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Preface

This report addresses an August 2011 request to the U.S. Energy Information Administration (EIA) from Senator
Jeff Bingaman, Chairman of the U.S. Senate Committee on Energy and Natural Resources, for an analysis of the
impacts of a Clean Energy Standard (CES). The request, outlined in the initial letter and later amended (Appendix

A), sets out specific assumptions and scenarios for the study.
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Introduction

This report responds to a request from Senator Jeff Bingaman, Chairman of the U.S. Senate Committee on Energy
and Natural Resources, for an analysis of a national Clean Energy Standard (CES). The request, as outlined in the

letter included in Appendix A, sets out specific policy assumptions for the study.

Background

A CES is a policy that requires covered electricity retailers to supply a specified share of their electricity sales from
qualifying clean energy resources. Under a CES, electric generators would be granted clean energy credits for every
megawatthour (MWh) of electricity they produce using qualifying clean energy sources. Utilities that serve retail
customers would use some combination of credits granted to their own generation or credits acquired in trade
from other generators to meet their CES obligations. Generators without retail customers or utilities that
generated more clean energy credits than needed to meet their own obligations could sell CES credits to other

companies.

The design details of a CES can significantly affect its projected impacts. Chairman Bingaman’s request sets out a
base CES specification and several variants. The base CES specification, henceforth referred to as the Bingaman
CES (BCES) case, has various provisions describing the definition of clean energy, the allocation of credits, and the
dates when target milestones become binding, as described below:

e All generation from existing and new wind, solar, geothermal, biomass, municipal solid waste, and landfill
gas plants earns full BCES credits.

e Incremental hydroelectric and nuclear generation from capacity uprates at existing plants and from new
plants earns full BCES credits.

e Generation from existing nuclear and hydroelectric capacity does not receive any BCES credits. However,
the total generation from these two sources counts towards the overall clean energy sales goal of the
policy. Generation from these sources is reflected in the policy through a reduced requirement for
holding BCES credits.

e  Partial BCES credits are earned for generation using specific technologies fueled by natural gas or coal,
based on a calculated crediting factor that reflects the carbon intensity of each technology relative to that
of a new supercritical coal plant. These technologies include coal plants which capture and sequester
their carbon dioxide emissions (0.9 BCES credits), natural gas plants that also sequester their carbon
dioxide emissions (0.95 BCES credits), existing natural gas combined-cycle units (0.48 BCES credits), new
gas combined-cycle units (0.59 BCES credits), existing gas combustion turbines (0.16 BCES credits), new
gas combustion turbines (0.45 BCES credits), and integrated gasification combined-cycle (IGCC) coal plants
without carbon capture (0.15 BCES credits).

e The BCES target for the share of retail electricity sales from clean energy sources starts at 45 percent in
2015 and ultimately reaches 95 percent in 2050. However, as noted above, the requirement to hold BCES
credits is generally reduced by generation from existing nuclear and hydroelectric capacity, which counts
toward the clean energy targets but does not earn BCES credits.

Table 1 below shows both the overall BCES case clean energy targets and the estimated requirement for
covering sales with BCES credits given projected generation from existing nuclear and hydroelectric
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capacity. For example, in the Reference case’ projection for 2035, these generation sources account for
about 24 percent of sales, so the 80-percent clean energy goal requires that 56 percent (80 percent minus
24 percent) of sales be covered by BCES credits

e  BCES clean energy goals increase linearly between the milestones shown in Table 1, with a 2-percentage
point annual increase between 2020 and 2035 and a 1-percentage point annual increase in the first 5
years of the BCES and between 2035 and 2050.

e There is no sunset date for the requirements, so the 95-percent clean energy goal remains in effect
beyond 2050.

e All electricity providers are covered by the requirement, regardless of ownership type or size.

e BCES credits can be banked for use in a subsequent year. There is no limit on how many credits may be
held or for how long they may be held.

e The BCES operates independently of any State-level policies. The same underlying generation can be used
to simultaneously comply with the BCES and any State generation requirements, if otherwise allowed for
by both Federal and State law.

Table 1. BCES Clean Energy Goals and Credit Coverage Requirements

Overall Clean- Percentage of Total Sales that
Year Energy Goal Must be Covered by BCES Credits
2015 45% 17%
2020 S 23%
2025 ] 345
2030 705 45%
2035 205 BB%
2040 285% B2%
2045 0% BB8%
2050 =L 745%

Like other EIA analyses of energy and environmental policy proposals, this report focuses on the impacts of those
proposals on energy choices in all sectors and the implications of those decisions for emissions and the economy.
This focus is consistent with EIA's statutory mission and expertise. The study does not account for any possible

health or environmental benefits that might be associated with the BCES policy.

Alternative Cases

As noted above, Chairman Bingaman also requested that several variations of the base CES specification be
analyzed. The first three cases listed, the All Clean, Partial Credit, and Revised Baseline cases, examine several
alternative treatments for existing nuclear and hydroelectric generation facilities, giving them either a partial or a
full credit for generation. The Partial Credit case also includes an alternative treatment for the crediting of

qualifying fossil generation.

! The reference case in this report includes some revisions to the AEO2011 Reference case. The primary changes include an improved
representation of interregional capacity transfers for reliability pricing and reserve margins. Also, capacity expansion decisions incorporate better
foresight of future capital cost trends by including expectations of the commodity price index.
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All Clean case (AC): Generation from existing nuclear and hydroelectric capacity receives full credit. As indicated

in Table 2, in this case, the requirement to hold BCES credits is equivalent to the overall clean energy goal.

Partial Credit case (PC): Generation from all natural gas combined-cycle units without carbon capture equipment
receives one-half credit. Gas combustion turbines and coal plants without carbon capture do not receive credit.
However, generation from existing nuclear and hydroelectric plants each receive one-tenth of a credit, which
provides an added incentive to continue operating existing capacity of these types relative to the BCES case. As
shown in Table 2, the requirements to hold BCES credits are adjusted from the BCES case to account for the

differing crediting scheme and to maintain the overall goal for clean energy generation.

Revised Baseline case (RB): Electricity service providers may subtract generation from existing nuclear and
hydroelectric capacity from their sales baseline when calculating their clean energy requirement. Although the
requirement for covering sales with BCES credits shown in Table 2 differs slightly from the requirements in the
BCES case, this case is meant to achieve the same overall goal for clean energy use. Removing generation from
existing nuclear and hydroelectric facilities from the sales baseline and adjusting the target to compensate for this

change provides an incentive to continue operating existing nuclear and hydroelectric facilities.

The next four cases potentially reduce the amount of clean energy stimulated by the CES, either by exempting
small electricity suppliers from meeting the target (“Small Utilities Exempt”), capping the maximum credit price
paid by suppliers (“Credit Cap 2.1” and “Credit Cap 3.0”), or decreasing total electricity demand through increased

efficiency standards (“Standards and Codes”).

