Analysis of Multi-Emissions Proposals for the U.S. Electricity Sector
Requested by Senators Smith, VVoinovich, and Brownback
Prepared by: U.S. Environmental Protection Agency

This andysis provides the Environmenta Protection Agency's response to a June 8, 2001 |etter
to EPA Adminigtrator Whitman from Senators Smith, Voinovich, and Brownback. The letter
requested that EPA andyze the environmenta and economic impeacts of severd different policy
options related to multi-emissions control strategies in the nation's eectricity sector.

1. Executive Summary

This section briefly outlines the scenarios, methods, and results, first presenting the multi-
emissons andysis followed by the greenhouse gas (GHG) andyss.

1.1. Policy Scenarios

The Senators requested that EPA conduct two related analyses. Thefirst andysis focuses on the
cost of reducing emissions of sulfur dioxide (SO5), nitrogen oxides (NOx), and mercury (Hg)
from the ectricity sector, under three scenarios of varying stringency. According to the request,
these reductions would be phased in over time. Emissions alowance caps representing half the
required reductions would be implemented in 2007 with caps representing the full reductions
implemented in 2012. However, banking of emissions alowanceswould beginin 2002. The
andysis assumes a cap-and- trade program for both SO, and NOy in amanner congstent with the
exiging SO, trading program under Title IV of the Clean Air Act. Cap-and-trade for mercury
emissonsislimited in the analys's, such that half of the mercury reductions are avallable for
trading and haf of the reductions in each compliance period represent facility- pecific

reductions.

The second andlysis examines greenhouse gas reductions and the additiona costs of offsetting
carbon dioxide (CO,) emissions growth over 2008 levelsin the U.S. éectricity sector. The
Senators requested that the analysis allow the emissions growth to be offset by carbon
sequestration or reductions from any greenhouse gas from any source anywherein theworld. In
conducting thisanalysis, EPA congders the possible limits on offset availability as aresult of
ingtitutiond barriers, transaction costs, and/or demand for GHG offsets from other countries.

1.2. Three-Pollutant Analysis

The andlyss of the three multi-emission policy scenarios estimates the dectricity sector’s costs
of production, compliance choices, fuel use, plant digpatch, emissons, new capacity, and
wholesdle dectricity prices. To accomplish this, EPA used the IPM® model, an integrated
planning modd that EPA has dso used in rulemakings affecting the eectricity sector.

The actud emissions reductions under the three scenarios for 2020 are significantly less than the

targeted reductions because of the substantia availability of banked dlowances for withdrawal.
For example, under Scenario 1 (75% reductions), the actua emissions reductionsin 2020 are
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only 59% for SO,, 60% for NOy, and 63% for mercury. Likewise, under Scenario 2 (65%
reductions), the actud reductionsin 2020 are 52% for SO, 51% for NO, and 54% for mercury.
EPA edtimates that the annua cost to the eectricity sector of complying with the 3-pollutant
scenarios in 2020 varies between 3.1 and 6.9 billion dollars ($1999). The cost of complying with
Scenario 3 (50% reductions) is the lowest and Scenario 1 (75% reductions) is the highest. Costs
for Scenario 2 (65% reductions) fall between thisrange at 4.8 hillion dollars in 2020.

The predominant compliance strategy for reducing emissionsin 2012 and later isacombination

of selective cataytic reduction (SCR) and flue gas scrubbers. In addition to investmentsin
emission control technologies, the modeled power plants are expected to modify their operations.
Some of the changes in power plant operations result in an increase in natura gas use of 4.4% to
7.3% and a decrease in projected coa use by 3.4% to 6.2%, relative to the Base Case, by 2020.
However, cod usefor dectricity generation remains above 1999 levels under al three scenarios.

The modd predicts that a portion of the costs borne by eectricity generators in reducing the
three pollutants would lead to an increase in wholesde eectricity prices of between 1.9% and
2.4%. The effective impact on the retail price is expected to be lower because the wholesdle
price is only one component of the retall price.

1.3. Greenhouse Gas (GHG) Analysis

EPA anayzed the emissons reductions and additiona cost of offsetting U.S. dectricity sector

CO, emissons growth after 2008. EPA's analyses project CO, emissons under Scenario 2 of the
3-emisson andysis (65 percent reductions) using two dternative basdine forecasts. one using

the IPM® and the other by the Energy Information Administration (EIA). The two basdines
provide varying results: the IPM analysis requires offsets of sx and 58 MMTCE in 2010 and

2020, respectively; while the EIA analysis requires zero offsetsin 2010 and 75 MMTCE in 2020.
To put these quantities in context, the required offsets represent gpproximeately one percent of

U.S. dectricity sector CO, emissionsin 2010, and gpproximately nine percent by 2020.

The resultswould likely vary for Scenario 1 and Scenario 3, which have different reduction
requirements for SO,, NOy, and mercury. Actions taken to reduce emissons of these gases have
the additiona effect of reducing CO, emissions. CO, growth dows more under stringent controls
for the other gases, meaning that fewer offsets are needed. The multi-emission controls (75%
reductions of SO,, NOy, and Hg) in Scenario 1 would lead to dightly reduced requirements for
offsats, while Scenario 3 (50% reductionsin of SO, NOy, and Hg) would likely meen dightly
higher CO, emissions, and, therefore, a greater requirement for offsets.

To estimate the cost of GHG offsats, EPA used several global-scale economic moddsincuding
the Second Generation Model (awiddy used genera equilibrium model) and economic analyses
for snks and nonCO, gases. EPA aso conducted a number of dternative sengitivity andysesto
account for varying program effectiveness and to reflect different levels of internationa demand
for GHG offsets based on possible implementation of the Kyoto Protocol by the countries that
reached agreement in Bonn.
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In most cases, EPA estimates that abatement costs of a GHG offset program would be negligible
through 2020. For these cases, the allowance price associated with the offset program would be
equal to the transactions costs of securing the offsets. Estimates of transactions costs, which
indude private deal-making activities, and government program costs, have not been cdculated
because of alack of adequate data. For these cases, only when offset availability islimited to
3% in 2010 or 24% in 2020 do higher alowance prices appear.

EPA aso examined casesin which other countries comply with the Kyoto Protocol. With the
implementation of the Kyoto Protocol agreement reached in Bonn, thereislikely to be no change
in U.S. alowance prices or abatement costs through 2010. However, by 2020, U.S. alowance
prices could rise to $1-9 (plus transactions costs) per ton of carbon equivaent, and total annua
abatement cogtsin the U.S. could range from negligible to $190 million. EPA hasdso
consdered possible cases in which alowance prices could be higher. For example,
implementation of the Kyoto Protocol agreement coupled with significant alowance banking in
the former Soviet Union and Eastern Europe could raise offset prices to $17 (plus transactions
costs) per ton and abatement costs to nearly $500 million by 2020.

Severd factors contribute to low abatement costs. Firgt, the Senators requested that the EPA
andyze only modest GHG emissions reductions, requiring offsets only in the U.S. dectricity
sector and only after 2008. Second, the Senators' provision thet verifiable GHG reductions or
snks be available anywhere in the globa market affords abundant low-cost mitigetion
opportunities. Limiting the source categories that provide offset credits, either geographicaly or
by type, higher demand for GHG offsets worldwide, or inditutiond barriers that limit the
availability of offsets would raise alowance prices and abatement cogts.

The results provided in this anaysis should not be construed as forecasts of actua scenario
outcomes. The results are assessments of how the future might unfold using a number of well-
established economic and emissions andyticd modeling tools. The modd s provide ussful
insghts about the interaction and interrel ationships between policy options and resulting
environmenta and economic outcomes. All models have certain smplifying assumptions, and,
though the model's produce credible results and have been reviewed by government and private
sector experts, they can only be interpreted as representing “reasoned estimates’ of the potentia
outcomes.

1.4. Organization of Document

The remainder of this document presents a detailed explanation of the approach EPA used to
obtain these results as well as an eaboration of the results. Section 2 describes the multi-
emissions anadysisin greater depth. Section 3 provides more information on the approach and
results of the GHG offsets analys's. These sections are followed by an Appendix that presents
more information on the models and data used in both analyses, aswel asalist of references.
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2. Multi-Emissions Analysis

This section describes in more detail the multi-emissions scenarios, EPA's andytica
methodology, and the results of the Agency's andysis. Note that details about the modd used in
the andysis can be found in the Appendix.

2.1. Summary of Three Scenarios

The following section describes the important provisons of the multi-emissions scenarios
elaborated in the letter from Senators Smith, Voinovich, and Brownback.

The multi-emissions policies include three scenarios that Smultaneoudy reduce NOy, SO;,

and mercury emissions from the eectricity sector. The three scenarios are Smilar in program
gructure, but vary in levels of reduction expected from each of the three pollutants, as shown
in Table 1.

Table 1. Emission Scenario Specifications

Start “Scenariol” | “Scenario?2” | “Scenario 3"
Emission | Trading Year of v ear f_or Base 5% 65% 50%
Banking Reduction | Emissions reduction reduction reduction
from base from base from base
2007 37.5% 32.5% 25%
SO, Yes 2002 TitlelV
2012 75% 65% 50%
2007 37.5% 32.5% 25%
NO, Yes 2002 1997 Level
2012 75% 65% 50%
Hg: 2007 37.5% 32.5% 25%
National Yes 2002 1999 Level
2012 75% 65% 50%
Hg: Plant- No No 2007 1999 Level 18.75% 16.25% 12.5%
Specific Banking 2012 37.5% 32.5% 25%

As described in the letter, each of the three scenarios dlows for full trading for NOy and SOz,
and partid trading for mercury. In addition, banking of emissons dlowances beginsin

2002, with the firgt hdf of reductions required by 2007 (reductions of 37.5%, 32.5%, and
25% respectively for the three scenarios) and full reductions by 2012 (reductions of 75%,
65%, and 50%). For mercury, the scenarios require that half of the reductions made in each
of the compliance periods be a the facility levd.

For SO», the percentage reductions are from the 1990 Clean Air Act Amendments (CAAA)
Title IV levels. For NOy, the percentage reductions are from the 1997 annual NOy emissons
levels. For mercury, the percentage reductions are from the 1999 levels.
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2.2. Methodology

EPA used ICF's Integrated Planning Modd (IPM) to mode the impacts of the multi-emissons
scenarios on electricity sector costs and emissions. |PM® isadynamic linear programming
mode that develops least-cost capacity expanson plans while meeting various power market and
environmental condraints. This modd has been used to support numerous rulemakings that the
Agency has undertaken to address emissions from the eectricity sector. (See the Appendix for
further detail.)

The Agency modeled as closaly as possible the provisonsindicated in the letter. However,
severa changes were made to conform to the capabilities and structure of the IPM® modding
framework. Further, certain assumptions related to the definition of the affected units and the
gpatia scope of this andysis were not specified in the letter and hence were made by the Agency.
This section describes the important provisions of the EPA andyss.

To estimate the impacts of the policies proposed in the three three- pollutant scenarios, EPA
ran a Base Case as part of thisandysis (i.e., existing requirements without the proposed
multi-emissions scenarios). This Base Case incorporated Title IV requirements for SO, and
NOy, aswdl asthe summer regiond SIP call NOy program. The Base Case did not include
possible future regulations, such as mercury MACT (maximum achievable control
technology) standards or state plans to achieve the fine particle ambient air quality standards.
The differences (in costs and operations) between each scenario and the Base Case -- which
is consstent for al scenarios -- represent the impact of that policy. Thus, the costs of the
policies shown in this andys's do not include the costs of these existing programs. Note dso
that the expected summertime reductions accomplished due to the SIP call program were not
available for banking in the three-pollutant scenarios. The possible implications of such an
assumption are discussed in Section 2.3.

