DOE Workshop: Load Participation in
Capacity and Ancillary Services Markets

Terry Boston

President & CEO
PJM Interconnection

October 26, 2011




é/ PJM as Part of the Eastern Interconnection

* 24% of generation in

. KEY STATISTICS
Eastern Interconnection P Mﬁ'iri’iém_ber SIS 7104
* 27% of load in Eastern Interconnection millions of people served 58
* 19% of transmission assets in peak/loard in megawatts 158,450
Eastern Interconnection MWs of generating capacity 180,400
C[’r’"iilés\qf transmission lines 61,200
/ QGWh;ofahnual energy 794,335

“generation sources 1,365
‘[ ;s:gpare miles of territory 211,000
. area served 13 states + DC
Internal/external tie lines 142

20% of U.S. GDP
produced in PJM

As of 7/21/2011
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é/ Predictions of Power Efficiency Gains

iCl ' buildings-and-
rqy efficiency In the !
3 ?r?,dustrial sectors could (assuming

addressed) offset some
o ental demand for

“|mproving en
appliances and
substantial barriers can ‘
85 percent of the pro;ected mcrerP
electricity over the next 25 years. 007
McKinsey Report,

]
“Electricity conservation has come of age and it
IS less expensive to save electricity than to use
it. New light bulbs and other electricity-saving
devices will reduce power consumption [growth]
by 80 to 90 percent—eliminating the need for

new power plants and requiring the closure of
many existing ones.”

Business Week, 1984

Source: IHS Cambridge Energy Research Associates.
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é/ o Offers of Demand-Side Resources as
e Capacity in PJM by Delivery Year
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20| PJM Incremental Capacity Resource Additions

® Net Increase in Energy
Efficiency Capacity i

® Net Increase in Demand
Resource Capacity

® Increase in Generation [
Capacity

- 64%

2011/2012 2012/2013 2013/2014 2014/2015
s of 6/22/2010
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é/ Demand Resource in the Capacity Market-2014/2015
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= % PJM Alternative Technology Resource Pilot Program

« With diversified technologies participating in the program, it has
become an open window to demonstrate PJM’s continuous efforts

and great achievements in building an innovative company
D
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http://mwww.pjm.com/markets-and-operations/alt-tech-resource-pilots.aspx
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Summer 2011

Shake and Bake
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August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake

*

*

Data Source:

Power grid frequency data collected by FDRs(Frequency Disturbance Recorder)

Event Description:

This video shows the effects of a 1600 MW generator trip caused by the East
Coast Earthquake on 8/23/2011. During this earthquake, two nuclear reactors
at the North Anna Power Station in Mineral, Virginia were automatically taken

offline. As a result, the frequency in the Eastern Interconnection dropped to
59.93Hz.

From UT Current F-net
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake

FNET Data Display [8/23/2011Generator Trip]
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake

FNET Data Display [8/23/2011Generator Trip]
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake

FNET Data Display [8/23/2011Generator Trip]
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‘é/ August 23, 2011 Earthquake Near Richmond VA

Event Replay of 8/23/2011 East Coast Earthquake

FNET Data Display [8/23/2011Generator Trip]
Time: 17:51:23.7 UTC 59.9356 Hz
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é/ July 21, 2011 — PJM New All-Time Peak
24 hour, RTO Wind Generation vs. RTO Load
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Learn Faster Than the Competition

The only sustainable
competitive advantage is
the ability to learn faster

than the competition.
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Smart Grid - More Power to the Customer

Partnerlng for Ioad frequency control with
loads and storage.

