months through the following methods: 

 Commissioning five baseline reports to provide an overview of the current state of the electricity
system

 Commissioning analyses, modeling, synthesis, and white papers from U.S. National Laboratories,
energy consultants, and analytics firms

 Convening technical workshops with relevant stakeholders and producing write-ups of findings
and stakeholder viewpoints

 Performing analysis and modeling within EPSA, in collaboration with partners across DOE and
other Federal agencies, to generate analysis, policy working papers, and reports

 Meeting with EPSA and staff-level agency representatives and experts on the findings and
recommendations proposed in QER 1.2.

8.2 Crosscutting Analysis 

This section provides examples of major external analyses commissioned by EPSA that support the 
findings and recommendations within QER 1.2. The descriptions below categorize the analyses (with the 
caveat that most QER 1.2 analyses are crosscutting in nature and apply to more than one energy objective 
or sector).    

8.2.1 Baselines 

A series of EPSA baselines were developed to provide an overview of elements of the electricity system. 
These baselines helped inform QER 1.2 and focused on the following issue areas: generation, distribution, 
end use, markets, and climate and environment.b These baseline analyses identify major historical trends 
in the electricity sector and reflect the workings, characteristics, and issues of the current electricity 
system. These baselines provide a foundation for the analysis of systems and policy recommendations 
that form QER 1.2. 

8.2.2 Key Reports and Studies 

QER 1.2 drew from multiple studies of the electricity system, including but not limited to the following: 

National Security Staff; (17) the Council on Environmental Quality; (18) the Council of Economic Advisers; (19) the Environmental 
Protection Agency; (20) the Small Business Administration; (21) the Army Corps of Engineers; (22) the National Science 
Foundation; and (23) such agencies and offices as the President may designate. 
b The environmental baseline was divided into four volumes in the following categories: Greenhouse Gas Emissions, Solid Waste 
and Decommissioning, Energy-Water Nexus, and Environmental Quality. 
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Table 8-1.c List of Chapter Specific Analyses for QER 1.2

Title Performer 

Transforming the Nation’s Electricity Sector: The Second Installment of the QER 

Accelerate Energy Productivity 2030 NREL 

Principles for Creating and Evaluating Electric System Reliability Plans in the 21st Century NREL, PNNL, ORNL 

Cyber Threat and Vulnerability Analysis of the U.S. Electric Sector INL 

Energy Supply Chain Vulnerabilities: Framework and Case Study ANL, ORNL, INL 

Modernizing the Electric Distribution Utility to Support the Clean Energy Economy EPSA 

Harmonizing the Electricity Sectors across North America RFF 

Electricity Distribution System Baseline Report PNNL 

Electricity Generation Baseline Report NREL, INL, NETL 

Residential Electricity Bill Savings Opportunities from Distributed Electric Storage EPSA 

Establishing the Playing Field: Surveying Clean Energy-Related Economic Development Policy across the 
States 

NREL 

Ensuring Electricity System Reliability, Security, and Resilience 

Assessing Cost and Benefits of Investments in Climate Resilience ORNL 

Utility Risk-Mitigation Strategies Deloitte 

Scoping Analytical Tools and Methods for Vulnerability Analysis of Linked Electricity Generation and River 
Basin Systems 

ORNL 

Guide to Cybersecurity, Resilience, and Reliability for Small and Under-Resourced Utilities NREL 

Resilience of the U.S. Electricity System: A Multi-Hazard Perspective ORNL, LANL, ANL, 
SNL, PNNL, BNL 

Front-Line Resilience Perspectives: The Electric Grid ANL 

State Energy Resilience Framework ANL 

 Building a Clean Electricity Future 

Energy Efficiency under Alternative Carbon Policies: Incentives, Measurement, and Interregional Effects NREL 

Evaluating the CO2 Emissions-Reduction Potential and Cost of Power Sector Re-Dispatch NREL 

Literature Review of Studies That Includes an 80% Reduction in GHGs by 2050 Energetics 

Characterizing Energy Efficiency in Low-Income Communities LBNL 

Environment Baseline Vol. 4: Energy-Water Nexus EPSA 

Advanced Water Metering Infrastructure NREL, INL, NETL 

The Electricity Sector: Maximizing Economic Value and Consumer Equity 

Energy Efficiency Financing Programs LBNL
Characterization of Regional Electric Markets Pace Global 

Review of the Economics Literature on U.S. Electricity Restructuring University of 
California, Davis 

Distributed Energy Resources and Rate Financial Analysis EPSA 

Recovery of Utility Fixed Costs: Utility, Consumer, Environmental and Economist Perspectives LBNL 

Fixed Cost Allocations and Rate-Making Instruments to Address Distributed Energy Resources EPSA 

The QER commissioned multiple studies across the electricity system, including but not limited to these 
reports for specific chapters. 

c NREL – National Renewable Energy Laboratory; PNNL – Pacific Northwest National Laboratory; ORNL – Oak Ridge National 
Laboratory; INL – Idaho National Laboratory; ANL – Argonne National Laboratory; RFF – Resources for the Future; NETL – National 
Energy Technology Laboratory; LANL – Los Alamos National Laboratory; SNL – Sandia National Laboratories; BNL – Brookhaven 
National Laboratory; GHGs – greenhouse gases; LBNL – Lawrence Berkeley National Laboratory. 
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8.2.3 Technical Workshops 

As part of the crosscutting analysis conducted for QER 1.2, the QER Task Force flagged some topics 
deemed particularly complex for technical workshops to discuss further with stakeholders and industry 
experts. Technical workshops convened subject matter experts and relevant stakeholders to provide 
expert insights on various elements of the electricity system through the intensive analytical approach of 
these 1-day and 2-day symposia. Each technical workshop featured a roster of subject matter experts 
from industry, academia, the National Laboratories, and other relevant organizations.   

Below are details about the topics, dates, and locations of the technical workshops that DOE held to 
inform QER 1.2:   

Technical Workshop on Electricity and Information and Communication Technologies Convergence 
June 15, 2015 – Washington, D.C. 
DOE hosted a technical workshop to understand stakeholder issues on electricity and information and 
communications technology (ICT). The workshop sought to inform the completion of the Pacific 
Northwest National Laboratory white paper commissioned by DOE: The Emerging Interdependence of the 
Electric Power Grid and Information and Communication Technology. The second focus of the workshop 
was to elicit additional electricity and ICT research and policy-analysis topics for potential examination 
within DOE. The workshop included participants from utilities, industry stakeholders, energy associations, 
and regulators. 

The goal of this meeting was to leverage the inherent synergies between DOE’s research and policy 
functions and gather expert input. Specifically, this workshop concerned the current status of deployment 
of electricity and ICT infrastructure, as well as trends and developments in market places, technologies, 
and regulations.  

Electric Power in the United States and Canada: Opportunities for Regulatory Harmonization 
October 20, 2015 – Boise, Idaho 
October 27, 2015 – Albuquerque, New Mexico 
DOE sponsored a workshop hosted by Resources for the Future—in concert with the International 
Institute for Sustainable Development and Boise State University—looking at the electricity sectors in the 
United States and Canada. The workshop had several purposes: (1) to identify gaps, best practices, and 
inconsistencies with regulations and electricity-system planning across the United States, Canada, and 
Mexico; (2) to inform the creation of legal, regulatory, and policy roadmaps for harmonizing regulations 
and planning; and (3) to bring together individuals who can help implement greater harmonization. The 
two workshops examined policies, regulations, and planning associated with the electricity sector, and 
within that sector, environmental regulations (for air pollution, greenhouse gases [GHGs], and 
renewables). They also examined the regulations and processes associated with the operation and 
planning of the electricity system—including generation and transmission. DOE and Resources for the 
Future published a final paper summarizing the recommendations and observations of workshop 
participants in early 2016. 

Low-Carbon Futures of the U.S. Energy System 
January 14, 2016 – Washington, D.C. 
In 2009, and subsequently in 2014, the Administration set GHG-emissions reduction targets in the range 
of 17 percent below 2005 levels by 2020 and 26 to 28 percent below 2005 levels by 2025. Both of these 
goals are intended to put the United States on a path toward 80 percent decarbonization by 2050. DOE 
hosted a 1-day workshop to better understand possible pathways to achieving substantial economy-wide 
GHG-emissions reductions by 2050.   
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Participants from academia, DOE, the National Laboratories, and other interested stakeholder groups met 
to discuss two main topics: (1) potential pathways for substantial GHG reductions in electricity generation 
and (2) how future end-use demand for electricity might shape the scale of required GHG-emissions 
reductions in the electric-power sector. There were two primary goals for the workshop. The first goal 
was to identify a set of representative pathways (and elements of such pathways) toward substantial 
economy-wide reductions in GHG emissions by 2050. The second goal was to identify the key 
characteristics, challenges, opportunities, and requirements of different pathways. The workshop 
informed analysis of the transition to a cleaner, low-carbon electricity system for QER 1.2. 

Electricity Use in Rural and Islanded Communities 
February 8–9, 2016, Washington, D.C. 
The objective of this workshop was to help EPSA’s public outreach efforts by focusing on communities 
with unique electricity challenges. The workshop explored challenges and opportunities for reducing 
electricity use and associated GHG emissions while improving electricity system reliability and resilience 
in rural and islanded communities. Although the statement of task mentioned design of microgrids for 
hospitals, universities, military bases, and other unified load centers, presenters covering microgrids were 
encouraged to describe potential applications serving isolated communities and towns in keeping with 
the theme of the workshop. The workshop assembled speakers from diverse locations that have rural or 
islanded energy issues, including Hawaii, Alaska, North Carolina, and Vermont, and they held expertise in 
many facets of electricity-system design and operation. Speakers were encouraged to do the following: 
(1) identify and share best practices between rural and islanded electricity-system users and operators 
and (2) provide suggestions for Federal policies and research and development investments that could be 
implemented in both the near and long term. 

The Future of Energy Efficiency 
February 10, 2016 – Washington, D.C. 
This session, held at a meeting of the National Association of State Energy Offices, provided a discussion 
of the role of energy efficiency in response to the emerging electric-system challenges and opportunities 
that DOE intends to address in QER 1.2. The purposes of this workshop were to focus on issues related to 
electricity end use and to explore the potential for energy efficiency moving forward; barriers and 
opportunities to overcome; system benefits and the costs of increased energy efficiency deployment; and 
what policies or methods can be deployed to meet evolving consumer needs, and how these needs can 
be met while creating a more efficient system. Key themes and areas of interest from the discussion 
included evolving trends in electricity demand; in benefits and costs for energy efficiency in a more 
integrated grid; options for increasing consumer value/equity/access to services; the potential for greater 
electrification and decarbonization of the economy; data access and security issues; improving methods 
for valuing energy efficiency; and opportunities for new services and business models.   

The Future of U.S. Bulk Power Markets 
March 4, 2016 – Washington, D.C.  

DOE, in coordination with Boston University’s Institute for Sustainable Energy, hosted a technical 
workshop to gather input from current industry stakeholders on the future of the Nation’s bulk power 
markets. The workshop also included distinct discussions on the state of transmission-planning efforts, 
essential reliability services (also known as ancillary services), and the potential for markets at the 
distribution-system level. 

Participants from academia, industry associations, individual companies, public power, and state/Federal 
regulatory agencies were encouraged to discuss these topics and outline the major issues in their 
respective areas of expertise. The participants provided recommendations and feedback for ways in which 
DOE and the QER process could help alleviate those issues. The workshop ultimately informed the 
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direction of subsequent analyses in support of QER 1.2, specifically with regard to transmission systems 
and resource adequacy constructs.  

Workshop on Siting and Regulating Carbon Capture, Utilization, and Storage Infrastructure 
April 8, 2016 – Washington, D.C. 
DOE sponsored a workshop to identify and promote best practices for siting and regulating carbon dioxide 

(CO2) infrastructureincluding pipelines, enhanced oil recovery, and saline CO2 storage sites. The 
purposes of this workshop were to foster communication and coordination, as well as to share lessons 
learned and best practices among states that are already involved in siting and regulating CO2 
infrastructure or that may have proposed future CO2 infrastructure projects. 

The workshop convened subject matter experts, industry representatives, Federal officials, and state 
agencies with jurisdiction over energy-infrastructure planning, siting, and economic development. The 
aim of the workshop was to facilitate a knowledge exchange regarding CO2 pipeline and storage-site 
infrastructure needs. The workshop also informed issues being addressed in QER 1.2, including discussions 
around CO2-enhanced oil recovery and other storage sites, which serve as infrastructure for entities 
capturing CO2. 

Technical Workshop on Electricity Valuation 
May 2–3, 2016 – Washington, D.C. 
DOE hosted a technical workshop to understand stakeholder issues relevant to the valuation of electricity 
system technologies, products, and services. The workshop sought to examine four major topics: (1) 
valuing electricity system components and attributes; (2) valuing technologies for contributions to power 
quality and reliability; (3) managing electricity risks; and (4) valuation within the distribution system.  

The workshop included stakeholders from state and Federal regulatory agencies, electric utilities, 
technology developers and manufacturers, universities, the National Laboratories, industry associations 
for consumers, and electricity-system operators. The opening session began with a presentation on a 
proposed valuation methodology. During the workshop, participants provided their views on issues that 
must be adequately resolved to support higher penetration levels for advanced or distributed energy 
technologies. Participants also discussed the challenges associated with methods to value and plan for 
their integration. The workshop informed and improved analysis commissioned on valuation for 
QER 1.2. 

QER 1.2 Finance Workshop 
June 1, 2016 – New York, New York 
As input to the QER 1.2, EPSA hosted a technical workshop to gather stakeholder views on power-sector 
finance in the context of national energy objectives, a changing resource mix, and new technologies and 
business models. The discussion focused on financing required to deploy proven or advanced clean 
electricity technologies. Workshop participants included senior leaders from industry and investor 
communities, who were encouraged to provide examples of existing barriers and ideas on effective public 
policies and programs for U.S. electricity-system modernization.  

