New Technology at PJM



PJM as Part of the Eastern Interconnection

6,038
substations

" 26% of generation in
Eastern Interconnection

23% of load in
Eastern Interconnection

19% of transmission assets
in Eastern Interconnection

19% of U.S. GDP produced in PIM
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I PJM in the World
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Analysis of Emerging Technology
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Business Centric Approach
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Architecture

Hierarchical

Analysis of Emerging Technology
Current Advanced Technology Focus

Application

|:| 0-3 Years

Advanced
Technology

[ 15+ years

Infrastructure
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Analysis of Emerging Technology
Current Advanced Technology Focus

Architecture Application

Hierarchical [ 1 0-3Years

Advanced
Technology
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Computing
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Aging Workforce —
Retirements

Increased scope and
configuration

— Loss of “Tribal
Knowledge”

Pressures to reduce
operating costs

Design by engineers

Challenges Facing PJM
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Event Summary

viay Tools

OPERATION EVENT SUMMARY

12/11/07 :05; SA: ELKTONDP 115 KV D KV(VEMIN=105)L/0 272 LINE: DOOMS-GROTTOES RELIEVED
12/11/07 : H 500 KV MEADOWBR 500 KV BUS A KVB = B, T %ok e sk ko ok ok ok ok ke ol ok ok ok ok 5.0)+ RELIEVED
12/17/07 - z SA: ROXBURY-SHADEGAFP KR 1075 MVA(STE = 167)L/0 Conastone-Peach Bottem (5012) 500 RELIEVED
12711707 : 3 PJM EES SCHEDULE FAILURE ABHORMAL STATE OFF (HORMALLY OFF )

12/17/07 : 3 500 RV HMEADOWBR 500 KV BUS A KVB R T e e s 0.0)+ RELIEVED

12/13/07 : 5 500 RV VALLEY4 500 KV 17E KV _ = 5H04.8 (*xxxxsxaxmzaxkarnxxx §505.0) RELIEVED
12/17%/07 :90: PJM ACE LIMIT VIOLATIOHN = —953.7 (NHORMAL 1000) RELIEVED

12/ 1?/0'? :54:5 SA: ELKTONDP 115 KV D KV(VEHIN=105)L/0 272 LINE: DOOMS-GROTTOES
12/717/07 07:53:2: 25 KV CALVERTC GEN 01 GEN_MW changes from 878.4 to 0.0 (change limit= 200.

12/11/07 5 x MU: 25 KV CALVERTC GEN 01 GEN UNIT OUT OF SERVICE

12/171/07 } - MU: 500 KV CALVERTC 1GEN XF XFORMER OUT OF SERVICE

12/17/07 i 3 500 KV CALVERTC 1 GEN ATB STATUS CHANGED TO OPEHN (HORMALLY CLOSED )
12/717/07 07: 1 500 KV LINE BUR-POS ENDA_MH changes from -5.2 to -266.0 (change limit= 100.0)
12/17/07 } $ 500 KV LINE BRI-DOU ENDA_MH changes from -468.7 to -575.2 (change limit= 100.0)
12717707 4 : 500 KV LINE BRA-RAM ENDA_HHW changes from 402.5 te 263.5 (change limit= 100.0)
12/17/07 1 - 500 RV CALVERTC 5051/1GEN ATB STATUS CHANGED TO OPEN {NHORMALLY CLOSED )

12/17/07 S . SA:ELKTONDP 115 KV D KV(VEMIN=105)L/0 272 LINE: DOOMS-GROTTOES RELIEVED
12/17/07 -+ - SA:BLAIRSVE HO.1l TX XFORMER HVA(STE 195)L/0 KEYSTONE-SHELOCTA-HOMER CITY 230 RELIEVED
12/17/07 s 4 SA: ROXBURY-SHADEGARP KR 1075 MVA(STE 167)L/0 Conastone-Peach Bottem (5012) 500 RELIEVED
12/17/07 - 3 SA:JACK ME-THMI 1051 MVA(STE 675)L/0 Conastone-Peach Bottem (5012) 500 RELIEVED




Situational Awareness?
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PJM RTO Overview
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¢ 3: OTS - Training,

- RTO Critical

Display View ¢

Good Human Factors?
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“Decision
Quality”

Designing for the Novice and Expert

e Novice
— Lives in the moment

3.2

— Can’t recognize complex

Good

relationships

3.0

— Produces limited options

2.8

)

Routine Expert

— A — — Great at everyday stuff

2.6

\

=

— Strong procedural knowledge

Poor

— Runs into trouble when

6 seconds

2.25 min problems are ill-structured or

“Time allowed for Decision” n Ove |

From Klein

« Adaptive Expert

— Deep comprehension of
conceptual structure of the
problem domain

Source: Liz Quoetone
WTDB/NSSL and Dr. Gary
Klein
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Opportunities and Advancements

Early adopter of human factors and cognitive task
analysis in power grid control room

- Increased understanding of human interactions
User-centered applications
- Reduce cognitive load and analysis
- Reorganize data to manage by exceptions
- Provide current/future situational awareness