Small Utilities Exempt case (SUE): Electricity suppliers with annual sales lower than 4 million MWh are exempt
from the clean energy requirements. They may produce and sell BCES credits, but they do not need to hold them.
As with the Revised Baseline case, the effective sales basis is reduced in this case relative to the BCES case;
however, unlike the BCES case, there is no adjustment to the mandatory target applied to each affected utility. As
shown in Table 2, the clean energy target as a percent of covered sales in the SUE case is the same as in the BCES
case. However, as a percent of total sales, the CES in the SUE case is less stringent than in the BCES case.

Credit Cap 2.1 case (C2.1): The price of BCES credits is effectively capped through the availability of unlimited
alternative compliance credits starting at a price of 2.1 cents per kilowatthour in 2015 and rising 5 percent per year
above the rate of inflation each year thereafter. Although neither the goal nor the mandatory targets is changed in
this case from the BCES case, the amount of clean energy generation achieved may be less than the indicated
goal/target to the extent that alternative compliance credits are used for compliance in lieu of credits from actual

clean energy generation.

Credit Cap 3.0 case (€3.0): Unlimited alternative compliance credits are made available starting at a price of 3.0
cents per kilowatthour in 2015 and rising 5 percent per year above the rate of inflation each year thereafter.
Although neither the goal nor the mandatory targets are changed in this case from the BCES case, the amount of
clean energy generation achieved may be less than the indicated goal/target to the extent that alternative

compliance credits are used for compliance in lieu of credits from actual clean energy generation.

Standards and Codes case (S+C): Adds additional rounds of efficiency standards for currently covered products as
well as new standards for products not yet covered. Efficiency levels assume improvement similar to those in
Energy Star or Federal Energy Management Plan (FEMP) guidelines. The Standards and Codes case corresponds to
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the Expanded Standards and Codes case that was part of AEO2011. More information about the assumptions

underlying this case can be found in Appendix E of the AEO2011.

With the exception of the SUE case, all of the alternative cases described above share the goal in the BCES case of
covering 80 percent of total national sales with generation from clean energy by 2035. However, the number of
credits required in each case varies because of differences in the sales baselines and the number of credits
assigned to different technologies, particularly with respect to the treatment of generation from existing
hydroelectric facilities and nuclear plants (Table 2). In the BCES, AC and PC cases all sales are covered by the credit
program. In the RB case, covered sales are reduced by the generation from existing hydroelectric and nuclear
plants and, in the SUE case, they are reduced by sales from small utilities.

Focusing on 2035, in the BCES case 56 percent of total sales must be covered by credits. As described above, the
credit share required in the BCES case is below the 80 percent clean energy goal because projected generation
coming from existing hydroelectric and nuclear plants does not earn credits but still counts towards the overall
clean energy goal. In the AC case, the share of sales that must be covered by credits equals the overall clean
energy goal because all generation from hydroelectric and nuclear plants, whether existing or new, earn credits. In
the PC and RB cases, the share of total sales that must be covered by credits is very similar to that in the BCES case.
The shares are slightly higher in the PC case because generation from existing hydroelectric and nuclear plants
earns a small share of credits in this case. In the SUE case, the share of total sales that must hold credits is
significantly lower than in the BCES case because sales from small utilities are not required to hold credits. These
small utilities account for roughly 25 percent of sales so the overall credit share required is lower by about that

amount.

Table 2. Clean Energy Goal and Credit Shares Across Select Cases’

Overall Required Clean Energy Target as a Percent of All Sales SUEasa

Clean- Percent of

Energy Covered
Year Gc.al1 BCES AC PC RB SUE Sales
2015 45% 17% 45% 205 23% 12% 17%
2020 505 23% B 265 32% 17% 23%
2025 B0 345 B0 37 465 25% 345
2030 7056 45% Fit e 43% B 34% 45%
2035 305 SE% 205 535 T4% q2% SE%
2040 B85% B2% B5% B4 B0 465 B2%
2045 905 B3 = 705 BT S0 B3
2050 95% T4% 95% 7B S 4% T4%

* Goal is expressed as 3 percent of all sales, except for the Small Utilities Exempt [SUE) caze, where it is expressed as 3
percent of covered zales, as specified in the modified request letter for this study (see Appendix Al In 2035, covered
sales inthe SUE case are about 75 percent of national sales, reducing the effective clean energy goal to about 60 percent
of national sales. For the C2.1 and C3.0 cases, the realized clean energy coal may fall below the B0 percent national

target due to the use of alternative compliance credits.
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Results

BCES case impacts relative to the AEO2011 Reference case

The BCES policy changes the generation mix, reducing the role of coal technologies and increasing reliance on
natural gas, non-hydro renewable and nuclear technologies (Figure 1, Tables B1 and B2). Coal-fired generation,
which in the Reference case increases by 23 percent from 2009 to 2035, decreases by 41 percent in the BCES case
over the same period. Relative to the Reference case, where natural gas generation grows steadily throughout the
projection period, natural gas generation in 2025 is 34-percent higher and 53-percent higher in 2035. Under the
BCES policy, non-hydro renewable technologies grow at the fastest rate, increasing from 146 billion kilowatthours
in 2009 to 601 billion kilowatthours in 2025 and 737 billion kilowatthours in 2035. These totals are 60 percent and

75 percent greater than the 2025 and 2035 Reference case projections, respectively.

The BCES case provides different incentives to existing and new nuclear power plants because only the latter earn
credits. Nearly 65 gigawatts of new capacity are installed by 2035 in the BCES case compared to approximately 6
gigawatts in the Reference case. Generation from existing nuclear plants does not qualify for credits and, as a
result, more than 14 gigawatts of this capacity are taken out of service, while less than 2 gigawatts of capacity are

retired in the Reference case.

Since fossil-fueled generation that captures and sequesters carbon emissions is given nearly full BCES credit, the

BCES spurs 47 gigawatts of coal capacity to be retrofitted with carbon capture and sequestration (CCS) equipment
by 2035. Nearly all of these retrofits occur in the final 10 years of the forecast period, with less than one gigawatt
of capacity retrofitted by 2025. No new coal plants with CCS are added in the BCES case beyond the small amount

found in the Reference case.

Figure 1. Total Net Electricity Generation

billion kilowatthours

6.000
=
- =
: [
3.000
2.000
1,000
0
Ref BCES Ref BCES
2009 2025 2035

Mcoal Mpetroleum Mnatural gas ®nuclear Whydropower Mnon-hydro renewables @ other

Source; U.S. Energy Information Administration. Mational Energy Modeling System, runs refhall. d0g2811b and
cesbingbk.d100811a
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Among renewable sources, wind and biomass have the largest generation increases under the BCES (Figure 2,
Tables B1 and B2). Under the BCES policy, 2035 wind generation is more than five times its 2009 level. Total 2035
wind generation under the BCES is more than double the 2035 level in the Reference case. Biomass generation
shows robust growth, as well, within the BCES framework. All of the growth in biomass use relative to the
Reference case is attributable to co-fired generation, which reaches 187 billion kilowatthours in 2025 before

declining to 156 billion kilowatthours in 2035 as coal-fired plants that co-fire biomass are retired.

Figure 2. Total Non-Hydroelectric Renewable Generation

billion kilowatthours
800

700

600

200 .
400

300 .