The codts presented in this analys's assume that a trading program is available for SO,, NOx
and mercury within the U.S. eectricity sector. EPA expects that the modd will accurately
anticipate the compliance decisions by sources, provided that an efficient cap-and-trade
system is available to those sources subject to the environmenta congtraints. Based on the
experience implementing the existing SO, and NOy cap-and-trade programs, EPA believes
that ardatively efficient market can develop for each of these three pollutants.

The analys's examines the impacts of annua nationwide cgps on emissons of NOy, SO,, and
mercury that are consistent with the specifications described in the letter. The capson
emissonsin the andyss are placed on foss| fud-fired eectric generating units for NOy and
SO,, and dl large cod-fired boilers for mercury. Unitsin the continental United States that
are connected to the eectric grid areincluded in this analysis*

Consstent with the request, EPA modeed al three scenarios with half of the reductions
going into effect sarting in 2007 and full reductions sarting in 2012. In addition, banking is
alowed garting in 2002.

The request based the required NOy reductions on the 1997 emissions leve, the mercury

1Virtually all of thelarge units are connected to the grid.
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reductions on the 1999 level, and the SO, reductions on the CAAA Title 1V caps. EPA
assumed that the dectricity sector emitted 6.04 million tons of NOy in 1997 and 48 tons of
mercury in 1999.2 The SO, emissions under the full implementation of Title IV of the
CAAA are assumed to result in 8.95 million tons.

The request requires that each affected plant achieve at least hdf of their expected mercury
reductionsin any given yeer at the plant ste. The amount of actua reductionsis based on
ther actua mercury emissonsin 1999. EPA modded the individud plant-level mercury
caps at haf of their expected reductions based on the individua plant mercury emissionsin
the Base Case in 2005.

EPA ran IPM® for four representative years with at least one snapshot for each distinctly
different regulatory period. The years 2005, 2007, 2012, and 2020 represent the pre-cap
period when banking is dlowed, the partid cap period, the beginning of the fully
implemented caps, and the out-year in which the bank is being depleted, respectively.

2.3. Multi-Emissions Results

|PM®-based analysis provides forecasts of the impacts of the three emission reduction scenarios
on the eectricity sector’s emissions, costs of production, compliance choices, fue use, plant
dispatch, new condtruction, and wholesale energy prices. The primary results from EPA’s
andyds are summarized below.

2.3.1. Emisson Impacts

All three scenarios entail progressive reductionsin SO,, NOy, and mercury, aswell asthe
banking of alowances darting in 2002. While banking provides flexibility in complying with

the specified emission targets and reduces compliance costs, the emission targets may not be met
exactly in agiven year. Thisresults from sources either reducing emissions beyond what is
required (in order to bank alowances) or reducing emissions lessthan is required (by
withdrawing alowances from the bank).*

Figures 1 through 4 show the projections of SO,, NOx, mercury, and CO; in the different
scenarios for four representative years. Emissons of SO, NOy, and mercury generally decrease
over timefor dl three scenarios. The more stringent the scenario, the lower the emissons. Note
that the CO, emissions decrease in the three-pollutant scenarios relative to the Base Case despite
the fact that CO; is uncontrolled.® This occurs because natural gas use increases somewhat with
the percentage reduction required.

2 Thebaselevel for NOy is 1997 emissionsfrom all Title IV affected units. The mercury emission level in 1999
was based on the EPA's recent Information Collection Request on mercury.

3 EPA modeled the plant level mercury reductions at the IPM® model plant level. 1PM® model plants are
aggregations of individual boilers with similar characteristics.

4 Allowancesin agiven year are banked for withdrawal in future years if the present value of the price of the
allowancesin the future yearsis higher than the current price of allowances. The banking of allowances
continues until the current price of allowances equals the present value of the allowancesin the future years.

5 The projected decline in CO, emissions reflects the operating penalty associated with increased use of scrubbers

but not SCR, asdescribed in Table A.1.3. The conservative estimate scrubbers (2.1% capacity penalty) is
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Figure 1. NO, Emissions (million tons) Figure 2. SO, Emissions (million tons)
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The andys's estimates that banked NOy and mercury alowances would be withdrawn starting in
2012.° Banked SO, dlowances would be withdrawn starting in 2007. Banking occurs when the
margind cos of reducing emissonsin agiven year islower than the margina cost of reducing
emissonsin afuture year, adjusted for the time value of money. Themodd -- aswell as
experience -- show that power plants would over-control in the early years and under-control in
the later yearsin order to minimize compliance costs over the period of the andyss.

Figures 5, 6, and 7 show the actual reductions of the three pollutants relative to their respective
caps. The actud reductions under the three scenarios are significantly less than the targeted
reductions for 2020 because of the substantia use of banked alowances.

assumed to overcompensate for the minimal penalty arising from SCR.

6 Thisanalysis used the Base Case level of 43.14 tons to calcul ate banking of mercury allowances during the 2002-
2006 period. Alternatively, if the mercury cap was maintained at the 1999 level of 48 tons, increased banking
opportunities would have reduced the overall cost of the program. However, thiswould have increased the
effective mercury emissionsin later years due to the greater number of allowances that would have been available
for withdrawal from the bank.
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Figure5. SO, Cap and Projected Emissions under Scenario 1
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Figure 6. NOx Cap and Projected Emissions under Scenario 1
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Figure 7. Hg Cap and Projected Emissions under Scenario 1
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As dated in Section 2.2, this andysis assumed that the SIP call program would be implemented
beginning in 2003. If the SIP cal were not implemented in the period 2003- 2006, the affected
power plants in the three-pollutant scenarios would have gresater opportunities for banking NO
emisson dlowances for the future. Based on asmplified andyss, not implementing the SIP

cal could increase the NOy bank up to amaximum of 3.75 million alowances. (For comparative
purposes, eectricity sector NOy emissons were 6.04 million tonsin 1997.) Such anincreasein
banked alowances would reduce the overdl cost of the palicy, but increase the NOy emissonsin
the future over what has been shown here. Even without these extra allowances, the NO
reductions under the three scenarios will probably not achieve emissions levels equivaent to
those required by the NOx SIP cdl within the 19-state NOy SIP cdl region until sometime after
2020.

2.3.2. Cost Impacts
The mode cd culates operation and maintenance costs, fud costs, and capitd investment costs.

Theincrementa costs for complying with the three- pollutant scenarios over the Base Case are
summarized in Figure 8.

Figure 8. Incremental Cost Impacts under the EPA Analysis (Billions of 1999%)
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The incrementad cogts exhibited in Figure 8 reflect the range of decisions made by the ectricity
sector to comply with the three scenarios. Note that costs are incurred as early as 2005 in all
three scenarios, even though explicit emissions reductions beyond Base Case levels are not yet
required. These costs are incurred to generate early reductions that can be banked for usein
2007 and beyond when the emission limits for SO,, NOx, and mercury come into effect. Codts of
compliance increase with time for a least three reasons. (1) the progressive tightening of the
capsin 2007 (half reductions required) and 2012 (full reductions required); (2) the increasein
demand for electricity over time, resulting in an increase in reduction requirements, and, (3) the
gradua reduction in the banked alowances available for withdrawal necessitating additiona
actions to reduce emissons.
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2.3.3. Marginal Costs

The margind cogts of SO, and NOy reductions through 2020 are less than $1,500/ton in al three
multi-emissions reduction scenarios. The margina cost of mercury reductions by 2020 ranges
from $5,000 - $10,000/Ib. Figures 9, 10 and 11 show the marginal costs for each pollutant.

Figure9. Projected Marginal Cost of SO, Reductions ($/Ton)
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Figure 10. Projected Marginal Cost of NO, Reductions ($/Ton)
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Figure 11. Projected Marginal Cost of Mercury Reductions ($/1b)
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2.3.4. Fud Use Impacts

SO, and mercury are fud-based pollutants, while NOx emissons are generated largely as aresult
of the combustion process. Coal-fired power plants emit SO,, NOy, and mercury. Gas-fired
power plants, in contrast, emit NO, but no mercury and virtualy no SO,. Hence, in those
scenarios that cal for reductions of SO2, NOy, and mercury, the replacement of cod-fired
generaion by gas-fired generdtion is an effective compliance option. Figure 12 showsthe foss|
fuel consumption in 2012 in the Base Case and the three three-pollutant scenarios. Asthe
emission reduction requirement increases from left to right, cod use decreases dightly and gas
use increases dightly. Under al scenarios, coa consumption is greater than the amount
consumed in 1999.

Figure 12. Fossil Fuel Consumption in 2012 (Trillion Btu)
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2.3.5. Power Plant Generation

Asin competitive wholesale power markets, the mode dispatches power plants based on their
variable cogts, with the lowest variable cost plants dispatched firdt. In generd, cod and nuclear
units have the lowest variable costs followed by combined cycle and oil/gas steam units.
Combustion turbines have the highest variable costs. Because the variable costs of a power plant
include variable operation and maintenance codts, fuel costs, and pollution control costs, these
codsincrease as emissons limits are imposed or tightened, resulting in changesin plant

dispatch.

Figure 13 summarizes the generation from power plants by plant type in 2012 for the Base Case
and the three scenarios. In Scenario 3, coal-fired generation in 2012 is 3% lower than in the
Base Case, and in Scenario 1itis 7% lower than in the Base Case. At the sametime, in Scenario
3, combined cycle generation in 2012 is 13% higher than in the Base Case, and in Scenario 1 it is
27% higher than in the Base Case. Nuclear generation remains constant throughout the

Scenarios.
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Figure 13. Power Plant Generation in 2012 (Millions of GWh)
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2.3.6. Technology Retrofits

In each scenario, the model forecasts the optima compliance strategy from an array of options.
SO, compliance options include dispatch changes, scrubber ingtdlation, repowering, and fuel
switching. NOy compliance options include digpatch changes, sdlective cataytic reduction

(SCR), sdlective non-cataytic reduction (SNCR), and gas reburning equipment. Mercury
compliance options include fud switching, digpatch changes, and ingtalation of activated carbon
injection (ACI) controls. The ingtdlation of both SO, scrubbers and NOy SCRs has an additiond
co- benefit of reducing mercury emissons. The replacement of cod generation with combined
cycle generation and the early retirement of fossl fud plants are dso available compliance
options for achieving the proposed reductions. Aswith cogts, the optima strategy for the
electricity sector varies with the level of targeted emisso

Figure 14 summarizes the optimd retrofit plan forecasted by |
three scenariosin 2020. The cumulative investmentsin em

with the tightening of the emission reduction requirem
choices are scrubbers for SO, removal; SCR/SNCR f
and mercury removd. §
pollutant scenarios, the ifgirease in the combination of scrubbers + SCR/SNCR retrofitsis the

reduction requirem ent. Some of the other technol ogy-based compliance
choices forecast by t el include ACI for mercury remova and repowering of cod and
oil/gas steam wnitsinto eunits. Generdly, repowering is one of the more
expendve compliance options the capital cost of repowering an oil/gas steam unit to
combined cycleislar capital cost of ingalling a scrubber + SCR option on an
exiging cod plant. | the price of gasis more expensve compared to cod. Hence, a
ggnificant increase in repower S 0Nsis not anticipated.