Participants emphasized that there is sufficient capital available for proven clean electricity projects with 
an identified revenue stream, but there is a revenue model problem for many projects and technologies. 
Some of the topics discussed included the potential role of grid-scale storage; challenges with large-scale 
nuclear; and the need for policy stability. Participants also encouraged a systems approach to 
modernization. They emphasized the need to provide assets with revenue streams (via price signals) for 
all services they provide to the grid so that asset valuations reflect their overall value to the system. The 
discussion included near-term, incremental changes to facilitate asset financing and deployment such as 
changes to the tax code, as well as longer-term policy and market changes such as incentive-based 
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regulation, a clean capacity incentive, or pricing local reliability to provide an economic signal for 
customers to behave in ways that benefit the grid. 

Technical Workshop on the Implications of Increasing Electric-Sector Natural Gas Demand 
June 7, 2016 – Washington, D.C. 
This workshop explored how medium- and long-term planning is evolving given the trend of increased use 
of natural gas in the electric-power sector. While there are favorable economic and environmental 
benefits to increased use of natural gas in electricity, potential challenges in infrastructure compatibility 
and reliability arise, as well. Stakeholders from both the natural gas and electric sectors from different 
regions of the country convened at this workshop. Participants then shared the practices, tools, and 
metrics that they employ in order to understand the interdependency between the electric and natural 
gas industries, as well as the approaches that stakeholders have implemented to resolve challenges and 
leverage opportunities.   

Accelerate Energy Productivity 2030 Executive Review and Dialogue Session 
June 28, 2016 – Washington, D.C. 
The purpose of this session was not only to provide input to DOE from key industry representatives but 
also to build upon the work done under the Accelerate Energy Productivity 2030 partnership between 
DOE, the Alliance to Save Energy, and the Council on Competitiveness. Through the partnership, energy 
productivity has become an increasingly influential way to drive meaningful policy deployment in the 
United States and abroad. This session followed the 2014 announcement of the initiative at the 2014 
American Energy and Manufacturing Competitiveness (AEMC) Summit by Secretary of Energy Ernest 
Moniz and the release of Accelerate Energy Productivity 2030: A Strategic Roadmap for American Energy 
Innovation, Economic Growth at the 2015 AEMC. Representatives at the session provided input on several 
issues relevant to the QER 1.2, including increased deployment of electric vehicles; electric utility rate 
design that supports deployment of new technologies; regulatory consistency and certainty; improving 
electric consumer equity; ensuring a strong electric-sector workforce; the role of states in driving energy 
productivity; the role of incentives and consumer awareness in promoting clean energy technology; the 
importance of public-private partnerships; and improving access to financing for energy efficiency. 

8.3 QER Stakeholder Engagement 

In the Presidential Memorandum establishing the QER, President Obama directed the QER Task Force to 
“gather ideas and advice from state and local governments, tribes, large and small businesses, universities, 
National Laboratories, nongovernmental and labor organizations, consumers, and other stakeholders and 
interested parties.” The President also ordered the QER Task Force to “develop an integrated outreach 
strategy that relies on both traditional meetings and the use of information technology.”  

In its role as Secretariat for the QER Task Force, EPSA undertook an open, transparent process for 
informing stakeholders of the purposes and scope of the QER 1.2.  

This outreach process included the following: 

 Informal meetings at DOE headquarters involving EPSA staff members and dozens of stakeholder
groups from the electricity sector, such as academic researchers; local, state and Federal
governments; and regulatory agencies

 Briefings on the QER process at meetings with industry associations; groups of state officials; the
offices of environmental groups; and with Members of Congress, their staffs, and the staffs of
multiple relevant congressional committees
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 A series of seven formal public stakeholder meetings, beginning in Washington, D.C. and
extending to Boston, Massachusetts; Salt Lake City, Utah; Des Moines, Iowa; Austin, Texas; Los
Angeles, California; and Atlanta, Georgia

 Special dialogues with officials in Canada and Mexico to discuss cross-border integration and
international collaboration, given the extensive electricity integration that exists between the
United States and Canada and opportunities present to increase integration between the United
States and Mexico

 Speeches and briefings to interested groups in Washington, D.C., and across the country by the
Secretary of Energy, the Director of the President’s Office of Science and Technology Policy, other
White House officials, and various members of DOE leadership

 The creation of a public comments portal to allow interested stakeholders and the general public
to provide comments on individual stakeholder meetings, as well as outside experts to submit
studies, reports, and data sets related to topics within the scope of the QER 1.2.

8.3.1 Formal Public Stakeholder Meetings 

Some of the most visible effort to engage stakeholders during the QER 1.2 process was the series of seven 
public meetings held around the country from February 2016 to May 2016. These meetings provided 
opportunities for the Administration to fully consider the unique challenges and opportunities facing each 
of the many geographically diverse segments of our Nation’s electricity system. The regions selected for 
QER 1.2 stakeholder meetings were based on wholesale market footprints as a convenient approach to 
capturing the Nation’s regional electricity diversity, which is also characterized by differing resource 
mixes, state policies, and a host of other factors. 

The mixture of panel discussions and a public comment period framed multi-stakeholder discourse around 
deliberative analytical questions in QER 1.2 relating to the intersection of electricity and its role in 
promoting economic competitiveness, energy security, and environmental responsibility. The 
Administration sought public input on key questions relating to possible Federal actions that would 
address the challenges and take full advantage of the opportunities of this changing system to meet the 
Nation’s objectives of reliable, affordable, and clean electricity.  

Each meeting began with opening statements by the hosting Administration representatives, along with 
local, state, and national political leaders who participated at events in their parts of the country. Each 
meeting, with the exception of the kickoff meeting in Washington, D.C., had three panel discussions. The 
first two topics were the same for all regions (Bulk Power Generation and Transmission Opportunities: 
How Can We Plan, Build, and Operate the Appropriate Amount for Future Needs? and Electricity 

Distribution and End-Use: How Do We Manage Challenges and Opportunities?)although content varied 
as there are significant regional differences. The third panel’s topics were different for each session to 
highlight issues of regional importance, and these discussions are described in more detail below. Each 
meeting concluded with an “open microphone” segment, during which members of the general public 
could make statements for the QER 1.2 record and had the opportunity to offer prepared presentations, 
studies, reports, and more for review by EPSA analysts and inclusion in the QER Library. 

Federal Register notices announcing each formal public stakeholder meeting were published; these 
notices also were made available via the DOE QER website (http://energy.gov/epsa/quadrennial-energy-
review-qer). DOE publicized the meetings by sending advisories to local media; using social media; and 
emailing state, local, and tribal governments, as well as representatives of energy stakeholders—both in 
the region of each meeting and in Washington, D.C.  

http://energy.gov/epsa/quadrennial-energy-review-qer
http://energy.gov/epsa/quadrennial-energy-review-qer
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In the interests of transparency and open government, court reporters produced a transcript for each 
meeting, and EPSA produced a summary of each meeting’s presentations and discussions. The transcripts 
and summaries, along with links to the live-streamed recordings and panelists’ prepared remarks and 
presentations, are available on the QER website. 

Following are details about the dates, topics, locations, and focus areas of the formal public stakeholder 
meetings organized by EPSA to inform QER 1.2 (Table 8-2).  

Table 8-2. List of QER 1.2 Formal Public Stakeholder Meetings (with Topic, Location, Date, and
Administration Officials) 

Location Topic (Third Panel) Date Administration Chair(s) and Local/State/Congressional Officials 

Washington, D.C. Not Applicable 2/4/16 Secretary of Energy Ernest Moniz; Assistant to the President for 
Science and Technology Dr. John Holdren; Deputy Assistant to the 
President for Energy and Climate Change Dan Utech; and 
Representative Earl Blumenauer (D-OR) 

Boston, 
Massachusetts 

Resource 
adequacy 

4/15/16 Secretary of Energy Ernest Moniz; Assistant to the President for 
Science and Technology Dr. John Holdren; and Governor Charlie 
Baker 

Salt Lake City, Utah Cyber- and physical 
security and 
resilience 

4/25/16 Deputy Assistant to the President for Energy and Climate Change 
Dan Utech; and Department of Agriculture Rural Utilities Service 
Deputy Administrator Joshua Cohen 

Des Moines, Iowa Transmission 
development 

5/6/16 Secretary of Energy Ernest Moniz; Governor Terry Branstad; 
Lieutenant Governor Kim Reynolds; Mayor T.M. Franklin Cownie; 
and Department of Agriculture, Rural Development Rural 
Business-Cooperative Service Administrator Sam Rikkers 

Austin, Texas New technologies 
and actors in the 
grid edge space 

5/9/16 Secretary of Energy Ernest Moniz; Department of Agriculture 
Deputy Under Secretary for Rural Development Lillian Salerno; 
and Mayor Steve Adler (Austin) 

Los Angeles, 
California 

Generating and 
delivering 
electricity to meet 
GHG targets  

5/10/16 Deputy Secretary of Energy Elizabeth Sherwood-Randall; 
Department of Agriculture, Rural Development Rural Business-
Cooperative Service Administrator Sam Rikkers; and Deputy 
Mayor for City Services Barbara Romero (Los Angeles) 

Atlanta, Georgia Financing new 
electricity 
infrastructure 

5/24/16 Secretary of Energy Ernest Moniz; and Department of Agriculture, 
Rural Utilities Service Deputy Administrator Joshua Cohen 

 Dates, topics, locations, and focus areas for the formal QER 1.2 Stakeholder Meetings. 

1. Washington, D.C., Kickoff Meeting
February 4, 2016

The Washington, D.C., public stakeholder meeting served as the formal kickoff meeting for
QER 1.2, an integrated study of the U.S. electricity system from generation through end use. The
meeting included two main panel discussions and a public comment period focused on the
challenges and opportunities facing the electricity sector and its key role in promoting economic
competitiveness, energy security, and environmental responsibility.

2. Boston, Massachusetts
April 15, 2016

The QER 1.2 public stakeholder meeting in Boston covered the footprint of the 21 states and the
District of Columbia which are, all or in part, in the Regional Transmission Operator (RTO) PJM
Interconnection, Independent System Operator (ISO)-New England, or New York ISO. The third

http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-washington-dc
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-washington-dc
http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-boston-ma
http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-boston-ma
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panel for the Boston public stakeholder meeting covered “Ensuring Resource Adequacy,” 
highlighting the proper design and operation of the eastern RTO/ISO markets, with Federal and 
state policies and consumer demand creating momentum for low-carbon options, as crucial.   

3. Salt Lake City, Utah
April 25, 2016

The Salt Lake City meeting covered the footprint of 13 of the 14 states (excluding California) which
are, all or in part, in the Western Interconnection, and are represented by the Western Electricity
Coordinating Council. The third panel in the Salt Lake City public stakeholder meeting covered
“Cyber/Physical Security and Resilience.”

4. Des Moines, Iowa
May 6, 2016

The Des Moines meeting covered the footprint of the 20 states which are, all or in part, in the
Southwest Power Pool and the Midcontinent ISO. The third panel in the Des Moines public
stakeholder meeting covered “Transmission Development with an Evolving Generation Mix.”

5. Austin, Texas
May 9, 2016

The Austin meeting covered the footprint of the state of Texas, grid operations, and the flow of

energymost of which is managed by the Electric Reliability Council of Texas. The third panel in
the Austin public stakeholder meeting covered “New Technologies and Actors in the Grid Edge
Space.”

6. Los Angeles, California
May 10, 2016

The Los Angeles meeting covered the footprint of the State of California, grid operations, and the

flow of energymost of which is managed by the California ISO. The third panel for the Los
Angeles public stakeholder meeting covered “Generating and Delivering Electricity in a High GHG-
Reduction Environment.”

7. Atlanta, Georgia
May 24, 2016

The Atlanta meeting covered the footprint of the 10 southeastern states that, all or in part, have
bilateral wholesale electricity markets. The third panel for the Atlanta public stakeholder meeting
covered “Financing New Electricity Infrastructure.”

8.3.2 Comments Portal and QER Library 

From the beginning of the QER 1.2 process, stakeholders and the general public were encouraged to offer 
suggestions, comments, insights, and criticisms on issues surrounding the electricity system. Public 
comments were collected through a web-based portal, which allowed stakeholders to share comments 
as well as studies, reports, data sets, and any additional materials from stakeholder organizations to help 
inform QER 1.2. All comments submitted to the portal will be made publically available at 
http://energy.gov/epsa/quadrennial-energy-review-stakeholder-engagement. 

EPSA received 295 total commentsincluding 215 total attachments comprising detailed reports and 
studies on behalf of trade associations, utilities, and energy companies; state and local governments; 
nonprofit organizations; and other stakeholders (totaling over 2,600 pages). EPSA reviewed each of the 

http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-salt-lake-city-ut
http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-salt-lake-city-ut
http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-des-moines-iowa
http://energy.gov/epsa/downloads/qer-second-installment-regional-meeting-des-moines-iowa
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-austin-texas
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-austin-texas
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-los-angeles-california
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-los-angeles-california
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-atlanta-georgia
http://energy.gov/epsa/downloads/qer-second-installment-public-meeting-atlanta-georgia
http://energy.gov/epsa/quadrennial-energy-review-stakeholder-engagement
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comments received. Insights and recommendations extracted from these comments and materials have 
been included in QER 1.2. Stakeholder comments were grouped into multiple themes, namely issues with 
evolving generation mix; increased attention to cyber and physical security; reliability needs during 
transformation; problems with organized wholesale markets; evolving transmission planning and 
investment; activity at distribution and end-use sector; valuation and rate reform; business models; 
evolving state and Federal regulations; and the Federal role. 

