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PJM Broad Overview




é/ PJM as Part of the Eastern Interconnection

» 26% of generation in

Eastern Interconnection | " gj\: ;Z‘n-lggr-rlgrsnpanies 800+
» 28% of load in Eastern Interconnection millions of people served 60
* 19% of transmission assets in peak load in megawatts 163,848
Eastern Interconnection | MWs of generating capacity 185,600
b ' miles of transmission lines 59,750
AT | “GWh of annual energy 832,331
VR - > ‘ generation sources 1,365
| T ’A‘ ' square miles of territory 214,000
f UmtedSta e | _. ‘/ U~ area served 13 states + DC
xﬁ i\\ ' ‘ | St externally facing tie lines 142
| aste 3
&”-?:\H \\\* | '“ »

—-i.ﬁ 21% of U.S. GDP

o~ “" produced in PJM

As of 9/7/2012
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20m PJM — Focus on Just 3 Things

-

Reliability g i
: Gﬁdlgpe:a:ioxs Regional Planning

» Supply/Demand Balance ' > e
» Transmission monitoring

Market Operation\
* Energy

 Capacity
* Ancillary Services e

3

PIM©2012



PJM Backbone Transmission System
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é/ Locational Marginal Pricing (aka LMP or Nodal pricing)

» Pricing method PJM uses to:
= price energy purchases and sales in PJM Market

= price transmission congestion costs to move
energy within PIM RTO

= price losses on the bulk power system

» Physical, flow-based pricing system:
= how energy actually flows, NOT contract paths

= Marginal cost of delivering one more MW to any
location on the system
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= Y Putting the Cost of Reliability Services in Perspective

PJM Wholesale Cost
YTD September 2012
($/MWNh)

Regulation, 0.23
Operating Reserve, 0.73

Reactive,
PJM Cost, 0.33 034

Trans. Owners
Control, 0.08

Synchronized
Reserve, 0.03

Black Start, 0.02

Energy, 35.03

TOTAL: $47.63/MWh

*Values are PJM averages and do notreflect
potential locational cost differences.
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= Y Putting the Cost of Reliability Services in Perspective

PJM Wholesale Cost
Full-Year 2011
($/MWh)

Regulation,
0.32

Operating Reserve, 0.74
PJM Cost, 0.28

Reactive, 0.35

__/Tr;ns. Owners Control ,

0.09

Synchronized  Reserve,
0.09

Black Start, 0.02

Energy, 45.94

TOTAL: $61.65/MWh

*Values are PJM averages and do notreflect
potential locational costdifferences.
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Region Transmission Expansion Planning (RTEP) Process




‘g/ H» PJM Regional Transmission Expansion Planning (RTEP)

% Ongoing and cyclical % Collaborative
% 15 year planning horizon  NERC, RFC, PJM compliance
s Comprehensive and Holistic * FERC-approved

ANNUAD RUER
DEVEEORMENITR
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b~ Y Factors Impacting Timing Of Need

Z7 R

4. Generation Retirements & New Generation
" Queue Withdrawals ISAS 3
Additional Merchant Merchant PI’OjeCt
= Deliveries to NYC % Queue Withdrawals _V
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RTEP - Stakeholder Participation

*» Open s Topics...process, plans,
*» Transparent FERC compliance,
s Collaborative implementation issues...etc

PJM
Governing
Committees

egional Planning
Process Working

Transmission
Expansion
Advisory
Committee

Online
Resources

PJM Project Working
Managers
groups
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RTEP — Approval Process

Conceptual Time Line

¢

TEAC — Meeting presentations; review and provide comment and
recommendations on results and proposed alternatives...BUT...
TEAC does not approve transmission plans.