200 I

Ref

w0 [N I
, 1
BCES Ref BCES

2009 2025 2035

mgecthermal ®Wmunicipal waste  ®wood and other biomass solar  Ewind

Source: U.5. EnergyInformation Administration. Mational Energy Modeling System, runs refhall. d082811b and
ceshingbk.d100811a

Under the BCES, projected annual electricity sector carbon dioxide emissions are 22 percent below the
Reference case level in 2025 and 43 percent lower in 2035 (Figure 3, Tables B1 and B2). In the Reference case
electricity-sector carbon dioxide emissions increase modestly over the projection period, reaching annual
emissions of 2,345 million metric tons of carbon dioxide (MMTCO2) in 2025 and growing further to 2,500 MMTCO2
emitted in 2035. Over the 2009-to-2035 period, cumulative CO, emissions are 20 percent lower in the BCES case
than they are in the Reference case.
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Figure 3. Electricity Sector Carbon Dioxide Emissions

million metric tons COz percent difference (BCES - Reference)
3,000 0%
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Source:. U5 Energy Information Administration. Mational Energy Modeling System, runs refhall. di82611b
and cesbingbk. d100611a.

The BCES has a negligible impact on electricity prices through 2022, but prices rise in later years. (Figure 4,
Tables B1 and B2). In the early years of the projection period, there is negligible impact on average end-use
electricity prices, as the requirement to hold BCES credits is modest. As shown in Table 1, the share of total sales
that must be covered by credits does not exceed 45 percent until after 2030. This is important because, while
coal-fired plants do not receive BCES credits, efficient combined cycle plants receive 0.48 credits for each
megawatthour they generate, more than retailers purchasing their output are required to hold until after 2030.
This effectively reduces the cost of most natural gas-fired generation until the later years of the projections.
Electricity prices do grow later in the projections, reaching 21 percent above the Reference case level by 2035 in
the BCES case.

Figure 4. BCES Impact on Electricity and Natural Gas Prices (BCES Difference from Reference case)

2009 dollars/Mcf 2009 cents/kWh percent difference
0.9 25 25%
08 2.0 20% i
0.7 ’
0.6 15 15% ’/
- Fl
02 10 10% o o S=ell ==
04 ""----s ”"
0.3 0.5 5% [ ST S
0.2 -
0.0 0% r=tem—p====f
0.1 2015 2020 2025 2030 2035
00 ———————————————————+—— 05 -5%
2015 2020 2025 2030 2035
=——Average Delivered Matural Gas Price === Ayerage Delivered Matural Gas Price
= PAverage Electricity Price === Ayerage Electricity Price

Source: U.5. EnergyInformation Administration. National Energy Modeling System, runs refhall. d082511b and cesbhingbk d1006114a.

U.S. Energy Information Administration | Analysis of Impacts of a Clean Energy Standard as requested by Chairman Bingaman



While average end-use electricity prices increase nationally after 2020 in the BCES case, the increase is not the
same across all regions (Table 3). In 2025, when national average electricity prices in the BCES case are projected
to be 3.6 percent above the Reference case level, regional projected prices are below the Reference case level in 8
of the 22 regions including New England (NEWE) and California (CAMX) which already have significant generation
from eligible clean energy resources. By 2035, prices are below the Reference case level in only one region, MRO
East (MROE), reflecting the significant share of qualified end-use generation projected to be co-produced in that
region by facilities producing cellulosic biofuels to comply with the Federal Renewable Fuels Standard. The
regions with the highest price increases in 2035 (by percent) are the SERC Central Region (SRCE) (69.2-percent
increase) and the WECC Northwest Region (NWPP) (61.5-percent increase). The two regions with the highest
increases in terms of cents per kilowatthour in 2035 are NPCC Long Island (NYLI), where prices increase by 5.2
cents/kWh and SERC Central (SRCE), where prices increase by 4.2 cents/kWh.

Natural gas prices also increase in the BCES case, particularly in the early years of the projections (Figure 4,
Tables B1 and B2). Early in the projection, natural gas prices rise as generation from natural gas increases to
comply with the BCES and bank credits for future use. As new capacity is built and other clean technologies
continue to be expanded, the natural gas price premium over the Reference case gradually declines. Natural gas
price impacts reach their height in 2016, where prices are $0.83/ thousand cubic feet (12 percent) higher than in
the Reference case.

Table 3. BCES Regional End-use Sector Average Prices (2009 cents/kWh)

2009 2025 2035
Region Reference BCES Reference BCES
ERCT - ERCOT All 10.4 9.2 9.0 10.0 11.6
FRCC - FRCC All 11.6 10.9 12.0 11.2 13.6
MROE - MRO East 9.3 7.5 7.0 7.3 5.9
MREOW - MRO YWest 7.6 6.5 g.0 5.9 8.9
MEWE - MPCC Mew England 15.7 13.6 12.2 131 14.3
MY CW - MPCC NYCAVestchester 19.9 16.8 16.7 16.9 19.6
MYLIl - MPCC Long Island 18.1 16.7 17.4 16.6 218
MYUP - MPCC Upstate MY 11.6 11.9 111 12.6 14.4
RFCE - RFC East 12.2 10.7 11.7 10.9 12.4
RFCM - RFC Michigan 9.6 8.7 9.0 9.0 114
RFCW - RFC West 4.6 8.5 g.5 9.9 11.0
SRDA - SERC Delta 7.5 7.3 72 7.5 S r
SRGEW - SERC Gateway 7.g 6.5 6.7 7.0 9.6
SRSE - SERC Southeastern 9.1 8.7 8.9 5.5 103
SRCE - SERC Central 7.8 6.0 [ 6.0 10.2
SRWC - SERC WACAR 4.6 3.1 9.1 8.3 11.2
SPMO - SPP Marth 7.9 7B 8.9 7.5 8.9
SPS0 - SPF South 6.9 7.g g.0 G.5 10.4
AZMM - WECC Southwest 9.8 9.5 9.5 10.4 11.3
CAMX - WECC California 13.3 14.6 13.1 13.2 14.0
MWPP - WECC Morthwest 7.0 4.5 6.4 5.2 .4
RMPA - WECC Rockies g.2 9.0 9.4 9.4 11.1
U5 Average 9.3 9.0 9.4 9.4 11.3

BCES electricity price is 10-25 percent greater than the Reference case electricity price
BCES electricity price is 25 percent or more greater than the Reference case electricity price

Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs refhall d0826-11b
and cesbhingbk.d100611a.
Mote: See Appendix Cfor a map of the MEMS electricity market module regions.
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Electricity expenditures increase in the BCES case after 2020 as a result of higher electricity prices (Figure 5,
Tables B1 and B2). However, because electricity sales decrease later in the forecast period relative to the
Reference case, the impact on electricity expenditures is smaller than the impact on electricity prices. In 2025 and
2035, total annual electricity expenditures across all sectors in the BCES case are 2.8 percent and 15.1 percent
above the projected Reference case level, respectively. Household average annual electricity expenditures
similarly increase over the projection horizon. In 2025, average household electricity expenditures are $1,198 in

the BCES case — $36 above the Reference case. This difference increases to $170 in 2035 between the two cases
(1,366 versus $1,196).

