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= Y 2008 Historical Market Congestion

o Total market congestion for 2008 about $2.1 billion

 Top 20 congestion-causing constraints account for 88% of
total 2008 congestion

 Future RTEP upgrades needed for reliability expected to
relieve or eliminate most congestion associated with 2008
historical constraints




é/ 2008 Historical Market Congestion
Top 20 Congestion-Causing Constraints

Market
Congestion % of Total
Rank Constraint Type Location # of Hours ($Millions) Congestion Planned RTEP Upgrades expected to provide Congestion Relief
1 AP South Interface b00 3b7? § BBBO | 264% |-instal 200 MVAR capacitor at Meadow Brook 500 KV {11/2009)

~TrAIL(B2011)
- PATH (6/2014)

2 Cloverdale - Lexington Line AEP 3629 § 2293 108% | -Bath County SPS (in-service / spring 2009)
-TrAIL (6/2011)
- PATH (6/2014)

3 Mt Storm-Pruntytown Line AP 2009 § 24 106% | -TrAlL(6/2011)
- PATH (6/2014)
4 Bedington - Black Oak Interface B00 1384 § 1646 78% | -TralL{B/2011)
- PATH (6/2014)
b West Interface b00 1690 § 1069 B.0% | -Build Jack Min 500 kV substation and 1000 MVAR capacitors (6/2012)

-TrAIL[B/2011)
- PATH (6/2014)

6 Kammer Transformer | 500 30689 § 6.1 36% | -Replace Kammer 765/600 KV transformer (11/2009)
- PATH (6/2014)
Sanmmis - Wylie Ridge Line AP 1915 §  B9B|  28% |-PATH(B/2014)
Bedington Transformer | AP 1192 §  bb4|  26% | -4th Bedington 500J138 K Trf(in-service | spring 2009)
9 b004/5006 Interface Interface B00 736 $ 271 20%  |-TrAlL[6/2011)
- PATH (6/2014)
- MAPP (6/2014)
10 Mt Storm Circuit Breaker| AP §35 $ 427 20% | -circult breaker replaced (in-service | spring 2009)
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. 2008 Historical Market Congestion
é/ Top 20 Congestion-Causing Constraints (cont)

Market
Congestion 2 of Total
Rank Constraint Type Location #of Hours ($Millions) Congestion Planned RTEP Upgrades expected to provide Congestion Relief
1 East Interface 500 Y $ 404 19% | -instal 600 MvAr capacitors at Elroy 500 kW (in-service / spring 2009)
-install 400 MAVr capacitors at Branchburg 500 kv (6/2012)
- Susquehanna-Roseland b00 kY (6/2012)
- MAPP (6/2014)
12 Atlantic - Larrabee Line JCPL 1556 $ 39.2 19% | -replace line fraps {in-service / spring 2009) and reconductor circuit (6/2011)
13 Meadowhrook Transformer | AP 709 $ 36.0 1.7% | - 4th Meadowbrook 500/138 KV Trf {in-service / spring 2008)
14 Branchburg - Readington Line PSEG 1121 § 30.9 15% |- Replace wave frap on Branchburg-Readington (in-service | spring 2008)
- Reconductor Branchburg-Readington (6/2011)
- Susquehanna-Roseland 500 kv (6/2012)
15 East Frankfort - Crete Ling ComEd 1002 $ 28.2 1.3% |- Congestion mainly from outage of Collins-Witon Center 765 KV line.
16 Aqueduct-Doubs Line AP 307 § 281 13% |- Doubs-Aqueduct-Dickerson (6/2009)
- PATH (6/2014)
17 Central Interface ho 671 $ 266 1.3% - Build Jack Min 500 kY substation and 1000 MVAR capacitors (6/2012)
- MAPP (6/2014)
18 Aton Transformer | AEP 411 $ 20.2 1.2%
19 Harwood - Susguehanna Line PPL 117 $ 23.2 1.1% |- Congestion mainly from outage of parallell faciity
20 krendale - Seneca Line AP 1389 § 22.3 1.1% |- Congestion mainly from outage of Cabot-Keystone 50O KV line

Top 20 § 1860 8787%
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é/ | Transmission Topology and Constraints

 Power flow Cases
— 2009 power flow case to represent today’s “as-is” system
— 2013 RTEP power flow case to represent future system

e Thermal Constraints

— monitor/contingency pairs
— NERC Book of Flowgates
— Historical PJM congestion events

« Voltage Constraints
— PJM reactive interface limits

— MW limits based on historical values for “as-is” case adjusted for
future upgrade impacts in 2013 case
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 Values used for as-is 2009 system model based on historical

averages

« Historical averages increased by anticipated effect of RTEP
reactive reinforcements to develop future 2013 system values

Reactive Interface Limit Values

WESTERN ~ CENTRAL ~ EASTERN ~ BO-BED (POST)  APS(PRE)  APS(POST) 50045005 (POST)

Ass 2009 System A75( 4000 6200 2650 3600 4440 4000
Future 2013 System 6050 4250 6450 2650 3640 4500 4250
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é/ Preliminary Market Simulation Results

 Annual simulations using as-is 2009 system topology will be
benchmarked to 2008 historical constraints

e Annual simulations using 2013 RTEP system topology will
estimate economic impact of future upgrades
— Identify acceleration candidates
— Identify future bottlenecks
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Market Simulation Results

2009 Generation and Load Scenario
Impact of 2013 RTEP Upgrades on Congestion by Constraint
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Note: 2013 System Topology includes TRAIL, PATH, Susquehal
and Roseland-Hudson 500 KV upgrades.
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Market Simulation Results

2012 Generation and Load Scenario
Impact of 2013 RTEP Upgrades on Congestion by Constraint
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Note: 2013 System Topology includes TRAIL, PATH, Susquehanna-Roseland 500 KV, MAPP, Branchburg-Roseland 500 KV,
and Roseland-Hudson 500 KV upgrades.
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Market Simulation Results

Impact of 2013 RTEP Upgrades on Total PJM Congestion
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= Y Next Steps

* Finalize monitor/contingency files based on:
— Stakeholder Review
— RTEP reliability analysis results

 Conduct annual simulations of 2015 and 2018 generation and load
scenarios

— Identify potential acceleration candidates

— Identify future transmission bottlenecks and enhance existing
upgrades or develop new upgrades to relieve

« Conduct cost-benefit analysis of any acceleration candidate or any
economic upgrade
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