Note that Figure 14 i esanincreasein total SO, scrubbers (the summation of power plants

investing in new scrubbersa i new scrubbers and n Rsor SNCR '

scrubbers and new A t j0S get progressivel gringent. Siglllarly, thetota
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amount of SCRs (summation of power plants investing in new SCRs, and in new SCRs plus
scrubbers) increases with increasing emission reductions.

Figure 14. Incremental Retrofit Decisionsin 2020
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2.3.7. New Unit Impacts

The modd forecasts the addition of new capacity to meet increased demand growth and to
replace retired capacity. Figure 15 summarizes the cumulative new capacity additions (not
including repowered capacity) by 2020. Note that as the emission reduction requirements
increase, cumulative new combined cycle capacity increases while new combustion turbine
capacity decreases. This occurs because the scenarios favor naturd gas, which makes combined
cycle plants (with reatively high fixed costs and low varigble costs) more economic compared to
combustion turbines (which have relatively low fixed costs and high varigble costs).

Figure 15. Cumulative New Capacity by 2020 (GW)
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2.3.8. Energy Price Impacts

The price of firm power in wholesale markets is based on the varigble cost of the margina unit

and the price of capacity.” A scenario requiring emissions reductions could influence the

variable cogt of the margina unit due to changes in power plants compliance cost. The impact

of the policies on wholesde power priceis smadl, ranging from 0.5 millskWh to 0.7 millskwWh,

or 1.9% to 2.4%, respectively. The percentage impact on consumers would be less, reflecting the
other components of consumer price not affected by these scenarios®

2.3.9. Regional Impacts

The impacts of the three scenarios on emissons and cod consumption vary in the different
regions of the contiguous United States. Figure 16 shows the projected impact of Scenario 1 on
power generator’s coal consumption by cod production region. Likewise, Figures 17, 18 and 19
show the projected impact of Scenario 1 on regiond SO,, NOy, and mercury emissons,
respectively. The regiond impacts of Scenarios 2 and 3 would be similar -- but less Sgnificant --
than those for Scenario 1.

Figure 16. Coal Consumption by Coal Production Region in 1999 and 2020
(Source of 1999 Actual Cod useis EIA Annua Energy Review (DOE/EIA-0384(99)),
Table 7.3, Coal Consumption by Sector.)
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7 Thefirm power priceis estimated under the assumption that the power plant is selling capacity in all hours.
8 This analysis assumed a permanent allocation of emission allowances.
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Figure 17. Regional SO, Emissions from Power Generatorsin 2020
(Note: graphic includes emissions from all unitsthat are connected tothe grid.)
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Figure 18. Regional NO, Emissions from Power Generatorsin 2020
(Note: graphic includes emissions from all unitsthat are connected tothe grid.)
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Figure 19. Regional Mercury Emissions from Power Generatorsin 2020
(Note: graphicincludes emissions from all unitsthat are connected tothe grid.)
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3. Greenhouse Gas Analysis

In addition to investigating policies to reduce SO,, NOy, and mercury emissions, the Senators
asked EPA to andyze the impacts of requiring that U.S. dectricity sector carbon dioxide (COy)
emissionsincreases above 2008 levels be offset. The request specificaly dlows for offsets“...by
reductions or sinksin any sector of any greenhouse gas in an amount equa to the warming
potentiad of the emissionsto be offset. Assume that verifiable reductions or snks achieved in

any naion could be available on the domestic emissions market to satisfy this requirement.”

Thisandysis uses two different projections of CO, emissonsin the U.S. dectricity sector
through 2020, coupled with three variations of offset program effectiveness and dternative
assumptions about internationd offset demand. EPA’s analysis shows that needed offsets range
from zero to Sx million metric tons carbon equivaent (MMTCE) in 2010 to between 58 and 75
MMTCE in 2020.°

In most cases, EPA estimates that abatement costs of a GHG offset program would be negligible
through 2020. For these cases, the alowance price associated with the offset program would be
equal to the transactions costs of securing the offsets. Egtimates of transactions costs, which
include private dedl-making activities, and government program costs, have not been caculated
because of alack of adequate data. For these cases, only when offset availability islimited to
3% in 2010 or 24% in 2020 do higher alowance prices appear.

EPA aso examined cases in which other countries comply with the Kyoto Protocol. With the
implementation of the Kyoto Protocol reached in Bonn, thereislikely to be no changein U.S.
allowance prices or abatement costs through 2010. However, by 2020, U.S. dlowance prices
could rise to $1-9 (plus transactions costs) per ton of carbon equivaent, and tota annud
abatement cogt in the U.S. could range from negligible to $190 million. EPA has dso considered
possible cases in which alowance prices could be higher. For example, implementation of the
Kyoto Protocol agreement coupled with significant alowance banking in the former Soviet
Union and Eastern Europe could raise offset prices to $17 (plus transactions costs) per ton and
abatement cogts to nearly $500 million by 2020.

Unless one of these higher priced scenarios is redlized, however, the fud mix in the dectricity
sector is not likely to be affected because reductions are likely to occur outside the sector, given
the low cogts of offsets under the scenario requested.

3.1. Emissions Forecast and Required Emissions Offsets
To examine the scenario in which the U.S. dectricity sector offsets CO, emissions above 2008

levels as part of amulti-emissions approach, EPA applied two base cases for ectricity sector
CO, emissions through 2020. Oneis generated from IPM® and the other isfrom EIA. Both

9 The models used for thisanalysisyield output in five- or ten-year increments. Therefore, EPA provides results
for 2010 and 2020. The results provided in 2010 and 2020 are the emissions to be offset in those years alone.
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projections incorporate the CO, reductions from the gpplication of the multi-emissions control
program.

3.1.1. IPM ® Multi-Emissions Base Case

EPA used IPM® to forecast electricity sector emissionsin 2008 and emissions growth through
2020. TheIPM® projection is based on EIA data, but is adjusted to account for emissions
reductions resulting from the government's energy-efficiency programs, such as Energy Star®. It
assumes that the sector is aso reducing SO,, NOx, and mercury emissons under Scenario 2 of
the Senators request. The SO,, NOy, and Hg emissions control measures result in the ancillary
benefit of CO, emissions reductions within the eectricity sector. Consequently, CO, emissions
under Scenario 2 are lower than those of the IPM® Base Case. The IPM® three-emissions
forecast for CO, emissonsin 2008 is gpproximately 640 million metric tons of carbon
equivaent (MMTCE) (about 2,350 million metric tons of CO, equivaent). The projected
emission offset requirement isSx MMTCE in 2010 and 58 MMTCE in 2020.

3.1.2. EIA Base Case

EPA used CO, emissions projections from EIA’s analyss entitled “ Reducing Emissions of
Sulfur Dioxide, Nitrogen Oxides and Mercury Emissions from Electric Power Plants'° to
develop the EIA Base Case. To be consistent with the IPM® Base Case, EPA took the EIA
multi-emissions case that would reduce SO,, NOx and mercury by 65%. The projected offset
requirements under the EIA Base Case are zero MMTCE in 2010 and 75 MMTCE in 2020.

3.2. Methodology

This section provides background on emissions offset programs and describes the gpproach and
assumptions that EPA used in conducting the andysis.

3.2.1. Background

GHG “offsats’ generdly refer to emissions reductions or sequestration of GHG emissons
achieved outside of the source categories that have an emissons cap. In the case of an dectricity
sector offset program, eectricity generators would be able to use offsets created through

emission reductions or sequestration of GHG emissions by sources outside the cap on CO,. (See
the Appendix for a description of offsat source categories anadyzed in this andysis)

Allowing for offsets of CO, emissons from any GHG source in any sectors of the economy,
domesticdly and internationally, would reduce the cost of achieving emissions reduction targets.
A commonly used index known asthe “ Globa Warming Potentid” (GWP) dlows for the
comparison of greenhouses gases in terms of their relative contribution to dimate change* For

10 U.S. Energy Information Administration: “Reducing Emissions of Sulfur Dioxide, Nitrogen Oxides and Mercury
Emissions from Electric Power Plants’, September 26, 2001 prepared for Senators Smith, Voinovich and
Brownback.

11 The GWP range for non-CO, gases (15 different gases) varies between 21 for methane and 23,900 for sulfur
hexafluoride (SFg). For example, the 100-year GWP of methane is 21, indicating that one ton of methane released
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this report, the 100-year GWP of each greenhouse gas is used to express quantitiesin millions of
metric tons of carbon equivdent (MMTCE).

Foss| fud dectricity generdtion is the largest source of domestic anthropogenic CO, emissons,
accounting for approximately 40 percent of total U.S. CO, emissonsin 1999.12  Numerous
options exist for reducing CO, emissons within the dectricity sector, including generation
efficiency improvements, tranamission and digtribution system efficiency improvements, and
fud switching to less carbonintensve fuels. For example, the eectricity sector can and
currently does use non-GHG-emitting energy sources, such as wind, solar, hydropower, and
nuclear power.

Though there are many opportunities for CO, reductions in the eectricity sector, there are
potential advantages to an offsat program involving other sectors. Firg, alowing the dectricity
sector to purchase reductions from other sources will reduce the cost of achieving the cap. A
number of U.S. and internationa analyses have shown that some of the most cost- effective
mitigation options are likely to be terrestrid carbon sequestration and reductions of non-CO;
gases including methane (CHa), nitrous oxide (N20O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SFg).™® The costs of many carbon
Ssequestration activities or mitigation projects that reduce non-CO, GHGs can be totdly or
partidly recovered through increased efficiency, recycling of materias, or the capture and sde of
the gas (e.g., methane).

Thus, this andyss incorporates a set of GHG mitigation options cdled “no-regrets,” where the
cost of the project is completely recovered. “No-regrets’ mitigation options alow the dectricity
sector to purchase offsets from these other sources, thus reducing the cost of, and potentidly
providing anet benefit for, achieving the reduction goal. Second, reduction of GHGs from
sources outside the capped dectricity sources may provide ancillary environmenta benefits (e.g.,
reduced air pollution) that otherwise would not have been redized. Third, financid incentives
resulting from an offset program might accelerate the development and use of new emissons
reduction technologies.

3.2.2. Analytic Approach

A number of important factors affect the potentid costs and availability of GHG offsetsin a
domestic and world market. Three factors are described here—the strength of economic
incentives, transaction cogts, and emission reduction certainty.

Economic I ncentives

Most previous economic studies that have sought to examine climate mitigation policy options

have evauated the impacts of GHG cap-and-trade systems. Under these analyses, abinding
“cap” typicdly is placed upon totd dlowable GHG emissons. This cap creates a“ scarcity

into the atmosphere has the same climate forcing as 21 tons of CO.. (IPCC, 1996)
12 USEPA, 2001(a).
13 Seefor example Bailig, et.a, 2001 and Reilly, et.al., 1999 and 2000.
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vaue’ for GHG emissions and, in turn, aprice for marketable GHG emission adlowances. Faced
with an dlowance price, individua sources make decisions about whether to reduce emissons at
their own facilities or buy emissons alowances from other sources. Each source would have an
incentive to control emissions up to the point where its margina costs of doing so equas the cost
of purchasing another source' s alowances, i.e., the alowance price.

