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United States

PJMEastern
Interconnection

PJM as Part of the Eastern Interconnection 

KEY STATISTICS
PJM member companies 700+
millions of people served 58
peak load in megawatts 158,448
MWs of generating capacity 180,400
miles of transmission lines 61,200
GWh of annual energy 794,335
generation sources         1,365
square miles of  territory 211,000
area served 13 states + DC
Internal/external tie lines       142

• 24% of generation in 
Eastern Interconnection

• 27% of load in Eastern Interconnection
• 19% of transmission assets in 

Eastern Interconnection

20% of U.S. GDP 
produced in PJM

www.pjm.com

As of 6/1/2011
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Why Storage – Wind Generation in PJM 

www.pjm.com

If you like wind…

…You have to 
love Storage

Presenter
Presentation Notes
In terms of developments to the grid, we’re seeing more renewable energy sources connecting to the grid and greater participation in demand response. 
Grid is green-friendly, making it possible for all types of generation to enter queue process.
There is a steep increase in the amount of wind generation projects requesting to connect with PJM. Currently, there are about 37,000 MW of wind projects proposed to be built by 2015. History has shown us that many projects won’t get built but this still underscores the popularity of wind and the value of RTOs in taking advantage of these alternative resources. 
We recognize that with the prolific increase in wind, the question about how these projects connect into the grid through backbone transmission presents new challenges. How they connect, whether new lines should be built, who builds them and who pays for them are questions PJM and the industry are beginning to explore.
As for demand response, PJM has been working with several states, such as Ohio and New Jersey to help develop demand response programs.
Demand response has also become a viable participant in the capacity market (RPM) with more than 967 megawatts of demand response offered in as capacity in the last RPM auction for 2010-2011. 
The above are not my notes – Bottom line is that we have a huge surge coming in energy from wind and we have to deal with the planning and operational issues.
We could make a point here for storage technology.
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Intermittent Wind Generation

www.pjm.com
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Comparison of Wind with Solar PV 4.6 MW 
TEP Solar Array (Arizona)

www.pjm.com
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www.pjm.com

Presenter
Presentation Notes
(Roughly an 8% savings)
100 MW is low hanging fruit
200 MW is doable
300 MW is a real stretch
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Innovation--What Storage in PJM?

www.pjm.com

Pumped Hydro Compressed Air Flywheels

Stationary Battery Mobile Batteries Water Heaters

Presenter
Presentation Notes
Water Heaters: Approx. 126 million water heaters in the U.S., 42% are electric (53 Million). The standard water heater input is 4.5kW and average annual consumption is approximately 5,000kWh.  At 15 kWh of storage each, electric water heaters represent 795 GWh.
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Fast Regulation: Speed Matters…

• PJM 
Frequency 
Regulation 
Signal 

• Water heater 
power 
consumption +/-
2.25 Kw base 
point

www.pjm.com

Presenter
Presentation Notes
Water Heaters: Approx. 126 million water heaters in the U.S., 42% are electric (53 Million). The standard water heater input is 4.5kW and average annual consumption is approximately 5,000kWh.  At 15 kWh of storage each, electric water heaters represent 795 GWh.
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Compressed Air Energy Storage and Norton

• CAES – a highly responsive technology:
– Combines gas turbine with compressed air
– Compressor operates at low load periods; gas turbine serves load as needed
– Smoothes out load/supply profile with quick response

• PJM is working with FirstEnergy on Norton CAES

Large size provides significant advantage:
• 338 million cubic foot cavern provides great flexibility 

(more than 4 times the size of the Pentagon)
• Approximately 130,000 MWhs of storage 
• Longer storage period than typical 

pumped hydro
• Can add capacity in 150 MW increments, 

up to 2,700 MW total
• Fully dispatchable by PJM

www.pjm.com

Presenter
Presentation Notes
Specific Norton operating details �
Will reach 100 percent output in 10 minutes much faster than a CCGT
The Variable Frequency Drive enables rapid compressor starts requiring less than four minutes
Each CAES unit has a 110 MW compressor train consisting of three compressor casings which are capable of injecting 415 lb/sec of air into the storage cavern
The equipment is capable of meeting the current regulatory requirements for NOx and CO2 limits
It takes approximately 130,000 megawatt hours to pump up the cavern initially 
Like pumped hydro, CAES has the capability to use stored energy (compressed air)  However, married to a large storage vessel, CAES can run for a far longer period than typical pumped hydro storage, which has a one- or two-day supply of water held in the reservoir 
For example, a 268 MW unit can run for 480 hours straight without ever stopping or refilling the cavern.  If you stop, or pump the cavern (a much more normal operating scenario), you can extend the pump down time indefinitely.
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A 1,000 Volts – General Motors OnStar / PJM Pilot

www.pjm.com

Presenter
Presentation Notes
First pilot to:
Examine managed charging based on available renewables
Aggregate vehicles across geographic locations with location dependent prices
Evaluate the financial impact on the aggregation of vehicles in:
a single frequency control zone
across multiple frequency control zones


http://www.google.com/imgres?imgurl=http://www.cartype.com/pics/3012/full/onstar_logo_2010_2.jpg&imgrefurl=http://www.cartype.com/pages/5119/gms_onstar_relaunches_its_brand&usg=__3yc38SgcEsFOqVEH_pJM-ZpPb_o=&h=1134&w=2535&sz=618&hl=en&start=7&zoom=1&um=1&itbs=1&tbnid=oWW-M-0mPJPP4M:&tbnh=67&tbnw=150&prev=/search%3Fq%3Donstar%26um%3D1%26hl%3Den%26safe%3Doff%26sa%3DN%26tbm%3Disch&ei=UvIDTrz9BJO30AGRncjoCw�
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Fleet Electrification – Energy Storage, Energy Security

“Unleash us from the tether of fuel” – Lt. Gen. James Mattis, USMC

www.pjm.com
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Beneficial Electrification – DOD, non-tactical fleet

www.pjm.com

*Largest fuel consumer in non-tactical fleet: 43M gallons of petroleum/year

Project Focused on Four Areas:

1. Volume Pricing
• 10,000 units annually

2. Battery Right-sizing
• 6,000-3,000 miles/year

3. Infrastructure Planning
4. Ancillary Services

Price of fuel on the battlefield: 
+/- $300/gallon
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What am I?

www.pjm.com

480,000 vehicles in United States
Average ~66 miles per day
MPG = ~7
Parked 12 hours at same location
Parked for 3 months
Great public visibility
90 GW potential

Available for full-time Summer job.

Will Work for Fuel
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How – Key Policy Improvements 

1) Create a DOE water heater storage standard
– Storage water heaters to enable renewables will save 

more energy grid-wide than efficiency standards for 
heat pump water heaters >55 gallons 

2)  FERC allows some cost recovery for storage
– Like Transmission, storage benefits the entire system 

and enables renewables

3) FERC approves LFC Pay-for-Performance
– Compensate for the advantages that speed and 

accuracy bring to the system

www.pjm.com
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How – Key Policy Improvements

4)  Predictable cost recovery for storage
– Longer-term markets for capacity/ancillary services

– Incent community storage (For a digital economy)

5)  States simplify time-of-use retail rates/real-
time pricing
– Expedite the use of electric cars as storage

6) Incentives/loans for fleet conversion
– Fleets (school buses, DOD, post office) have huge 

storage potential

7) 25% of RPS = Storage Portfolio Standard

www.pjm.com
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