8.4 QER Interagency Engagement 

As outlined by the QER Presidential Memorandum, the President identified more than 20 executive 
departments and agencies that play key roles in developing and implementing policies governing energy 
resources and consumption, as well as associated environmental impacts. The President directed the QER 
Secretariat (1) to develop a comprehensive and integrated review of energy policy, based on interagency 
dialogue and active engagement of external stakeholders, and (2) to make recommendations on what 
additional actions it believes would be appropriate. The findings and recommendations in QER 1.2 are 
based on Task Force deliberations, meetings with staff-level agency representatives and experts, and 
information provided to the Secretariat and the Task Force by external stakeholders.   

Throughout the development of QER 1.2, the White House has convened regular interagency meetings 
and worked closely with the agencies’ leadership and staff. Member agencies have collaborated to 
develop QER 1.2 by providing information on topics within their statutory and regulatory jurisdiction or 
areas of particular expertise related to energy infrastructure transmission, storage, and distribution. 
Agencies have delivered studies, data, and other information to be considered in policy analysis and 
modeling; reviewed analysis and findings; leveraged the work of other relevant Administration initiatives 
and led by the Office of Science and Technology Policy and the Domestic Policy Council, collaboratively 
developed policy recommendations. A series of roundtable discussions was held with representatives 
from key departments and agencies to ensure a transparent and inclusive process in the development of 
policy recommendations. 

Interagency members also partnered with the Secretariat on the seven formal public stakeholder 
meetings and opened the events and set the focus for the expert panels that followed. 
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A QER 1.2 Appendix A: Electricity 
System Overview 

 Elements of the Electricity System  

The U.S. electric power system is an immensely complex system-of-systems, comprising generation, 
transmission, and distribution subsystems and myriad institutions involved in its planning, operation, and 
oversight (Figure A-1). End use and distributed energy resources (DERs) are also important parts of the 
electric power system. 

A.1.1 Generation 

Electricity generation accounts for the largest portion of U.S. primary energy use, using 80 percent of the 
Nation’s domestically produced coal,1 one-third of its natural gas, and nearly all of its nuclear and non-
biomass renewable resource production. In 2014, 39 percent of the Nation’s primary energy use was 
devoted to electricity generation, and electricity accounted for 18 percent of U.S. delivered energy.2  

In 2014, there were over 6,500 operational power plants of at least 1 megawatt in the U.S. electric power 
system.a, 3, 4 These power plants delivered nearly 3,764 billion kilowatt-hours (kWh) of power in 2014, 
supplying electricity to over 147 million residential, commercial, and industrial customers at an average 
price of $0.104/kWh for a total revenue from electricity sales of more than $393 billion.5, 6, 7, 8 

The U.S. electricity generation portfolio is diverse and changes over time through the commercial market 
growth of specific generation technologies—often due to a confluence of policies, historic events, fuel 
cost, and technology advancement. Today, coal and natural gas each provide roughly one-third of total 
U.S. generation; nuclear provides 20 percent; hydroelectric and wind provide roughly 5 percent each; and 
other resources, including solar and biomass, contribute less than 2 percent each.9 However, there are 
major generation mix differences between regions (Figure A-2Error! Reference source not found.).10 

The availability of primary energy resources, like coal and natural gas, and renewable energy resources, 
like wind and solar, differs widely across the country (Figure A-3). This dispersed resource availability 
influences the regional generation mixes. 

 

 

                                                           
a A megawatt is a thousand kilowatts. A kilowatt is a unit of power output commonly used in the electricity industry. A kilowatt-
hour (kWh) is a related unit of energy (the amount of power provided times the number of hours that it is provided). Electricity 
is usually billed by the kWh. An average American home uses roughly 11,000 kWh per year. Source: “How Much Electricity Does 
an American Home Use?” Energy Information Administration, Frequently Asked Questions, last updated October 18, 2016, 
https://www.eia.gov/tools/faqs/faq.cfm?id=97&t=3.  

https://www.eia.gov/tools/faqs/faq.cfm?id=97&t=3
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Figure A-2. Electric Power Regional Fuel Mixes, 201511, 12 

 

The U.S. electricity industry relies on a diverse set of generation resources with strong regional variations. 
As of 2015, coal fuels the majority of electricity generation in the Mountain, West North Central, East North 
Central, and East South Central regions. Coal is also a significant resource for the South Atlantic and West 
South Central regions, though both have sizable natural gas generation as well, and the South Atlantic 
region includes substantial shares of nuclear. The Pacific Contiguous and New England regions are 
predominately natural gas, with significant contributions of hydroelectric and nuclear, respectively. The 
Middle Atlantic is the only region that is predominately nuclear, and the Pacific Noncontiguous region is the 
only region in which fuel oil represents more than a few percentage points of total generation, where it 
constitutes nearly half of all generation. 
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Figure A-3. Wind and Solar Energy Resource Maps for the United States13, 14 

Energy resource availability varies widely across the United States. Wind and solar energy resources are 
concentrated in the Midwest and Southwest regions of the United States. 
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A.1.2 Transmission 

The U.S. transmission network includes the power lines that link electric power generators to each other 
and to local electric companies. The transmission network in the 48 contiguous states is composed of 
approximately 697,000 circuit-milesb of power lines and 21,500 substations operating at voltages of 100 
kilovolts (kV)c and above.15 Of this, 240,000 circuit-miles are considered high voltage, operating at or 
above 230 kV (Figure A-4Error! Reference source not found.).16 A substation is a critical node within the 
electric power system and is composed of transformers, circuit breakers, and other control equipment. 
Distribution substations are located at the intersection of the bulk electric system and local distribution 
systems.  

The vast majority of transmission lines operate with alternating current (AC). With commonly used 
technology, system operators cannot specifically control the flow of electricity over the AC grid; electricity 
flows from generation to demand through many paths simultaneously, following the path of least 
electrical resistance. A limited number of transmission lines are operated using direct current (DC). Unlike 
AC transmission lines, the power flows on DC lines are controllable. However, their physical characteristics 
make them cost effective only for special purposes, such as moving large amounts of power over very 
long distances.17 

Figure A-4. High-Voltage Transmission Network and Substations of the 48 Contiguous States, 
201518 

  
The transmission network comprises approximately 697,000 circuit-miles—of which roughly 240,000 miles 
operate at or above 230 kV—and 21,500 substations operating at voltages of 100 kV and above. 19, 20, 21 

                                                           
b A circuit-mile is 1 mile of one circuit of transmission line. Two individual 20-mile lines would be equivalent to 40 circuit-miles. 
One 20-mile double-circuit section would also be equivalent to 40 circuit-miles. 
c A kilovolt (kV) is a commonly used unit of electrical “force” in the electricity industry. Electricity at higher voltages moves with 
less loss; however, system components able to manage high voltage are costly, and high voltages can be dangerous. Lower voltage 
is used in distribution systems to manage costs on system equipment and for safety. 
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Electricity moved through transmission and distribution systems faces electrical resistance and other 
conversion losses. Losses from resistance and conversion amount to 5 to 6 percent of the total electricity 
that enters the system at the power plant.22  

Each transmission line has a physical limit to the amount of power that can be moved at any time, which 
depends on the conditions of the power system. Within one market or utility control area, physical limits 
of system assets are the primary drivers of power price differences in different parts of the system. 

A.1.3 Distribution System 

The role of the large generators and transmission lines that comprise the bulk electric system is to reliably 
provide sufficient power to distribution substations. In turn, the distribution system is responsible for 
delivering power when and where customers need it while meeting minimum standards for reliability and 
power quality.23 Power quality refers to the absence of perturbations in the voltage and flow of electricity 
that could damage end-use equipment or reduce the quality of end-use services.24 

Before delivery to a customer, electric power travels over the high-voltage transmission network (at 
hundreds of kilovolts) to a distribution substation where a transformer reduces the voltage before the 
electricity moves along the distribution system (at tens of kilovolts). Several primary distribution feeder 
circuits, connected by an array of switches at the distribution bus, emanate from the substation and pass 
through one or more additional transformers before reaching the secondary circuit that ultimately serves 
the customer. One or more additional transformers reduce the voltage further to an appropriate level 
before arriving at the end-use customer’s meter.d, 25 

An emerging role of the distribution system is to host a wide array of distributed energy generation, 
storage, and demand-management technologies. Though some distributed energy technologies—like 
campus-sized combined heat and power—have existed for decades, rapid cost declines in solar, energy 
storage, and power electronic technologies, coupled with supportive policies, have led to a rapid 
proliferation of new devices and, at times, new challenges and opportunities for the planning and 
operation of distribution systems.  

A.1.4 Distributed Energy Resources (DERs) 

DERs constitute a broad range of technologies that can significantly impact how much, and when, 
electricity is demanded from the grid. Though definitions of DERs vary widely, the term is used in the 
Quadrennial Energy Review (QER) to refer to technologies including distributed generation, distributed 
storage, and demand-side management resources, including energy efficiency. Given the multiple 
definitions and understandings of the term DER, the QER will use DER to refer to the full range of these 
technologies and will delineate specific technologies where only some are relevant. Current and projected 
market penetration of distributed generation is shown in Table A-1.  

DER technologies can be located on a utility’s distribution system or at the premises of an end-use 
customer. They differ with respect to several attributes, though a key differentiator is their level of 
controllability from a grid management perspective. Certain DERs, such as energy efficiency or rooftop 
solar photovoltaic, impact total load but may not be directly controlled by grid operators. Other DERs, 
such as demand response or controllable distributed energy storage, can be more directly managed and 
called upon by grid operators when needed. 

d Most residential and commercial customers in the United States receive two 120-volt (V) connections. Most household plugs 
provide 120 V, while large appliances like dryers and ovens often combine the two 120-V connections into a single 240-V supply. 
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Table A-1. Current and Projected Distributed Generation Market Penetration, 2015 and 204026 

 

Other distributed generation includes small-scale hydropower; biomass combustion or co-firing in 
combustion systems; solid waste incineration or waste-to-energy; and fuel cells fired by natural gas, biogas, 
or biomass. Backup generators (for emergency power) are not included here because generation data are 
limited, and these generators are not used in normal grid operation. Acronyms: distributed generation (DG); 
gigawatt-hours (GWh); photovoltaic (PV). 

A.1.5 End Use  

Electricity end-use infrastructure includes physical components that use, require, or convert electricity to 
provide products or services to consumers. Since the first time the electric light bulb lit up New York City, 
nearly all parts of the United States have gained access to electricity.e In that time, the proliferation of 
novel and unanticipated uses of electricity has placed electricity at the center of everyday life and 
established it as the engine for the modern economy.  

Today, the residential and commercial sectors each consume about the same share of total electricity—
38 percent and 36 percent, respectively—with the industrial sector accounting for an additional 26 
percent of electricity demand.27, 28 Cumulatively, electricity sales to end-use customers in the United 
States generated approximately $393 billion in 2014.29, 30 Moving forward, new technologies, from 
automated thermostats to electric vehicles, are changing the way consumers use electricity.  

Electricity is a high-quality energy source available at a relatively low price. However, many low-income 
Americans struggle to afford their monthly electricity bills.31 Nationally, average monthly residential bills 
in 2015 were $114.32 

 Brief History of the U.S. Electricity Industry 

The U.S. electricity system represents one of the greatest technological achievements in the modern era. 
The complexity of the modern electricity industry is the result of a complicated history.  

A.2.1 The Beginning of the Electricity Industry 

The U.S. electricity industry began in 1882 when Thomas Edison developed the first electricity distribution 
system. Edison designed Pearl Street Station to produce and distribute electricity to multiple customers 
in the New York Financial District and to sell lighting services provided by his newly invented light bulbs.33 

                                                           
e There are thousands of households in Indian lands that still do not have access to electricity. 
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Early utilities distributed power over low-voltage DC lines. These lines could not move electricity far from 
where it was produced, which limited utility service to areas only about a mile from the generator. 
Multiple generators and dedicated distribution lines were required to serve a larger area. The limited 
reach of distribution lines and the lack of regulation of utilities resulted in the co-location of multiple 
independent utilities and competition for customers where multiple distribution lines overlapped.34, 35 

In 1896, AC generation emerged as a competitor to DC when Westinghouse Electric developed a 
hydropower generation station at Niagara Falls, New York, and transmitted power 20 miles to Buffalo, 
New York.36 At the voltage levels used at that time, AC has better electrical characteristics for moving 
power over long distances. This technological development—and related business models—allowed a 
single utility to broaden the geographic extent of its customers and sources of revenue. A wave of 
consolidation followed, where small, isolated DC systems were converted to AC and interconnected with 
larger systems. Interconnecting with other systems and serving more customers allowed operators to take 
advantage of the diversity of customer demand, deliver better economies of scale, and provide lower 
prices than competitors.37  

A move toward today’s system of regulatory oversight occurred around the turn of the century. With the 
industry consolidation of the late 1890s came public concern over lack of competition and the potential 
for large utilities to exert a monopoly power over prices.38 In 1898, a prominent electricity industry leader 
and Thomas Edison’s former chief financial strategist, Samuel Insull, called for utility regulation that 
granted exclusive franchises in exchange for regulated rates and profits in order to create a stable financial 
environment that would foster increased investments and electricity access.39 Insull claimed that such 
regulation was needed because utilities are natural monopolies, meaning that a single firm can deliver a 
service at a lower total cost than multiple firms through economies of scale and avoidance of wasteful 
duplication (e.g., multiple distribution substations and circuits belonging to different companies serving a 
single area).  

In 1907, Wisconsin became the first state to regulate electric utilities, and by 1914, 43 states had 
followed.40, 41 The general form of utility regulation that was established by the Wisconsin legislature in 
1907 endures today and is called the “state regulatory compact.”  

