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The materials contained herein were prepared for an informational briefing and should not be considered to reflect the views of
the National Association of Manufacturers.

“The IHS reports and information referenced herein (the "IHS Materials") are the copyrighted property of IHS Inc. (“IHS”) and
represent data, research, opinions or viewpoints published by IHS, and are not representations of fact. IHS conducted this
analysis and prepared the IHS Materials utilizing reasonable skill and care in applying methods of analysis consistent with
normal industry practice. Forecasts are inherently uncertain because of events or combinations of events that cannot reasonably
be foreseen including the actions of government, individuals, third parties and competitors. The IHS Materials speak as of the
original publication date thereof (and not as of the date of this document). The information and opinions expressed in the IHS
Materials are subject to change without notice and IHS has no duty or responsibility to update the IHS Materials. Moreover, while
the IHS Materials reproduced herein are from sources considered reliable, the accuracy and completeness thereof are not
warranted, nor are the opinions and analyses which are based upon it. To the extent permitted by law, IHS shall not be liable for
any errors or omissions or any loss, damage or expense incurred by reliance on the IHS Materials or any statement contained
therein, or resulting from any omission. NO IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE SHALL APPLY. The IHS Materials are not to be construed as legal or financial advice, are supplied without
obligation and on the understanding that any person who acts upon the IHS Materials or otherwise changes his/her position in
reliance thereon does so entirely at his/her own risk. The IHS Materials were prepared for the sole benefit of IHS’ client for IHS’
client’s internal business use. No portion of the IHS Materials may be reproduced, reused, or otherwise distributed in any form
without the prior written consent of IHS. IHS Materials reproduced or redistributed with IHS’ permission must display IHS’ legal
notices and attributions of authorship. IHS and the IHS globe design are trademarks of IHS. Other trademarks appearing in the
IHS Materials are the property of IHS or their respective owners.”
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IHS Clean Power Plan (CPP) research agenda

- IHS reference case (December, 2015). A specially constructed case designed
to reflect the likely evolution of the US power sector under current market and
policy conditions, excluding the effects of federal CO, policy

- State gap analysis (December, 2015). State CO, emission rate and emissions
trajectory under the IHS reference case versus its CPP goals. Also quantifies
the changes required to close the anticipated 2030 compliance gap if a state
were to go it alone and whether it would prefer rate or mass goals

- Policy compliance analysis. Compliance cases to assess the policy’s
potential impact across energy sectors, including power, renewables, natural
gas, and coal, assuming interstate trading

 National-level mass trading (April, 2016)
- National-level rate trading (April, 2016)
 Hybrid (June, 2016)
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Reference case is designed to reflect the likely evolution of the US
power sector under current market and policy conditions

Summary of IHS reference case for the contiguous United States

Units Reference
Power demand growth (compound annual average), 2014-30 % 1.4%
Coal-fired capacity retirements, 2015-30 GW 63
Nonhydro renewable capacity additions, 2015-30 GW 154
Natural gas—fired capacity additions, 2015-30 GW 167
Average power sector natural gas consumption, 2022—-30 Bcf/d 39
Average Henry Hub natural gas price, 2022—-30 2014 $/MMBtu 3.57
Annual average power sector coal consumption, 2022—-30 MMst 730
Power sector CO, emissions, 2030 MMst 2,285
Power sector CO, emissions in 2030 relative to 2005 % -14%
Source: IHS © 2015 IHS
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Power and fuel market impacts explored in IHS policy
compliance analysis

 Allowance / emission reduction credit price
« Coal plant retirements

- Natural gas plant additions

- Wind and solar PV plant additions

« Impact on power demand

- Natural gas demand and price

« Coal demand and price

« Power prices (wholesale and capacity)

« CO, emissions
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Mass trading: CO, allowance price projection

Mass trading policy compliance analysis CO, allowance price, 2020-40

2022—-40 average = $11 per short ton
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Mass trading: power sector natural gas consumption

Reference and mass trading cases power sector natural gas consumption, 2020-40
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Mass trading: power sector coal consumption

Power sector coal consumption by basin: 2014 and averaged over 2022-40 in the

reference and mass trading cases
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Factors that drive the magnitude of the power and fuel
market impacts across CPP compliance scenarios

- Rate- versus mass-based compliance

- Market versus tailored mechanisms

- Degree of regionalization or model rule-based trading
« Allowance allocation methodology

« Existing versus new + existing

« Traditionally regulated versus restructured markets
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At 2014 fuel price levels, coal and natural gas CC units are
segregated along the ERCOT supply curve but in close competition

ERCOT power supply curve, 2014
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Mass and rate trading have different effects on power
plant dispatch costs and thus wholesale power prices

Mass trading: Impact of a $10 per short ton CO, price

on a segment of the ERCOT supply curve.

