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Preface

On January 9, 2003, Senators John McCain and Joseph I. Lieberman introduced Senate Bill 139 (S.139),
the Climate Stewardship Act of 2003, in the U.S. &erfa.139 would require the Administrator of the

U.S. Environmental Protection Agency (EPA) to promulgate regulations to limit greenhouse gas
emissions. On January 28, 2003, Senator James M. Inhofe requested that the Energy Information
Administration (EIA) perform a comprehensive analysis of S.139. On April 2, 2003, Senators McCain

and Lieberman, cosponsors of S.139, made a further request for analyses of their bill. This Service Report
responds to both requests.

To analyze S.139, EIA used an updated version ofheal Energy Outlook 2003 (AEO2003) reference

case AEO2003 was generated using EIA’s National Energy Modeling System (NEMS). S.139 proposes a
detailed program for greenhouse gas emission monitoring and control and contains provisions that are
either subject to varying interpretation or are intended to be defined after enactment. Based on EIA’s
interpretation of the S.139, madifications were made in NEMS to allow modeling of its specific
provisions.

The report summarizes the provisions of S.139 and the requests from Senator Inhofe and Senators

McCain and Lieberman. It discusses the methodology used for the analysis, the key assumptions made
based on EIA’s interpretation of the proposed bill, and lists the scenarios examined as part of the analysis.
It presents the projected impact of S.139 on greenhouse gases and the role of offsets. The report examines
the impacts of S.139 on the four end-use demactdrse—residential, commercial, industrial, and
transportation—and on electricity supply. The analysis also examines the implications of S.139 for fossil
fuel supplies, including production, prices, and employment. It discusses the macroeconomic impacts of
S.139 under different policy assumptions. Appendix A presents the request letters and subsequent
correspondence with the requesters’ staff.

The legislation that established EIA in 1977 vested the organization with an element of statutory
independence. EIA does not take positions on policy questions. It is the responsibility of EIA to provide
timely, high-quality information and to perform objective, credible analyses in support of the
deliberations of both public and private decisionmakers. This report does not purport to represent the
official position of the U.S. Departmeof Energy or the Administration.

Within its Independent Expert Review Program, EIA arranged for leading experts in the fields of energy
and economic analysis to review this analysis and provide comment. The reviewers provided comments
on a draft version of the report, after an earlier meeting with EIA to discuss the methodology and
preliminary results. All comments from the reviewetb&i have been incorporated or were considered

for incorporation. Due to time limitations, EIA was not able to complete all the sensitivity cases

suggested by the reviewers. The basis of the setis#iicluded in this analysis was to respond to the
requests of the Senators soliciting this analysis. As is always the case when peer reviews are undertaken,
not all the reviewers are in agreemb with all the methodology, inputs, and conclusions of the final

report. The contents of this report are solely the responsibility of EIA. The assistance of the following
reviewers in preparing the report is gratefully acknowledged:

Vicki Arroyo
Pew Center on Global Climate Change

Dallas Burtraw
Resources for the Future
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Denny Ellerman
Massachusetts Institute of Technology

W. David Montgomery
Charles River Associates

Billy Pizer
Resources for the Future

Richard Richels
Electric Power Research Institute

John Weyant
Stanford University

The projections in the reference case in this report are not statements of what will happen but of what
might happen, given the assumptions and methodologies used. The reference case projections are
business-as-usual trend forecasts, given known technology, technological and demographic trends, and
current laws and regulations. Thus, they provide a policy-neutral reference case that can be used to
analyze policy initiatives. EIA does not propose, advocate, or speculate on future legislative and
regulatory changes. All laws are assumed to ire@a currently enacted; however, the impacts of

emerging regulatory changes, when defined, are reflected.
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Highlights

I ntroduction

This analysis of Senate Bill 139 (S.139), the Climate Stewardship Act of 2003, was requested by Senator
James M. Inhofe, Chairman of the Senate Environment and Public Works Committee, and by Senators
John McCain and Joseph I. Lieberman, who introduced the bill. The analysis responds to both requests.

Highlights of S.139

S.139 would establish regulations to limit U.S. emissions of greenhouse gases, primarily through
a system of tradable emission allowances and related emissions reporting requirements.

The bill covers emissions of six greenhouse gases: carbon dioxide, methane, nitrous oxide, and
three gases with high global warming potehtGWP)—hydrofluorocarbons, perfluorocarbons,

and sulfur hexafluoride. The bill's allowance requirements cover about 75 percent of direct
emissions in the United States. Covered souradsda entities in the commercial, industrial, and
electric power sectors with annual greenhouse gas emissions above a threshold level of 10,000
metric tons carbon dioxide equivaléritansportation uses of petroleum products; and producers
and importers of high-GWP gases.

