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é/ PJM as Part of the Eastern Interconnection

* 24% of generation in

Eastern Interconnection _
- . PJM member companies 700+
» 27% of load in Eastern Interconnection people served o

* 19% of transmission assets in ' peak load in megawatts 158,448
Eastern Interconnection > J s of generating capacity 180,400
3 ' miles of transmission lines 61,200
of annual energy 794,335

b > ‘ neration Sources 1,365
: _uare miles of territory 211,000

& : | ! rea served 13 states + DC

' vi ol Internal/external tie lines 142

20% of U.S. GDP
produced in PIM

" KEY STATISTICS

As of 6/1/2011
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PJM

Integrating
Grids & Markets

Focus on
three things

T

1. Keeping the Lights On
2. Fair and Efficient Markets

3. Infrastructure for the future

ﬁ
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Boin Smart Grid — Two-way Communications and Control

The Smart Grid is realized by merging data from these areas of automation to achieve a total end-to-
end systems view by integrating information technology and operational technology.

System Operator

SCADA and Phasor |
Measurements _
Transmssi nwsmisio

Substation Automation

Smart Metering, Demand
Response, , Energy
Conservation and

Distribution Automation DISHIANE] ROsaUiEss

Energy Storage
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é/ Smart Grid Network

Smart . Gustomer Work . Dutage Distributed Asset
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Innovatlon Activity

R GM OnStar, PHEV - Detroit, M
Intelligent Generation, Comb. PiIot- - -t

Chicago, IL
Intwine Energy, Smart Meters, JCP&L, Auto. DR - NJ
Appliances and Buildings - OH . \/Charge, Comb. Pilot -

Enbala, Smart Building - Pittsburgh, PAJ East Stro,udsbur:q, PA bl

Beacon Power Flywheel Energy _
Storage - Bixby Substation, OH ¢ AES Battery Energy Storage -

Laurel Mt, KY)
; ‘ Smart Building - NJ

Duke Envision Center - {
Erlanger, KY G 4 Xtreme Power, Comb.

Steffes, Thermal Energy Storage - Pilot - Delmarva Peninsula

Valley Forge, PA ; o Better Pace, 1M EV Study - Balt., DC
' o "S5 Smart Meters, Appliances & Buildings:
| *» Greenlet Tech. - VF, PA
« Solar Strategies Dev. Inc. - Phila., PA
* MEET - AC?
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é/ Smart Grid Network - Smart Home

* Smart Appliance

Smart Seouity Energy Management
Appliance « Smart Charger (PHEV)
Load Self Storage
Management Generation
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N Lt Aggregator
Lo gi |
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Smart Grid Network J
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N |
\ * Regulation Signal
4 .y % *Price Signal
- Grid
Reliability Signal * Reliability -
System * Load Curtailment
Planning
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Smart@Car-a connection to the grid

Power Command

Aggregator =S,
S "\ Wireless Power
; -\ Provider Response

Driver Usage Profile
= and Preferences

8 PJM©2011



é/Smart Grid and Plug-in Hybrid Electric Vehicles (PHEVS)

* Mid-Atlantic Grid
Interactive Car
Consortium (MAGICC)
— electric companies,
research institutes, and
vehicle manufacturers

 Over one year
experience with the
MAGICC battery
electric vehicle
responding to the PJM
regulation signal

[TYor ’ *
%ARE npepcu Holdings Inc AC PROPULSION _
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http://www.udel.edu/v2g/
http://www.pepcoholdings.com/
http://www.acpropulsion.com/
http://www.comverge.com/
http://www.acua.com/

Y Smart Grid Network — Alternative Generation Resources

Distributed Assat
Generation Optimization

Renewables

Smart Grid Network

( > 4
» Load in GW
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= Y Why Storage — Wind Generation in PJM

50,000 . .

If you like wind...
BT 43,623
40,000 -

35,000

30,000

25,000

20,000

| ..You have to
~ love Storage

5,000

Cumulative Nameplate MW

I | | | | | | | | | In 'Iplannllnq ]I-/4/20I11 |
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

0

11 PJM©2011




Innovation--What Storage in PJM?

Expanderﬂy

Gas Turbine (CT) |Exhaust t

Compresso(

Motor I

Intercoolers

Compressed Air

Anes 1

4 thepowerof being global

Stationary Battery Mobile Batteries Water Heaters

PJM©2011
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.é/ 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
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=~ Y4 A 1.000 Volts — General Motors OnStar / PIM Pilot

4

Frequency Regulation «
Percent Renewables
Locational Marginal Prices ==

PHASE 2

Additon of Residential
2 Owned Volts

Managed  pyasE 1
Charging _ 1 000 Volt OnStar

~ Frequency
Response
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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

AES Grid-Scale Energy Storage System

Operational Details
Altairnano, Inc — Lithium lon nano titanate battery
« Power: 1 MW for 15 minutes * Energy: 300 kWh
« Usable Charge Range: 5% - 99% - Efficiency: 90% round trip
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= % Alternative Resources — Flywheels

Attributes

 Life expectancy ~20 years

* No capacity decreases over life.