Figure 5. Total Electricity Expenditures

billion 2009 dollars Percent Difference (BCES - Reference)
500 20%
400 165
300 12%
200 8%
100 4%

%

2015 2020 2025 2030 2035

mmm Reference B CES  =#=Percent Difference (BCES - Reference)

Source: U.5. EnergyInformation Administration. Mational Energy Modeling System, runs refhall d082611b and
cesbingbk.d100611a

Higher natural gas prices also lead to increased natural gas expenditures outside the electricity sector in the
BCES case (Figure 6, Tables B1 and B2). In 2025, non-electric natural gas expenditures in the BCES case are 3.4
percent higher than Reference case levels. This differential increases to 6.5 percent by 2035. Natural gas
expenditures in the electric power sector experience upward pressure from both higher prices and higher

consumption, but the impact of those changes on ultimate consumers is reflected in their electricity expenditures.
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Figure 6. Natural Gas Expenditures, Not Including the Electric Power Sector
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Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs refhall. dd82611b and
cesbingbk.d100611a

The BCES case reduces projected real Gross Domestic Product (GDP) relative to the Reference case, with a peak
difference in the GDP level of less than half of one percent in 2035 and generally lower impact in earlier years.
(Figures 7 and 8, Tables B1 and B2). GDP grows at an average annual rate of 2.67 percent between 2009 and 2035
in the BCES case, just slightly below the Reference case growth rate of 2.69 percent.

Figure 7. Annual Gross Domestic Product

billion 2005 dollars
30,000

25.000

20,000

15,000

10,000

5,000
0 . . . . T

2010 2015 2020 2025 2030 2035
BReference BWBCES

Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs
refhall.d082811b and cesbingbk. d100811a.

10 U.S. Energy Information Administration | Analysis of Impacts of a Clean Energy Standard as requested by Chairman Bingaman



Figure 8. BCES Impact on Employment and Real GDP, Percent Difference (BCES Difference from Reference case)
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Source:. U5 EnergyInformation Administration. Mational Energy Modeling System, runs refhall. di82611b
and cesbingbk.d100&11a.

Alternative Case Results
As described earlier, EIA also prepared alternative cases that vary certain aspects of the CES policy. This section
briefly describes the main impacts of these alternative cases.

As in the BCES case, each of the alternative cases shows reductions in coal generation and increases in natural
gas, renewable and nuclear generation (Figures 9 and 10). Because each of the alternative cases maintains the
basic structure of giving renewable generation a full credit and no credits to conventional coal generation, all of
the cases show renewable electricity generation growth relative to the Reference case. Natural gas and nuclear
generation levels vary across the cases. The All Clean (AC), Partial Credit (PC) and Revised Baseline (RB) cases all
show greater nuclear generation than in the BCES case. Each of these cases contains provisions aimed at providing
some credit to existing nuclear plants which results in greater nuclear generation and lower coal generation. The
highest nuclear generation occurs in the PC case where it reaches levels 9.7 percent and 62.2 percent greater than
the BCES case in 2025 and 2035, respectively. This generation is 8.2 percent and 46.3 percent above the Reference
case levels in those same years.

The shift away from coal is smaller in the cases with credit price caps, as compliance is achieved by making
alternative compliance payments. This is particularly true in the Credit Cap 2.1 (C2.1) case where renewable
generation is the smallest among alternative cases. Both this case and the Small Utilities Exempt (SUE) case, where
suppliers with sales of less than four million MWhs are exempt from meeting the targets, have the largest coal
generation as a result of the ability to comply without needing as much clean generation. The role played by fossil-
fueled technologies that sequester carbon emissions varies across the cases, with larger amounts seen in the AC
and RB cases that tend to have higher CES credit prices that spur the use of higher-cost technologies.

Non-hydroelectric renewable generation increases relative to the Reference case in all of the alternative cases,
but it varies among them (Figures 11 and 12). The lowest level among the alternative cases in 2035 occurs in the
C2.1 case where utilities rely on making alternative compliance payments rather than increasing clean generation,
while the highest level occurs in the C3.0 case. In the C3.0 case, the option to make alternative compliance
payments at a higher rate than in the C2.1 case results in coal generation between the levels in the BCES and C2.1
cases. However, the credit price levels in the C3.0 case are not high enough to support the high levels of new
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nuclear capacity seen in the other alternative cases, leading to a slightly higher level of non-hydro renewable
generation than occurs in those cases.

Figure 9. Total Net Electricity Generation in Alternative Cases, 2025
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Source: U.Z. Energy Information Administration. Mational Energy Modeling System, runs refhall. d082611b,
cesbingbk.d100811a, cesbingbkac.d100811a, cesbingbkrb.d100311a, cesbingbkpc.d100811a, cesbingbksm.d100311b,
cesbingbkc21.d100311b, cesbingbkc30.d100311a, cesbingbksc.d100611a.

Figure 10: Total Net Electricity Generation in Alternative Cases, 2035
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Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs refhal. dig2611b,
cesbingbk d100811a, cesbingbkac.d100611a, cesbingbkrb.d100311a, cesbingbkpe. d100811a, cesbingbksm. d100311b,
cesbingbkc21.d100311b, cesbingbkc30.d100311a, cesbingbksc.d100611a.

12 U.S. Energy Information Administration | Analysis of Impacts of a Clean Energy Standard as requested by Chairman Bingaman



Figure 11. Total Non-hydroelectric Renewable Generation in Alternative Cases, 2025
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Source: U.S. EnergyInformation Administration. Mational Energy Modeling System, runs refhall. d082611b,
ceshingbk.d10061 14, cesbingbkac.d100811a, cesbingbkrb.d100311a, cesbingbkpe. d100611a, cesbingbksm. d100311b,
cesbingbke?1.d100311b, cesbingbkc30.d100311a, cesbingbksc. d100611a.

Figure 12. Total Non-hydroelectric Renewable Generation in Alternative Cases, 2035
PC RB
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Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs refhall. d082611b,
cesbingbk.d100811a, cesbingbkac. d100811a, cesbingbkrb.d100311a, cesbingbkpe.d100511a, cesbingbksm.d100311b,
cesbingbke21.d100311b, cesbingbkc30.d100311a, cesbingbksc.d100811a.
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While all alternative cases achieve carbon dioxide emissions reductions in the electric power sector relative to
the Reference case, there are significant differences across cases (Figure 13). Trends in emissions directly reflect
the generation mix. The cases with the largest emissions reductions, the RB, PC, and AC cases, achieve between 25
percent to 31 percent lower emissions in 2025 than in the Reference case. By 2035, their electricity sector carbon
dioxide emissions fall to levels 60 percent to 63 percent below the Reference case, much larger than the 43
percent reduction seen in the BCES case. The larger emissions reductions in these cases occur because of
incentives in them to continue operating existing nuclear plants while retiring additional coal plants. The opposite
occurs in the SUE, C3.0, and C2.1 cases where the exclusion of small utilities from coverage or the credit price cap
reduce the amount of clean energy needed for compliance.