User Centric Design - Discovery
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User Centric Design - Approach

T T TZZZZ”-Z”-Z| Atention - ----—————-— -
M 1
| I —— Resources | _ R I I
l | | | | l
R - :
| ' ' Long-term ! I |
| I ' Memaory | | I
| I a | |
| | | | | |
I | - I
| | _ | |
vy 4 L—» Working 4 ¥
™ Sensory * Perceptual —™ Memory | Response Response
Processing » Processing o Selection |~ | Execution "
Feedback |e

16 ©2007 PIM



Dashboard — Prototype Wireframe, End-User in the Loop
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Dashboard — Final Design
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User Interface Framework
and Visualization

PJM Megawait Reserves Dashhoard E]@
Fil= Edit “iew Favorites Tools Help :f
{ y ation & phior .
‘A System: 15:13 - Eastern transfer limit soon to b... E A Event: 15:21 - Western Equipment outage ; ‘A Economics: 15:19 - PSESSX 12 crossed cost thre...
D aS h b O ard G O al S Unit: Redlion 500KV Source:  eDART [ PE Unit: PSESSX 12 CT
ERM: Current: 7,600 Lirnit: 7,780 Start Date: 09/08/05 10:58:00 End Date:  H/A DeltaGH: 5 Delabiw: -30.9
Cause: Unresolved Company: ComEd Delta Cost: $51
Minimize Visual T 1013 3 ] Y

DMT-Event Queue | Al w || EMS/DMT-Gen. Perf.

Travel Time

— Minimize Number of
Displays

— Reduce Cognitive
load & Analysis

— Provide Situational -

Awareness DT e oren e BT eE
— Reorganize data to e — i b Al e i e R
“Manage by = | S |50 Catepry Calc Re(_;' calc| Req
Exception” : '
— Create Data
Visualization
Standards

Unit{T
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Cognitive Task Analysis

Exploring the Current World

Exploring the Envisioned World

Field of Practice

Practitioner(s)

Understanding the way practitioners
operate in their world

Goal: Focus on mental activities that
cannot be observed

Decide, Judge, Notice, Assess, Recognize

Interpret, Prioritize, and Anticipate

CTA

The Domain

Concepts, Principl

Prototype as
Hypotheses

. Procedures and

Interrelationships; Goals, Rules, Strategies

and Plans

Goal: Understand/Model Complexities,
Demands, Variability and Complications
Understanding the way the world works

Discovering support for how people
will operate in their world

Discovering how to support the
way the world will work

Implemented
System

<€— Growth of Understanding ———»

>

Time

> 0
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Architecture

Hierarchical

Analysis of Emerging Technology
Current Advanced Technology Focus

Application

|:| 0-3 Years

Advanced
Technology

[ 15+ years

Infrastructure

Cognitive Tas
Analysis | A’

Virtual
Apeaiy  User

Interface



Information Flow for Today’s Grid

Generation | oad

residential

Distribution
substation

commercial

=======data flow
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Smart Grid

Consume
Device

CONSUMoF
Duvicos
Consumer
Communication
Dovwices

Network

PAs
nergy Operafions

Providers

ﬂ“{mﬂ//qTransm S
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Components of the V2G system

Gndrator \ﬁ GPS
Tk b [
o Y T
S L
Power B ower
- Command owe

¢ N Response
b /_\ }'QGC

Aggregator Wireless
Provider

+—— Internet

B Driver Usage Profile and
“é“'ﬁ%g Preferences
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What is V2G?

The Vehicle to Grid (V2G) concept is aimed at developing a
vehicle that can plug into and interact with the power grid

— Plug-in rechargeable vehicle with relatively high capacity battery (vs.
hybrid vehicles)

— Vehicle can communicate with the power provider

— Vehicle can provide two way power. Acts as generator or load as
required
— Vehicle can participate in markets (such as regulation)

— New aggregation business function to provide interface between
regulation signal and venhicles.

25 ©2007 PIM



AC Propulsion eBox Conversion

eBox V2G Capable Sci%n Conversion from AC Propulsion
2 [ OX

=y AC PROPULSTOH

Urban Wility “ehicle
Spacious, effident,
comfortable, unique,
sporhy, wversatile, fun,

Zera emission,
no gas.

All Electric.

Vehicle Ferformance

Fange 120 — 150 miles
Auceleration O to &~ 7.0 secs

Top Spead 25 mph

Charge rate 20 minutes for 20 —50 miles
Full Charge 2 hrzifast), 5 hrs (normal)
Curb WMieight 2970 b=

Tarttrach photo

Electyic Propul sion

Drive systam 120 Ky, 220 Hm, 132,000 rpm, regenerative braking
Batteny Li lan, 25 kKi'h, G500 b
Charger Onboard, plug in arywhere, up to 12 K

Vehiele to Fxdid

Fower converter Bi-directional (charge or discharge) up to 15 Kf

Communication Secure, wireless

Battery management Integrated control of battery voltage, state of charge, and
temperature

/X



EBox?
How about a Tesla!

Zero to sixty in FOUR SECONDS!