A\ 4

Board of Managers — Reviews and approves system <o
enhancements proposed by PJM. If approved, thereafter formally
part of RTEP. (15-year reliability planning and endorsement for
further market efficiency studies.)
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4 24 Month Planning Cycle

Aug| Sep| Oct | Nov | Dec | Jan| Feb | Mar | Apr (May | Jun

Dec| Jan | Feb | Mar | Apr [ May| Jun

— Develop assumptlons and build Year 5 base case .
: — Reliability criteria analy5|s for years 5-15 12-month Cydle W
_ Identify and evaluate solution options | :
_Flnal review with TEAC and appr@val by Board

B Develop assumptlons and build Year 8 base case E :
g 24-month cycle W

: Perform criteria analysis for years 8-15

Develop assumptions
»Market efficiency
»Internal PIM Model
»External model

Perform reliability and market efficiency analyses for years 8-15

_ |dentify proposed solutions
»Interchange _ Develop assumptions and build Year 7 base case

»Generator forced outage rates Scenario Analysis and _ Re-tool of analysis for

i

»|dentify assumptions requiring Documentation [ years 7-15 including
sensitivity studies »Reliability based analyses Independent consultant — solution Uptloﬂs

»Market efficiency analyses reviews of buildability
»Scenario analyses !
»Input assumption sensitivities

Adjustments'to
solution options by
PJM based on analysis

Develop scenarios to he R D e op assumptions :
evaluated during the fourth P p 12-month Cycle
and build Year 5 base case

quarter of the previous year (e.g.):

»Resource scenarios including _ Reliability criteria analySIS

“at-risk” and RPS generation for years 5-15

»Load growth scenario Identify and evaluate

»0ther scenarios suggested solution options
by stakeholders
) Final review with TEAC and approval by Board —
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FY| Process—Scenario Planning

Baseline Reliability Upgrades

Market Efficiency Upgrades
Public Policy Upgrades
State

Sponsored
Upgrades

18 PIM©2012



NERC Transmission Planning Reliability Standards...
Driver of Baseline Expansion

A
No Contingencies

All Facilities in Service

B
Event resulting in the
loss of a single
element.

Single Line Ground (SLG) or 3-Phase (3@) Fault, with
Normal Clearing:

1. Generator

2. Transmission Circuit
3. Transformer

Losz of an Element without a Fault

Single Pole Block. Normal C'lean'.uge:
4. Smgle Pole (dc) Line

C
Event(s) resulting in
the loss of two or
more (multiple)
elements,

SLG Fault, with Normal Clearing
1. Bus Secticn

2. EBreaker (failure or internal Fault)

SLG or 30 Faunlt, with Normal Clearinge: Manual
System Adjustments, followed by another SLG or 30

Fault. with Normal Clearinge:

3. Categorv B (B1l. B2, B3, or B4) contingency,
manual system adjustments, followed by
another Category B (B1, B2, B3. or B4)
contingency

Bipolar Block, with Normal Clearinge:
4. Bipolar {dc) Line Fanlt (non 3@), with Normal

('lean'.uge:

5. Any two circuits of a multiple cireuit towerlinef

SLG Fault, with Delayed C'leari.l.lglE (stuck breaker or

protection system failure):
6. (Generator

Transformer
Transmission Circuit

Bus Section

D

Extreme event resulting in
two or more (multiple)
elements removed or
Cascading out of service.

3@ Fanlt, with Delayed Clearing ® (stuck breaker or protection system
failure):

1. Generator 3. Transformer

2. Transmission Circuit 4. Bus Section

3@ Fault, with Normal Clearinge:

5. Breaker (failure or mternal Fault)

Loss of towerline with three or more circuits

All transmission lines on 2 common right-of way

Loss of a substation (one voltage level plus transformers)
Loss of a switching station (one voltage level plus
transformers)

Loss of all generating units at a station

Loss of a large Load or major Load center

Failure of a fully redundant Special Protection System (or
remedial action scheme) to operate when required

Operation, partial operation, or misoperation of a fully
redundant Special Protection System (or Remedial Action
Scheme) in response to an event or abnermal system
condition for which it was not mtended to operate

Impact of severe power swings or escillations from
Disturbances in another Regional Eeliability Orgamzation.

Adopted by NERC Board of Trustees: February 8, 2005
Effective Date: April 1, 2005

Terminology...