Asdlowance prices rise, sources will have an increasing incentive to reduce emissons. At a
globa alowance price of one dollar per metric ton of carbon, EPA estimates that agloba cap-
and-trade program (including al greenhouse gases) would result in GHG reductions of
approximately 265 MMTCE in 2010 and 300 MMTCE in 2020. Figure 20 and Figure 21 depict
the U.S. and internationad margina GHG abatement costs used to obtain these results'* (Seethe
Appendix for adescription of the analytical tools used for this andyss and coverage of source
categories.)

A number of factors influence the types of emisson reductions and costs of a GHG offset
program compared to a GHG cap-and-trade program confined to one or more regulated sectors.
In an offset program, only afraction of sources (those within the sector(s) subject to acap)
would see adirect and immediate economic incentive to participate — an alowance price. Inthe
case examined here, the eectricity sector must offset emissions above 2008 emissions levels and
therefore must seek to reduce its own emissions or purchase offsets from other sources.

The other GHG emitting sectors, however, see a more limited economic incentive to participate
snce they are not subject to a mandatory emissonstarget. While these sectors can potentialy
achieve economic advantage by generaing and sdling offsets, thisincentive may not be as
srong asif al sources were subject to an emissons cgp. Consequently, sources in sectors
outside of the eectricity sector may not participate as actively asif they had to limit their own
emissons. Thisimpliesthat the sources outside the cgp might expend less effort to achieve
emissions reductions, thus creating fewer abatement opportunities.

Transaction Costs

Transaction costs are an additiond factor influencing the costs of an offset program. Transaction
cogsinclude “ded making” activities and programmatic compliance activities undertaken by
firms. Specificaly, these costs may include project development cogts, decision-making costs
internd to firms, search costs, negotiation and brokerage costs, monitoring and verification
(including certification and regigtration) costs, and insurance costs.

Edtimating the transaction costs that would apply to offsets purchased in cases analyzed here
proves difficult, as there have been rdatively few comparable programs (at leest for GHG
offsets). A literature review of project experience and modeling assumptions, as well as persond
communication with various project development professionas, researchers, and other experts,

14 Estimates of non-CO, marginal abatement curves represent about 35% of global non-CO, GHG emissions
availablefor offsets. Theforest carbon sequestration supply curves for the countries covered in the analysis
represent only about 35% of the global forest area (including natural forests and plantations).
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suggests arange of transaction cost estimates from $0.04/ton of carbon to well over $10/ton. '
However, most of the high estimates have little or no documentation to support them. The same
literature suggests that transaction costs as a percentage of tota GHG abatement cost (for the
GHG pilot projects and GHG trades undertaken so far) have ranged from under 5 percent to over
75 percent. Further, evidence from established non-climate projects a the Globa Environmenta
Facility (eg., stratospheric ozone layer protection projects) indicates that moderate program
experience reduces transaction costs from roughly 30 percent to under 10 percent of total costs.*®

15 See, varioudly: Ashford, 2001; Bailie et al., 2001; EPRI, 2000; Free, 2001; ICF, 1998; Ghersi, 2001; Heister,
2001; Hourcade and Ghersi, 2001; Kurosawa, 2001; Mascarella, 2001; Mathur, 2001; Powell et a., 1997,
Shifflet, 2001; UNFCCC, 2001; World Bank PCF, 2000; Y oungman, 2001.

16 Mathur, 2001.
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Figure 20. U.S. GHG Abatement Costsin 2010
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Figure 21. International (Non-U.S.) GHG Abatement Costsin 2010
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EPA’ s experience with the well established SO, trading program, where government approval of
trades is not necessary, reflects transaction costs of one to two percent of allowance prices.t’
However, the SO, trading program is astreamlined alowance-based cap-and-trade program that
does not include offsets from outside the eectricity sector. Therefore, it does not require case-
by-case review of trades. In contragt, the incluson of offsets and the case-by-case
documentation and review that this necesstates would be expected to increase the transaction
costs associated with the GHG offset program.

Finally, a detailed and current engineering cost analysis prepared on GHG-offset transaction
costs predicts roughly $1/ton carbon for typical cod mine methane recovery projects.® Of the
literature reviewed, this study appears to be the best-documented estimate of GHG transaction
costs. However, given the overal uncertainties discussed above, EPA is not prepared to predict
transaction cogts for the GHG offset program at thistime.

Emissions Reduction Certainty

A mgor digtinction between a GHG cap-and-trade and a GHG offset program is the ability to
verify that emissons are actualy reduced in the offset producing sectors that are not subject to a
cap on emissons. Aslong as aggregate emissions under a GHG program are monitored and
verified and compliance is enforced, the emission reduction goaswill be achieved. In the case
of the eectricity sector, such caculaions are rdaively straightforward since sources are aready
equipped with continuous emissions monitoring Systems that measure several emissons,
incdluding CO,.

However, for an offset program covering other sectors of the economy, it becomes difficult to
congruct a verification system that ensures emissions reduction certainty for specific projects.
Verification systems designed to ensure emissions reduction certainty for sector-specific offset
programs confront many challenges, two of which are “additionaity” and “leskage.”

Judgements about additiondity involve determining whether actions that are candidates for
earning offsets would have occurred in the absence of an offsat program. There are numerous
reasons why afirm’'s emissons could decrease regardless of whether an offset project is
completed. For example, factors such as reduced production, compliance with other policies, or
changing market conditions could result in emission reductions. In cases where a program
awards offsets for reductions that would have happened in the absence of the program, overal
emissions could increase. The offsets created by projects that are not “additional” are said to be
“anyway” tons, i.e., reductions that would have occurred anyway.

“Leskage,” which may increase overal emissons, is another potentid problem in an offset
program. Because offset programs do not cover the entire universe of sources within a source
category, an apparent reduction at one source could precipitate an increase in emissions at
another. If offsets are awarded for leaked emissions, then net emissions do not decrease as a
result of the project producing carbon offset credits and may actudly increase. For example, a

17 ICF, 1998.
18 Free, 2001.
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conservation project in one forest may lead to increased harvesting e sawhere. The “legkage’
from one forest to the other effectivey nullifies the GHG emissons reductions of the
conservation project and, if offset credit is awarded, alows a capped source to increase its
emissons. While methods are available to screen for additiondity and leskage, they remain
imperfect. Increasing rigor in the screening and enforcement process aso contributes to
increasing transaction costs.

Adjustment of Available Emissions Offsets

To estimate the emissions reductions and costs of an dectricity CO, offset program, EPA has
congtructed three cases that could account for the inherent differences between offset and trading
programs (including transaction costs and other factors such as leakage and additionality). Each
case is based on the relationship between the cost and availability of abatement opportunities
across al sectors both domestically and internationdly. The three cases are described below.

Casel: Inthiscase, EPA assumesthe offset program sends a strong economic signd for
emission reductions to sources outside the electricity sector and dl reductions are real and
verifiable. In other words, the offset program is assumed as effective as a cap-and-trade
program. Ingtitutiona or informationa barriers at the domestic and internationd level are not
ggnificant. Any potentid limitations on program effectiveness such as“anyway” tons and
“leakage’ are effectively and inexpensively removed from the system. Case | represents the
ided offsets program.

Casell: Inthiscase, EPA assumes that abatement opportunities are limited because the offset
program provides weaker incentives for emissons reductions outsde the e ectricity sector
(relative to economy-wide cap-and-trade). In addition, inditutiona barriers may exit that limit
GHG abatement opportunities. International reductions are affected more than domestic
reductions because greater inditutiona barriers may exist in securing internationa offsets, such

as potentidly different gpprova procedures established by foreign governments. EPA assumes
in this case that GHG abatement opportunities can be successfully screened to ensure that
reductions are not "anyway" tons or lesked emissons. Asaproxy to estimate these effects, EPA
reduced the domestic availability of emissions offsets by 50 percent and reduced the
internationd availability of offsets by 75 percent, as compared to Case .

Caselll: Inthiscase, the program monitoring and verification has difficulty distinguishing
between projectsin which emisson reductions resulted from the offset program and projects
characterized by “anyway” tons and leakage effects. Therefore, emissions reductions certainty
cannot be guaranteed. While thiswould increase the quantity of available offsets, the existence
of “anyway” tons and leskage in the system undermine the GHG emissons reductionsgod. As
aproxy to estimate this, EPA increased the quantity of offsets available from al sources by 20
percent, as compared to Case .
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3.3. Reaults

EPA andyzed the impacts of requiring the U.S. dectricity sector to offset CO, emissons by
emissions reductions or snks from other sources starting in 2008. This andysis is conducted
with the U.S. electricitg sector CO, emissions basdline scenarios listed in section 3.1. Thefirgt
scenario usesthe IPM™ Base Case. The second uses EIA’s eectricity sector CO, emissions
forecast.

The andlyssis presented in the context of different possible interactions with the rest of the
world. The first assumes that there is no demand for CO, offsets other than from the U.S. The
second assumes that the Kyoto Protocol isimplemented by the signatories of the Bonn Accord
and that currently available GHG emissions projections can be used to estimate the resulting
emissons market. The third andys's examines the impacts of different possible outcomes of the
Kyoto Protocol.

3.3.1. U.S. Electricity Sector isthe Only Source of Demand for Offsets

Table 2 shows that the price of alowancesin al casesis equd to the transaction cogtsif thereis
no demand for offsets other than from the U.S. Tota abatement costs, which represent the
resource costs associated with securing GHG emissions reductions, are negligible. Transactions
costs, and government program codts, are uncertain due the lack of previous experience with
GHG offset programs and are not reported below. Further, while the resource costs of
generating GHG offsats may be negligible, eectricity generators may face expensesin the
purchase of offsets. Therefore, individua eectric utility costs may be positive. Asaresult of
such low abatement cogts, the fuel mix in the eectricity sector is not likely to be affected by the
options examined. Although the other two three-pollutant scenarios (1 and 3) were not used as
dternative base casesin thisanalys's, EPA expects that the results would be smilar to those
resulting from Scenario 2.
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Table 2.a. Allowance Prices of Greenhouse Gas Offsetsin 2010 (2000 $/TCE)

Global (All GHG and Sequestration)

Baseline Casel Case?2 Case 3
EIA transactions cost transactions cost transactions cost
IPM® transactions cost transactions cost transactions cost

Table 2.b. Total Abatement Costsin 2010 ($ million)

Globa (All GHG and Sequestration)

Baseline Casel Case?2 Case3
EIA negligible negligible negligible
IPM® negligible negligible negligible

Table 2.c. Allowance Prices of Greenhouse Gas Offsetsin 2020 (2000$/TCE)

Global (All GHG and Seguestration)

Baseline Casel Case?2 Case 3
EIA transactions cost transactions cost transactions cost
IPM® transactions cost transactions cost transactions cost

Table 2.d. Total Abatement Costsin 2020 ($ million)

Global (All GHG and Seguestration)

Baseline Casel Case 2 Case3
EIA negligible negligible negligible
1PM® negligible negligible negligible

While the price of dlowancesis generdly sengtive to the globd availability of offsets, the
modest CO, reductions required by the Senators request imply that alowance prices are likely
to equa transactions cogts for awide range of offsets availability. In the case where Six
MMTCE are required in 2010 (IPM Base Case), the price rises above transaction costs only if
fewer than three percent of worldwide offsets were available. Likewise, in 2020 (where the
number of required offsetsis 58 MMTCE), the alowance price rises above transaction costs only
if availability of worldwide offsetsfals below 24 percent. For example, in 2020, if only 20% of
worldwide offsets were available, the alowance price would be one dallar, plus transactions

costs.