Figure 13. Electric Power Sector Carbon Dioxide Emissions in Alternative Cases, 2025 and 2035
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Source: U5 EnergyInformation Administration. Mational Energy Modeling 2ystem, runs refhall d082811b,
cesbingbk.d100811a, cesbingbkac.d100511a, cesbingbkrb.d100311a, cesbingbkpc.d100811a, cesbingbksm.d100311b,
cesbingbke21.d100311b, cesbingbkc30.d100311a, cesbingbksc.d1006114.

Each of the alternative cases causes average end-use electricity prices to rise relative to the Reference case by
2035, but there is a wide range of price changes (Figure 14). As in the BCES case, 2025 electricity price increases
among the alternative cases are modest. The only case where 2025 electricity prices exceed Reference case prices
by more than 10 percent is the AC case, where they are 10.3 percent higher. This occurs because the required
credit share is much higher in the AC case, exceeding the credits given to natural gas combined cycle plants by
2018, much earlier than in the other cases. In contrast, the only case shown in Figure 14 to have a 2035 average
electricity price that is not at least 10 percent above the Reference case projected price is the Credit Cap 2.1 case.
Average 2035 electricity prices among all cases, however, are less than 30 percent higher than Reference case
prices in that same year. The two cases with the highest percentage increases in 2035 prices are the Revised
Baseline case and the All Clean case, each having prices that are approximately 27 percent higher than the
Reference case. The electricity price in the Standards and Codes case does not reflect the higher level of

expenditures needed for structures and equipment to meet more stringent codes and standards.

Electricity prices from the SUE case are not displayed in Figure 14, because EIA is not able to disaggregate the price
impacts of exempt small utilities from those of larger covered utilities. Average price impacts in this case are
subject to misinterpretation given that there is likely to be a considerable divergence in the price impacts on

customers of exempt and non-exempt electricity providers. Price impacts in this case will vary depending on how
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the value of the credits earned by clean energy generators serving uncovered small utilities flows through to
electricity prices. If the credits from these generators generally flow with the electricity to the small utilities they
serve, the electricity prices to the customers of the exempt providers could actually fall because of revenue they

earn selling the credits to non-exempt providers. However, the degree to which this might occur is uncertain.

Figure 14. Impacts on National Average Electricity Prices in Alternative Cases, 2025 and 2035
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Source: U5, Energy Information Administration. Mational Energy Modeling System, runs refhall. d0g2511b,
cesbingbk.d100681 14, cesbingbkac.d100611a, cesbingbkrb.d100311a, cesbingbkpe d100811a, cesbingbksm.d100311b,
cesbingbkc21.d100311b, cesbingbkc30.d100311a, cesbingbksc. d100611a.

Regional electricity prices also vary widely across cases (Tables 4 and 5). As with the national prices, the
magnitude of the regional price impacts compared to the Reference case depends on the overall stringency of the
targets and whether or not the compliance costs are capped. Generally, the largest price increases in percentage
terms occur in regions where Reference case prices are relatively low (e.g. NWPP) or where prices are below the
national average in regions that are heavily dependent on coal. As in the BCES case, prices in the MROE region
decrease across all alternative cases by 2035. The All Clean and Standards and Codes cases cause the greatest
number of regions (15 out of 22) to experience price increases of more than 25 percent in 2035. However, as
noted in the discussion of the BCES case results, electricity expenditure impacts in the Standards and Codes case
are ameliorated by lower levels of electricity use.
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Table 4. Regional Average Electricity Prices in Alternative Cases, 2025 (2009 cents/kWh)

2009 2025

Region Ref BCES AC PC RB C21 €30  S+C

ERCT - ERCOT All 104 9.2 90 109 9.1 9.6 9.0 89 109
FRCC - FRCC All 116 109 120 127 120 121 113 114 127
MROE - MRO East 9.3 75 7.0 77 69 73 7.2 70 77
MROW - MRO West 76 63 8.0 79 81 8.0 74 74 79
NEWE - NPCC New England 157 136 122 146 125 137 133 128 146
NYCW - NPCC NYC/Westchester  19.9 168 167 182 167 174 167 163 182
NYLI - NPCC Long Island 18.1 167 174 196 174 186 172 173 196
NYUP - NPCC Upstate NY 116 119 11 132 112 122 118 115 132
RFCE - RFC East 122 107 M7 127 108 115 106 120 127
RFCM - RFC Michigan 9.6 87 9.0 99 9.1 9.3 9.1 8.9 99
RFCW - RFC West 8.6 B85 85 101 95 97 8.9 89 101
SRDA - SERC Delta 75 73 72 65 70 71 72 72 65
SRGW - SERC Gateway 7.8 6.5 67 83 6.5 75 6.5 6.6 8.3
SRSE - SERC Southeastem 9.1 8.7 8.9 9.0 8.9 8.9 8.9 8.9 9.0
SRCE - SERC Central 7.8 6.0 72 67 73 71 6.5 71 67
SRVC - SERC VACAR 8.6 8.1 9.1 85 9.2 8.9 8.7 8.8 8.5
SPNO - SPP North 7.9 76 8.9 9.1 8.6 9.0 7.8 8.4 9.1
SPSO0 - SPP South 6.9 78 8.0 9.1 8.0 8.5 8.1 8.0 9.1
AZNIM - WECC Southwest 9.8 95 95 98 100 9.8 97 96 98
CAMYX - WECC California 133 146 131 132 131 132 132 131 132
NWPP - WECC Northwest 7.0 46 64 47 6.0 55 56 538 47
RMPA - WECC Rockies 8.2 9.0 94 110 993 102 9.2 931 110
U.S. Average 9.8 9.0 9.4 94 95 97 9.2 93 9.4

BCES/alternative case electricity price is 10-25 percent greater than the Reference case electricity price
BCES/alternative case electricity price is more than 25 percent above the Reference case electricity price

Source: U.S. Energy Information Administration. Mational Energy Modeling System, runs refhall. d082811b, cesbingbk.d100811a, cesbingbkac.d100811a,
ceshbingbkrb.d100311a, cesbingbkpe d100811a, cesbingbksm.d100311b, cesbingbkc21.d100311b, cesbingbkc30.d1003113, cesbingbksc.d100811a.