Category A = “n” = Standard TPL-001

Category B = “n-1” = Standard TPL-002

Category C = “n-1-1”, “n-2” = Standard TPL-003
Category D = “Extreme Events” = Standard TPL-004

PIM©2012



PJM Applied Analysis

Normal system / as-is, all facilities in
service

Baseline

Feasibility
Study

System
Impact Study

System contingency analyses — single
and multiple facility outages

Yes (limited set
historically, moving
forward all)

Yes

CETO/CETL load deliverability analyses

No

Generation = No
Merch Xmiss = Yes

Generation deliverability

No

Generation = Yes
Merch Xmiss = Yes

Short Circuit Analysis

Limited

Stability Analysis

No

“But for” cost allocation analysis

PIM©2012



PJM Cost Allocation: Reliability Upgrades

Generation or Merchant Transmission Interconnection and

Generator Deactivation

- Market driven...based on market opportunity

- Attachment Facilities are allocated to developer

- Network Upgrades based on deliverability tests based on cost causality or
impacts on the limiting facility

Baseline Upgrades at 500 kV or above

- Zonal peak-load ratio share of system peak

- Merchant transmission allocated costs based on transmission withdrawal
rights in their ISA

Baseline Upgrades below 500 kV

- $5 million and less allocated to the zone in which the upgrade is located

- Over $5 million allocated based on zonal or merchant transmission DFAX
(flow based) impact on the constrained facility...what is causing the need for
the upgrade...proposed to be changed based on usage

21 PIM©2012




Market Efficiency Analysis: Expediting Reliability Projects or
B0 Projects for Economics Alone

Market
Efficiency
Analysis

PIM©2012




PJM Cost-Benefit Test for Economic Upgrades

é/

« Must have a benefit-cost ratio of 1.25 to 1

« Costs

- PV of total upgrade cost over 15 years based on estimated annual revenue
requirement

 Energy and Capacity Market Benefits (15 year PV)
- Changes in total production costs (70%)
- Changes in total load energy and capacity payments (30%)
- For 500 kV and above this would be all zones
- For below 500 kV this would be only for zones that realize a decrease in
payments

PIM©2012




PJM Cost Allocation: Economic Upgrades

B/

 Baseline Upgrades at 500 kV or above
- Same reliability upgrades
- Zonal peak-load ratio share of system peak
- Merchant transmission allocated costs based on transmission withdrawal
rights in their ISA

» Modifications to Baseline Upgrades below 500 kV
- Same as reliability upgrades

 Acceleration of Baseline Upgrades below 500 kV

= Compare allocation factors based on:
1. DFAX impact on constraint relieved;
2. LMP benefit over acceleration period, per LSE load payments;
= |f differential = 10%, use relative LMP benefit; otherwise, use DFAX
methodology
 Economic Only Upgrades below 500 kV

- Pro rata share of reduction in load energy payments only to zones with

reduced load payments
24 PJM©2012



f Value of Approved Upgrades Since 2000
é/ PP P9

§ Millions [N " Construction  Totz
Baseline Upgrades 12,700 4,545 1,218 | 18464
Network Upgrades 2,500 378 38 2,916
Attachment Upgrades 82 325 47 454
E Total 15,282 5,248 1,303 21,833 E
14000 S e il
Under Constructio
g; ]2’00 @ In Service
® @ Active
£ 10000
: /
8,000 )
Baseline = $18.4 B
6,000 Network = $2.9 B
_______ Attachment = $454 M
4,000 TOTAL = $21.8B [8/31/12]

Baseline Upgrades Network Upgrades Attachment Facilities
* As of 12/31/2011

PIM©2012




Efficiency Gains through Expanding the RTO




Post-Expansion

Key Study Conclusions:

« Bilateral Trading could only achieve
40% of the efficiency gains of LMP-

based market

* Incremental benefit of LMP Market
Integration = $180 Million annually,

PJM Market Expansion — A Case Study

Pre-Expansion

160

140

120

100

(o] @
o o

Million Kilowatt-Hours (GWh) per Day
i
(®]

Net Present Value over 20 yrs is

$1.5 Billion

N
o

AEP / Dayton / Commonwealth Edison
Integration into the PJM Market

Change in Transmission Interconnector flows

— 2004-2005 Period
--------- Prior Year

| | | | |
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Referenced with Permission: Source: Erin T. Mansur and Matthew W. White, “Market Organization and Efficiency in Electricity Markets,” March 31, 2009,

Figure 2,pg 50, discussion draft.
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é/ Dominion Integration Benefits