Totd abatement codts are negligible for dl cases and may even result in net economic benefits.
Low or negative costs are possible because the offset program may provide sufficient incentives
to efficiency or other mitigation projects (e.g., methane recovery) that may result in long-term
economic benefits. Ancillary benefits such as the reduction of conventiona pollutants from a
CO», offset program may result, but are not quantified.

The abatement costs of the program are low due to two principa factors. Firg, the sze of the
overal GHG reduction called for in the Senators request is reatively modest: the Senators

11/02/01

Page 27




requested that EPA anayze a program that offsets the growth in GHG emissonsin only one
sector of the U.S. economy—the electricity sector—and offsets are not required until after 2008.
By 2010, the required leve of offsets represents less than one percent of U.S. eectricity sector
CO, emissions, and approximately nine percent by 2020. Secondly, thereis an abundance of
offset opportunities due to the Senator’ s specification that verifiable GHG reductions or Snks
from any source achieved in any nation would be available to stisfy the offset requirement. I
the offset requirement were greseter, or if the opportunities for obtaining offsets were limited,
abatement cogts and alowance prices would be higher.

3.3.2. Interaction with the Kyoto Process

EPA has andyzed how the U.S. policy of offsetting CO, emissionsin the U.S. eectricity sector
could be affected by interactions with implementation of the Kyoto Protocol. The recent
agreement on the Kyoto Protocol negotiated in Bonn, if ratified, would require devel oped
country sgnatories to reduce their GHG emissons to gpproximatdy 4.2% below their 1990
emissions levels by 2008-2012.*° The Kyoto Protocol dlows for GHG emissions trading among
developed country sgneatories, the availability of offsetsin developing countries, and country-
specific credit for terrestrial sequestration. (See Appendix A.4. for adescription of the Kyoto
Agreement). These countries currently have no commitments after 2012, but EPA has assumed
for thisanayss that subsequent agreements maintain the emissions targets through 2020.

Thisanalyss uses CO, emissons projections from EIA and non-CO, emissions projections
developed by EPA.?° Thetotal number of emission reductions required by the Kyoto Protocol is
highly dependent upon emissionsin the Former Soviet Union and Eastern Europe, which have
declined ance 1990. Factoring in dl GHG emissons and the credits dlowed for sequestration,
there is no apparent need for reductions or offsatsin 2010 as aresult of the Protocol, but roughly
280 MMTCE of offsets may be required by 2020.

Adding the Kyoto reductions to the demand to offset U.S. eectricity sector CO, emissons after
2008, the world demand for offsets in 2020 is approximately 340-355 MMTCE. Three cases,
similar to the different assumptions of program effectiveness used previoudy, are examined.?
For these cases, the alowance price ranges from $1-9 (plus transactions costs). Thetotal
abatement cods for the U.S. would range from negligible to $190 million.

19 For certain high GWP gases, countries may use their emissions from 1990 or 1995 as their baseline. The figure
of 4.2% for the total reduction is determined from country -specific 1990 and 1995 emissions by GHG, and
calculating the respective target emission levels specified in the Kyoto Protocol.

20 Energy Information Administration, “International Energy Outlook 2001.” March 2001. DOE/EIA -0484(2001).

21 These cases are modified from Cases I-I11 since developed countries are assumed to engage in emissions trading.
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Table 3.a. Allowance Prices of Greenhouse Gas Offsetsin 2010 (2000 $/TCE)

Global (All GHG and Seguestration)

Baseline Case 1l Case?2 Case 3
EIA transactions cost transactions cost transactions cost
IPM® transactions cost transactions cost transactions cost

Table 3.b. Total Abatement Costsin 2010 ($ million)

Global (All GHG and Seguestration)

Baseline Casel Case 2 Case3
EIA negligible negligible negligible
1PM® negligible negligible negligible

Table 3.c. Allowance Prices of Greenhouse Gas Offsetsin 2020 with Kyoto Protocol (2000$/T CE)

Globa (All GHG and Sequestration)

Baseline Casel Case?2 Case 3
EIA 2 + transactions cost 9 + transactions cost 1 + transactions cost
IPM® 2 + transactions cost 8 + transactions cost 1 + transactions cost

Table 3.d. Total Abatement Costsin 2020 with Kyoto Protocol ($ million)
Global (All GHG and Seguestration)

Baseline Casel Case?2 Case 3
EIA negligible 190 negligible
IPM® negligible 130 negligible

3.3.3 Alternative Emissions and Offsets Scenariosfor Kyoto

The alowance price estimates above could be influenced by the availability of GHG alowances
from the Former Soviet Union and Eastern Europe (FSU/EE). For example, emissons growth in
the region could be higher or lower than predicted by the EIA emissons projections. Smilarly,
inditutiona condraints or government decisions may limit the avallability of offsets from those
countries. For example, one or more of the countries in the region may choose to bank some
portion of their avallable offsets for their own future use, rather than sdl them on the

international market.

If the available offsetsin FSU/EE were half that predicted by EIA emissons forecasts (roughly
200 MMTCE fewer for both 2010 and 2020), CO, alowance prices could range from $4-17
(plus transactions costs) in 2020 and abatement costs could be between zero and $483 million.
See Table 4 below. Onthe other hand, if emissons growth in FSU/EE dowed, so that available
credits increased by 200 MMTCE, dlowance prices would range from $0-2 (plus transaction
costs).
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Table 4.a. Allowance Prices of Greenhouse Gas Offsetsin 2010 with Kyoto and 200
MM TCE Fewer Allowances Available (2000 $/TCE)

Globa (All GHG and Sequestration)

Baseline Casel Case?2 Case 3
EIA transactions cost 5 + transactions cost transactions cost
IPM® transactions cost 6 + transactions cost transactions cost

Table 4.b. Total Abatement Costsin 2010 with Kyoto and 200 MM TCE Fewer Allowances

Available ($ million)

Global (All GHG and Sequestration)

Baseline Casel Case?2 Case 3
EIA negligible negligible negligible
IPM® negligible negligible negligible

Table4.c. Allowance Prices of Greenhouse Gas Offsetsin 2020 with Kyoto and 200
MMTCE Fewer Allowances Available (2000%/T CE)

Global (All GHG and Sequestration)

Baseline

Casel

Case 2

Case3

EIA

6 + transactions cost

17 + transactions cost

4 + transactions cost

IPM®

5 + transactions cost

16 + transactions cost

4 + transactions cost

Table4.d. Total Abatement Costsin 2020 with Kyoto and 200 MM TCE Fewer Allowances

Available ($ million)

Global (All GHG and Sequestration)

Baseline Casel Case 2 Case3

EIA 46 483 negligible

1PM® 27 344 negligible
3.3.3. Banking

Senators Smith, Voinovich, and Brownback aso requested that EPA consider the effect of
banking CO, emissons alowances beginning in 2002. With banking, the eectricity sector can
secure dlowances garting in 2002, six years before they are required to offset their emissions.
There are two primary motivations for banking emissons alowancesin thiscase. Thefirst
motivation isto avoid increased costs associated with the out-years of the program (i.e., the
2008-2020 period). Second, electricity generators may seek to hedge future emissions reduction
obligations. Banking emissions alowances in earlier periods would act as an insurance policy
againg unanticipated events or future policy changes that may raise costs. Since, for the
scenarios requested by the Senators, alowance prices are not anticipated to be high or increase
ggnificantly over the time frame of this analys's, there would seem to be little economic
incentive to bank alowances. Thus, EPA did not modd banking of CO, emissons alowances.
However, dectricity generators may prefer to achieve their offset obligations early for business
planning purposes, likely resulting in lower costs later and reduced price voldility.
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Appendix

For thisandyss, EPA usad severd andytic tools to estimate the availability and potentia cost of
emissions reductions within and outside the eectricity sector. This gppendix describesthe
various models used by EPA in conducting both the three- pollutant and greenhouse gas andysis.

A.l. Three-Pollutant Analyss
Integrated Planning Model (IPM ®)

Much of the analysis presented in this report is based on use of the Integrated Planning Model
(IPM®), by ICF Resources, Inc. For thisanalyss, EPA populated the modd with datafrom
EIA, ICF, EPA and other public sources. IPM® is adetail-rich, bottom-up linear programming
mode of the eectricity sector that finds the most efficient (i.e. least cost) approach to operating
the eectric power system over a given time period subject to specific congraints (e.g. pollution
cgps or transmission limitations). The modd sdlects investment strategies given the cost and
performance characteristics of available options, forecasts of customer demand for eectricity,
and rdiagbility criteria System digpatch, determining the proper and most efficient use of the
exigting and new resources available to utilities and their customers, is optimized given the
resource mix, unit operating characteristics, and fud and other costs. Unit and system operating
congraints provide system specific realism to the outputs of the modd.

The IPM® is dynamic; it has the capability to use forecasts of future conditions, requirements,
and option characterigtics to make decisons for the present. This ability replicates, to the extent
possible, the pergpective of utility managers, regulatory personnd, and the public in reviewing
important investment options for the utility industry and dectricity consumers. Decisons are
made based on minimizing the net present value of capita and operating costs over the full
planning horizon.

Several factors make IPM® particularly well suited to model multi-emissions control programs.
These indude its ability to modd complex interactions among the eectric power, fud, and
environmenta markets and awide range of compliance options including:

Fud switching (for example, switching from high sulfur to low sulfur cod),

Repowering (for example, repowering acod plant to natura gas combined-cycle),
Pollution control retrofits (for example, ingtaling a scrubber to control SO, emissons),
Economic retirement (for example, retiring an oil or gas steam plant), and

Digpatch adjustments (for example, running high-N Oy cyclone units less often, and low
NOx combined-cycle plants more often.)

agrwdPE

IPM® also models a variety of environmental market mechanisms, such as emissions caps,
alowances, trading, and banking. IPM’s ahility to capture the dynamics of the allowance market
was particularly important for assessing the impact of the multi-emissions environmenta policies
evauated in thisreport. EPA has recently completed a mgjor update of the modd’ s assumptions
and computational structure. The analyses discussed in this report are products of the updated
mode. The following tables summarize many of IPM®' s key assumptions.
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Table A.1.1. Key Assumptionsin IPM 2000 EPA Base Case

Factor

Assumption

Electricity Demand Growth Rate
(% per year, 2000-2020, net energy for load)

Beforefull accounting for CCAP: 1.8% (Based on AEO 2001)
After full accounting for CCAP: 1.2 %

Climate Change Action Plan Reductions (billion 97.5in 2000
kwh) 468.1in 2010
585.8in 2015
733.0in 2020
Planning Reserve Margins Based on EIA and NERC Reports

Power Plant Lifetimes

Fossil units: none

Nuclear:

10-year life extension option at age 30
20-year relicensing option at age 40

Fossil Capacity

Existing capacity asreported in NEEDS 1998, 1998 EIA 860a, 1998 EIA 860b, 1999 NERC
ES&D and 1997 EIA 860. Includesboth utility and independent power producer units.