Emissions sources excluded are entities in the residential and agriculture sectors with direct
emissions and entities with annual emissionsvdld,000 metric tons carbon dioxide equivalent
(based on GWP). Noncovered entities are affected by the bill, however, because emissions from
the electricity they use are subject to the bill's allowance program, and because prices for natural
gas are expected to rise as demand for the low-carbon fuel increases under the program.

Emissions allowance caps are introduced in two phases. Phase | allowance caps, in effect from
2010 to 2015, are based on the emissions from covered sources in 2000. The Phase Il caps, in
effect after 2015, are based on 1990 emissions. The bill provides incentives and flexibility
measures to spur early action and give credit for past emission reduction efforts, including:

0 A banking provision that allows entities to save allowances for future use, providing an
incentive to overcomply early, when the allowance limit is relatively low, easing the
transition to more stringent limits in Phase II, beginning in 2016

o Emission allocation rules that reward past reductions with increases in the initial allocation of
allowances

0 Allocation of emission-based marketable credits to automotive manufacturers for corporate
average fuel economy (CAFE) improvements that are more than 20 percent over the relevant
standard

o A Climate Change Credit Corporation, funded by allowance sales, with authority to provide
programs for transition assistance and to reduce economic impacts, which could take the form
of rebates for purchases of efficient appliances and other transfer payments.

1

Most commercial entities would not be covered. Most industrial and electric power companies would be covered.
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Summary of the S.139 Analysis and Results

Total Greenhouse Gas Emissions Reach 2000 Levels by 2025. Total greenhouse gas emissions are

estimated to reach 2000 levels by 2025, with the gradual decline in U.S. greenhouse gas emissions
starting in 2010. Covered entities are expected to overcomply in Phase I, in order to bank allowances.
Beginning in 2016, when the more stringent Phase Il allowance caps go into effect, covered entities
would use previously banked allowances, enabling them to reduce their emissions (about 75 percent of
the total) to near 1990 levels over the next decade. Emissions from noncovered entities grow moderately
through 2025. Total emissions (covered and noncovered) reach 2000 levels by 2025. These changes in
emissions do not reflect increases in carbon sequestration and purchases of emissions reductions abroad
that are also used to comply with the targets in the legislation.

Allowance Values Grow Over Time. Prices in the emission allowance program are expected to increase
gradually from $79 per metric ton carbon equivalent in 2010 ($22 per metric ton carbon dioxide
equivalent) to $221 per metric ton carbon equivalent in 2025 ($60 per metric ton carbon dioxide
equivalenty: The S.139 provisions to allow banking of sgions allowances are expected to moderate
price increases as arbitrage occurs in allowance trading and banking.

A Supplementary Market for Tradable Offsets Develops. The bill provides an incentive for noncovered
entities to make reductions and register them, so that they can be sold to covered entities for use in place
of allowances. An organized market for offsets is expected to develop, and covered entities are assumed
to take advantage of the maximum allowable amount of offsets (15 percent of the allowance requirement
in Phase | and 10 percent in Phase II). The offset limits, combined with the generally lower costs of initial
reductions from offset sources, are expected to result in a lower market price for offsets than for
allowances. Estimated prices of offsets in 2025 are $52 per metric ton carbon equivalent, well below the
price of allowances ($221 per metric ton carbon equivaient).

2025 End-Use Prices Increase by 27 Percent for Motor Gasoline and 46 Percent for Electricity. In the

S.139 analysis case, gasoline prices increase by 19 cents per gallon in 2010 and by 40 cents per gallon in
2025 relative to the prices projected in the reference case. Electricity costs increase by 0.6 cents per
kilowatthour in 2010 (9 percent) and by 3 cents in 2025 (46 percent). The average household’'s energy
bill, including the fuel cost of personal transportation, is expected to increase by $444 dollars per year in
2025 (13 percent) relative to the reference case.

Allowance Proceeds Offset Consumer I mpacts. The increase in the average household’s energy expenses

is significantly mitigated by appliance rebates, transition assistance, and other transfer payments provided
by the Climate Change Credit Corporation, a new nonprofit organization created under the bill and funded
with revenues from emission allowance sales.