* No overcharge and over-discharge
« Rapid charging — minutes

Status in PJM Generation Queue
—20 MW - Impact Study Underway
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- % Fast Regulation: Speed Matters...

450

A fossil power plant
following a regulation
: command signal
% 350
g 300 - 20
- ~AGC Command — Energy Storage Output
—— Actual Generator Output 15 + - Regulation Signal
250 T .
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Energy Storage 5

(batteries / flywheels)
accurately following a
regulation command
signal
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Smart Grid Network — Grid Reliability

. Outage
Self Healing Management
System
Control Other

Smart Grid Network

Synchrophasors

= Measuring voltages and
currents

= Qutputting accurately GPS
time-stamped voltage and

current phasors

Wide Area
Measurement
System

1-2 years

= Angle / Frequency Monitoring
= Disturbance Analysis
= \oltage Stability Analysis

3-5 years
= Improved State Estimation (Boundary conditions)
= Rapid Restoration

The Future
= Real-Time Control
= Early Cascade Detection

Transmission Technologies

= High Voltage DC (HVDC)

» FACTS Devices

= Variable Frequency
Transformer (VFT)

= Substation Automation

= Direct Load Control
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é/ Smart Grid Investment Grant - PJM Lead
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Deployment Challenge

. SynchroPhasor Applications

D) Requi’es more research

C O Needs modlerate development
@PReady to deploy

Real-time Control of
wide-area network

Voltage Stability
Monitoring

Detection of imminent
Cascading

Determination,of Accurate
Operating Lim!ts

Improve State
Estimation

Model Derivlation &

Real-time control of
corridors

1-2 years - 2-5 years >5 years
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Percentage Angle Difference wrt Threshold

on and Alarms Chient v6.0.0
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Surry Unit 1 MW
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At 01:18hr, Surry reported Unit 1 saw a 200MW swing and Unit 2 experienced a 50MW
swing. The SOC did not detect the MW swing. The SOC does not monitor the output
of generators in a way that a MW swing would be readily apparent
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% Smart Grid Network — Energy Services

1

« Demand Response
* Energy Efficiency

( l Smart Grid Network
N

| N |
T
Y Y
A Energy Security Energy
Reliability Markets Activation Markets
System Gustomer Load
Planning Billing Management
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B/ Demand Resource and Energy Efficiency
In the Capacity Market-2013/2014
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é/ JIm Demand Resource Participation in Capacity Market

12,000 I
1
1
|
10,000 - B
Prior to RPM i RPM
Implementation : Implemented
8,000 |
|
MW : ®RPM. EE
6,000 | = RPM, DR
: mRPM, ILR
| mALM
1
4,000
1
1
1
|
2,000 i
1
|
1
0

2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013
Delivery Year

RPM = Reliability Pricing Model DR =Demand Response
ILR = Interruptible Load for Reliability ALM = Active Load Management
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= Y Second Generation: PJM Demand Side Response Programs

$350
$300
Will an End-Use-Customer
$250 reduce consumption when
wholesale prices are high or
$200 when PJM initiates
Emergency procedures? |
$150
1
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$50 Rate
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AC? Key Accomplishments

First Production
Simulation trial —

VLRI EEIISE Fy | Parallel Operations &
and gupport extended 24x7 support -
processes & gaps - [YAART:

Apr. 13-20 o

" Formal Production |
imulations & mock
SE migration
NERC/Reliability Go-Live cutover -
First Corporation _ Aug/Sept
“preview” of AC?
systems as part of

ATSI certification
review
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é/ AC? New Technologies

User Experience & Visualization Generation Control Application
(advanced dispatcher Ul) (multi-interval SCED; adaptive

o constraint/generator modeling)

SCADA, Network

Agﬂlicalions. AGC

Task Based

o"é
Market Mgmt

Sﬁtem

Dispatch

Maniﬁemem Tool

Q
Personalization

Customization &ﬂ Security @

Navigation

ABojouyoda] zov

eMKT & eFTR

@

%)
1=
T

Single Sign On

eMTR

Intelligent Event Processor
(complex event processing/correlation)

TNA SCADA Pl OJ:ESR MARKET
I 1 I ] i
ESB
I
CEP CEP CEP
Engine Engine Engine

IEP
DATABASE

COMMON OBJECT MODEL
IEP UI (via Integrated Model Manager)
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