Cod and Oil/Gas Steam Power Plant Annual
Availability

Cod Steam: 85%
Oil/Gas Steam: 85%

Power Plant Heat Rates

No change over time

Nuclear Capacity (GW)

2005: 88
2010: 82
2015: 77
2020: 73

Nuclear Capecity Factors (%)

2005: 85.3%
2010: 87.1%
2015: 88.2%
2020: 89.4%

Net Imports (billion kWh)

2005: 49.0
2010:32.5
2015:33.4
2020: 27.3

Hydroel ectric Generation (billion kWh)

269 billion kWh annually, between 2005 and 2020

Renewables Generation (billion kwh)

34 billion kWh annually, between 2005 and 2020

Transmission Losses Between |PM Regions 2 percent
Transmission Capecity Variesby region
Net Energy for Load 2005: 3,925
(Electricity load assumptionsin Billions of kWh) 2010: 4,120
2015: 4,366
2020: 4,574
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Table A.1.2. Emissions Assumptions for Potential (New) Unitsin |PM 2000 EPA Base Case

Conventional Integrated . Advanced : Biomass .
Emission Pulverized Gasﬂg:_atlc(;n Cocr:nt():ll ged Combustion Cc—i—?ﬁ;ineon Intigratgd Geothermal Lagggll
Coal Combine y Turbine Gasi |c_at|on
Cycle Combined
Cycle
Assumed Controls Scrubber None None None None None None None
SO
Remova/ 95% from sulfur 100% None None None 0.08 b MMBtu None 100%
Emissions Rate content of coal
Assumed Controls R R R None None None None None
NOx
Emission Rate 0.05 Ib/'MMBtu 0.02 It/MMBtu 0.02 It/MMBtu 0.10 0.10 0.02 Ib/MMBtu None 0.246
Ib/MMBtu Ib/MMBtu Ib/MMBtu
Assumed Controls None None None None None None None None
CO,
Emission Rate 2053-2154 2053-2154 117.08 117.08 117.08 No net emissions None No net
Ib/MMBtu IbIMMBtu Ib/mmBtu IbimmBtu Ib/mmBtu emissions
Assumed Controls Scrubber and None None None None None None None
SRt
Hg Removd Rate 95% 100% None None None None None None
Emission Rate Varieswith Hg None 0.00014 0.00014 0.00014 0.57 Ibs/TBtu 81bs/TBtu 0lbs/TBtu
content of Coa IbsTBTu IbsTBTu Ibs'TBTu
Note All emissionsare assumed to be zero for nuclear, advanced nuclear, wind, fuel cells, solar photovoltaic, and solar thermal.
EPA assumes 95% mercury removal for al cod typesthrough acombination of FGD and SCR. EPA basesitsremova on interpretation of Information Collection Request (ICR) data. See U.S. EPA,
Performance and cost of mercury emission control technology applications on electric utility boilers. National Risk Management Research Laboratory, Office of Research and Development, September 2000. See
dso Fahlke, J. and A. Bursik, Impact of the state-of-the-art flue gas cleaning on mercury species emissions from cod -fired sleam generators. Water, Air, Soil Poll., 80, 209-215. 1995.




Table A.1.3. Summary of Emission Control Performance Assumptionsin IPM 2000 EPA Base Case

SO, Scrubbers NOy Post-Combustion Controls Mercury? Other Controls
Limestone GasReburn
Forced Magnesum
Oxidation Enhanced Lime Spray ) Activated Carbon Combustion
(LSFO) Lime(MEL) Dryer (LSD) SR SNCR Low NOy | High NO« Injection Optimization Bionass Cofiring
90% (coal .
Per (cod) 35% (codl) 80% (for routine 0.5% hest rate
cent 95% 96% 90% 80% (620) ° 40% 50% scenarios) (BTU/kwh) improvement -
Removel (Downto0.05 |  50% (gas)
I/mmBtu)
20% NOX reduction
gi;c'ty% 2.1% 2.1% 2.1% - - - - - - -
Cyclones
5% Biomeass, >200MW
15% Biomass, £ 200MW
Fuel Use 16% gas 16% gas
Impacts - - - - - use use - -
Other Codl
2% Biomeass, >200MW
15% Biomass, 200 MW
$250,000 capital cost -
Cost (19999) SeeTableA.l3a SeeTablesA.1.3band A.13.c SeeTableA.1.3d
$40,000/yr FOM cost
Applicable boﬁc:ss 505%de\7\|/| :15(; Coal boilers | ©°a bailers? éi*l'/'g‘;gi ;‘”g Al oil/gas | All ciligas | Al coal units> Coal boilers® Al o urits
3 . A A
Population 100 MW 100 MW 550 MW Al diligzs units steamunits | steam units 25MW 100 MW
steam units.

Note Activated carbon injection, combustion optimization, and biomass cofiring are not implemented in IPM 2000 EPA Base Case, but are available capabilities that can be implemented, as applicable, in
policy runshbuilt onthe Base Case. The capacity penalty impliesthat aplant’ s dispatchable capacity isreduced and its hest rateisincreased by the percentage shown. EPA estimatesthat the operating
penalties associated with scrubbers are between 0.7 - 2.0% of capacity. See U.S. EPA. Controlling SO, emissions: areview of technologies. USEPA, Washington, DC (EPA/600/R-00/093), November 2000);
the 2.1% capacity pendty in the report, then, isconsavative. The Agency estimates that the operating penalties associated with SCR are between 0.2- 0.5%, largely due to equipment required to counter the
pressuredrop. SeeU.S. EPA. Cost estimates for selected applications of NOx control technologiesin stationary combustion boilers: responsesto comments on the draft report. USEPA, Washington, DC, June
1997. Becausethe operating penaltiesfor SCR were small, they were not included in the modeling.

EPA asumes 80% mercury removd for ACI. SeelCF memofrom K. Jayaraman, J. Haydel, and B.N. Venkatesh entitled Mercury control cost calculations: assumptions, approach, and results. September
2000. Specificaly, seethe attachment entitled M ercury control technology assumptions determined during EPA’s meeting with DOE at EPA, Washington, DC, August 22-23, 2000.




Table A.1.3.a. Scrubber Costs for Representative MW and Heat Rates (1999%)

Heat Rate
Scrubber Type MW 9,000 10,000 11,000 Cost
LSFO 100 514 528 541 Capital Cost ($kW)
Minimum Cutoff: >= 100 MW 18 18 18 Fixed O&M ($/kW-yr)
Maximum Cutoff: None 1 1 2 Variable O& M (millskWh)
300 252 262 272 Capital Cost (¥kW)
10 10 11 Fixed O&M (HKW-yr)
1 1 1 Variable O&M (millgkWh)
500 193 201 209 Capital Cost (¥kW)
8 8 9 Fixed O&M ($/kW-yr)
1 1 1 Variable O&M (millgkWh)
700 159 166 173 Capital Cost (kW)
7 7 7 Fixed O&M ($KkW-yr)
1 1 1 Variable O& M (millgkWh)
1,000 176 186 194 Capital Cost (kW)
7 7 7 Fixed O&M ($KW-yr)
1 1 1 Variable O& M (millgkWh)
MEL 100 352 364 375 Capital Cost ($/kW)
Minimum Cutoff: >= 100 MW 15 16 16 Fixed O&M ($KW-yr)
Maximum Cutoff: < 500 MW 1 1 1 Varigble O&M (millskwWh)
200 232 242 251 Capital Cost ($/kW)
11 11 12 Fixed O&M (HKW-yr)
1 1 1 Variable O&M (millgkWh)
300 233 244 255 Capital Cost ($/kW)
10 11 11 Fixed O&M (HKW-yr)
1 1 1 Variable O&M (millskwWh)
400 207 218 229 Capital Cost ($/kW)
9 9 10 Fixed O&M ($kW-yr)
1 1 1 Variable O&M (millskwWh)
500 185 195 204 Capital Cost (S/kW)
8 9 9 Fixed O&M ($kW-yr)
1 1 1 Variable O&M (millskWh)
LSD 600 148 156 163 Capital Cost ($/kW)
Minimum Cutoff: >=550 MW 5 5 5 Fixed O&M ($/kW-yr)
Maximum Cutoff: None 2 2 2 Varidble O&M (millskWh)
700 137 145 152 Capital Cost ($kW)
5 5 5 Fixed O&M ($/KW-yr)
2 2 2 Varigble O&M (millsgkwWh)
800 134 140 146 Capital Cost ($/kW)
4 4 4 Fixed O&M ($/kW-yr)
2 2 2 Varigble O&M (millsgkwWh)
900 135 142 149 Capital Cost (kW)
4 4 4 Fixed O&M ($/kW-yr)
2 2 2 Variable O& M (millskWh)
1,000 128 135 141 Capital Cost ($/kW)
4 4 4 Fixed O&M ($/kW-yr)
2 2 2 VaiableO&M (millgkWh)
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Table A.1.3.b. Costs of Post-Combustion NO, Controlsfor Coal Plants (1999 $)

Percent
Post-Combustion Capital Fixed O& M Variable O&M Percent Removal
Control Technology ($/kwW) ($/kW/YT) (mills’/kwh) Gas Use
SR $80 $0.53 0.37 - 0%
NCR®
$17.1 $0.25 0.84 - 35%
(Low NOx Rate)
SNCR
) $9.9 $0.14 131 - 35%
(High NOy Rate—Cyclone)
SNCR®
) $19.5 $0.30 0.90 - 35%
(High NOy Rate—Other)
Natural Gas Reburn®
$33.3 $0.50 - 16% 40%
(Low NOy)
Natural Gas Reburn® %53 %050 1% 0
(HighNOy) ' ' - ’ ’

Notes: Low NOx is<0.5IbsmmBtu. High NOx is3® 0.5lbsmmBtu.
1. Cannot provide reductions beyond 0.05 Ib/mmBtu.

2. SCR Cost Scaling Factor:
SCR Capital and Fixed O&M Costs: (242.72/MW) °°.

For Variable O& M, multiply the VOM value shown in the table by the previous scaling factor.
product.

Scaling factor applies up to 500 MW.

3. Low NOx SNCR Cost Scaling Factor:
Low NOx Coal SNCR Capital and Fixed O&M Costs: (200MW) *77
Scaling factor applies up to 500 MW.

4. High NOx SNCR—Cyclone Cost Scaling Factor:

High NOx Coa SNCR—Cyclone Capital and Fixed O& M Costs: (100MW) 577
VO&M =1.27 for MW < 300,

VO&M = 1.27— (MW —300)/100) * 0.015 for MW > 300.