Table 5. Regional Average Electricity Prices in Alternative Cases, 2035 (2009 cents/kWh)

2009 2035

Region Ref BCES AC PC RB  C21 C3.0  S+C
ERCT - ERCOT Al 10.4 100  He[HEZ 115000430 104 108z
FRCC - FRCC Al 116 12 136 146 135 143 127 130/ 146
MROE - MRO East 93 73 59 41 6.2 47 6.5 6.3 41
MROW - MRO West 76 6.9 8.9 8.8 9.3 9.1 8.6 8.8 5.8
NEWE - NPCC New England 157 131 143/ 16F 131 155 125  126] 167
NYCW - NPCC NYC/\Westchester  19.9 169 196 215 189 203 175 179, 215
NYLI - NPCC Long Island 18.1 166/ 218 243 204 225 181 191 243
NYUP - NPCC Upstate NY 116 126 144, 166 132 154 126  128| 166
RFCE - RFC East 12.2 109 124 167 129 143 113 112| 157
RFCM - RFC Michigan 9.6 9.0/ 114 107 106 115 100 104 107
RFCW - RFC West 8.6 99 110/ 131 110 126 100  102) 131
SRDA - SERC Delta 75 75 9.7 74 8.2 5.1 8.1 8.6 74
SRGW - SERC Gateway 78 7.0 96 117 91 106 77 8.5 1T
SRSE - SERC Southeastemn 9.1 85 103 108 104 106 98 104 109
SRCE - SERC Central 7.8 6.0/ 102 8.2 9.6 9.4 8.1 8.9 8.2
SRVC - SERC VACAR 8.6 83, 12 101 106 101 100 106  10.1
SPNO - SPP North 79 75 59 104 9.0 96 8.1 8.7 104
SPSO - SPP South 6.9 85 104 127 95 114 9.0 95 127
AZNM - WECC Southwest 98 104 13 15 114 111 112 114 115
CAMX - WECC California 13.3 132 140 132 140 133 132 135 132
NWPP - WECC Northwest 7.0 5.2 8.4 56 78 6.2 75 78 5.6
RMPA - WECC Rockies 8.2 94 111] 126 117 421 104 110 126
U.S. Average 98 94 113 18 111 116 102 106 119

BCES/alternative case electricity price is 10-25 percent greater than the Reference case electricity price
BCES/alternative case electricity price is more than 25 percent above the Reference case electricity price

Source: U.S. EnergyInformation Administration. Mational Energy Modeling System, runs refhall d082611b, cesbingbk. d100611a, cesbingbkac.d1008114a,
cesbingbkrb.d100311a, cesbingbkpe.d100611a, cesbingbksm.d100311b, cesbingbkc21.d10031 1b, cesbingbkc30.d10031 13, cesbingbksc.d100611a.
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Natural gas price impacts are significant early in the projection period, but largely moderate by 2035 (Figure 15).
In 2035, price impacts across cases are generally less than 5 percent, when compared to the Reference case.
However, impacts on gas prices are generally more significant in the earlier years of the program. By 2025,
impacts in three cases, All Clean, Revised Baseline, and Partial Credit, exceed 4 percent, with the Revised Baseline
case exceeding 8 percent. Cases with reduced need for clean energy generation — the Small Utility Exemption
case, the Standards and Codes case, and the two credit price cap cases — have more modest gas price impacts in
the near-term. In 2025, only the Revised Baseline case, where natural gas generation in 2025 significantly exceeds

the BCES case level, shows a larger impact on natural gas prices than the BCES case.

Figure 15. Impacts on Delivered Natural Gas Prices in Alternative Cases, 2025 and 2035
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Source: U.S. EnergyInformation Administration. Mational Energy Modeling System, runs refhall. d082811b,
ceshingbk.d100611a, cesbingbkac. d100611a, cesbingbkrb.d100311a, cesbingbkpe.d100611a, cesbingbksm. d100311k,
cesbingbkc21.d100311b, cesbingbkc30.d10031 13, cesbingbksc.d100611a.
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Appendix A: Request Letters

Nnited Staces Senate

AR PR W T e WastHGTDg DO 205105150
e o

EREREY.SEMNS [EGLY

Aungust 16, 2011

M. ITpward Grusmspecht

Acting Administranr

Energy Infommation Administration
10} Independence Ave. W
Washington, DO 20585

Dcar Mr. Gruenspecht:

Over the past decade, Congress has considersd many differont legislative
proposals o drive the develooment and deplovment of clean generating technelozics in
the povwer sector and roduce the greenhonse gases resulting frem the generption of
elecinely, [urng the eurment Congress | have foensed my attention in this regard onoa
poley o establish i nuliony] Clesn Energy Standard (CES) that would require an
increasing percentape of electricily 1o be pemerated from clean sources. To this end, the
Senate Committec on Encrgy and Netural Resoueces pot foreard a white paper secking
public input on the design of a CES. Az the next step in the development of a legizlative
proposal, [ am wriling to regquest that vou conduct an analysis of the efects of auch a
national Clean Encregy Standard {CES ) under o series of different scenarios.

The primary elements of the propesal W anaviee should be as tol.ows:

# The entities subject to the CES include all electric service providers that sell
electrizity tnoretzl consumers, The base apainst which the clean requiterment
siould be caleuluted is defined as all clectric wnlity retail sales in a given calendar
wens.

= ‘The yearly clean enengy targets should ramp lincarly from the current state of
qualif¥ing clean energy generalion 1o un overall target of ¥0% clean cnerey in
2033 end holding at 80% indetinitely beyond 2035,

o  Full or partial clean energy credits should be awarded (o generators with a lower
carhon-inlensity (a5 messured on g carhon dineide equivalency hagiz) than that of
new superceitical coal generation (“new scrubbed coal plant” s defined n Table
8.2 of Azsumpricns fo the draeal Kaergy Cudfook 2011,

St ffnw efa. govdforecastrizenss s ptionsipdielecteicloe pdf), 2o amission
generation rechnologies should ceceive 1 credic for each MWh of retuil elecmicity
sald, Fossil generaticn with a carbon intensity equal to or greeter than new
supercritival coal should receive zeto credits. Partial credits should be awarded o
fossil-fuel utilities penerating with 2 lower carbon-intensity than supereritical coal
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proqortional o their improvenent over suercritical voul per WTWh.

Cleun energy credita may be banked incefininely.

Creneruion from existing nuclear and hydroelectric wiilities should be counted
tirwardls the overall target, but they should not be awarded credits. That is, the
surn o all crediled generation and gencration from existing mouclear aml
hydroelectric plants should egual, by 2035, 80 porcent of sales. The target for
credited generation would therefore be reiduced by the generation from existing
mucl ear mmid hydroclecric planrs,

Lo addition, please alae conduct the seven mdditional “scnsitiviry rues™ identifiag
heliw W consider the effeets of changing certain important policy varables in the core
policy:

Alrarnate crediting smechanivmy

17 Award eredits toall existing clean penesation.

1) Dweduet generstion fram cxisting hydreelectric and nuclenr generction plants from
the basc against which a ufility®s requirement is caleulased.

31 Credin rechnologics as Tollows.

= Muw and vprted ouclear goneration, new and incremenlal hyvdmoclectoic
generation, and renewable gpneration should receive 1 coedit ser MWh ol
retail elzctricity sald.

e Moew and cxisting MNamral Gas Cembined Cyele (NGCC) generators shouald
receive 0.5 vredit: per WMTWh of retail electricity sold,

«  Coal equipped wid canlon vaplure and swmage af grealer than 90% capre
elfiviency should receive 0.9 credits per MWh of retail elecinivity sold.

e MNatwral Gas equippe:] with carbon caphure and storage at geeater than 95%
capture efficiency should receive 0.95 credits ser MWh of retall electricicy
sl

v Dxicling nuclear and hydrocleetriz generators should recedve 0.1 credits per
MW h of retail elestricily sold.