Rate trading: Impact of a $10 per short ton equivalent
rate price on a segment of the ERCOT supply curve.*
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Wholesale power price and capacity price impacts will
vary between mass and rate trading

« Compliance via rate trading, versus mass trading, would reduce the
Impact on wholesale power prices

- Rate trading, however, is likely to have a relatively greater impact on
capacity prices

« CPP-driven coal retirements will accelerate the year in which power markets
need new capacity to balance supply and demand and thus when capacity
prices reflect the net cost of new entry

« Under mass trading, new generators would recover more of their costs from
the energy market and rely less on capacity payments

- Under rate trading, new generators are required to rely more heavily on
capacity payments to achieve revenue adequacy
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Pennsylvania state profile

Rate goals versus IHS reference case adjusted CO,
emission rates

Options 2012 2022 2030 2012-30 6o
change 1,800 =207
g <1.600 - -11% -8% -15% 6% -8% 0% -18%
Affected coal (GW) 17 13 13 -5 1,400 - — —_ o
Affected oil/gas steam 5 1,200 1
W) g 4 3 3 16 21000 -
< 800 - #%-~—contribution to
Affected CCGT (GW) 10 10 10 -0.2 S 600 - change in adjusted
o emission rate from
Affected steam/CCGT o 400 -
. . . A 2012 to 2030
generation ratio (%) 64:36 56:44 58:42 6:+6 200 -
Nuclear (GW) 10 10 10 +0.3 O =T W 3 W 9 ¥ = W o5 W 9 9w
. § 3 § ugq g u g §
Wind (GW) 1 2 2 +1 N & S N S S 9
g 2 y o zZ 8 @
Solar (GW) 0.2 0.6 0.9 +0.7 N . S - N
Notes: Fossil includes the combined effects of retirements and generation shift.
EE (% of 2012 sales) 1% 3% 7% +6% Source: IHS © 2015 IHS
Source: IHS © 2015 IHS

Independent options for achieving 2030 compliance Mass goal versus IHS reference case CO, emissions

IHS reference Change to meet: 120 Meets goal by 2% — Exceeds goal by 11%

Options e, 2050 Rate goal Mass goal 100 -
o 2022-24
Coal (GW) 13 -7 2 | 3 g joal——
Steam/CCGT generation ) ) . 5
ratio (%) 58:42 Not achievable Not achievable = 60 -
Nuclear (GW) 10 +2 +2 s 40 -
Wind (GW) 2 +4 +4 s
Solar (GW) il +12 +10 20 1
EE (% of 2012 sales) 7% +19% +9% 0 -
2012 2022 2030

Notes: Each option represents a stand-alone measure that, incremental to IHS’s reference case mCCGT m Steam
outlook for 2030, would enable a state to comply with its rate and mass goals. Source: IHS © 2015 IHS
Source: IHS © 2015 IHS
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Rate-based compliance advantageous to more than half

Rate or mass advantage relative to 2030 rate and mass goals
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Questions and answers

« Kristian Bodek, Director, North American Power

617 866 5185, Kristian.Bodek@ihs.com

« Barclay Gibbs, Senior Director, North American Power

202 481 7775, Barclay.Gibbs@ihs.com

- Rita Beale, Senior Director, Power, Gas, Coal & Renewables

202 481 9249, Rita.Beale@ihs.com
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The materials contained herein were prepared for an informational briefing and should not be considered to reflect the views of
the National Association of Manufacturers.

“The IHS reports and information referenced herein (the "IHS Materials") are the copyrighted property of IHS Inc. (“IHS”) and
represent data, research, opinions or viewpoints published by IHS, and are not representations of fact. IHS conducted this
analysis and prepared the IHS Materials utilizing reasonable skill and care in applying methods of analysis consistent with
normal industry practice. Forecasts are inherently uncertain because of events or combinations of events that cannot reasonably
be foreseen including the actions of government, individuals, third parties and competitors. The IHS Materials speak as of the
original publication date thereof (and not as of the date of this document). The information and opinions expressed in the IHS
Materials are subject to change without notice and IHS has no duty or responsibility to update the IHS Materials. Moreover, while
the IHS Materials reproduced herein are from sources considered reliable, the accuracy and completeness thereof are not
warranted, nor are the opinions and analyses which are based upon it. To the extent permitted by law, IHS shall not be liable for
any errors or omissions or any loss, damage or expense incurred by reliance on the IHS Materials or any statement contained
therein, or resulting from any omission. NO IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE SHALL APPLY. The IHS Materials are not to be construed as legal or financial advice, are supplied without
obligation and on the understanding that any person who acts upon the IHS Materials or otherwise changes his/her position in
reliance thereon does so entirely at his/her own risk. The IHS Materials were prepared for the sole benefit of IHS’ client for IHS’
client’s internal business use. No portion of the IHS Materials may be reproduced, reused, or otherwise distributed in any form
without the prior written consent of IHS. IHS Materials reproduced or redistributed with IHS’ permission must display IHS’ legal
notices and attributions of authorship. IHS and the IHS globe design are trademarks of IHS. Other trademarks appearing in the
IHS Materials are the property of IHS or their respective owners.”
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