5. High NO, Coal SNCR—Other Cost Scaling Factor:
High NOy Coa SNCR—Other Capital and Fixed O&M Costs: (100/MW) %68
VO&M =088 for MW <480,
VO&M = 0.89 for MW > 480,

6. Gas Reburnincludes $5.2/kW chargefor pipeline.

Then, add the constant 0.603212 to the resulting
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Table A.1.3.c. Cost of Post-Combustion NO, Controlsfor Oil/Gas Steam Units (1999 $)

Post-Combustion Control Capital Fixed O&M Variable O&M
Technology ($/kW) (B/kWI/YT) (mills/kwWh) Percent Removal
R 289 0.89 0.10 80%
SNCR? 97 0.15 0.45 50%
GasReburn® 203 0.31 0.03 50%
Notes:

1. SCR and Gas Reburn Cost Scaling Factor:

SCR and Gas Reburn Capita Cost and fixed O&M: (200/MW)0.35

Scaling factor applies up to 500 MW

2. SNCR Cost Scaling Factor:

SNCR Capital Cost and fixed O&M: (200/MW) 0.577

Scaling factor applies up to 500 MW
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TableA.1.3.d. Cost Componentsfor 80% Mercury Removal Using ACI of Representative 500 MW,
10,000 Btu/kWh Heat Rate Unitsfor Various Control Configurations and Coal Types

Existing Pollution Sulfur | Capital Cost FOM VOM Removal
Coal Type [Control Technology| Grade (1999%/kW) | (1999%/kW/yr) [(1999mills’kWh)| Efficiency (%)

Bituminous ESP L 13.48 221 0.61 80
ESP/O L 13.48 221 0.61 80
ESP+FF L 12.50 2.09 0.37 80
ESP+FGD H 3.63 1.03 0.69 80
ESP+FGD+SCR H ACI not applicable
ESP+SCR L 13.48 221 0.61 80
FF L 13.48 221 0.61 80
FHDS H 234 0.87 0.36 80
FHFGD H 3.63 1.03 0.69 80
HESP L 3.63 1.03 0.69 80
HESP+FGD H 52.03 6.85 0.31 80
HESP+SCR L 47.00 6.39 0.43 80
PMSCRUB+FGD H 3.63 1.03 0.69 80
PMSCRUB+FGD+SCR H ACI not applicable

Bituminous ESP H 10.93 191 354 80
ESP/O H 10.93 191 354 80
ESP+FF H 6.56 1.38 1.66 80
ESP+FGD L 11.03 1.92 0.11 80
ESP+FGD+SCR L ACI not applicable
ESP+SCR H 10.93 191 354 80
FF H 10.93 191 354 80
FHDS L 234 0.87 0.36 80
FHFGD L 12.98 215 0.48 80
HESP H 55.70 1.38 1.75 80
HESP+FGD L 45.28 6.17 0.13 80
HESP+SCR H 55.70 7.45 1.75 80
PMSCRUB+FGD L 11.03 1.92 0.11 80
PMSCRUB+FGD+SCR L ACI not applicable

Lignite ESP L 16.28 261 124 80
ESP+FF L 12.09 2.05 0.16 80
ESP+FGD L 14.99 2.39 0.83 80
FHDS L 1.05 0.72 0.11 80
FHFGD L 11.34 1.96 0.07 80

Subbituminous ESP L 16.28 261 124 80
ESP+DS L 13.47 221 0.93 80
ESP+FGD L 12.40 2.08 0.62 80
ESP+SCR L 13.47 221 0.93 80
FF L 10.01 1.80 0.12 80
FHDS L 0.87 0.70 0.08 80
FHFGD L 9.39 172 0.05 80
HESP L 54.44 7.30 0.13 80
HESP+FGD L 54.33 7.28 0.13 80
HESP+SCR L 54.44 7.30 0.13 80
PMSCRUB L 13.47 221 0.93 80
PMSCRUB+FGD L 12.40 2.08 0.62 80
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Table A.1.4. Performance and Unit Cost (1999%) Assumptions for Potential (New) Capacity from
Fossil/Nuclear Technologiesin IPM 2000 Base Case

Conventional Integrated . Advanced .
X egrate Combined . Combustion | Advanced
Pulverized Gasification Cvcle Combustion Turbine Nuclear
Coal Combined Cycle y Turbine
Size(MW) 400 428 400 120 160 600
Lead Time (years) 4 4 3 2 2 4
Availability 85% 87.7% 90.4% 92.3% 92.3% 90.7%
Assumed emission controls Scrubber, SCR R R None None None
Vintage#1 (years covered) 2005-2009 2005-2009 2005-2009 2005-2009 2005-2009 2005-2009
Vintage#2 (years covered) 2010 & after 2010 & after 2010 & after 2010 & after 2010 & after 2010-2014
Vintage#3 (years covered) N/A N/A N/A N/A N/A 2015 & after
Vintage#1
Heat Rate (BtukWh) 9,253 7,469 6,562 8,567 11,033 10,400
Capital ($/kW) 1,321 1,427 590 438 388 2465
Fixed O&M ($/KW/yr) 20.08 3212 12.74 8.93 6.08 50.97
Variable O&M (¥MWh) 3.87 1.10 1.10 1.00 1.00 203
Vintage#2
Heat Rate (BtukWh) 9,087 6,968 6,350 8,000 10,600 10,400
Capital ($/kW) 1,305 1,393 563 394 348 2402
Fixed O&M ($/KW/yr) 20.08 3212 12.74 8.93 6.08 50.97
Vaiable 0&M ($/MWh)
3.87 1.10 1.10 1.00 1.00 2.03
Vintage#3
Hest Rate (BtwkWh)
- - - - - 10,400
Capital (FkW)
- - - - - 2,276
Fixed O&M ($/kW/yr)
- - - - - 50.97
Vaiable 0&M ($/MWh)
- - - - - 2.03

Note The capita cost includes both the overnight capital charge rate and theinterest during construction.
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Table A.1.5. Performance and Unit Cost Assumptions for Potential (New) Capacity from
Renewable and Non-Traditional Technologiesin |PM 2000 EPA Base Case

Biomass
Gasification . Fuel Solar Solar Landfill
. Wind . Geothermal
Combined Cells Photovoltaic | Thermal Gas
Cycle
Size(MW) 100 50 10 5 100 100 100
First Year Available 2010 2005 2005 2005 2005 2005 2005
Lead Time (years) 4 3 2 2 3 4 1
Availability 87.7% 90% 90% 90% 90% 87% 85%
Generation capability Economic Generation Economic Generation Generation Economic Economic
Dispatch Profile Dispatch Profile Profile Dispatch Dispatch
Assumed emission controls - - - - - - -
Vintage#1 (years covered) 2010-2030 2005-2030 2005-2014 2005-2030 2005-2030 2005-2030 2005-2030
Vintage#2 (years covered) - - 2015-2030 - - - -
Vintage#1
Heat Rate (BtwkWh) 8,219 0 5,574 0 0 32,391 10,000
Capital ($IKW) 1,490 1,031- 2175 2576 3,187 1,846-6,174 1,299
2,625
Fixed O&M ($/kW/yr) 44.81 26.41 15.00 9.97 47.40 62.40-210.50° 78.58
Vaiable O&M (¥MWh) 534 0.00 2.06 0.00 0.00 0.00 10.48
Vintage#2

Hest Rate (BtwkwWh) - - 5,361 - - - -
Capital (FkW) - - 1,566 - - - -
Fixed O&M ($/kW/yr) - - 15.00 - - - -
Variable O&M ($¥MWh) - - 2.06 - - - -

Notes:

1. Capital costsfor wind plantsvary by wind classand cost class.
2. Capital and fixed O& M costsfor geothermal plants are site specific.
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TableA.1.6. Capital Charge Ratesand Discount Ratesby Plant Typein |PM 2000 EPA Base Case

Investment Technology Capital Charge Rate| Discount Rate | Financing Structure
Environmental Retrofits 12.0% 5.34% Corporate
Nuclear Retrofits (age 30+10 yrs) 19.0% 5.34% Corporate
Nudlear Retrofits (age 40+20 yrs) 13.3% 5.34% Corporate
Repowering of Existing Units 12.9% 6.14% Project
Codl 12.9% 6.14% Project
Combined Cycle 12.9% 6.14% Project
Combustion Turbine 134% 6.74% Project
Renewable Generation Technologies 134% 6.74% Project
[Note: The book life of the two nuclear retrofit optionsis 10 and 20 years, respectively. All theremaining technologiesassumea30-year booklife. |



A.2. Greenhouse Gas Analysis

While IPM® is a detailed electricity sector model, it cannot assess dl GHG emissions and
mitigation opportunities. To develop amore complete picture of GHG emissions and abatement
opportunities, a number of other modeling tools have been utilized. These tools evaluate GHG
abatement opportunities in various sectors both domesticdly and internationdly. Thisanalyss
incorporates the results of the Second Generation Modd (SGM), forestry and agricultural models
such as the Forestry and Agriculture Optimization Model (FASOM) and analyses of non-CO»
GHG emissions and abatement opportunities.

EPA uses emissions reductions and cost data from these models to andyze the totd potentia for
GHG emission reductions or sequestration achievable and at what cost.?? While the availability
and costs of emissions reductions varies across source categories, this relationship has been
estimated as a broad aggregate for this exercise.

A.2.1. Second Generation M odd

DOE's Pacific Northwest National Laboratory’s Second Generation Modd (SGM) isa 13-
region, 24-sector computable generd equilibrium (CGE) modd of the world that can be used to
edimate the domestic, and internationa, economic impact of policies designed to reduce GHG
emissons. Numerous economic anayses have been conducted using the SGM framework both
insde and outside of the government.?®

The SGM isadynamic recursve model. Recursve modds are a sequence of static models with
rules for determining the amount of savings and therefore the totd amount of new capita
congiructed in each time period. SGM uses expectations of future prices to determine savings
and investment. Within the energy sector in SGM, energy-using equipment is “vintaged” to
account for capital turnover and therefore can examine the response of the economy over timeto
policy changes.

The SGM is designed specificdly to address globd climate change issues, with specid emphasis
on the following types of andyss.

1. projecting basdine GHG emissions over time for asingle country, a group of countries,
or the world;

2. finding the least-cost way to meet any particular GHG emissons reduction target;
3. providing ameasure of the carbon price, in dollars per metric ton; and

4. providing ameasure of the overal cost of meeting an emissions target.

22 Emission reductions already required by law are accounted for in the baseline emission projections. Potential
emission reductions from voluntary partnership programs are not included in the baseline and therefore are
reflected in future abatement opportunities and the cal culation of future abatement costs.

23 Sandset al., 1999.

11/02/01 Page 42



For thisanalys's, EPA used the SGM to obtain estimates of margina abatement costs for both
the U.S. and international energy sectors (CO, abatement opportunities from dl energy-usng
sources). The abatement cost curves are built up from a series of modd runs, each of which sets
the carbon price at afixed level and holdsit there for the duration of the run. Abatement costs
are congtructed using carbon prices every ten dollars up to fifty dollars.

Outsde of the U.S. dectricity sector, CO- offset opportunities exist in the domestic indudtrid
and transportation sectors, which represent about 60 percent of U.S. energy-related CO»
emissons?* Industria energy efficiency projects, fud switching in industria boilers, and
emissons improvements in vehicle fleets are examples of possible offset candidates.

Similarly, under the offset scenarios outlined in the letter, the U.S. dectricity sector dso may
pursue reductions internationally. Given the level of economic growth and associated increasein
CO, emissonsthat is predicted in the developing world, the energy sectors in these countries are
anticipated to be a source of inexpensive and abundant offsets. For example, Chind s energy and
home heating systems are largely dependent on cod. Projects that help shift China away from
coa and towards natura gas, biomass, wind, and other renewables could generate large
quantities of offsets at relatively low cost. Similar opportunities exist in India, Brazil, South
Korea, and the rest of the developing world.

A.2.2. Agricultural and Forestry Models

The modes used for the U.S. forestry and agyriculture sectors include the Forestry and

Agriculture Optimization Modd (FASOM) and the Agricultural Sector Mode + Greenhouse
Gases (ASMGHG).?® These models are based on mathematical programming, price endogenous
representations of the forestry and agricultural sectors, modified to include carbon sequestration
and GHG emission accounting. For example, ASMGHG depicts production, consumption, and
internationd trade in 63 U.S. regions of 22 traditiona and three biofue crops, 29 animd

products, and more than 60 processed agricultura products. FASOM includes carbon production
from forestsin the U.S. using data on land diversion, carbon production, and the economic vaue
of forest products. The data from these models are 30-year average results over the 2000-2029

period.