Eaofuwsivn of seoll wilijier

4y Exempt all wtilities selling lesa than 4 million M%h pes vear from compliance
with the slandard,

Alternarive complianee e e

3} Allow cormpliance allernutely to be nchioved through s pavimeat that begns at 2.1
cents per kilowatt hove and rises afl au inllalion-adjusted rale of 5% per yoar,

i) Allow cornplianee altemnarely o be achicved dwoush a pavment tha. begns @l 3,0
cents per kilowatl bowr and mises at an inflation-adjusted rate of 5% per vear,
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Wmiced Staces Senate

CEMMITICE Ok

CHEAGY WNATLIAAL RESCURCES

Y o, D 2029095150

ENERDY SFRATE, GOY

Seprembar 30, 2011

[, Howard Graenspecht

Actinpg Admimistrator and Deputy Administrator
Cnergy Information Administration

1000 Independcnes: Ave. 5W

W ashington, L 20583

Dhear T, Gruenspecht;
Upan further consideration of the desipn paramelers [or o Clean Energy Standard [(CES),
I wonld like ro modify my original request for madeling dated Aogos 16, 2001 o5

follvers:

Please use the follewing set of overall targets for clean enerpy:

Year ol complitnoe Crverull Clesr Eneryey Tarzet
2015 4504 '

A S

anas a0%

2030 TO%%

2035 E%h

040 A5%

245 Sl%p

20a0 QEny

The overall clean energy tarpets shenld be incressed linearly betwean each interim target,
and held eonstant after 2050,

The overall clean cicrey tavget for cachy of e modeling scemarios T lave neguesied
shoull equal the pereentage of the total retadl sales generated by clean cacrgy as
caloulated wsing the methadalegy included in he o-igined reguest, Tn each seenario the
total clean ererey required to be generated based on covered salss, phos any non-targeted
elenn energy (existing nuelear and hyvdro generation, if applicable), should be equal to the
share of all electricity sales indicated in the Lable uhove. The sols exception s in model
seenario #4, in which utilities with anmial sales of less than 4,000,000 MWh sre exempt
frem having a compliance chligation, For scenario #41, the cverall elean energy targets
should be applicd only to the total retanl sales from utilities with anneal retail sales
greater “hen 4,000,000 MWh.
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Thank you for your attention te this request. T ask that my staff he briefed prior o the
release of information. Should vou or your staff hove any yuestions, pleass contacr Kevin
PFenmirt with the Senate Commitise on Energyand Metural Besounces a0 (202) 224-TR26.

U.S. Energy Information Administration

Sincerely,

~

\'Ii_‘}/ ."I:; "::l f L{?‘A‘-‘L'_-
ﬁ!:IT'Bingmnan

Chainman
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Appendix B: Summary Tables

Table B1. The BCES and alternative cases compared to the Reference case, 2025

2009 2025 2025
Partial Revised Small  Credit Cap CreditCap Stnds+
Ref Ref BCES AllClean  Credit Baseline Utilities 2.1 3.0 Cds
Generation (billion kilowatthours)
Coal 1,772 2,049 1,431 1,305 1,387 1,180 1,767 1,714 1,571 1,358
Petroleum 41 45 43 44 44 44 45 45 45 43
Natural Gas 931 1,002 1,341 1,342 1,269 1,486 1,164 1,193 1,243 1,314
Nuclear 799 871 859 906 942 889 878 857 843 826
Conventional Hydropower 274 306 322 319 300 321 316 298 312 322
Geothermal 15 25 28 25 31 24 27 22 23 24
Municipal Waste 18 17 17 17 17 17 17 17 17 17
Wood and Other Biomass 38 162 303 289 295 301 241 266 314 296
Solar 3 18 18 33 18 35 18 18 18 21
Wind 71 153 233 251 285 252 179 193 226 216
Other 18 16 16 16 16 16 16 16 16 16
Total Generation 3,981 4,665 4,612 4,547 4,603 4,566 4,669 4,640 4,627 4,452
Capacity (gigawatts)
Coal 317 323 278 254 275 252 297 298 288 267
Petroleum 116 87 86 85 92 86 88 91 90 83
Natural Gas 351 382 407 400 383 407 395 384 385 391
Nuclear 101 110 109 115 119 112 111 108 106 105
Conventional Hydropower 78 79 83 82 78 82 81 79 80 83
Geothermal 3
Municipal Waste 4 4
Wood and Other Biomass 17 17 17 17 17 17 17 17 17
Solar 11 11 17 11 18 11 11 11 12
Wind 32 53 77 86 97 86 61 67 78 75
Other (including pumped storage) 24 25 25 25 25 25 25 25 25 25
Total 1,033 1,095 1,101 1,089 1,106 1,093 1,094 1,087 1,087 1,065
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Table B1. The BCES and alternative cases compared to the Reference case, 2025 (cont)

2009 2025 2025
Partial Revised Small Credit Cap CreditCap Stnds+
Ref Ref BCES All Clean Credit Baseline Utilities 2.1 3.0 Cds

Prices (2009 cents/kWh)

Credit Price 0.0 0.0 6.1 6.4 5.9 8.3 2.9 3.4 4.9 6.0

Electricity Price 9.8 9.0 9.4 10.0 9.5 9.8 8.9 9.2 9.3 9.3
Residential 11.5 10.7 11.2 11.7 11.3 11.5 10.7 11.0 11.1 11.2
Commercial 10.1 9.3 9.5 10.2 9.7 10.0 9.1 9.4 9.5 9.4
Industrial 6.8 6.3 6.5 7.0 6.6 6.9 6.2 6.4 6.5 6.4

Average Delivered Natural Gas Price (2009

dollars/Mcf) 7.5 8.1 8.5 8.5 8.4 8.7 8.2 8.3 8.4 8.3

Expenditures (billion 2009 dollars)

Total Electricity Expenditures 350 373 383 399 387 396 370 379 382 365
Residential Electricity Expenditures 156 157 161 167 162 165 156 159 160 152
Household Electricity Expenditures (2009

Dollars/Household) 1,379 1,162 1,198 1,237 1,205 1,227 1,158 1,181 1,189 1,124

Natural Gas Expenditures 156 187 211 212 209 227 197 201 206 206
Electricity Sector Natural Gas Expenditures

34 39 59 57 57 70 48 51 54 57
Non-Electricity Sector Natural Gas

Expenditures 122 148 153 155 152 158 149 151 152 149

CES Compliance 34 60 37 46 25 34 34 0]

Credits Required (percent ofsales) 31 59 35 34 25 25 28 (o]

Credits Achieved (percent ofsales) 33 60 36 34 25 25 34 (0]