By 2025, Average Delivered Pricesto Covered Entities I ncrease by 31 Percent for Petroleum Products,

79 Percent for Natural Gas, and 485 Percent for Coal. Covered entities must hold allowances for their
greenhouse gas emissions. The costs of the allowances add to the effective price of fossil fuels delivered
to the covered sectors. The large percentage increase in the cost of coal reflects both its high carbon
content and its relatively low initial price. On a dolf@¥r-Btu basis, coal remains the lowest cost fossil

fuel under the bill, but its use is expected to be greatly reduced as a direct consequence of the allowance
program.

Prices are in constant 2001 dollars, unless otherwise noted.
In a sensitivity case without a binding offset limit, the use of offsets increases and the overall cost of complialecteas ref
in the allowance and offset prices from 2010 to 2025, decreases by about 20 percent.
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Macroeconomic | mpacts Reduce Gross Domestic Product (GDP). The economy’s adjustment to

increasing energy costs through 2025 under the bill is expected to reduce real GDP and disposable
income, with the degree and timing of the impactsmeined in part by how proceeds from allowance

sales are distributed. Assuming that the amount of auctioned allowances grows over time, the maximum
percentage reduction in projected GDP compared to the reference case in any year is 07Tpercent.
projected average annual growth rate of GDP from 2001 to 2025 is 3.02 percent with the bill and 3.04
percent without it. Expressed in dollar terms, the reduction in the present discounted value of GDP over
the forecast period is $507 billion (in 1996 dollars). In 2025, when the adjustment to the S.139 regime is
largely complete, actual GDP in the S.139 case is $106 billion (0.6 percent) lower than in the reference
case.

Personal Disposable Income I's Also Reduced. Reductions in disposable income are similar in magnitude

to the reductions in GDP, with the greatest gesnoccurring in the 2010-2015 time frame, when the
assumed percentage of allowances allocated to the Climate Change Credit Corporation and rebated to
consumers is the lowest. Over the 22-year time frame of the analysis, the cumulative difference in
discounted disposable income relative to the reference case is $1,037 per capita, or about $47 per person
per year (1996 dollars). Without discounting, the cumulative difference in disposable income relative to
the reference case is $2,459 per capita, or $112 per person per year.

The Electric Power Sector Dominates Emission Reductions. The electric power sector is expected to

provide by far the greatest share of emissions reductions, mainly through fuel substitution on the supply
side but also through demand changes from higher electricity prices. Total energy-related carbon dioxide
emissions in 2025 are reduced by 752 million metric tons carbon equivalent relative to the reference case,
with the electricity sector’s reduction amounting to 663 million metric tons. The electricity sector is more
flexible in reducing emissions because of its potential to substitute towards lower carbon fuels, adopt
emission-free alternatives, and implement carbon sequestration technology for fossil-fueled plants. To a
great extent, these options can reduce emissions at a lower per-ton cost than in other energy-consuming
sectors.

Coal Use Declines Sharply; New Nuclear Power Plants Are Added; Use of Renewable Energy

Increases. The use of coal, particularly for electric power, is expected to decline rapidly, with generators
substituting capacity fueled by natural gas, nuclear, and renewable fuels, and building plants equipped
with carbon sequestration technology. Geological sequestration of carbon dioxide for coal and natural gas
plants is expected to become economical, resulting in 140 gigawatts of capacity equipped with this
technology (38 gigawatts using coal) by 2025. Nuclear power, which produces no greenhouse gas
emissions, becomes more economical under S.139. Nuclear generation is expected to increase by 50
percent by 2025, with investments in a new generation of advanced plants beginning as early as 2012.
Renewable energy use increases under S.139, particularly in the electricity sector, as additions of biomass
and wind capacity, along with more modest increases in geothermal and landfill gas capacity, increase
relative to the reference case. The estimated share of generation supplied by renewables, including
hydroelectricity, increases from 8 percent in the reference case in 2025 to 23 percent in the S.139 case.

Transportation Energy Use Falls. Transportation petroleum use declines by 0.3 quadrillion Btu (1

percent) in 2010 and 4.1 quadrillion Btu (10 percent) in 2025 under the bill, compared to the reference
case level, as the prices of travel-related emission allowances are passed on to consumers, who respond
by buying more fuel-efficient vehicles and traveling less. Automotive manufacturers, who are given
incentives under the bill to exceed fuel economy standards by at least 20 percent, are expected to respond
gradually to the incentives, while continuing to maintain vehicle comfort, safety, and performance. By

4 The maximum percentage change occurs in 2012 and amounts to a difference of $93 billion (1996 dollars).
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2025, new light vehicle fuel economy (cars and light trucks together) reaches 29.0 miles per gallon,
compared with 26.4 miles per gallon in the reference case.

