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Estimated U.S. Energy Consumption in 2015: 97.5 Quads
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End use efficiency 15 estimated as ©5% for the residential sector, ©3% for the
Totals may not equal sum of components due to independent Rounding. LLNL-MI-410527
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TECHNOLOGY ADOPTION RATES HISTORICALLY

100% ===
i FETINS Color TV
- 0 Cell phone
_,% 80% Automobile
= Electric power
% 60%! Landline
3'_-5 . Air conditioning '\
X 40% Refrigerator
f Water Heater
20%1 [& Flush toilet
Central heat
0% .
100

Years after Introduction



THEORETICAL ADOPTION RATES
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A commitment to electrification
and decarbonization

makes it substantially easier to
meet our energy demands.

Before:
100 Quads 75 Quads
Required

After :
42 Quads
Needed.




Household Expenditures

Our direct uses of energy and U.S. AVERAGE HOUSEHOLD SPENDING
fossil fuels — gasoline, —
electricity, natural gas, 2,
propane, and heating oil — are

shown at right in context with
our other expenditures.*

We spend more on electricity

(81.496) than we do on ‘

education ($1,407). We spend hersge  [sa70 " [

more on natural gas ($409) Sendiures, =

than dental services (§315). $61224 |Housing,

And we spend more on $20,090 Rented dwelings,

gasoline ($1,929) than we do o o

on meat, poultry, fish, eggs, fruit — s

and vegetables combined B, e
($1,817). e

4Data from Bureau of Labor Statistics, Consumer Expenditure Survey
Saul Griffith and Sam Calisch 9 www.rewiringamerica.org
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Existing Energy Costs per Household

The average household spends around $4,470 annually on energy.
(Data from SEDS, NHTS, RECS).

2019 Household energy expenditures, all fuels, by State.
@ Fuel-Oil [ Propane [ Electricity M Natural Gas B Gasoline

In New England, the mid-Aflantic, and colder northern states, we use
substantial amounts of energy heating. Hot places like Hawaii use
significant energy in air conditioning. In rural places like Alabama,
people tend to drive a lot and buy more gasoline.

Saul Griffith and Sam Calisch 1 www.rewiringamerica.org
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Households today

This is a picture of the fuel-burning infrastructure used to power
households foday: Gasoline or diesel power most cars. Natural gas,
fuel oil, or propane heat most homes. Natural gas is frequently used for
cooking. Electricity lights up every home.

Electricity grid

Gasoline /Diesel

cars
Heating oil Natural gas

or Propane

Saul Griffith and Sam Calisch 5
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Household decarbonization infrastructure upgrade
What does this electrification upgrade infrastructure look like?

2. Rooftop Sc‘ar‘ﬁ%
=
o
\ E@
b
<
6.Load Center
upgrade
Yy
1. Electric Vehicles 7.Home Battery
4. Heat Pump 8.EV Fast Chargers
Space Heat
5. Induction 3.Heat Pump Water Heat

Cooking Range

These are electric versions of the ~ half-dozen pieces of “life
infrastructure” that we buy every 10 or so years. These are the critical
household purchasing decisions climate-wise, and they are alll
currently capital-intensive, with high up-front costs.?

3 Air conditioning is also a critical piece of household infrastructure. As it is already

electric, it is not included in this analysis apart from the savings caused by lower electricity
costs.

Saul Griffith and Sam Calisch 7
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Current households vs. electrified

The electrified U.S. household uses substantially less energy than
current homes.

One area of enormous savings is the elimination of thermoelectric
losses in electricity generation, assuming we will provide our future
loads with renewables.

The efficiency of electric cars over internal combustion engine (ICE)
vehicles also generates substantial savings.

Similarly, we show the substantial savings derived from the high
efficiency of heat pumps for space and water heating.

Annual average energy use per U.S. household, kWh equivalents

90,000
80,000

70,000 E-Losses Storage losses
60,000 Electrical Electrical

50,000 (nonheat) (nonheat)

40,000 —— Other Heat i Other Heat
30,000 ——Water Heat 7 Water Heat
20000 Space Heat Space Heat —
10,000

Driving
0

CURRENT FUTURE

Saul Griffith, Sam Calisch, www.rewiringamerica.org
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Current and future household energy consumption, by state

We see some variation state-to-state, but going electric saves
significant energy across the board.

Current Household energy use, kWh equivalents

M E-Losses @ electrical (nonheat) M OtherHeat [0 WaterHeat @ SpaceHeat B Driving

Future household electricity use

40,000 B Storage losses @ electrical (nonheat) @ Other Heat [0 WaterHeat @ SpaceHeat B Driving
30,000
20,000
10,000

V.ME RI 1D OR UT CO CT AK AZ VT MD FL MT OH WI S

X TN IN WYND MS AL AVE

SaulGrfth, Sam Calsch,wanw rowiri
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Module Price (USD 2020 / Watt)
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Modeled capital cost reductions

The industrial scale just mentioned, as well as regulatory optimization
(such as the Australian rooftop solar experience), drive the large
capital cost reductions of the Good and Great scenarios.