Dominion Integration Benefit: Increased Transfer Capability

Prior to Integration After Integration
} ; :

— 5

| Northern Market Area to Dominion
o, Proxy for Import Transfer Capability = 4000 MW

{ -
) e
o \
/ (A er™ .
O e _—
) ! :
43

o PJM to Dominion

A R 4
East Central Area Reliability
Council (ECAR) to Dominion
Transfer
— Capability = 2750 MW
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Recent Market and Policy Drivers Affecting Transmission
Expansion




2012 Load Forecast Report—Declining Forecasts

Forecast Comparison for RTO_ATS| DUKE
max_Final2011_fest
190,000
180,000
Summer Peak Load (MW) - PJM RTO
170,000 105000
——GMP - 2011 Forecast
180,000 T— ==—=GMP - 2012 Forecast
Index 2 - 2012 Forscast
185,000 e—
180,000 /
160,000
175,000
170,000
165,000
150,000 \\__'/I 160,000
155,000 ///
150,000 T T T T T T T T 1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 1023 2024 2025 1016 2027
140,000

T T T T T T T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2006 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Year

PLOT &-8® max_Final2011_fcst ®-8-® max_Prelim_2012_DEC
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Total Energy Not Bouncing Back with Recovery

PJM {w/ ATSl and DEOK) Average Hourly Loads 2005-2016

LoT. 001
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- e N
- |
15,500
oo i J0E ros i 0l roe o] ip - 1x ro=i b | 4 F L] HIIG
= dmunlfwsrage Hoorky Load BEA] | 80500 | POLSLE | 9335I | BT ST | 32,045 | LTS
""" VWeather Formolioed Avg. Hourky lossl | ELATD | 31,000 | B2.RE1 | 92050 | BLES] | B6,72% | LTS

HIL2 Forecmidvarage Fourky Loas

q1,555

Bl Gl

E k]

¥.3an
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PIM©2012




= % Encouraging Demand Resources

25,000 :
| , mm Energy Efficiency
' I\Nﬂewk(iar;{asll\tﬂy RPM and FRR DR

20000 | VAne (RPM) s Interruptible Load for Reliability ]

’ : mm Active Load Management

| SK-Committed IL, DR & EE
|

15,000 :
|
|
|

10,000 I
|
|
|

5,000 1
|
|
|
0

2005/2006 2007/2008 2009/2010 2011/2012 2013/2014 2015/2016
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i
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Legend

Substations
500 kV
765 kV
Transmission Lines
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Generation Resource Retirement Status
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Conesville 'YSIONE™  National Park
Mojadle 165 MW 309 MW 21MW Cedar
Maliszewski Kammer Ingenco Deepwater. .‘h 66 MW
3 MW e

(]
R.P.Smith

630 MW
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@
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é/ National Average Delivered Prices, Spot Prices, and
Energy Shares of Coal and Natural Gas in PJM

$10.00 100.00%
=
o $9.00 90.00%
£ 5
£ .00 80.00% 5
3 T
2 $7.00 70.00% —
o S
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@ $6.00 60.00%
> o
= $5.00 50.00% @
D ©
(] =
o $4.00 40.00% ¢
o @
S &
@ $3.00 30.00% =
= 3
© $2.00 20.00% 5
5 o
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e » o ¢ Central App Coal Prompt Month === Coal Energy Share === (3as Energy Share
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=~ % Combined Cycle Gas is Leading the Way as Gas Prices Fall

Capacity Factors of Natural Gas Combined Cycle and
Combustion Turbine Generation

80 5
70 A\ i
e\ / \ ”
S 60
0V .
@ 50 @
p 35 E
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330 - E
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=~ % PJM at the Center of New Shale Production and Storage

Legend

Gas Storage Point
277 Gas Line >= 238"

Gas Line >= 24"

Tight Gas Plays EIA

Tight Gas Basins EIA
Zones

ERCOT

FRCC

ISO-NE

SERC

SPP

NYISO

MISO

PIM

EKPC
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é/ RPM Base Residual Auction
Resource Clearing Prices (By Zone)