This compact allowed electric utilities to operate as distribution monopolies with the sole right to provide 
retail service to all customers within a given franchise area—as well as an obligation to do so. Those 
monopolies were allowed an opportunity to earn a fair rate of return on their investments. Some 
municipal governments across the country created their own utilities, owned and governed by the local 
government, as an alternative to investor-owned, regulated utilities.42, f 

f Since municipal utilities were first formed, they have been owned by several types of political subdivisions. These include states, 
public utility districts, and irrigation districts. The term “public power” is often used to refer to electricity utilities operated by any 
of these political subdivisions. 
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The State Regulatory Compact 
The “state regulatory compact” evolved as a concept “to characterize the set of mutual rights, obligations, 
and benefits that exist between the utility and society.”43 It is not a binding agreement. Under this “compact,” 
a utility typically is given exclusive access to a designated—or franchised—service territory and is allowed 
to recover its prudent costs (as determined by the regulator) plus a reasonable rate of return on its 
investments. In return, the utility must fulfill its service obligation of providing universal access within its 
territory. The “regulatory compact” applies to for-profit, monopoly investor-owned utilities that are regulated 
by the government. The compact is less relevant to public power and cooperative utilities, which are 
nonprofit entities governed by a locally elected or appointed governing body and are assumed to inherently 
have their customers’ best interests in mind. Regulators strive to set rates such that the utility has the 
opportunity to be fully compensated for fulfilling its service obligation. While not technically part of the 
“compact,” customers also have a role to play in this arrangement: they give up their freedom of choice 
over service providers and agree to pay a rate that, at times, may be higher than the market rate in 
exchange for government protection from monopoly pricing. In effect, utilities have the opportunity to 
recover their costs, and, if successful, their investors are provided a level of earnings; customers are 
provided non-discriminatory, affordable service; and the regulator ensures that rates are adequately set 
such that the aforementioned benefits materialize.  

In the early 1900s, states regulated nearly all of the activities of electric utilities—generation, 
transmission, and distribution.44 However, a 1927 Supreme Court case45 held that state regulation of 
wholesale power sales by a utility in one state to a utility in a neighboring state was precluded by the 
commerce clause of the U.S. Constitution.46 These transactions were left unregulated as Congress had the 
authority to regulate, but no Federal agency existed to do so.47 

The 1935 Federal Power Act (FPA) addressed the regulatory gap by providing the Federal Power 
Commission (FPC, eventually renamed the Federal Energy Regulatory Commission, or FERC)g with 
authority to regulate “the transmission of electric energy in interstate commerce” and “the sale of electric 
energy at wholesale in interstate commerce.”48, 49 The FPA left regulation of generation, distribution, and 
intrastate commerce to states and localities.50 Federal regulation was to extend “only to those matters 
which are not subject to regulation by the States.”51 FERC was given jurisdiction over all facilities used for 
the transmission or wholesale trade of electricity in interstate commerce and was charged with ensuring 
that corresponding rates are “just and reasonable, and not unduly discriminatory or preferential.”52, 53 

A.2.2 Federal Investments in Rural Electrification 

Urban areas were the first areas to attract utility investment. The higher density of potential customers 
in urban areas made these areas more cost effective to serve. By the 1930s, most urban areas were 
electrified, while sparsely populated rural areas generally lagged far behind. The Great Depression and 
widespread floods and drought in the Great Plains during the 1930s led to a wave of significant Federal 
initiatives to develop the power potential of the Nation’s water resources. 

One example of Federal efforts to capture the benefits of the Nation’s water resources is the Tennessee 
Valley Authority (TVA). TVA was created in 1933 as a Federally owned corporation to provide economic 
development through provision of electricity, flood control, and other programs to the rural Tennessee 
Valley area. To this day, TVA maintains a portfolio of generation and transmission assets to sell wholesale 
electricity to public power and cooperatives within its territory. Federal law grants first preference for this 
electricity to public power and cooperative utilities.  

Congress passed the Rural Electrification Act in 1936, which encouraged electrification of areas unserved 
by investor-owned utilities (IOUs) and public power utilities. The act authorized rural electric cooperatives 

                                                           
g The Federal Power Commission was created in 1920 by the Federal Water Power Act to encourage the development of 
hydroelectric generation facilities. 
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to receive Federal financing support and preferential sales from Federally owned generation. The 
Bonneville Power Administration was created in 1937 to deliver and sell electric power from Federally 
owned dams in the Pacific Northwest.54 Increased Federal investment in hydropower followed through 
the 1940s, and by the 1960s, rural electrification was largely complete.55 

Federally Owned Utilities 
There are five Federal electric utilities: Tennessee Valley Authority (TVA), Bonneville Power Administration 
(BPA), Southeastern Power Administration (SEPA), Southwestern Power Administration (SWPA), and 
Western Area Power Administration (WAPA). TVA is an independent government corporation, while BPA, 
SEPA, SWPA, and WAPA are separate and distinct entities within the Department of Energy. Starting with 
BPA in 1937, followed by SEPA, SWPA, and WAPA, Congress established the Power Marketing 
Administrations (PMAs) to distribute and sell electricity from a network of more than 130 Federally built 
hydroelectric dams.  

The PMAs don’t own or manage the power they sell but, in many cases, maintain the transmission 
infrastructure to distribute the low-cost electricity to public power and rural cooperative utilities, in addition 
to some direct sales to large industrial customers. The electricity-generating facilities are primarily owned 
and operated by the Department of the Interior’s Bureau of Reclamation, the Army Corps of Engineers, and 
the International Boundary and Water Commission.  

BPA, WAPA, and SWPA collectively own and operate 33,700 miles of transmission lines, which are 
integrally linked with the transmission and distribution systems of utilities in 20 states. Millions of consumers 
get electricity from the PMAs (usually indirectly, via their local utility), but a much larger number of 
consumers benefit from—and have a stake in—the continued efficient, effective operation of the PMAs and 
the transmission infrastructure they are building and maintaining.  

TVA is a corporate agency of the United States that provides electricity for business customers and local 
power distributors, serving 9 million people in parts of seven southeastern states. TVA receives no taxpayer 
funding, deriving virtually all of its revenues from sales of electricity. In addition to operating and investing 
its revenues in its electric system, TVA provides flood control, navigation, and land management for the 
Tennessee River system and assists local power companies and state and local governments with 
economic development and job creation. 

A.2.3 Electricity Industry Restructuring and Markets 

As early as the 1920s, utilities sought operational efficiencies by coordinating generation dispatch and 
transmission planning across multiple utility territories. Coordination through cooperative power pools 
provided economies of scale and scope that ultimately lowered costs for all participant utilities. The 
principles of coordination pioneered in power pools later became the basis for the centrally organized 
electricity markets that exist today.56 

Over time, economists and industry observers came to believe that the natural monopoly status that was 
the basis of so much of electricity industry regulation no longer applied to generation and instead only 
applied to the “wires” part of the system. While it would be economically wasteful for multiple companies 
to install overlapping and competing distribution and transmission lines, the generation and sale of 
electricity to retail customers could be organized as competitive activities.57 To encourage fair and open 
competition, several states eventually restructured individual IOUs into separate companies that invested 
in either regulated or competitive parts of the industry. 

Restructuring actions vary by region and by state, but they are typically characterized by the “unbundling” 
of ownership and regulation of electricity generation, transmission, distribution, and sales, with large 
variations in how restructuring is implemented across regions and states. 

Congress took an early step toward reintroducing market competition in the generation sector in 1978 
when it enacted the Public Utilities Regulatory Policies Act (PURPA).58 PURPA required utilities to purchase 
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power from qualifying non-utility generators at the utility’s avoided cost. This led to a wave of investment 
in generation by non-utility companies. 

A major step toward creating electric markets was Congress’ enactment of the Energy Policy Act of 1992 
(EPAct 1992), which provided FERC with limited authority to order transmission access for wholesale 
buyers in procuring wholesale electric supplies.59, 60, 61 Subsequent FERC actions, including Order No. 888 
and Order No. 889, created greater transmission access and facilitated the creation of competitive 
wholesale electricity markets. These FERC orders increased access to electricity supplies from other 
utilities for wholesale buyers, including public power and rural cooperative utilities. 

Also in the 1990s, several states made regulatory changes introducing retail electric choice programs to 
allow some customers to choose an electricity provider other than their local utility, and to have electricity 
delivered over the wires of their local utility.62 States that allow customer choice are sometimes called 
“deregulated states,” a misnomer, as retail electricity providers and other parts of the industry remain 
highly regulated. By 1996, at least 41 states, including California, New York, and Texas, had or were 
considering ending utility monopolies and providing electricity service through retail competition.63 Some 
states, notably in the Southeast and in western states besides California, did not embrace this wave of 
restructuring. In 2000 and 2001, California and the Pacific Northwest experienced severe electricity 
shortages and price spikes. This California electricity crisis left many states that had not yet implemented 
restructuring wary of pursuing such reforms. Today, 15 states allow retail electric choice for some or all 
customers, while eight states have suspended it, including California, which suspended retail choice for 
residential customers after the energy crisis.64  

The net result of these changes to jurisdictions, industry structure, and competitive markets is that the 
United States today has a patchwork of mechanisms governing the electricity industry and a diverse set 
of industry participants. Regulation of the industry continues to evolve as new technologies, policies, and 
business realities emerge.  

 Laws and Jurisdictions  

Government oversight and regulation of the electricity industry centers on the concurrent needs to 

 Ensure that safe and adequate electricity service is provided at just and reasonable rates 

 Protect the public interest 

 Enable the financial health of the system, such as ensuring that service providers can attract the 
investments needed to continue providing this essential public service 

 Play a beneficial role in diminishing the impact of negative externalities, such as ensuring that 
industry activities are not inadvertently causing hardship to neighboring communities or the 
environment.  

A.3.1 Governmental Actors  

The responsibility for regulating and overseeing the numerous actors that encompass the electricity 
industry and the activities they carry out is vested in multiple government officials. These authorities span 
Federal, state, local, and tribal governments. The jurisdictional relationship between the actors is shown 
in Figure A-5 and is explained further below. 
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Figure A-5. Broad Overview of Jurisdictional Roles in the Electricity Industry65 

 

Jurisdictional responsibility of the electricity industry is divided between Federal, state, local, and tribal 
jurisdictions. Several issues, such as generation siting, transmission siting, and environmental planning, 
span all of the four jurisdictions. Federal and state jurisdictions overlap in planning, resource adequacy, 
and mergers and acquisitions for regulated utilities. Other areas, such as interstate transmission commerce 
and retail sale to end users, are regulated by the Federal Government (FERC) or the states (public utility 
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commissions), respectively. Acronyms: Department of Agriculture (USDA); Department of Energy (DOE); 
Department of the Interior (DOI); Department of Justice (DOJ); Environmental Protection Agency (EPA); 
Federal Trade Commission (FTC); independent system operator (ISO); North American Electric Reliability 
Corporation (NERC); Nuclear Regulatory Commission (NRC); Occupational Safety and Health 
Administration (OSHA); public utility commission (PUC); regional transmission organization (RTO); 
Securities and Exchange Commission (SEC).  

A.3.2 Federal Actors 

At the Federal level, FERC carries out the vast majority of the economic Federal regulatory responsibilities 
pertaining to the electricity industry, primarily regulating transmission and wholesale sales in interstate 
commerce. In addition, other Federal authorities are involved with various aspects of regulation or 
oversight; their responsibilities are wide ranging and relate to environmental protection, land use, anti-
trust protection, and transmission siting.  

Federal Ratemaking  
The Federal Energy Regulatory Commission (FERC) is the Federal Government agency responsible for 
overseeing rates for wholesale sales of electricity and transmission in interstate commerce. Sections 205 
and 206 of the Federal Power Act (FPA) require FERC to assure that the rates charged for transmission 
and wholesale sales are “just and reasonable” and do not unduly discriminate against any customers or 
provide preferential treatment. Initially, all FERC rate regulation was based on the cost of service, but that 
policy has evolved. FERC continues to employ the cost-of-service approach for transmission service. For 
wholesale power sales, the primary means for setting “just and reasonable” wholesale electricity rates are 
through competitive mechanisms, subject to market rules to address market power. 

A.3.3 State, Local, and Tribal Actors 

At the state level, the electricity industry is regulated by state public utility commissions (PUCs), state 
environmental agencies, and other parts of state government, such as governors, legislatures, and state 
energy offices.  

State governors and legislatures establish laws or standards that impact the electricity industry, such as 
Renewable Portfolio Standards, and state environmental agencies implement state and some Federal 
environmental laws and regulations and thus have jurisdiction on electricity.  

PUCs in the states, territories, and the District of Columbia regulate IOUs. State laws in a handful of states 
also give PUCs jurisdiction over public power and cooperatives.66 PUCs regulate all matters of IOU 
distribution (rates, capital expenditures, cyber security, reliability, demand-side resources, and the 
wholesale purchase process) and usually site transmission and generation projects; they also oversee 
generation choices in non–regional transmission organization (RTO)/independent system operator (ISO) 
states and oversee retail competition in those states that allow it. 
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State Retail Rate Setting 
State public utility commissions (PUCs) review and set retail rates for investor-owned utilities (IOUs). In 
states with retail competition, rates only include the costs of the distribution of electricity, while prices for 
electricity generation are determined competitively. In states that have not restructured their utility industry, 
retail rates set by PUCs include the recovery of generation, transmission, and distribution costs that utilities 
incurred to serve their ratepayers.  