The international forestry sequestration offsets analysisis based upon a computationa mode!,
Comprehensive Mitigation Assessment Process (COMAP), which estimates “ bottom-up”
engineering cost curves for seven key tropical forestry countries—Brazil, Ching, India,

Indonesia, Mexico, the Philippines and Tanzania—representing about two-thirds of the tropica
forest areain the world. The COMAP mode has been developed under the auspices of the F7
Tropica Forestry Climate Change Research Network coordinated by the Lawrence Berkeley
National Laboratory (LBNL) and EPA since 1993. COMAP is a spreadsheet model that runs
from 1990-2100 or as specified, at the national scale, and produces changes in biomass, carbon,

24 USEPA, 2001(a).
25 FASOM was developed by the U.S. Forest Service and Dr. Bruce McCarl. ASMGHG was developed by Bruce
McCarl.
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and the net present value for pecified forest management practices, forest types, and sub-regions
within countries.

Terrestria carbon sequestration involves the absorption of amaospheric CO, and subsequent
storage by trees, plants, and soils. In 1999, terrestriad systems sequestered approximately 270
MMTCE inthe U.S. and 1,600 MMTCE worldwide. Below are brief descriptions of
sequestration processes and potentia options that were included in this offsets analysis.
However, coverage of forest and agricultural sequestration opportunitiesin these modelsis
incomplete. Thus, abatement opportunities may be greater and costs lower than predicted in this
andyss.

Forest Sequestration: Asaresult of biologica processesin forests (e.g., growth and mortality)
and anthropogenic activities (e.g., harvesting, thinning, and replanting), carbon is continuoudy
cycled within forests ecosystems, as well as between the forest ecosystemn and the atmosphere.
Astrees age, they continue to accumulate carbon until they reach maturity, a which point they
are relaively congtant carbon stores. Offsets from forest-based carbon sequestration can be
gimulated by afforestation of agriculturd lands, increasing the rotation length of tree planting
cydes, or changing management intengity through improved silvicultura practices.

The forest carbon sequestration supply curves for the countries covered in the analys's represent
about 35% of the global forest area (including natura forests and plantations). However, this
figure undergtates the coverage of the anadlys's Snce amore accurate comparison would include
the total global potential for forest carbon sequestration. Tota globa potentid is difficult to
edimate at present, but it islikely that if the total global sequestration potentia were included in
the andyds, the availability of CO, offsets would increase, and the dlowance prices would
decrease. The countries covered in the analysis include Brazil, Canada (partid), China, India,
Indonesia, Mexico, Philippines, Tanzania, and the United States.

Agricultural Soil Sequestration: In 1999, soils absorbed approximately 71 MMTCE in the U.S.
The amount of organic carbon contained in soils depends on the balance between inputs of
organic matter and the loss of carbon through decompostion. Changing tillage systems from
conventiond tillage to minimum and no tillage, as well as reverting cropland back to grassdand,
generdly increases soil carbon and could provide offsets.

A.3. Non-CO, GHG Analyses

Non-CO, GHG sources represent about 18 percent of total U.S. GHG emissions and about 32
percent of worldwide emissions?® Many technologies exist that can reduce emissions of these
gases. In some cases, these technologies are dready in use. These technologies may include
recovery of methane emissonsfor energy, efficiency improvements, end-of-pipe controls
(incineration), leek reduction, and chemica subgtitution, among others.

Egtimates of non-CO, marginad abatement curves represent about 35% of globa nonCO, GHG
emissons. The countries and regions covered in the andysisinclude Audtrdia, Brazil, Canada,

26 USEPA, 2001(a).
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China, European Union, India, Japan, Mexico, Russia, Ukraine, United States, and New Zealand.
Sgnificant agriculturd emissons from rice, livestock, and soils, especidly in developing
countries, are not modeled for this exercise give uncertainties regarding GHG abatement
opportunities a thistime. The estimates of potentid offsets from non-CO, GHGs used in this
andyds were derived from extensive bottom-up andyses of the technologies and management
practices that reduce emissons. The sources examined include methane emissonsfrom
landfills, naturd gas systems, and cod mines, HFC, PFC, and S emissions from various
indugtria sectors; and nitrous oxide emissions from adipic and nitric acid production. In each
andyss, only currently available or close-to-commercid technologies are evaluated. EPA has
assembled these emissions reductions and costs into marginal abatement curves showing the total
emiss 207n reductions achievable at increasing monetary values of carbon, for the years 2010 and
2020.

Two sources provide estimates for international offsets from other gases. Fird, the European
Commission recently developed data for countries within the European Union.?® Second, EPA
has estimated offset costs in Audtraia, New Zedland, Brazil, Canada, China, India, Japan,
Mexico, Russia, and Ukraine, based on available information on technologies and country-
gpecific conditions. The discussion below broadly describes the sources that are included in the
andyss.

Methane: Methane emissions are predicted to offer many low-cost offset opportunities.
Landfills are the largest source of anthropogenic methane emissonsinthe U.S. Outside of the
U.S, the largest source of recoverable methane is leakage from natural gas systems.
Underground coa mines, livestock waste management, and a diverse group of other sources dso
provide potentid offsets.

High GWP Gases: High GWP gases include hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SFs), which are important to an array of indudtrid technologies
and consumer products.?® The sources of high GWP emissions that are examined as carbon
offsstsin this andyssinclude HFCs from refrigeration and air conditioning; PFCs from
semiconductor manufacturing and auminum smelting; Sk from magnesium production, parts
casting, and dectric power digtribution; HFC-23 from HCFC- 22 production; and a diverse set of
other source categories.

Nitrous Oxide: The main anthropogenic sources of nitrous oxide are agriculturd soil
management, fuel combustion in motor vehicles, and adipic and nitric acid production processes.
However, margina abatement cost estimates are only available for the adipic and nitric acid
sources, which represent about 7 percent of total U.S. nitrous oxide emissions. Nitrous oxide
emissons are a by-product in the production of adipic acid, which is used in the manufacture of
gynthetic fibers, coatings, and lubricants. Nitrous oxide is also a by-product of nitric acid

27 Emission reductions already required by law are accounted for in the baseline emission projections. Potential
emission reductions from voluntary partnership programs are not included in the baseline and therefore are
reflected in future abatement opportunities and the cal culation of future abatement costs.

28 Commission of the European Union, 2000.

29 HFCsin particular have become important to the safe and cost-effective phase-out of chlorofluorocarbons
(CFCs), halons, and other ozone-depl eting chemicals worldwide.
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production, which is used primarily to meke synthetic commercid fertilizer and isamgor
component in the production of adipic acid and explosives. Opportunities exist to reduce nitrous
oxides both in the U.S. and internationdly.

A.4. The Greenhouse Gas | mpacts of the Kyoto Protocol

Other countries reached agreement on the Kyoto Protocol at the meeting of the Conference of
Partiesat Bonn on July 23, 2001. If ratified, it would require countries in Western Europe, dong
with Canada, Japan, Audtralia, New Zealand, Russia and Eastern Europe to achieve greenhouse
ges (GHG) emissions reductions of 4.2% below 1990 levels by the time frame of 2008-2012.%°
The Accord alows countries to trade GHG emissions reductions amongst themsalves, and to
offset their GHG emissions growth by reducing emissions in developing countries. Additiondly,
provisions have been made for these countries to receive country-specific credits for forestry and
agricultural carbon sequedtration activities. While there is no agreement on actions after 2012,
this analyds assumes that the target of 4.2% below 1990 levels will be maintained through 2020.

Potential GHG Reductions

Cdculating potentid GHG reductions from the Kyoto Protocol requires estimates of “business as
usud” for emissons of the sx GHGs covered by the accord. EPA uses projections for the
emissons of non-CO, greenhouse gases (methane, nitrous oxide, and high GWP gases)
developed by EPA. Emissions projections for CO;, are from the International Energy Outlook
2001 prepared by the U.S. Department of Energy’s Energy Information Adminigtration (EIA).

Emissions Growth

For the countries of Western Europe, along with Australia, Canada, Japan, and New Zealand,
CO, emissionsin 2010 are projected by EIA to be 1,666 MMTCE, which represents growth of
approximately 18 percent over 1990 emissions. These countries have proposed to achieve GHG
emissions targets that are gpproximately 6.7% below their 1990 emissonslevels. Factoring in
EPA projections for non-CO, GHG emissions, these countries are projected to be 423 MM TCE
above their agreed targets by 2010. By 2020, CO, emissions are projected to be 1800 MMTCE,
and factoring in EPA estimates of non-CO, emissons, the countries emissions are projected to

be 551 MMTCE above their target in 2020.

Former Soviet Union and Eastern Europe

A principa uncertainty in estimating the impact of Kyoto Protocol is GHG emissonstrendsin
the Former Soviet Union and Eastern Europe. With the collapse of the Soviet Union, economic
activity in the region declined sgnificantly. 1n the EIA projections, CO, emissions are projected
to remain low, and when non-CO-, emissions are factored in, total GHG emissions are projected
to be below the regiona target for by about 377 MMTCE in 2010. Thedifferencein 2020 is
projected to 222 MMTCE.

30 For certain high GWP gases, countries may choose their baseline to be their 1990 or 1995 emissions level.
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Sequestration

The agreement reached at Bonn specifies the number of credits that each country may claim for
forestry and agricultural carbon sequestration activities®! These credits roughly total 55

MMTCE per year.

Results

Total emissions reductions from the Kyoto Protocol are caculated by adding the negative
emissons growth (some have cdled this*hot ar”) in the Former Soviet Union and Eastern
Europe to the emissions growth from the other countries, and subtracting the specified
sequedtration credits. Using EIA projections for CO,, the total GHG emissions reduction
required by the Kyoto Protocol isfully offset by FSU and Eastern European “hot air” in 2010.
Thus, the implementing countries may not be required to take additiona abatement activity in
2010. However, by 2020, the total emission reduction from the Agreement is roughly 280

MMTCE. (SeeTablesA.4.1.aand A.4.1.b, below.)

Table A.4.1.a. 2010 Emissions Projectionsusing EIA (MMTCE)

ALL GHG 1990 2010 Target GAP Sinks Change from Baseline
FSU/EE 1,654 1251 1,628 -377 23 -400
Europe/Ja/Can/

AUSNZ 1,766 2,072 1,649 423 32 391
All Kyoto Protocol 3420 3323 3275 8 55 o

Countries

Table A.4.1.b. 2020 Emissions Projectionsusing EIA (MMTCE)

ALL GHG 1990 2020 Target GAP Sinks Change from Baseline
FSU/EE 1,654 1,405 1,628 -223 23 -246
Europe/Ja/Can/

AUSNZ 1,766 2,206 1,649 557 32 525
All Kyoto Protocol 3420 | 36lL 3275 33 55 281

Countries

* The -9 MMTCE reduction obtained using EIA CO; projections implies that no additiond
GHG abatement would be required.

Note: Columns may not add due to rounding errors and discrepanciesin the source data.

31 See Appendix Z of the Report of the Conference of the Parties on the Second Part of its Sixth Session.
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