Petroleum Imports Decline. U.S. petroleum demand is estimated to fall by 0.3 million barrels per day in
2010 and by 2.7 million barrels per day in 2025 compared to the reference case, reducing projected olil
import dependence in 2025 from 67.8 percent to 64.7 percent of total U.S. oil supply.

Allowance Values and GDP I mpacts Are Lower Under High Technology Assumptions. Under more
optimistic assumptions about the future availability, costs, and performance of advanced energy-using
technologies, the cost of compliance for S.139 is lower. In a high technology sensitivity case, allowance
prices in 2025 are reduced by 28 percent compared to the S.139 case. The reduction in the size of the
economy in 2025 is $106 billion in the S.139 case and $95 billion in the S.139 high technology case
(1996 dollars).

A Lower Natural Gas Supply Outlook and Higher Natural Gas Prices Result in Greater Adoption of

Nuclear and Renewable Technologies and I ncrease the Use of Coal with Carbon Sequestration. More
pessimistic assumptions for natural gas supplies, including recoverable reserves and undiscovered
resources, result in projected wellhead prices in 2025 that are 40 percent higher than in the reference case.
An S.139 sensitivity case with higher gas prices results in changes in compliance strategies, particularly

in the electricity sector. Generating capacity substituted for natural gas additions includes coal-fired plants
with carbon sequestration, as well as nuclear and renewables. As a result, overall coal consumption in this
sensitivity case is 237 million tons higher than in the S.139 case in 2025, but at 543 million tons it is
significantly lower than in the reference case (1,466 million tons). The overall cost of compliance, as
indicated by the allowance prices, is about 6 percent higher in the S.139 high gas price case than in the
S.139 case.

The Results Are Inherently Uncertain. An assessment of the impact of S.139 over a 25-year period is
subject to considerable uncertainty. The baseline forecast (which is itself uncertain) affects the amount of
change needed to meet an emissions target, #e doodeling methodology and assumptions. Alternative
assumptions about the cost, performance, and market acceptance of these technologies affect the results,
as do other assumptions, including the distribution of emission allowances to covered entities, the
availability and cost of international offsets, future policy changes affecting energy use, and the extent of
coverage and reduction potential of emissions sources. Sensitivity analysis is used to address some of
these issues but does not necessarily encompass the full range of plausible energy and economic
outcomes that might follow from enactment of the hill.

XVi



Summary

On January 9, 2003, Senators John McCain and Joseph I. Lieberman introduced Senate Bill 139 (S.139),
the Climate Stewardship Act of 2003, in the U.S. Seh&t&39 would establish regulations to limit U.S.
greenhouse gas emissions, primarily through a pnogfaradable emission allowances and related

emissions reporting requirements. The emissions allowance program would apply to most greenhouse gas
emissions sources, the exceptions being those in the residential and agriculture sectors, as well as
organizational entities in all sectors whose annual emissions are less than a certain threshold.

On January 28, 2003, Senator James M. Inhofe requested that the Energy Information Administration
(EIA) perform a comprehensive analysis of S.139. On April 2, 2003, Senators McCain and Lieberman
made a further request for analyses of their bill (see Appendix A for copies of the requesting letters). This
Service Report responds to both requests.

This report addresses the following specific elements of Senator Inhofe’s request:

e Costs of the bill to the U.S. economy in employment and aggregate gross domestic product
(GDP)

» Energy conservation effects of the bill

» Comparison of the bill's compliance period with those scheduled by China, Mexico, South Korea,
India, and Brazil for their greenhouse gas reduction programs

» Demographic data (by household income classhe distribution of energy consumption and
expenditures from EIA’s Residential Energy Consumption Survey.

The report also responds to the following specifiaraints of the request from Senators McCain and
Lieberman:

» Projected impacts of the bill over a range of alternative percentages of total greenhouse gas
allowances to be issued by the U.S. Government that might be allocated to the Climate Change
Credit Corporation—a new nonprofit organization with responsibilities defined by the bill

» Impacts of early action compliance activities by both covered and noncovered entities on the total
costs of compliance

» Impacts of new technologies that could be deployed to reduce greenhouse gas emissions on the
costs of compliance

* Impacts of the “allowance banking” permitted under the bill

» Effects of the bill on future levels of U.S. &sions of energy-related carbon dioxide and other
greenhouse gases