Capital Cost of Household Upgrades, BAU
o BinductionRange  MCar Charge @ CarBatts @HomeBatt HELC OHotWH BFurnace Solar

DC HI NV AZ CA FLNY NM OK MA LA TX NC SCCO MD SD GA KY VA UT WAID (T WVDE AR NJ ME RI OR MS TN KS VT MO WI NH NE OH IL PA 1A MT IN WYMN AL M ND AKAVE

Capital Cost of Household Upgrades, “Good"

HIDCAZ FL CA NV NM OK NY LA TX SCNCMAGA KY (O VAMD SD WAAR 1D MS UT OR TN WVDE KS CT MO NJ ME RI NE PA WI AL OH VT NH 1A MT IN IL WYMN ND MI AK AVE

Capital Cost of Household Upgrades, “Great”

$30k

| 5 |
HIDC NC

AZ (A FLNVNM OK LA TX SCNY NCMA GA CO VA KY MD AR ID WA'SD MS OR UT TN WVDE KS MOME CT NE RI NI AL PA WI MT OH VI 1A NH IN WY IL MN ND MI AK AVE

Sl Gt Sum Calach e revicimpumaricasry
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Energy costs: Fuels today vs. financing tomorrow

Total household energy costs before and after electrification

$10,000
$9,000
$8,000
$7,000
$6,000
$5,000
$4,000
$3,000
$2,000
$1,000
$0

Saul Griffith and Sam Calisch

Dinterest

B Principal OFossil BGrid

Current

l ~$1000 savings

~$2500 savings

BAU “Good” “Great”

Saul Grifith, Sam Calisch, www.ewiringamerica.org
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Electrification and decarbonization costs today

Comparing costs today vs. carbon taxes vs. electrification

$10k (] Carbon Tax B Finance B Purchased Energy

$9k
$8k
$7k
$6k
$5k
$4k
$3k
$2k
$1k

stick

................... [or e s
carrot

BIG carrot

.

Today Costs Today Electrified Today + Carbon "Good" scenario  "Great" scenario

Saul Grifith, Sam Calisch, www.rewiringamerica.org

We can compare this approach to the commonly-proposed carbon
tax mechanism, seeing that while a carbon tax acts as a “stick” for
households, electrification can be a (big) “carrot.”
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Savings by category

Savings can be assigned to the category of energy use. The biggest
savings are derived from driving and heating.

Household savings by category of use

5 M Electrical (nonheat) B Otherheat [JWaterheat [@Spaceheat [ Driving
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Saul Griffith, Sam Calisch, www.rewiringamerica.org
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Annual savings by household, by state

BAU
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Soul Grifth, Sam Callch,wwewrewiringamerica.org

Saul Griffith and Sam Calisch 29 www.rewiringamerica.org


www.rewiringamerica.org

What is the effect of this stimulus on jobs?
As many as 25 million jobs will be created in the U.S. by an aggressive

climate plan.'? The household transformation outlined here will create
more than 7.7 million of those new jobs.'

Net-Jobs created, by category, 3 scenarios.

[J Householdspending [ Finance [ Installation B Manufacturing
14M
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4M
M

7,707,032

0,295,590

-2M -417,696

-4M
-6M
-8M
-10M
-12M
-14M

BAU “600D” “GREAT”

Saul Griffith, Sam Calisch, www.rewiringamerica.org

2\We have analyzed this previously in the Rewiring America Jobs Report.

3\We use data from Implan to analyze the number of net new jobs created.
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Rooftop solar and the grid

This electrification program will install ~1100 GW of rooftop solar, which
is within the total rooffop potential of the U.S.'4.

CURRENT GRID SUPPLIED ELECTRICITY (kWh annualy)
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ANREL's 2016 report, Rooftop Solar Photovoltaic Technical Potential in the United States,
finds over 1100GW potential even using a very conservative 16% module efficiency.
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Can we do it through grid-delivered electricity alone?

Break-Even Utility Electricity Rate, BAU
o2
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Break-Even Utility Electricity Rate, "Good" = =

Break-Even Utility Electricity Rate, “Great”
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What interest rates are required?

Break-even interest rate, BAU
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Break-Even interest rate, “Good"” scenario

o%
1L MM NE OH 1A W1 SO ND AK 1D CO KS MN WV NV DC IN MO AR NM N OK NY UT WA VA SC LA TN WY KY PA GA ME FL MA TK RI NCMD CT S OR VI A DE AZ NA AL HI AVE

Break-Even interest rate, “Great” scenario
0%

30%

10%

IL M OH AKX NE 1A MT W1 SD ND 1D CO DC WY KS MN N N KY MO OK WA UT AR NV LA VA NM TN WY KY SC PA MA R CT GA MD ME TX NC FL MS OR VT DE NA GA AZ AL W AVE

S N ——

Saul Griffith and Sam Calisch 40 www.rewiringamerica.org


www.rewiringamerica.org

Greenhouse Gas Emissions of households (and commercial

businesses)

Figure 1: Greenhouse gas
emissions in households,
including personal
vehicles, residential
energy consumption, and
industrial energy
consumption associated
with delivering fuels fo
households.

Saul Griffith and Sam Calisch
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All U.S. electricity generation, 2018
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