WWW.pjm.com PIM©2011




PJM ATRP Program

A4 GM OnStar, PHEV - Detroit, M
Intelligent Generation, Comb. Pilot - ;

Chicago, IL

Intwine Energy, Sma Meters, : :
Appliances and Buildings - OH | VCharge, Comb. Pilot -
East Stroudsburg, PA §

Beacon Power, Flywheel Energy
Storage - Bixby Substation, OH

Duke Envision Center -
Erlanger, KY

Steffes, Thermal Energy Storage - 3
Valley Forge, PA it , Better Place, 1M EV Study - Balt., DC
' Y ~55 Smart Meters, Appliances & Buildings:

PJM /EPRI Storage Summit - VF, PA 3 * Greenlet Tech. - VF, PA

SEPTA, Battery Energy Storage - Phila., PA [E55% 'afgaErTSt;\aggieS Dev. Inc. - Phila., PA

Www.pjm.com 21 PIM©2011



Grid-Scale Energy Storage System — 1 MW Battery

Operational Details

Lithium-ion nano titanate (Altairnano)
Power 1 MW, Energy 250 kWh

*Full capacity duration, 15 minutes
Efficiency, 90% round trip (AC-AC)
*Usable Charge Range, 5%-99%

2 years, 280,000 cycles, < 2% degradation

WWW.pjm.com 22
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Operational Performance:

KW Signal Vs Dispatch - April 7th SoC
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Source: © 2010 The AES Corporation, All rights reserved.
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= 2 Will Work for Fuel...
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Available for a full time summer job.
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Electric Thermal Storage: Water Heaters

T

| responding to the PJM
frequency regulation
' signal.
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Operational Details

105 gallon, dual element electric resistance
“Power” 4.5 kW, Energy 26 kWh

s T
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é/ Operational Performance:

PJM pilot water heater -- January 14, 2011; Midnight to 3:00 a.m.

Water Heater REGA Signal Following
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Electric Thermal Storage: Space Heaters

* Vcharge Inc. controlling ETS units in 30 homes
« Stroudsburg, PA

« Could save each household 6 — 9 cents/kWh if controlled for
energy purchasing and Regulation

* 14,000 units deployed in PPL in 1980’s

PIM©2011




b~ Y Distributed Mobile Storage — EV Batteries

Mid-Atlantic Grid Interactive Car Consortium
Vehicle-to-Grid Demonstration

e Each vehicle capable of
19.2 kW. Actual average
capacity ~12 kW

* First demonstrated
October 2007

' e Currently aggregating
it five vehicles in Delaware

Operational Details

sLithium-ion, 18650 cells (“laptop batteries”)
*Power 19.2 kW, Energy 35 kWh

*Full capacity duration, 1.8 hours
«Efficiency, 80-85% round trip (AC-AC)

*Usable Charge Range, 5%-99%

TG PIM©2011



=~ %4 Operational Performance:

Regulation Supply (incidental charging)
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Y Pony Under the Christmas Tree?

60¢ ( PJM Off-peak Price)
_#5¢ per “Gallon”
A

= Natural Gas =
g |_, THIS SALE

PIM©2011



= 2 General Motors, OnStar: Large-scale aggregation

@ PHASE 2
B @Star Additon of Residential

Owned Volts

Frequency Regulation
Percent Renewables

Locational Marginal Prices

Managed  pyasE 1
Charging 1000 Volt OnStar

Laboratory Simulatio ,

Frequency
Response

WWW.pjm.com PIM©2011



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

= % ENBALA’s Power Network (EPN)

MUNICIPAL WATER PUMPING

ENERGY FROM WASTE

enbala

POWER NETWORKS

GENERAL INDUSTRIAL LOADS

PIM©2011




B Operational Performance — Aggregation of 16 water pumps:
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é/ Energy Efficient — Measurement & Verification

| like meters...
...but they cannot meter "Negawatts”




Union Station — 1908

FIRE GREATEST OF DISCOVERIES
ENABLING MAN TO LIVE IN VARIOUS GLIMATES
USE| MANY FQODS : ANDI CO\H‘ELJTHE -
FORGQES OF NATURE TO DO HIS WORK

ELEC TRICIT\ e \RRIER OF LICHT \\D POWER
DEVOURER OF TIME: AND (SEACESEE SRS

OF HUMAN SPEECH OVER|LAND AND SEA
GREATEST QER\ \\T OP AY \\ ~ ITQELF L\Jl\\O\\V

THOU SHAST PLT \LL THI\CQ L\DER HR FEE B
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