» Effects of compliance flexibility measures and additional incentives to reduce emissions,
including allowance credits for:

Registered reductions in international emissions

Fleet fuel efficiency improvements 20 percent greater than required
Emissions reductions associated with electricity use in noncovered sectors
Biological carbon sequestration from agricultural and forestry activities
Reducing emissions to 1990 levels before the bill’s required date of 2010.

o O O o

5 See web site http://frwebgate.access.gpo.govicgi-bin/getdoc.cgi?dbname=108_cong_bills&docid=f:s139is.txt.pdf.
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Summary of the Climate Stewar dship Act of 2003

S.139 establishes a research program on climate change and related activities, a national greenhouse gas
database and registry of reductions, and a system of tradable allowances to reduce greenhouse gas
emissions. The greenhouse gases addressed by the bill are carbon dioxide, methane, nitrous oxide, and
gases with high global warming potential (GWP)diofluorocarbons, perfluorocarbons, and sulfur
hexafluoride. The bill establishes requirements for mandatory emissions reporting by covered entities and
for voluntary reporting of emissions reduction activities. The focus of this report is on the emission
allowance program and the related incentives proposed in the bill.

The bill defines the covered sectors for the emission allowance program as the commercial, industrial,
electric power, and transportation sectors. The residential and agriculture sectors are exempt from the
emissions reporting and allowance provisions under the bill. Covered entities in the confimercial,

industrial, and electricity sectors are those with annual greenhouse gas emissions greater than a threshold
level of 10,000 metric tons carbon dioxide equivalent. All petroleum use in the transportation sector is
covered, with refiners having the responsibility to obtain allowances for emissions related to petroleum
sold for transportation use. The high-GWP gases are covered, with producers and importers of these gases
having the responsibility to obtain allowances for emissions associated with their supply. The bill

provides for the exemption of emission sourcelkefU.S. Environmental Protection Agency (EPA)

deems their measurement or estimation to be impractical. This exemption would most likely apply to a
large share of U.S. nitrous oxide and methane emissions, because many of their sources are difficult or
uneconomical to measure.

The bill's market-driven system of emission alimces would control greenhouse gas emissions by

creating a fixed number of tradable emission allowareeh year. The EPA is charged with establishing

the regulations to create the tradable allowances, and S.139 defines many of the provisions governing the
allowances. The bill provides entities with options for banking and borrowing allowances; for limited use
of registered reductions from noncovered entities in lieu of allowdrares for obtaining allowance

allocation credits to reward past emissions redastand early action reductions. S.139 establishes a
nonprofit Climate Change Credit Corporation (hereattérred to as the Corporation) to facilitate the

market in emission allowances, to buy and sell allowances, and to distribute proceeds from sales in order
to reduce the economic impacts of the program. The bill gives responsibility to the Secretary of
Commerce for defining the allocation of allowances to the covered sectors and to the Corporation, subject
to the final approval of Congress.

Each emission allowance provides the right to emit one ton of greenhouse gases, measured in carbon
dioxide equivalent units based on 100-year GWP.nUmber of allowances created each year effectively
establishes a cap on total U.S. emissions; however, with the banking of allowances for future use
permitted under the bill, emissions in any year may differ from the number of allowance< iSkadll

requires covered entities to submit allowances equal to their emissions but does not limit the emissions of
individual entities. Entities are free to produce anypam of emissions as long as they obtain the same

6
7

The commercial sector includes government entities.

The bill allows each covered entity to obtain a portion of its emission allowances from alternate compliance sources,
including purchase of allowances from certified reduction or sequestration programs, both domestically and abroad. The
alternate compliance limits are 15 percent from 2010 to 2015 (Phase 1) and 10 percent thereafter (Phase Il). As an incentive
for early action, entities reducing their emissions below 1990 levels may be granted a limit of 20 percent of their target
reductions from alternate compliance sources in Phase I.

Covered entities must submit allowances for their covered emissions or, to a limited extent, offsetting emission reduction
credits from noncovered entities. Therefore, the covered emissions, less any offset credits, are subject to the allowance cap.
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amount of allowances. Entities may buy and sell allowances, and they may bank allowances for future
use. Under limited conditions, covered entities can borrow against future emissions reductions.

S.139 allows automotive manufacturers to sell credits to the greenhouse gas registry for exceeding fleet
fuel economy standards by more than 20 percent. The credits would then be used to reduce a
corresponding quantity of emission allowances allocated to the transportatiorts€htsmprovision

establishes an emissions-related economic incentive for manufacturers to supply more efficient vehicles.
Because this opportunity supplements the incentives established by the emission allowance requirement,
the bill provides a somewhat greater economic incentive for emission reductions in transportation than in
other sectors.