The underlying mandate of the PUC rate-setting process is to provide affordable and reliable electricity to 
consumers while ensuring that IOUs are given the opportunity to recoup their costs and earn a reasonable 
return on their investment. Under cost-of-service regulation, PUCs calculate utility revenue requirements 
as the sum of (1) rate base times allowed rate of return plus (2) utility operating expenses. The rate base 
consists of the depreciated cost of a utility’s assets. Based on the revenue requirement, rates for each 
consumer class are determined.h  

A few states also grant PUCs the authority to regulate rates for public power utilities, but in most cases 
rates for public power utilities are set by the utility’s governing body, for example, a city council or other 
local authority. Rates for members of rural cooperatives are set by the cooperative’s governing board.67 

A.3.4 Federal and State Jurisdictional Responsibilities  

The current jurisdictional division of regulatory authority in the electricity sector between the Federal 
Government and the states, codified in the FPA and interpreted by subsequent Supreme Court and lower 
court decisions, is the result of the evolution of a regulatory scheme that was originally governed 
predominantly by state and local agencies. The FPA established an affirmative grant of authority to the 
Federal Government to regulate wholesale sales and transmissions of electricity in interstate commerce, 
but the FPA also attempts to draw a “bright line” where that exclusive authority ends and the state’s 
authority to regulate other matters (principally facilities used in the generation and distribution of electric 
power, as well as retail sales of electricity) begins.  

The “bright line” in the FPA uses factors such as transaction and customer type (wholesale v. retail), facility 
type (generation v. transmission v. distribution), geography (interstate commerce v. intrastate 
commerce), and regulatory action (e.g., rate regulation v. facility permitting) to divide exclusive regulatory 
responsibilities between Federal and state regulators. Congress has chosen different approaches for 
defining Federal regulatory responsibilities and the role of the states in other energy and energy-related 
statutes, however. The principal differences in approach include the following: (1) while the FPA 
contemplates exclusive authority for each regulator, with implicit opportunities for cooperative 
federalism, other Federal statutes explicitly provide for shared authority (sometimes called “cooperative 
federalism”); and (2) while the FPA provides the Federal Government with limited authority over energy 
facility siting or generation facilities in general (FERC has jurisdiction over siting hydro), leaving such 
matters mostly to the states, other Federal statutes, such as the Natural Gas Act, provide for Federal 
authority over facility siting.68 

However, new and emerging technologies that are gaining an increasing presence throughout the 
electricity system today have significantly different operational characteristics and attributes than those 
that existed when the FPA and its jurisdictional “bright line” were written, and different characteristics 
than those that existed as that jurisdictional line developed over the ensuing decades. For distributed 
generation, no clear delineation exists between wholesale and retail jurisdiction as power flows from 
generation through delivery to ultimate consumption. Instead, new DERs (including energy storage) can 
be interconnected to either the FERC-jurisdictional, high-voltage transmission grid or the state-

                                                           
h A more detailed discussion on different charges for consumers is included in Chapter II (The Electricity Sector: Maximizing 
Economic Value and Consumer Equity). 
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jurisdictional, low-voltage local distribution system (or behind the customer’s meter). In addition, these 
resources, along with the other new and advanced technologies noted above, can provide (or enable 
demand response that can provide) several kinds of wholesale and retail grid services, with benefits that 
extend across the traditional generation, transmission, and distribution classifications.  

Tensions between Federal and state regulatory jurisdiction over the electricity system have played out in 
the courts recently. From the October Term of 2014 to the October Term of 2015, the Supreme Court 
heard three cases involving FERC jurisdictional issues, an atypical number for a single year. The Court’s 
decisions to hear these cases reflect, in part, the growing complexity of regulating the electricity industry, 
but also point to uncertainty about statutes that regulate services that are increasingly converging with 
the electricity industry, like natural gas and telecommunications. Two of these cases, the recent FERC v. 
Electric Power Supply Association69 and Hughes v. Talen Energy Marketing70 decisions, provide examples 
of the courts applying the FPA’s jurisdictional division to new sets of technology and market challenges. 
In both of those cases, the Court decided generally in favor of the broader view of the Federal role. FERC 
v. Electric Power Supply Association—relating to FERC’s Order No. 745—confirmed FERC's authority under 
the FPA to determine compensation for demand response that is bid into the organized wholesale market. 

A.3.5 Major Federal Laws Pertaining to the Electricity Industry  

While the FPA is the enabling legislation providing the FPC (and now FERC) its authority over portions of 
the electricity industry, additional laws and rules have further defined the legal landscape governing the 
electricity system. Overall, these laws and regulations can be broken into two separate categories: 
electricity industry–related and environmental.  

The Federal Water Power Act, enacted in 1920, created the FPC (now FERC) to encourage the 
development of hydroelectric generation facilities by non-Federal entities. The 1935 FPA expanded the 
Commission’s regulatory jurisdiction to include rates, terms, and conditions of service for interstate 
electricity transmission and wholesale electricity sales, but left regulation of generation, distribution, and 
intrastate commerce to state and local governments.71 This set up the “bright line”i between Federal 
authority over wholesale rates and state and local authority over retail rates.  

The utility industry of the early 1900s often relied on holding companies—a financial structure where a 
parent company would hold the financial stocks and bonds of subsidiary utilities—to improve financial 
performance and seek economies of scale. Though these companies provided cost savings that 
contributed to the growth of the utility industry, their complex financial structures enabled companies to 
subsidize their unregulated business activities with earnings from regulated activities. In response, 
Congress passed the Public Utility Holding Company Act in 1935, which reduced the role of holding 
companies in the industry and allowed closer regulatory scrutiny of utilities.72 

PURPA (1978), passed as part of the National Energy Act, was one of the major reformations of the 
governance of the electricity industry. Utilities were required to purchase power from qualifying facilities 
at the utilities’ incremental cost of producing or purchasing alternative electricity, which is now known as 
“avoided cost.”73 The right to sell the power at avoided cost, combined with the exemption from several 
state and Federal regulations, “created a new and rapidly expanding nonutility generation sector of the 
electric power industry.”74 Qualifying facilities fall into two categories: (1) cogeneration facilities without 
any size limitations and (2) small power production facilities, which use biomass, waste, or renewable 
resources and which have a generating capacity of no more than 80 megawatts. PURPA also required 
states (and utilities not regulated by states, such as public power and rural cooperative utilities) to conduct 
proceedings to consider charging cost-of-service rates for different customer classes; eliminating declining 

                                                           
i The term “bright line” was coined by the Supreme Court in Federal Power Commission v. Southern California Edison Co. in 1964.  
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block pricing;j using time-of-day, seasonal, or interruptible rates; and implementing other retail utility 
policies.  

The Energy Policy Act of 1992 (EPAct 1992) implements many of the provisions of the National Energy 
Strategy proposed by DOE in February 1991.75 EPAct 1992 authorized FERC to order transmission-owning 
utilities to provide transmission services to third parties on a case-by-case basis and adopted reforms to 
the Public Utility Holding Company Act of 1935, both of which supported increased competition in 
wholesale electricity markets. EPAct 1992 also included a wide variety of energy efficiency measures, such 
as requiring states to establish minimum commercial building energy codes and consider voluntary 
minimum residential codes and equipment standards for commercial heating and air-
conditioning equipment, electric motors, and lamps. As a result of the incentives offered through EPAct 
1992, several Native Nations developed alternative energy projects on their lands. The Renewable 
Electricity Production Tax Credit for wind, biomass, landfill gas, and other renewable sources was also first 
passed in EPAct 1992, and has been renewed several times since then.76 As of May 2016, the Production 
Tax Credit provided an inflation-adjusted tax credit worth $0.023/kWh to qualifying electricity production 
from wind, closed-loop biomass, and geothermal, as well as a $0.012/kWh credit for open-loop biomass, 
landfill gas, municipal solid waste, qualified hydro, and marine and hydrokinetic.77  

The Energy Policy Act of 2005 (EPAct 2005) addressed several major areas of the electricity industry.78 
EPAct 2005 pared back the must-purchase clause contained in PURPA by giving FERC the authority to allow 
utilities in regions with competition not to use the avoided-cost principle. The legislation also gave FERC 
responsibility for mandatory reliability standards and allowed the agency to certify an electric reliability 
organization to develop and enforce those standards. The North American Electric Reliability Corporation 
(NERC) is the designated electric reliability organization for North America and oversees eight regional 
reliability entities in the United States, Canada, and Baja California (Mexico). NERC is a not-for-profit 
corporation that, through a stakeholder process, develops and enforces mandatory electric reliability 
standards under FERC oversight in the United States.  

EPAct 2005 also tasked DOE with issuing periodic studies of transmission congestion, and following the 
appropriate evaluation of transmission congestion and alternatives, authorizes DOE to designate National 
Interest Electric Transmission Corridors where there are electricity transmission capacity constraints or 
congestion. For projects located in these corridors, FERC has “backstop authority” to authorize 
transmission siting.79 FERC was also given responsibility to provide rate incentives to promote 
transmission investment. 

EPAct 2005 also increased the Investment Tax Credit, which has been renewed several times, including in 
the Omnibus Appropriations Act of 2015.80 Currently, the Investment Tax Credit is 30 percent for solar, 
fuel cells, and small wind and 10 percent for geothermal, microturbines, and combined heat and power.81 
Additionally, EPAct 2005 provided grants for nuclear energy research and development and also 
implemented a $0.018/kWh production credit for modern nuclear energy plants (1) whose design was 
approved by the Nuclear Regulatory Commission after December 1, 1993, (2) that started construction by 
January 2014, and (3) that are placed in commercial operation by 2021. EPAct 2005 also created the Title 
XVII Loan Program, which allows DOE to provide “guarantee loans that support early commercial use of 
advanced technologies, if there is reasonable prospect of repayment by the borrower.”82 

Other key laws and orders in the electricity industry are included in Table A-2, and key electricity industry-
related environmental laws and regulations are included in Table A-3. 

                                                           
j Effectively a bulk-purchase discount for large electricity consumers, making marginal increments of electricity cheaper as 
consumption rises. 

https://en.wikipedia.org/wiki/Air-conditioning
https://en.wikipedia.org/wiki/Air-conditioning
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Table A-2. Additional Key Electricity Industry Laws and Orders 

Name Year Major Provisions 

Atomic Energy 
Act  

1954  Established Federal regulatory authority over civilian uses of nuclear 
materials and facilities exercised through the Nuclear Regulatory 
Commission. 

 Delineated Federal/state jurisdiction for nuclear material and facilities: 
licensing of nuclear plant construction and operation as well as waste 
disposal are exclusively in the Federal domain. States retain oversight of 
generation planning by vertically integrated utilities (e.g., questions of 
whether or not to construct nuclear facilities in the first place). 

Price-Anderson 
Act 

1957  Facilitated the development of nuclear-powered generating capacity by 
establishing a program for covering claims of members of the public if a 
major accident occurred at a nuclear power plant and providing a ceiling 
on the total amount of liability for nuclear accidents. 

National Energy 
Act 

1978  Passed in response to oil shortages in the 1970s and the increased 
reliance on imported oil, which was seen as a threat to national 
security.83  

 Included the Natural Gas Policy Act of 1978, Public Utilities Regulatory 
Policies Act, the Energy Tax Act, the Powerplant and Industrial Fuel Use 
Act, and the National Energy Conservation Policy Act.84 

Energy 
Independence and 
Security Act  

2007  Strengthened lighting energy-efficiency standards.  

 Added Section 1705 to the loan guarantee program, allowing subsidized 
loans to commercial facilities. 

 Called for coordination to develop a framework for smart grid 
interoperability standards (National Institute of Standards and 
Technology). 

American 
Recovery and 
Reinvestment Act 

2009  Funded $31 billion in energy efficiency, renewable energy, and energy 
infrastructure and made other major investments in energy research and 
development programs administered by the Department of Energy.85 

FERC Order 1000 2011  Requires regional transmission planning and interregional coordination; 
mandates that the planning process consider transmission needs driven 
by public policy requirements. 

 Requires regional and interregional cost allocation methods that satisfy 
six allocation principles. 

 Eliminated the Federal right of first refusal in Federal Energy Regulatory 
Commission (FERC) jurisdictional tariffs and agreements.86 

In addition to the FPA, the Federal Water Power Act, the Public Utility Holding Company Act of 1935, 
PURPA, EPAct 1992, and EPAct 2005, which are discussed in the above section, these laws and orders 
have played key roles in shaping the electricity industry. 
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Table A-3. Key Electricity Industry-Related Environmental Laws and Regulations 

Name Year Major Provisions 

Clean Air Act 1970  Authorized comprehensive Federal and state regulation of stationary
pollution sources, including power plants.87

 Provided for National Ambient Air Quality Standards, State
Implementation Plans, New Source Performance Standards, and
National Emission Standards for Hazardous Air Pollutants.88

 Requires states to decide what pollution reductions will be required from
particular sources to address National Ambient Air Quality Standards,
and requires states to submit State Implementation Plans.89

National 
Environmental 
Policy Act 

1970  Requires Federal agencies to review the environmental consequences
of a proposed project before granting approval.90 Agencies prepare
statements on the environmental impact of a proposed project
(Environmental Impact Statement or Environmental Assessment),
considering the views of the public and of other Federal, state, and local
agencies, and make the report publicly available.91

Clean Water Act 1972  Established regulations for discharging pollutants into water,92 which
includes wastewater discharges from the power sector (such as cooling
water, wastewater from coal ash handling, and wastewater from pollution
control equipment).

 The Steam Electric Effluent Limitations Guidelines—promulgated under
the Clean Water Act—were updated in 2015.

Resource 
Conservation and 
Recovery Act  

1976  Provides EPA with the authority to regulate hazardous waste,93 including
management of power sector waste, such as coal ash.

 The Coal Combustion Residuals rule—promulgated under the Resource
Conservation and Recovery Act—was finalized in 2015.

New Source 
Performance 
Standards 

1979  EPA rule governing sulfur dioxide emissions from coal power plants.94

 Effectively required flue gas desulfurization on all new coal plants.