300
250 $245.00 —#-RT0
$237.33 -=-EMAAC
226 15 SWMAAC
200 $197.67 $210.11 AN

418854 91'32
$174.29 $167 .
150
$148.80 $ 12397
100 $111.9 110.00 $125.99 $136.00

/ §102.04 $110.oo\ /
50

o $40.80 277

$/MW-Day

$16.46

2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016
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B/

Configuration of Capacity is Changing

PJM Installed Capacity
Cleared in RPM
70,000
Coal
60,000
50,000 e Gas___
40,000
30,000
Demand
20,000 Response
10,000 Other Renewables il Solar
4_/
0 A

2007/08 2008/09 2009/10 2010/11 201112 2012/13 2013/14 2014/15 2015/16

Delivery Year
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é/ PJM BOM-Approved Backbone Transmission Lines

{"\..4"4' - *‘d y /.'; \
i e -
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g« I Service ,f"’/
Lackawanna

Approved CPCN Certficate

Approved RTEP Lines - in abeyance

e Susquehanna. ﬂ?,p,atcong
O 500kv
Transmission Faclilities Rosé/and : Iﬁ(‘
PaVarty ,f/,/".-\
N\ 500kV J \,f,‘:-llf-‘l
PJM Zones ’\’o-\a
- !
i
8/24/2012

<. PJM BOM removes PATH and
MAPP from RTEP.

Welton - Meado broo
Spring ]
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Looking Ahead toward Future Expansion




Queue Fuel Mix Through Close of X Queue

Nuclear, 7,843 0il. 752

Other, 938

Solar, 3,634
Storage, 112

Natural Gas, 57,744

Methane, 476 Wind, 41,584

Hydro, 1,185
Diesel, 103
Coal, 5,055

Wood, 119

Biomass, 759

PIM©2012




Generator Interconnection Requests:
21 Eastern Mid-Atlantic PJM and West/Central Pennsylvania
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i! Generator Interconnection Requests: Western PJM
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Merchant Transmission Interconnection Requests in PJM
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Fyane DSIRE .«..Tm T

Darabide aof SLite Mcsdrondd far B8IREC

RPS Policies

wienwi. dsireusa.org | December 2010

. Pyl poriliolio =tandesnd

FMinimum solar or customer-sited requinsment
. Poery=wvalie portiolio gos

H  Soirmcredl for soler or cumtomer-siled eyt
L‘- Solar waler Nesling eiglie T Includes novreneysiie slermstve resoorces

PJM’s 2009 CO, whitepaper showed 15 GW of wind reduced LMP by $5.00-$5.50/MWh on average

WWW.pjm.com PIM©2012




b~ Y Implications of State RPS for PJM

2026
Target Installed Nameplate based on Sqlar 11,8000
State Targets Wind 41,000
g9ets Total 52,000
Forecast Restricted Demand™**
172,904
(2011 PJM Load Forecast) ‘
Installed Reserve Margin 20%
Installed Gaiar_ii Meeded 207,485
Solar 4.180
Installed Capacity Credit*** Wind 6,150
| otal 10,330

Current Installed Capacity 185,544
Additional Non-Renewable Capacity Needed 11,611

* assuming 30% capacity factor for wind and 12% for solar

** assumung 10.000MW of DR

*¥** assuming capacity values at peak are 15% for wind and 38% for solar

WWW.pjm.com 46 PIM©2012




=~ % Renewable Resources and Transmission

» Large volume of needed renewables does require
transmission to be deliverable
— Case specific and costs are assigned to new resource

— Right now “public policy” projects would only be undertaken if
they passed benefit-cost test for economic reasons or reliability
criteria for reliability-based projects

« Questions about cost allocation

— “State agreement approach” whereby parties who want the
project and agree to it pay for it?

PIM©2012




b~ Y Considerations for Markets and Transmission Going Forward

* Transmission may be the lowest cost contributor to
wholesale costs but it is the enabling factor for vibrant,
competitive wholesale markets

* Currently the biggest are for activity is reliability based
projects on a more localized level

* Public policy issues under Order No. 1000 and associated
cost allocation questions will remain front and center

— Accounting for the market trends in planning process for reliability
and economic based projects

— State agreement approach vs. widespread allocation?
— Flow-based vs. widespread allocation

PIM©2012