A range of 250 miles. g
Cost to operate: ONE CENT per MILE! &2
Limited Availability Today -- Price: $100,000 i
2009 Production — Target Price: $50,000

27 ©2007 PIM



V2G Basic Math

e Average car driven 1 hour/day, thus, time
parked is 23 hours/day; Daily average travel: 32
miles, storage for 100 - 250 miles

 Practical power draw from car: 10 - 20 kW

e US power: generation=978 GW, load=436 GW
avg (EIA)

e US 241 million cars (FHWA 2005) x 15 kW =
3,615 GW, thus...

 Power of fleet is >3x generation; >8x load!

28 ©2007 PIM



V2G and the Electric Markets

e Initial markets (high value, low impact on
battery, no system changes):
- Regulation (“Frequency regulation”)
- Spinning reserves

o Larger but more challenging markets

- Peak power
- UPS for the distribution system

29 ©2007 PIM



Vehicle Revenue Estimates

Vehicle owner's annual net profit from V2G; these are representative midrange figures
extracted from full analysis in the report. Key: $net (revenue — cost).

Peak power Spinning reserves Requlation services
Battery, full $267 $720 $3,162
function (510 — 243) (775 — 55) (4479 — 1317)
Battery, city $75 $311 $2,573
Car (230 — 155) (349 — 38) (4479 — 1906)
Hybrid, $322 $1581 $-759 (loss)
Gasoline (1500 — 1178) (2279 — 698) (2567 — 3326)

Source: “Vehicle-to-Grid Power: Battery, Hybrid, and Fuel Cell
Vehicles as Resources for Distributed Electric
Power in California”, June 2001

30 ©2007 PIM



Current Activity

Mid-Atlantic Grid-Interactive Car (MAGIC) Consortium
led by Pepco Holdings, Inc.

— Pepco Holdings, Inc. - Delmarva Power & Light
— Atlantic City Electric - PIM

— Atlantic Counties Utility Authority - AC Propulsion

— Comverge, Inc. - University of Delaware

MAGIC In first of three project phases

v’ Phase | : Phase |: ~5 cars + one bus, V2G directly
from PJM regulation signal

— Phase II: Prove business model; ~300 cars, aggregator
between PJM and cars

— Phase lll: Realize a self-sufficient V2G program within OEM
vehicle manufacturers, aggregators, and ISO/RTOs.

31 ©2007 PIM



FERC Demonstration

FERC Demonstration October 24, 2007

Chairman Kelliher, Commissioner's Wellinghoff (host),
Kelly, Mohler

Briefing by MAGIC, Tesla Motors, A123 Systems
Used PJM'’s real-time regulation signal

32 ©2007 PIM



PJM's Role

What is PJM’s Role iIn V2G

— Technology Enabler

 PJM is Not intending to control hundreds or thousands of
Individual cars!

 PJM is involved to help customer prove the technology can
work
— PJM is working with other customers with technology

Initiatives that have the potential to improve Grid
Reliability and/or enable greater PJM Market
Participation

— Battery to Grid (B2G)

— Fly Wheel to Grid

— Landfill Gas

— Solar Voltaic

33 ©2007 PIM



PJM’s Already Existing Internet Communications

Enc?lpted

over Director DNP3 over

RS-232 Distribution

System

Arcom

Controls —j
ABB ION 8300, 8400 & 8500

Scientific Columbus GEMSTAR
Siemens Quad4 & 2510 Distributed
Schlumber er Quantum Resource

Eﬁ% gt\ffr o Firewall Others
TCP/IP
DNP3 over TCP/IP | q Q
DCMS

Router/DataServer
Comverge Technology
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Application of Existing Internet Communications to V2G

Encrypted
DNEyc?ver
TCP/IP

Distribution
System

. Firewall

DNP over TCP/IP

Router/DataServer
Comverge Technology
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2-Way Communications
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A Day in the Life ...
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o 32A 230V 3ph service
per park

o Allows 23kW peak

e One floor =160 cars = |

3.7 MW!

e Dedicated 1IMVA

padmount txfmrs
e Dedicated cabling

Infrastructure Opportunities
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V2G Vision

* One-half vehicle fleet is electric drive (BEV +
PHEV). National security & environment benefits.

 Lots of storage on the electric system, near loads.
Electric system storage is dispatchable by ISO/TSO
and/or load serving entity.

e Electric grid is more stable and reliable, Auxiliary Service
IS abundant and less expensive.

* Intermittent renewables can be a much higher fraction of
the US generation mix.
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Function Domain

Advanced Technology Initiatives

Knowledge Management Cognitive Task
Analysis,

_ — Service Oriented Architecture FTET SRS,
Information Visualization Situational
TGChﬂOlogy Data Mining Awareness

Planning 2
<
2
0 ® Advanced
'% 3 Computing
Markets S |
S B
E |5¢
g Oz Hierarchical
05|58 _
@ g—% Computing
| 52
Operations Voltage 3 Transient
Stability Stability
Analysis Analysis
Near-Term Intermediate Long-Term

Time Domain

Actively seeking university partnerships for research projects and
graduate student engagements.
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