Clean Air Act 
Amendments 

1990  Encouraged market-based principles to pollution control, such as
emissions trading.95

 Requires EPA to regulate more than 180 specified hazardous air
pollutants96 and set up specific procedures to determine whether the air
pollution regulations would apply to power plants that run on fossil
fuels.97

 Established the U.S. Acid Rain Program, the world’s first large-scale
emissions cap-and-trade system to reduce air pollution. The program set
a permanent cap on annual sulfur dioxide emissions from the power
sector.

Cross-State Air 
Pollution Rule 

2011  Replaced the Clean Air Interstate Rule starting on January 1, 2015

 Requires states to reduce power plant emissions that contribute to ozone
and fine particle pollution in downwind states.98

Mercury and Air 
Toxics Standard 

2011  EPA rule limiting mercury and other toxic pollution from power plants.99

Carbon Pollution 
Standards and 
Clean Power Plan 

2015  In 2015, EPA finalized the Carbon Pollution Standards rule establishing
carbon dioxide emission standards for new fossil fuel-fired generators
under Clean Air Act section 111(b).

 Also in 2015, EPA finalized the Clean Power Plan, a rule to reduce
carbon dioxide emissions from existing fossil fuel-fired generators under
Clean Air Act section 111(d).100 The rule establishes final emission
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Name Year Major Provisions 

guidelines for states to follow in developing plans to reduce greenhouse 
gas emissions from existing fossil fuel–fired electric generating units, 
leaving states with considerable discretion to choose the approach.101    

 As of January 2016, implementation of the Clean Power Plan has been 
stayed by the Supreme Court pending the outcome of litigation.102  

 EPA regulation of greenhouse gas emissions followed from the 2007 
Supreme Court decision in Massachusetts v. EPA that greenhouse 
gases are air pollutants under the Clean Air Act, and the 2009 EPA 
finding that the current and projected concentrations of six key 
greenhouse gases in the atmosphere endanger the public health and 
welfare, a prerequisite for implementing greenhouse gas emissions 
standards.103 

Beginning with the Clean Air Act in 1970, major environmental laws and regulations have impacted the 
electric industry in key ways. 

 Federal Authorities, Policies, and Frameworks 
for Electric Grid Resilience and Security 

The Federal Government plays a key role in enhancing the resilience and security of the grid through 
diverse efforts, including research and development, information sharing, the establishment and 
enforcement of utility performance standards, and the coordination of response resources. Presidential 
policy directives and congressional legislation have outlined specific authorities for the Federal 
Government in recognition of the importance of the electricity sector—and supporting energy sectors—
for national and economic security. This section describes select Federal policies and frameworks guiding 
national resilience and security efforts, as well as selected challenges in fulfilling Federal roles to protect 
critical electricity infrastructure.  

Selected Authorities for the Energy Sector 
Defense Production Act: Ensures timely availability of resources for national defense and civil 
emergency preparedness and response, including energy-related assets. (1950) 

Energy Policy and Conservation Act: Directs the Secretary of Energy to establish, operate, and 
maintain the Strategic Petroleum Reserve (1975), which includes the Northeast Gasoline Supply 
Reserve, and provides for the Presidentially-directed drawdown of those reserves. Also authorizes the 
Secretary to establish and manage the Northeast Home Heating Oil Reserve. (2000 as amended)  

Federal Energy Administration Act: Grants the Department of Energy (DOE) the authority to collect, 
evaluate, and analyze energy information from facilities or businesses operating in any phase of energy 
supply or major energy consumption. (1974) 

Federal Power Act: Provides the Secretary of Energy authority in time of emergency to order temporary 
interconnections of facilities and the generation, delivery, interchange, or transmission of electric energy 
necessary to meet an emergency. (1935, 2015 as amended by FAST Act, as defined below) The Federal 
Power Act also gives FERC the authority to order compliance with reliability standards. (1935, 2005 as 
amended by EPAct) In addition, the Fixing America’s Surface Transportation Act (FAST) Act 
amended the Federal Power Act empowering the President to declare a grid security emergency in the 
face of an electromagnetic pulse, cyber or geomagnetic disturbances, and physical threats and, in doing 
so, enabling the Secretary of Energy to (1) direct users and operators of electricity assets to undertake 
such actions as are necessary to ensure the reliability of critical electric infrastructure, and (2) share 
classified information as necessary to mitigate effects of the grid security emergency. It also allows the 
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Federal Energy Regulatory Commission to provide a mechanism for any affected entities to recover 
related costs. (2015) 

Natural Gas Policy Act: Authorizes DOE to allocate supplies of natural gas to help alleviate an existing 
or imminent, Presidentially-declared, severe natural gas shortage that would endanger the supply of gas 
for high-priority uses. (1978) 

Stafford Disaster Relief and Emergency Assistance Act: The Stafford Act104 gives the Federal 
Government its authority to provide response and recovery assistance in a major disaster. (1988). The 
Stafford Act identifies and defines the types of occurrences and conditions under which disaster 
assistance may be provided. Under the law, the declaration processk remains a flexible tool for providing 
relief where it is needed. Designates the Federal Emergency Management Agency (FEMA) as the lead 
for Federal emergency response; FEMA may require other Federal agencies to provide resources and 
personnel to support emergency and disaster assistance efforts. DOE is the sector-specific agency for 
energy under this framework.  

Executive Order 12656—Assignment of Emergency Preparedness Responsibilities: Assigns 
preparedness responsibilities to Federal agencies and requires agencies to be prepared to respond 
adequately to all national security emergencies, including developing emergency plans. (1988)  

Homeland Security Presidential Directive 5 (HSPD-5): Establishes a single, comprehensive National 
Incident Management System under the purview of the Department of Homeland Security, under which 
all other Federal agencies provide their cooperation, resources, and support. The directive also provides 
direction for Federal assistance to state and local authorities. (2003) 

Presidential Policy Directive 8 (PPD-8)—National Preparedness: Replaces prior national planning 
directives and takes an “all-of-Nation” approach to prepare for a wide range of threats and emergencies. 
National Planning Frameworks—coordinating structures of key Federal agencies and other 
stakeholders—have been established around five mission areas: prevention, protection, mitigation, 
response, and recovery. (2011) 

Presidential Policy Directive 21 (PPD-21)—Critical Infrastructure Security and Resilience: 
Establishes shared responsibility for strengthening critical infrastructure security across the Federal 
Government. PPD-21 highlights the role of the national physical and cyber coordinating centers in 
enabling successful critical infrastructure security and resilience outcomes.105 Designates critical 
infrastructure sectors and sector-specific agencies, notably DOE as the sector-specific agency for the 
energy sector. (2013) 

A.4.1 Planning and Coordination Frameworks 

Federal policy directives and legislation address the evolving threats and institutional vulnerabilities of 
the Nation’s critical infrastructure by defining roles and responsibilities for national grid resilience and 
security. Homeland Security Presidential Directive (HSPD)-7, Presidential Policy Directive (PPD)-8, and 
PPD-21 laid the groundwork for the key coordinating bodies and a national approach to plan for events. 

                                                           
k “The Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 U.S.C. §§ 5121-5207 (the Stafford Act) §401 states in 

part that: ‘All requests for a declaration by the President that a major disaster exists shall be made by the Governor of the affected 
State.’ A State also includes the District of Columbia, Puerto Rico, the Virgin Islands, Guam, American Samoa, and the 
Commonwealth of the Northern Mariana Islands. The Republic of Marshall Islands and the Federated States of Micronesia are 
also eligible to request a declaration and receive assistance through the Compacts of Free Association.” See “The Disaster 
Declaration Process,” Federal Emergency Management Agency, accessed September 23, 2016, https://www.fema.gov/disaster-
declaration-process. 

https://www.fema.gov/disaster-declaration-process
https://www.fema.gov/disaster-declaration-process
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Joint United States–Canada Electric Grid Security and Resilience 
Strategy 
In December 2016, the Federal Governments of the United States and Canada released the “Joint United 
States-Canada Electric Grid Security and Resilience Strategy,” a collaborative effort between the two 
nations intended to strengthen the security and resilience of the U.S. and Canadian electric grids from 
all adversarial, technological, and natural hazards and threats. The Strategy addresses the vulnerabilities 
of the two countries’ respective and shared electric grid infrastructure, not only as an energy security 
concern, but for reasons of national security. Because the electric grid is complex, vital to the functioning 
of modern society, and dependent on other infrastructure for its function, the United States and Canada 
developed the Strategy under the shared principle that security and resilience require increasingly 
collaborative efforts and shared approaches to risk management.  

The Strategy organizes joint approaches to protect today’s grid, manage contingencies by enhancing 
response and recovery capabilities, and cultivate a more secure and resilient future grid. As an 
expression of shared intent and approach, the Strategy organizes joint efforts to manage current and 
future security challenges. Three strategic goals underpin the effort to strengthen the security and 
resilience of the electric grid: 

Protect Today’s Electric Grid and Enhance Preparedness: A secure and resilient electric grid that 
protects system assets and critical functions and is able to withstand and recover rapidly from disruptions 
is a priority for the governments of both the United States and Canada. 

Manage Contingencies and Enhance Response and Recovery Efforts: The Strategy sets out a 
shared approach for enhancing continuity and response capabilities, supporting mutual aid 
arrangements, such as cyber mutual assistance across a diverse set of stakeholders, understanding 
interdependencies, and expanding available tools for recovery and rebuilding.  

Build a More Secure and Resilient Future Electric Grid: The United States and Canada are working 
to build a more secure and resilient electric grid that is responsive to a variety of threats, hazards, and 
vulnerabilities. To achieve this, the electric grid will need to be more flexible and agile, with an architecture 
into which new technologies may be readily incorporated.106 

The Strategy will be implemented through the U.S. and Canadian Action Plans, which detail specific 
steps and milestones for achieving the Strategy's goals within their respective countries. 107 These 
documents are intended to guide future activity within areas of Federal jurisdiction, with full respect for 
the different jurisdictional authorities in both countries.  

 
Under HSPD-7 and then PPD-21, the National Infrastructure Protection Plan set out a number of 
partnership structures for coordination and information sharing within and across sectors, including 
electricity. Some of the formal coordination and information-sharing councils available to the electricity 
subsector include the following: 

 Electricity Subsector Coordinating Council: Represents the interests of the industry and is 
composed of electric utility industry executives. It is the principal mechanism for private-sector 
owners and operators to work collaboratively with the government under a structured and 
protected framework that allows open dialogue. There is a counterpart subsector coordinating 
council for the oil and natural gas subsector. Numerous task forces and subcommittees have 
worked on supply-chain concerns, interdependencies, and coordination with other sectors. The 
Electricity Subsector Coordinating Council is also a critical coordination mechanism for 
information sharing during and after incidents.  

 Energy Government Coordinating Council: This government counterpart to the Electricity 
Subsector Coordinating Council is jointly led by DOE and the Department of Homeland Security 
(DHS), with membership from all levels of government and international partners. 
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These structures collectively serve as a means of sharing information, best practices, research needs, and 
other critical infrastructure security information, such as information about interdependencies, across 
sectors.  

Additionally, PPD-8 calls for the development of a National Planning System to integrate planning across 
all levels of government and the private sector. The intent is to provide a flexible approach to prevent, 
protect, mitigate, respond, and recover from an event. The National Planning System includes the 
following:108, 109

 National planning frameworks describing the key roles and responsibilities to deliver the core
capabilities required for the key mission areas: prevent, protect, mitigate, respond, and recover.

 Federal Interagency Operational Plans for each mission area to provide further details regarding
roles and responsibilities, specify critical tasks, and identify requirements for delivering core
capabilities.

 Federal department and agency operational plans to implement the Federal Interagency
Operational Plans.

 Comprehensive planning guidance to support planning by local, state, tribal, and territorial
governments; the private sector; and others.

PPD-8 also outlines five frameworks to maintain proper support from the Federal Government by working 
through states to assist affected local jurisdictions or organizations. The five frameworks divide efforts 
into rational disciplines of competence—prevention, protection, mitigation, response, and recovery. The 
combined frameworks shape efforts to prepare our Nation for emergencies stemming from all hazards.  

The National Response Framework and its Emergency Support Function (ESF)-12 Annex outline much of 
the joint Federal, state, and private-sector responsibility for response and recovery to energy service 
disruptions. The ESF-12 Annex characterizes the Federal response as the facilitation of restoration of 
damaged energy systems and components. For example, DOE may exercise its emergency powers 
depending on the conditions of certain respective declarations and findings to facilitate restoration and 
to meet the needs of industry. After an incident, the National Disaster Recovery Framework110 provides 
guidance for an expeditious return to a normal way of life. Like the National Response Framework’s ESFs, 
the National Disaster Recovery Framework has Recovery Support Functions. DOE is named as a primary 
agency in the Recovery Support Function–Infrastructure Systems. 

A.4.2 Tools and Technical Assistance 

The Federal Government also provides numerous tools and technical assistance to enhance states’ and 
the electric industry’s capabilities to operate electricity systems in a secure and resilient manner. Many of 
these resources help stakeholders understand risks, assess their systems, analyze vulnerabilities, and 
prioritize mitigation strategies. Below are a few examples:  

 DOE’s Electricity Subsector Cybersecurity Capability Maturity Model helps entities evaluate,
prioritize, and improve their cybersecurity capabilities and allows for a better overall assessment
of the cybersecurity posture of the energy sector.111

 DHS’s Cyber Security Evaluation Tool112 and the Cyber Resilience Review are complementary and
voluntary tools for evaluating industrial control system (ICS) and information technology network
practices, and operational resilience and cybersecurity capabilities, respectively.113

 DHS’s ICS Cyber Emergency Response Team provides resources to critical infrastructure sectors
to prevent and recover from cyber attacks. This includes working onsite to help resolve spear
phishing campaigns that seem to target ICS/supervisory control and data acquisition (or SCADA)
data, including data that could facilitate remote access and control of systems.114
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 DHS’s Regional Resiliency Assessment Program conducts regional assessments of the Nation’s 
critical infrastructure, addressing a range of hazards that could have regionally and nationally 
significant consequences. Argonne National Laboratory has completed 56 Regional Resiliency 
Assessment Program projects during 2009–2014, which addressed a variety of postulated 
hazards, including tornadoes, ice storms, earthquakes, hurricanes, solar storms, and other threats 
to the electric sector. 

