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é/ PJM as Part of the Eastern Interconnection

Key Statistics '

Member companies 960+

Millions of people served 61
Peak load in megawatts 165,492
MW of generating capacity 171,648

Miles of transmission lines 72,075
2014 GWh of annual energy 792,580
Generation sources 1,304

Square miles of territory 243,417 . \
States served 13+DC | { 21% of U.S. GDP
N produced in PJM

As of 1/2016
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2 Today’s Grid
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Meeting the Challenge
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Source: EPRI
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= Top Challenges Facing the Industry

Lf __ g
« Electricity demand “Hﬂflﬂ'ﬁlm |
« Extreme earth and space weather

 World's largest fuel switch:
Reliably managing switching to low-carbon fuel sources

« Natural gas operations coordination

 Integration of intermittent and demand side resources

Each Challenge is Also an Opportunity

Adapted from: EPRI
_
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2 PJM’s Key Relationships

Reqgulators

* PJM coordinates the grid and administer the wholesale
power market according to federal laws and regulations as
well as within the requirements of each state which it serves.

* Federal Energy Requlatory Commission
« OPSI: State public utility commissions
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2 Electricity Use and Economic Trend
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é/ Declining Electricity Demand Growth
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PJM at the Center of New Shale Production and Storage
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é/ Increasing Productivity of Unconventional Gas Reserves

Rig Productivity Annual average natural gas prices, 2008-25

(mcf/rig/day) ”
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Transitioning from Coal to Gas...
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2009 to Date: 26,000 MW in Retirement Notices
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2 Cleared Installed Capacity

Megawatt
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Megawatts
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Capacity Market Enables Demand Resources

Demand Side Participation in Capacity Market
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Fuel Mix — Existing PJM Installed Generating Capacity
MW, Capacity, December 31, 2014)
Waste, 968 MW

Natural Gas, 56,811 MW

Nuclear, 33,708 MW

0il, 11,130 MW

Coal, 67,749 MW Solar, 98 MW

Hydro, 8,166 MW
Wind, 828 MW
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é/' Fuel Mix — Queued Interconnection Requests
(MW, Requested Capacity Rights, December 31, 2014)

Natural Gas, 41,792

Nuclear, 2,007
0il, 401
Other, 267
Solar, 1,517 {Nameplate Energy = 2,908 MW}
Storage, 32
Wind, 2,307 {Nameplate Energy= 15,647 M'v‘aﬂ
Wood, 66

Biomass, 86

Coal, 1,873

Hydro, 249

Methane, 101
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é Generation Outages — January 2014
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Capacity Performance Features

Obligation to deliver
energy when PJM calls
for it
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2 Gas Units in PIM Footprint
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é/ Current Day-ahead Market and Gas Nomination Timelines
Day-Ahead Day-Ahead Re-bid

offersdue results Window Electric Day:
[ noon| [4pm.| [4-6pm. I Midnight - Midnight

Gas Day:

10a.m.-10 a.m.

Intraday 1 Intraday 2
11a.m.* 6 p.m.
[

Nomination

Deadlines
Timely Evening
12:30 p.m. 7p.m.*

*(an use firm transport to
“bump” non-firm

Midnight Midnight

WWW.pjm.com
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é/ Proposed Day-ahead Market and Approved Gas Nomination Timelines
Day-Ahead  Day-Ahead Re-bid

offers due results Window
Midnight - Midnight

[1030am.] [ 130p.m.]
-

Gas Day: Gas Day:

10 a.m.- 10 a.m. 10 a.m.-10a.m.

Electric Day:

Intraday 1
11 a.m.*

Intraday 2
3:30 p.m.*

Intraday 3
8 p.m.

®
Nomination
Deadlines
Timely Evening
2p.m. 7p.m.* * Can use firm transport to
® - “bump” non-firm

Midnight | Midnight
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2 Clean Power Plan Analysis Overview

»  Whatis it?
— US EPA released its Final Clean Power Plan rule to regulate CO, emissions on
August 3, 2015

— For the PJM region, the regulation calls for a 36 percent reduction in CO, emissions
versus 2005 levels and 23 percent reduction relative to 2012 CO, levels through
enforcement of rate and/or mass based emissions standards

*  Whatis PJM Doing?

— Provide an assessment of the potential economic and reliability impacts of the
EPA’s Clean Power Plan compliance pathways
* Primary study years: 2023, 2026

« PJM will also study 2028, 2030 but with less detailed transmission modeling
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Clean Power Plan Targets 36% Reduction from PJM Region by 2030

PJM Actual Average CO, Emissions (lbs/MWh)
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é/ Final Rule Mass Target Less:
Proposed Rule Mass Target(Millions of Tons)

Change to Allowable Emissions by Affected EGUs Change to Allowable Emissions by Affected EGUs
Interconnected to PJM by State Interconnected to PJM by Region
1 0 ’ ¢ PA 60
M VA £0
10 L 2 AN |
X ! : <L 20
5 A X OH
a é 2 ® MD 30
. + Ml
0 I aa—
B —~ - DE 20 -
A - NC
'5 IN
10 -
A M KY
-10 AWV 0 -
2022 Target Interim Targets Final Targets 2022 Target Interim Targets Final Targets

*DC does not have a CPP compliance target and Tennessee doesn't have any affected EGUs in the PJM footprint
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2 Clean Power Plan Analysis Timeline

P External Outreach _ May 31
Publish Compliance Pathways
Economic Assessment report
A
‘ | = |
Nov 15. Jan 16 . . May . Jul .9
| A & + @ \ (. A &
v v v v
Nov 02 - Jan 08 Jan 31-Feb 15 Apr 30 C;Jr‘:]' ‘:’;te
Model and Complete business-as- Complete bl P veis and
Assumptions usual model scenario remaining economic reliability analysis an
Development and present results compliance analysis and remaining economic
select sensitivities sensitivities

Discussions with OPSI,
stakeholders, and air regulators
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@

Description of Business As Usual Scenario

What is it?

Economic base case that will be compared to CPP compliance scenarios to determine
compliance impacts

What will be included?

New capacity resources based on PJM capacity market results for the 2018/2019
delivery year

Under-construction energy only (e.g. wind and solar) resources

Demand side management resources based on PJM capacity market results for the
2018/2019 delivery year

Announced deactivations will not be simulated
Incorporate compliance with other environmental regulations to the extent possible
Beyond 2018, new resources will enter/exit the market based upon market signals

26 PIM©2016



2 Description of Economic Modeling Analytical Tools

PLEXOSe enables PJM to perform the economic analysis required to evaluate the
CPP Compliance Pathways and provide the necessary inputs for detailed reliability
analysis:

— Long-term resource entry/exit optimization with enforcement of multiple
emissions limits

— Security constrained economic dispatch analysis with enforcement of multiple
emissions limits

— Detailed renewable generation modeling
— Representation of energy efficiency and demand response

PIM©2016



2 Economic & Reliability Analysis

» Economic analysis by individual state and/or PJM region:
— Carbon dioxide price, total emissions and emissions rate
— Locational Marginal Prices and energy market load payments
— Aggregate facility level transmission congestion by voltage level
— Monthly peak hour natural gas flows
— Percentage of generation by prime mover and fuel type
— Capacity retired and added by Locational Deliverability Area
— Fuel, and variable operations and maintenance production cost
— Resource expansion capital costs

 Reliability analysis:
— Generation and Load Deliverability tests based on resulting compliance pathway generation portfolio
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