Generation Achieved (percent ofsales) 44 72 71 49 35 36 40 0

Total Electricity Sales (billion kilowatthours)*

3,556 4,105 4,073 3,981 4,065 4,022 4,128 4,089 4,080 3,924

Emissions

Sulfur Dioxide (short tons) 5.7 4.1 3.4 3.3 3.2 3.3 3.8 3.3 3.2 3.0

Nitrogen Oxide (short tons) 2.0 2.0 1.8 1.7 1.7 1.5 1.9 2.0 1.9 1.7

Mercury (short tons) 40.7 29.1 19.4 17.6 18.3 15.9 24 .4 23.4 21.1 18.1

Carbon Dioxide (million metric tons CO,) 2,160 2,345 1,840 1,704 1,762 1,623 2,118 2,082 1,955 1,762

Macroeconomic

GDP (billion 2005 dollars) 12,881 20,012 19,963 19,947 19,951 19,947 19,994 19,990 19,983 19,942

Per Capita GDP (thousand 2005 dollars/person)

42 56 56 56 56 56 56 56 56 56

Employment, Non-Farm (million) 131 156 156 156 156 156 156 156 156 156

Employment, Manufacturing (million) 12 16 16 16 16 16 16 16 16 16

1 Exlcudes sales in Alaska and Hawaii

Source: U.S. Energy Information Administration, National Energy Modeling System, runs refhall.d082611b, cesbingbk.d100611a,
cesbingbkac.d100611a, cesbingbkrb.d2100311a, cesbingbkpc.d100611a, cesbingbksm.d100311b, cesbingbkc21.d100311b,

cesbingbkc30.d100311a, cesbingbksc.d100611a.
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Table B2. The BCES and alternative cases compared to the Reference case, 2035

2009 2035 2035
Partial Revised Small  Credit Cap CreditCap Stnds+

Ref Ref BCES AllClean  Credit Baseline Utilities 2.1 3.0 Cds
Generation (billion kilowatthours)
Coal 1,772 2,184 1,044 747 936 737 1,629 1,619 1,212 983
Petroleum 41 47 43 43 43 44 45 44 43 42
Natural Gas 931 1,293 1,980 1,840 1,658 2,007 1,277 1,432 1,582 1,778
Nuclear 799 868 783 1,114 1,269 999 1,105 932 1,048 748
Conventional Hydropower 274 314 312 319 300 323 322 322 329 321
Geothermal 15 42 49 51 55 50 53 50 51 52
Municipal Waste 18 17 17 17 17 17 17 17 17 17
Wood and Other Biomass 38 181 295 243 271 245 323 350 301 285
Solar 3 21 24 65 22 66 23 25 47 53
Wind 71 159 351 355 363 327 319 241 360 325
Other 18 16 16 16 16 16 16 16 16 16
Total Generation 3,981 5,142 4,916 4,811 4,950 4,831 5,131 5,049 5,007 4,620
Capacity (gigawatts) 1
Coal 317 330 260 249 269 249 304 305 290 243
Petroleum 116 87 83 83 86 83 84 86 82 81
Natural Gas 351 455 496 458 448 483 443 455 470 450
Nuclear 101 110 155 142 163 127 141 118 138 138
Conventional Hydropower 78 81 83 82 78 83 83 83 84 83
Geothermal 2 6 6 7 7 7 7
Municipal Waste 4 4 4 4 4 4 4 4 4 1
Wood and Other Biomass 7 20 20 20 20 20 20 20 20 20
Solar 2 13 14 33 13 33 13 14 24 26
Wind 32 55 116 120 123 109 105 81 119 108
Other (including pumped storage) 24 25 25 25 25 25 25 25 25 25
Total 1,033 1,185 1,263 1,222 1,236 1,221 1,228 1,198 1,262 1,185
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Table B2. The BCES and alternative cases compared to the Reference case, 2035 (cont)

2009 2035 2035
Partial Revised Small Credit Cap CreditCap Stnds+
Ref Ref BCES All Clean Credit Baseline  Utilities 2.1 3.0 Cds

Prices (2009 cents/kWh)

Credit Price 0.0 0.0 11.6 11.4 9.9 13.7 4.7 5.6 8.0 10.6

Electricity Price 9.8 9.4 11.3 11.9 11.1 12.0 9.5 10.2 10.6 11.0
Residential 11.5 10.9 13.0 13.5 12.8 13.5 11.2 11.9 12.3 13.0
Commercial 10.1 9.4 11.4 12.0 11.2 12.1 9.5 10.3 10.6 11.0
Industrial 6.8 6.6 8.2 8.7 8.0 8.8 6.6 7.3 7.6 8.0

Average Delivered Natural Gas Price (2009

dollars/Mcf) 7.5 9.2 9.7 9.3 9.3 9.5 8.9 9.1 9.2 9.3

Expenditures (billion 2009 dollars)

Total Electricity Expenditures 350 417 480 490 471 498 423 445 456 436
Residential Electricity Expenditures 156 176 201 205 197 207 179 187 192 176
Household Electricity Expenditures (2009

Dollars/Household) 1,379 1,196 1,366 1,398 1,342 1,409 1,217 1,276 1,307 1,198

Natural Gas Expenditures 156 227 279 261 256 277 217 230 241 253
Electricity Sector Natural Gas Expenditures

34 55 97 80 79 94 52 59 67 84
Non-Electricity Sector Natural Gas Expenditures
122 171 182 180 176 183 165 171 174 169

CES Compliance

Credits Required (percent ofsales) 56 80 58 74 42 56 56 56

Credits Achieved (percent ofsales) 55 77 58 52 35 32 44 55

Generation Achieved (percent ofsales) 72 92 93 70 45 43 56 70

Total Electricity Sales (billion kilowatthours)*

3,556 4,428 4,220 4,085 4,225 4,136 4,435 4,328 4,282 3,938

Emissions

Sulfur Dioxide (short tons) 5.7 3.7 2.7 1.7 2.5 1.6 3.5 3.6 3.3 2.8

Nitrogen Oxide (short tons) 2.0 2.0 1.4 1.0 1.1 0.9 1.8 1.9 1.5 1.3

Mercury (short tons) 40.7 29.2 14.5 11.1 13.5 11.4 21.4 22.2 16.1 13.7

Carbon Dioxide (million metric tons CO;) 2,160 2,500 1,428 1,008 986 962 1,921 1,950 1,491 1,235

Macroeconomic

GDP (billion 2005 dollars) 12,881 25,686 25,562 25,528 25,563 25,610 25,641 25,650 25,606 25,472

Per Capita GDP (thousand 2005 dollars/person)

42 66 66 65 66 66 66 66 66 65

Employment, Non-Farm (million) 131 171 171 171 171 171 171 171 171 171

Employment, Manufacturing (million) 12 13 13 13 13 13 13 13 13 13

1 Exicudes sales in Alaska and Hawaii

Source: U.S. Energy Information Administration, National Energy Modeling System, runs refhall.d082611b, cesbingbk.d100611a,
cesbingbkac.d100611a, cesbingbkrb.d2100311a, cesbingbkpc.d100611a, cesbingbksm.d100311b, cesbingbkc21.d100311b,
cesbingbkc30.d100311a, cesbingbksc.d100611a.
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Appendix C: Map of NEMS Electricity Market Module Regions
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