 The National Oceanic and Atmospheric Administration supports Regional Climate Centers, which 
are able to provide technical assistance and climate data to support risk assessment and decision 
making by utilities and governments.115  

 DOE's Office of Energy Policy and Systems Analysis convenes the Partnership for Energy Sector 
Climate Resilience, through which DOE provides technical assistance for 18 electric utilities that 
are demonstrating leadership in developing vulnerability assessments and pursuing strategies for 
investing in climate resilience. 

Continued support for tools development and expanding technical assistance resources is increasingly 
important as changing risks from human-induced actions and natural hazards make risk-based planning 
more challenging. For example, to credibly account for projected changes in climate, utility planners and 
regulators need technical assistance in accessing and correctly interpreting climate data at the 
appropriate time and geographic scales.  

A.4.3 Standards and Guidance 

As previously discussed, FERC has regulatory authority over the reliability of the bulk power system, 
overseeing the development and approval of standards set by NERC. FERC can also proactively direct NERC 
to develop a new or modified reliability standard to address reliability issues identified by FERC. While 
these standards cover the reliability and security of bulk power assets, NERC has typically designed them 
with the benefit of the system as a whole in mind, balancing the interests of its stakeholders. In addition 
to standards, the Federal Government works with stakeholders to develop additional guidance to support 
risk mitigation strategies across the electric sector.  

It is worth noting that NERC’s planning standards for electric reliability (e.g., TPL-001-4) and facility ratings 
standards (e.g., FAC-008-3) require consideration of a broad range of risks to the system. However, 
assumptions within these standards regarding the frequency and intensity of extreme weather events, for 
example, do not account for projected changes in climate. Furthermore, transmission planning efforts 
routinely consider system-wide costs associated with average weather-related loads, rather than 
accounting for extreme conditions.116 The practice of using historical data and average conditions 
undercuts efforts to plan and prepare for threats, such as extreme weather, cyber attacks, or hostile 
actions, that may have different characteristics in the future. 

Within the Commerce Department, the National Institute of Standards and Technology (NIST) develops 
frameworks, voluntary standards, and other guidance documents to assist electric sector efforts in 
reliability, resiliency, and security.117 NIST conveys unique technical requirements for authorizing, 
monitoring, and managing all methods of remote access to the smart grid information system.118, 119 The 
NIST Framework and Roadmap for Smart Grid Interoperability Standards, Release 3.0, is one example of 
these resources.120, 121 In addition, in 2014, the NIST released the Framework for Improving Critical 
Infrastructure Cybersecurity, which includes a set of standards, methodologies, procedures, and 
processes that align policy, business, and technological approaches to address cyber risks, and 
incorporates voluntary consensus standards and industry best practices.122 In 2015, DOE released 
guidance to help the energy sector establish or align existing cybersecurity risk management programs to 
meet the objectives of the Framework released by NIST. 
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Several organizations are also actively revising interconnection standards—the rules that prescribe 
capabilities that technologies like distributed generation must possesses as a precondition to connecting 
to the electricity system—to better support the reliability, safety, and cost effectiveness of the grid. As 
technologies subject to interconnection standards increase in number and potential impact on the grid, 
enhanced Federal support is critical to the timely and robust completion of these standards.  

A.4.4 Information Sharing and Threat Analysis 

Federal agencies have institutions and programs in place to enhance information sharing and the 
dissemination of threat analysis to government and industry partners. DHS is responsible for several key 
infrastructure security programs. The National Infrastructure Coordinating Center and the National 
Cybersecurity and Communications Integration Center are the national focal points for industry partners 
to obtain 24/7 situational awareness and integrated actionable information to secure the Nation’s 
physical and cyber critical infrastructure, respectively.123 During major incidents, the National 
Infrastructure Coordinating Center and the National Cybersecurity and Communications Integration 
Center closely coordinate with the Federal Emergency Management Agency (FEMA) to ensure that overall 
critical infrastructure status and impacts on life and safety are understood throughout the Federal incident 
response community.124  

Below are additional examples of government programs available to electric sector participants: 

 DHS Fusion Centers are information-sharing hubs for Federal, state, local, tribal and territorial
agencies and industry to maintain situational awareness at the state and local levels. Fusion
centers receive, analyze, and disseminate threat information, providing local perspectives to their
partners.125

 DHS Automated Indicator Sharing is a free program that facilitates the exchange of cyber threat
indicators between the Federal Government and parties that opt in to the program through
machine-to-machine sharing.126

 DOE’s Cybersecurity Risk Information Sharing Program facilitates the exchange of detailed
cybersecurity threat information among electric utilities, the Electricity Information Sharing and
Analysis Center, DOE, and several National Laboratories. The program was designed to facilitate
the timely bidirectional sharing of unclassified and classified threat information, and to develop
situational awareness tools to enhance the sector's ability to identify, prioritize, and coordinate
the protection of their critical infrastructure and key resources.

 Information Sharing and Analysis Organizations encourage exchange of information to protect
critical infrastructure and are supported by sector-specific agencies and DHS in accordance with
EO-13691 and PPD-63.

Electricity System Operations, Business 
Models, and Markets 

A.5.1 System Operation 

The electricity system of the continental United States does not function as a single, unified grid, but 
rather is split into three interconnections that each function as independent power systems with limited 
power flows between them, enabled by DC interconnections between the regional systems. Hawaii and 
parts of Alaska also operate as independent systems. The goal in operating each of these power systems 
is to deliver low-cost and reliable electricity. A complex set of institutions, defined by geographic 
boundaries, accomplishes this goal. 
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One of the broadest geographic divisions is the regional reliability entity,l which develops and enforces 
standards on behalf of NERC.m, 127 Figure A-6 shows the three interconnections of the continental United 
States and the NERC reliability regions. 

Figure A-6. North American Interconnections and Reliability Regions128, n 

 

This map shows four North American interconnections, three of which include the United States, and eight 
NERC reliability regions. The four interconnections include Eastern, Western, Quebec, and the Electric 
Reliability Council of Texas (ERCOT). The NERC regions include: Florida Reliability Coordinating Council 
(FRCC), Midwest Reliability Organization (MRO), Northeast Power Coordinating Council (NPCC), 
ReliabilityFirst (RF), SERC Reliability Corporation (SERC), Southwest Power Pool Regional Entity (SPP 
RE), Texas Reliability Entity (TRE), and Western Electricity Coordinating Council (WECC). 

                                                           
l Instead of entity, the terms council and organization are sometimes used to refer to these entities as a group. Individually, their 
names include entities (e.g., Texas Reliability Entity), councils (e.g., Florida Reliability Coordinating Council), organizations (e.g., 
Midwest Reliability Organization), corporations (e.g., SERC Reliability Corporation), and pools (e.g., Southwest Power Pool, Inc.). 
m NERC sets standards for the reliability of the bulk power system. The jurisdiction and authority of NERC is discussed in greater 
detail in Section A.3.2: Federal Actors. 
n This figure is based on information from the North American Electric Reliability Corporation’s website, which is the property of 
the North American Electric Reliability Corporation and is available at 
http://www.nerc.com/AboutNERC/keyplayers/PublishingImages/NERC_Interconnections_Color_072512.jpg. This content may 
not be reproduced in whole or any part without the prior express written permission of the North American Electric Reliability 
Corporation. 
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Providing electricity when and where it is needed is an incredibly complicated engineering process. Unlike 
most other consumer goods and energy sources, electricity is not stored in large quantities and must be 
produced at the instant it is needed. It is the job of power system planners and operators to ensure that 
electricity is produced when and delivered to where it is needed at every moment of every day.  

The Nation is regionally subdivided into balancing areas, shown in Figure A-7, where balancing authorities 
operate regions of the grid on a day-to-day basis. Some of these regions overlap precisely with NERC 
reliability regions, while many others are smaller in geographic extent. On a daily basis, balancing 
authorities forecast demand, schedule generation supply, and schedule exchanges with neighboring 
regions. These decisions are generally guided by software optimization systems that minimize the total 
cost of meeting demand, subject to operating constraints and reliability criteria. Scheduling generation 
supply occurs on multiple time horizons, the most important of which include unit commitment 
(scheduling the availability of a generator days or hours ahead of time) and economic dispatch (providing 
operating instructions in near real time).  

Figure A-7. Electricity System Interconnections and Balancing Areas129 

The electricity industry includes the three continental United States electricity system interconnections 
(Eastern, Western, and the Electric Reliability Council of Texas [ERCOT]), and the 66 balancing authorities 
that are responsible for maintaining a balance between supply and demand within their areas. The location 
of the balancing area bubbles is approximate, and the size represents a rough indication of the size of the 
system managed in each area. 

Different operating approaches are used throughout the country, though all focus on minimizing costs 
and maintaining reliability. In some areas, utilities operate their own systems based on their costs for 
resource options and operating decisions. Other regions operate based on organized markets, where 
market participants place supply and demand bids into a centralized market, and a market operator 
determines the least-cost mix of bids.o Market participants then pay and earn money based on market 

o The operations of markets are discussed in greater detail in Section A.5.3: Electric Power Markets.
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prices for electricity and ancillary services. System operators in these areas are called ISOs or RTOs,p and 
their markets—except for Electric Reliability Council of Texas (ERCOT), which covers most of Texas—are 
overseen by FERC.q 

Figure A-8. Regional Transmission Organizations (RTOs), 2015130 

 

FERC encouraged voluntary formation of ISOs and RTOs through a series of landmark orders that paved 
the way for open access to transmission and created large, centrally organized power markets in the United 
States. There are currently seven ISO/RTOs in the United States, and their geographic extent changes 
periodically. 

Maintaining operational reliability of the power system requires focusing on a set of essential reliability 
services, called ancillary services, provided by generation and load that aid in maintaining frequency and 
voltage of the system within acceptable bounds during normal operations and immediately after minor 
system disturbances.r Examples of these services include frequency response (automatic generator 

                                                           
p There are small distinctions between ISOs and RTOs, though they are insignificant for the level of discussion in the QER. 
Throughout, the terms will be used synonymously.  
q The jurisdiction and authority of FERC is discussed in greater detail in Section A.3.2: Federal Actors. 
r The term Essential Reliability Services is used by NERC to describe a set of necessary operating characteristics of resources on 
the bulk power system required to reliably operate the bulk power system in North America. For voltage support, it includes 
reactive power/power factor control, voltage control, and voltage disturbance performance. For frequency management, it 
includes inertia, frequency disturbance performance, operating reserves, and active power control (which includes frequency 
control and ramping capability). Ancillary services are a subset of Essential Reliability Services. Source: North American Electric 
Reliability Corporation (NERC), Essential Reliability Services Task Force: A Concept Paper on Essential Reliability Services that 
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response to grid frequency deviations) and spinning reserves (generators that remain running and able to 
increase or decrease their output when instructed). Some ISO/RTO market regions procure ancillary 
services through markets that mirror their energy markets. Additional services are procured in these 
regions through cost-of-service payments. In non-ISO/RTO regions, many ancillary services are provided 
under a cost-of-service basis. The evolving composition of the electricity generation fleet has implications 
for long-term availability of these system-essential reliability services.131 

Reliability and the Role of the North American Electric Reliability 
Corporation (NERC) 
Over the past 50 years, Federal oversight of the reliability of the bulk power system has increased. The 
1965 Northeast power blackout precipitated the formation of NERC, but bulk power system reliability 
standards were voluntary and subject only to industry oversight.132 A 2003 blackout that affected more than 
50 million customers led to the inclusion in the Energy Policy Act of 2005 of requirements for mandatory 
bulk power reliability standards and enforcement, including designation of an electric reliability 
organization.133 The Federal Energy Regulatory Commission oversees NERC in its development and 
enforcement of mandatory reliability standards for the bulk power system. States retain oversight of local 
reliability, which includes lower voltage transmission lines and distribution systems. NERC mandatory 
reliability standards address weaknesses in the prior voluntary system that were identified in the 2003 
blackout investigation.  

A.5.2 Business Models 

Electricity in the United States is produced and delivered by a diverse set of actors using a range of 
business models. Depending on the operating model in question, these actors can be subject to regulation 
and oversight by different combinations of local, state, and Federal agencies. A key factor for 
differentiating between actors is ownership: companies can be investor-owned, publicly owned, or 
cooperatively owned. Within each of these three ownership models there are significant variations in 
purpose, regulatory oversight, prevalence, and size. Table A-4 provides overview statistics for the most 
common types of utility ownership . In addition to these primary ownership models, there are a number 
of businesses that provide distributed resources like demand response aggregation and distributed solar. 
Figure A-5. Broad Overview of Jurisdictional Roles in the Electricity Industry provides a taxonomy of utility 
business models by ownership and asset types. 

Table A-4. Characteristics of Major Utility Types134, 135 

Municipal utilities are the most numerous of the various utility types, though IOUs serve far more customers. 
Rural electric cooperatives have a higher proportion of distribution miles per customer served than investor-
owned or municipal utilities. 

Characterizes Bulk Power System Reliability (Atlanta, GA: NERC, October 2014), 
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Concept%20Paper.pdf. 

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Concept%20Paper.pdf
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IOUs are privately owned, for-profit utilities whose retail service is regulated by state PUCs that may be 
either vertically integrated or restructured to only own transmission and distribution. IOUs earn a 
regulated rate of return based on investments made to serve their ratepayers. 

Rural electric cooperatives include nonprofit, member-owned distribution utilities and generation and 
transmission utilities. The cooperative business model is predicated on providing its customers with 
reliable, affordable energy that is locally owned and operated. The model is unique in that customers are 
“members” of the cooperative and, as such, hold ownership and voting stakes. Management is 
democratically elected by the membership, and the prevailing methodology is one meter, one vote.136 
Cooperatives receive a significant portion of their financing both directly and indirectly from the Federal 
Government, through both the Department of Agriculture’s Rural Utility Service and cooperative banks 
like the National Rural Utilities Cooperative Finance Corporation. Electric cooperatives are not subject to 
Federal income tax, and thus must collaborate with a third party to monetize tax credits available for 
utility and generation investments. 

Public power utilities are owned by a governmental entity, such as municipalities, states, public utility 
districts, or irrigation districts, and vary in size and scope from small distribution utilities to large, vertically 
integrated utilities. Public power also includes joint-action agencies that may own generation, 
transmission, and power purchasing services for their member utilities, such as the Lower Colorado River 
Authority and Missouri River Energy Services. Joint action agencies allow small distribution-only public 
power utilities to aggregate their demand and contract for and/or build generation, transmission, and 
other common services.  

Federally owned utilities operate in the generation and transmission segments of the power system in 
several parts of the country. Four Power Marketing Administrations market hydropower generation at 
dams operated by the Bureau of Reclamation or the Army Corps of Engineers. TVA has a portfolio of 
generation and transmission to sell wholesale electricity to public power and cooperatives in its footprint. 
Federal law grants preference for electricity marketed by Federal utilities to public power and cooperative 
utilities.s Federally owned generation resources produce approximately 7 percent of all power in the 
United States, and they own approximately 14 percent of all transmission lines.137, 138 

Merchant/independent power producers (IPPs) sell power through markets and bilateral contracts with 
utilities and other customers. IPPs typically have market-based—rather than cost-based—rates and do 
not have captive customers. They may or may not be affiliated with an IOU through a holding company. 
In 2014, IPPs produced approximately 40 percent of the Nation’s electricity.139 IPPs are often subject to 
hard-to-predict market conditions and can experience volatile cash flows and returns.  

Competitive retail energy suppliers are companies that sell power to end users in states with competitive 
retail markets. As such, they do not earn a regulated rate of return. Although distribution utilities are the 
only entities that can deliver power directly to retail customers, in certain states customers can choose 
the suppliers of that power. In practice, this “retail choice” means that a consumer can sign a contract 
with a qualified third-party electric service provider who could, in turn, contract with a generator (on a 
bilateral basis), self-generate, or purchase power in the wholesale market, and pay the necessary tariffs 
to the transmission owner and distribution utility. 

Energy service companies (ESCOs) were traditionally providers of turnkey energy efficiency retrofits, but 
ESCOs are now offering biomass, geothermal, wind, and solar generation, bill management, energy 

                                                           
s Preference clauses for Federal power sales originate from a series of congressional acts regarding Federal land reclamation and 
hydropower development, beginning with the Reclamation Act of 1906. See GAO-01-373 for further details. 
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monitoring, and energy procurement.140 ESCOs explicitly guarantee energy savings for the consumer and 
charge a fee below that savings, known as an energy savings performance contract.141 

Demand-response aggregators contract with large groups of end users to curtail their load if called upon 
to do so by the local utility or balancing authority. This flexibility is useful for reliability and economic 
reasons. There are many different providers of demand-response aggregation, including existing utilities 
and third-party providers.142 The terms and conditions of third-party access to wholesale markets differ 
between ISOs and RTOs, but, generally, aggregators can participate in both energy and capacity markets 
to provide energy and ancillary services (including synchronized reserves).143 Of 9.3 million participants 
registered in demand response in 2014, by count, over 90 percent are residential customers. However, 
over 75 percent of actual peak-demand savings came from commercial and industrial customers in 
2014.144 

Table A-5. Taxonomy (Ownership/Scope) of Utility Business Models with Representative Firms145 

 

* Competitive retail energy suppliers are a special category of market participants that buy and sell electricity, but do 
not own any generation or infrastructure. Some ESCOs are retailers. 

** Vertically integrated entities integrate generation, transmission, and distribution. 

*** All business model categories in this table may include retail sales in addition to other services. 

Utilities in the U.S. electricity sector have a variety of ownership and asset structures. 
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A.5.3 Electric Power Markets  

Rather than consisting of a single overarching market, the U.S. electricity industry can instead be 
considered something of a patchwork, with different regional markets pursuing different mechanisms to 
provide electricity service to end users. The simplest characteristic differentiating these markets is 
whether resources are scheduled, dispatched, and compensated by a centrally organized RTO/ISO, or if 
they operate under the more traditional model wherein vertically integrated utilities operate within their 
franchise areas and receive revenues based on the cost of service. From this bifurcation, the organized 
markets can be further classified according to the types of resource adequacy constructs they use. These 
two attributes form a useful framework for analyzing the degrees to which the various markets differ from 
one another, and also underscore the diversity of approaches to electricity policy amongst the states.  

Figure A-9. Spectrum of Electricity Markets146 

 

This graphic illustrates the degree to which various U.S. regions have changed from the traditional market 
model. The two primary characteristics measured here are resource adequacy constructs and whether the 
market is centrally organized. Markets include: ERCOT, ISO New England (ISO-NE), New York ISO 
(NYISO), the PJM Interconnection (PJM), California ISO (CAISO), Midcontinent ISO (MISO), the Southwest 
Power Pool (SPP), and the Energy Imbalance Market (EIM) in the Western Electricity Coordinating Council 
(WECC) region. The markets listed under “special case” and “traditional model” are classified by NERC 
region and are not standardized designations. 
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Regions Address Resource Adequacy with a Variety of Mechanisms 
Resource adequacy is “the ability of the electric system to supply the aggregate electrical demand and 
energy requirements of the end-use customers at all times, taking into account scheduled and reasonably 
expected unscheduled outages of system elements.”147 Planning for adequate investment in generation 
and transmission capacity to ensure resource adequacy is a critical component of ensuring a reliable 
electricity system.

Traditional, vertically integrated regions and some utilities in hybrid markets conduct an integrated resource 
planning process to plan for necessary capacity investments. Some centrally organized markets have 
implemented capacity markets as a mechanism for ensuring future resource adequacy. In these markets, 
the system operator conducts an auction process, and retail service providers procure resources to meet 
the electricity demands of their customers. These markets can be mandatory (PJM Interconnection and 
Independent System Operator [ISO]–New England); voluntary, where utilities can choose to operate under 
an integrated resource planning process (Midcontinent ISO); or voluntary backstopped by a mandatory 
process (New York ISO).148 Other regions (California ISO and the Southwest Power Pool) have capacity 
obligations where market operators require utilities to procure necessary generation reserves, either 
through ownership or through contracts with third-party providers. Another market-based approach, used 
in the Electric Reliability Council of Texas, relies on energy prices alone and does not have formal 
requirements or markets for capacity. In this approach, market scarcity pricing, or relatively high energy 
prices during high-demand periods reflecting the lack of ample additional resources, provides necessary 
financial incentives for investment in generation capacity.  

“Traditional” markets (the Southeast of the United States, for example) are dominated by vertically 
integrated IOUs that operate under a regulated cost-of-service model, serving customers in a defined 
franchise area. Public power and rural cooperative utilities also have a significant presence in some 
regions, and their utility asset ownership models can vary from vertically integrated to distribution-only. 
IPPs can also operate within these regions to some degree. However, the majority of power is produced 
and delivered by the integrated utilities.  

Power purchases between these various entities are generally limited to bilateral trades. These can be 
made to take advantage of price discrepancies or cover shortfalls in supply. These bilateral transactions 
represent a small portion of the total generation in traditional markets and are typically in the form of 
long-term power purchase agreements instead of short-term trades. For example, in 2015 FERC estimated 
that short-term trades, called spot transactions, in the Southeast region accounted for less than 1 percent 
of overall supply.149  

Centrally organized markets (ERCOT and New York ISO, for example) are markets where utilities were 
required to sell their power generation assets and keep only the “wires” component of the business. 
Generation assets were sold to IPPs who now operate these assets and build new generation based on 
expected market earnings. These assets work in a competitive fashion, with the IPP owners either (1) 
looking to sell power under bilateral contracts to utilities or other off-takers, such as industrial users, or 
(2) dispatching their power into wholesale energy markets.  

In wholesale “energy-only” markets, units bid in on a day-ahead basis what price they are willing to 
produce power at, based on an assessment of their operating costs, fuel costs, and return expectations. 
The system operator (RTO/ISO) then pools these bids in a centralized fashion and determines a clearing 
price that matches supply, demand, and congestion forecasts for a given period. Notably, all units receive 
that marginal clearing price for that period, even if their bid prices are significantly lower than the clearing 
price determined by the ISO. In addition, the typical markets maintain price caps that limit what can be 
charged in any particular hour in order to limit the potential for market manipulation.  

“Hybrid” centrally organized markets (for example, California ISO and the Southwest Power Pool) 
combine elements of centrally organized energy markets and traditional resource adequacy mechanisms. 
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In fact, several of these markets had moved toward more of a pure restructured model before moving 
back to elements of the more traditional regulated approach.  

A.5.4 Transmission Access, Competition, and Planning 

While Congress has found that generation can be provided through competitive mechanisms and 
therefore encouraged restructuring in that segment of the industry in the 1990s, increasing competition 
among transmission owners and reducing barriers to using transmission have been more incremental 
processes.  

Originally, incumbent transmission owners largely controlled third-party access to transmission lines, 
effectively precluding competition at the wholesale level. Buyers and sellers of wholesale power that did 
not own the transmission connecting them had difficulty reaching each other over another’s transmission 
lines at reasonable cost. EPAct 1992 resolves this issue by providing FERC with greater authority to provide 
transmission access for wholesale buyers in procuring wholesale electric supplies. Since 1992, FERC has 
taken multiple actions to increase operational and economic efficiency and equity of transmission 
operations and pricing.  

FERC adopted Order No. 888 and Order No. 889, which require electricity utilities that own transmission 
lines used in interstate commerce to offer transmission service on a nondiscriminatory basis to all eligible 
customers, including non-jurisdictional entities such as public power, rural cooperatives, and Federal 
utilities. Order No. 2000 further encouraged utilities to join RTOs to improve the efficiency and equity of 
the transmission systems. FERC Order No. 890 built upon Order No. 888 to encourage more transparent 
planning and use of the transmission system and to reduce opportunities for undue discrimination.  

FERC Order No. 1000 covers concepts such as (1) precluding, in most circumstances, incumbent 
transmission owners from having Federal rights of first refusal to build transmission within their service 
territories, (2) the opportunity for entities not previously recognized as transmission owners in the region 
(non-incumbents) to compete to develop transmission facilities and allocate the costs of those facilities, 
and (3) the requirement that project costs be allocated in a manner that is at least roughly commensurate 
with expected benefits from the projects. 

Transmission owners, operators, and regional coordinators implement structured transmission planning 
processes to identify solutions that can more efficiently or cost-effectively maintain system reliability and 
accommodate changes in generation capacity and demand. Meeting the transmission planning goal 
requires both technical (engineering) analysis of different power systems configurations and economic 
analysis of projects proposed to meet the identified needs. In the United States, the transmission planning 
process generally falls into three geographic categories: local, regional, and interregional coordination.  

Local transmission planning activities are carried out by incumbent transmission owners. These 
transmission owners assess their system and implement local solutions within their own service territory. 
Regional transmission planning includes assessment of solutions within a given planning region that spans 
several transmission owner service territories. Regional transmission planning relies on extensive 
stakeholder engagement, power system simulation modeling, and long-term economic impact analysis of 
alternative transmission projects. Interregional coordination is implemented for solutions that involve 
more than one ISO/RTO or planning entity. Interregional coordination activities are mostly guided by the 
principles outlined in FERC Order No. 1000. 
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AMI advanced metering infrastructure 
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ARC Appalachian Regional Commission 

ARRA American Recovery and Reinvestment Act of 2009 

BTU British thermal unit 

CCUS Carbon capture, utilization, and storage 

CES Clean Energy Standard 

CHP combined heat and power 

DC direct current 

DER distributed energy resources  

DG distributed generation 

DOE U.S. Department of Energy 

DR Demand response 

EE Energy efficiency 

EERS Energy Efficiency Resource Standard 

ERCOT Electric Reliability Council of Texas 

ESCO energy service company 

EV electric vehicle 

FAST Act Fixing America’s Surface Transportation Act 

FERC Federal Energy Regulatory Commission  

GDP gross domestic product 

GHG Greenhouse gas 

GW Gigawatt 

HVAC heating, ventilation, and air conditioning 

ICT information and communications technology 

IEEE Institute of Electronics and Electrical Engineers 

IoT Internet of Things  

IOU investor-owned utility 

IPP independent power producer 

ISO independent system operator 

ITC Investment Tax Credit 
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kWh kilowatt-hour 

LED Light-emitting diode 

LEED Leadership in Energy and Environmental Design 

LIHEAP Low Income Home Energy Assistance Program 

MEL miscellaneous electrical load 

MISO Midcontinent Independent System Operator 

MW Megawatt 

MWh megawatt-hours 

NEMS National Energy Modeling System 

NERC North American Electric Reliability Corporation 

NGCC Natural gas combined cycle 

PMU phasor measurement units 

PPA power purchase agreement 

PTC Production Tax Credit 

PUC public utility commission 

PURPA Public Utilities Regulatory Policies Act 

PV Photovoltaic 

QER Quadrennial Energy Review 

Quads Quadrillion British thermal units 

RD&D 
Research, development, and deployment (RDD&D = Research, development, demonstration, 
and deployment)  

RPS Renewable Portfolio Standard 

RTO regional transmission organization 

SCADA supervisory control and data acquisition 

T&D Transmission and distribution 

TOU Time of use 

TWh Terawatt-hour 

VER variable energy resource 
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