The S.139 emission allowance program would goéfitect in 2010. In Phase |, 2010 through 2015, the

number of allowances issued annually is based on the aggregated emissions of the covered sectors in 2000
(but reduced by the emissions of noncovered entitidsose sectors in 2000). In Phase I, beginning in

2016, the number of allowances issued is based dh d®@#ssion levels (and reduced by emissions of
noncovered entities in 1998)For purposes of this analysis, Phase Il is assumed to continue indefinitely.

The number of allowances created is to be reduced by an amount corresponding to the emissions from
noncovered entities, such as those with emissions below the threshold level—an amount that will not be
established until emissions reporting is in place. The number of emissions allowances to be issued by the
Government and, consequently, the overall cap are not established exactly; however, roughly 75 percent

of total U.S. greenhouse gas emissions are likely to be covered under the bill.

The allocation of emissions allowances to covered sectors and entities is not completely fixed by the bill.
Some of the Government-issued allowances are to be distributed directly to covered entities, and the rest
are to be allocated to the Corporation. While a nuroberiteria for allocating emissions allowances are
defined by the bill, neither the total percentage of allowances distributed free, nor the share distributed to
each of the covered sectors, is defined in the bill. The bill does, however, describe an allocation procedure
to reward entities for registered emissions reductions made since 1990 and reductions made in advance of
the 2010 start date. Entities with creditable reductions are granted a corresponding increase in their future
allocation of allowances in the compliance period beginning in 2010. These credits for early action do not
affect the overall compliance cap; they only affect the allocation of free allowances to covered entities.
Nevertheless, this provision provides an incentive to reduce emissions early as a means of obtaining
greater allowance allocations in the future.

Approach and Scenarios

EIA analyzed the bill using the National Energy Modeling System (NEMS). The primary reference case
for the analysis was based on the NEMS reference case results published iknBugisEnergy Outlook

2003 (AEO2003)," updated to reflect changes in electric generating capacity sinAE®2H03 was
completed in January 2003; to incorporate revised expectations about near-term trends in natural gas

This provision requires the entity to show that a specdjital project is underway to reduce emissions, and any allos/ance
borrowed must be returned at an effective interest rate of 10 percent per year. In addition, borrowed allowances count against
the limit on alternate compliance offsets. Therefore, in the aggregate, allowance borrowing is likely to be minimal under the
bill.

The relationship between fuel economy credits and emission allowances is to be based on the emissions reductions
attributable to the higher fuel economy, as determined by the Secretary of Transportation.

These limits are subject to a biannual review for adequacy by the Under Secretary of Commerce for Oceans and Atmosphere.
Because covered entities can, to a limited extent, fulfill #ikwance requirement with registered reductions from abroad

and by registered increases in net sequestration, their aggregate emissions would not necessarily reach 1990 levels.

13 Energy Information Administratiomnnual Energy Outlook 2003, DOE/EIA-0383(2003) (Washington, DC, January 2003),

web site http://www.eia.doe.gov/oiaf/aeo/.
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prices; and to reflect recent changes in corp@ateage fuel economy (CAFE) standards. In order to
respond to the requests from Senators Inhofe, McCain and Lieberman, the following cases were analyzed
with NEMS:

* S.139 Case This case simulates enactment of S.139, combinedAEE?003 reference case
assumptions for technology. This is the principal essssl to represent the overall impacts of the bill.
The other cases in the analysis are designed to test the assumptions incorporated in the S.139 case.
The following assumptions are made in the S.139 case and are varied in the sensitivity cases:

0 Allowance Banking: Entities can overcomply (e.g., in Phase 1) and bank allowances for
future use (e.g., in Phase ll). Arbitrage in allowance trading and banking is assumed to limit
the annual growth rate of the allowance trading price.

o Alternate Compliance Percentage: In aggregate, entities are assumed to obtain 16 percent
of covered emissions allowances through the bill's alternate compliance provisions
(“offsets”) in Phase | (2010-2015), and 10 percent in Phase Il (from 2016 on). Offsets come
from: (1) emission reductions from noncovered entities (domestic); (2) increases in net
biological carbon sequestration; and (3) international emissions reductions. The 16 percent
reflects the bill's provision that some entities will be granted a 20 percent offset percentage
(instead of 15 percent) in exchange for reducing their emissions to 1990 levels by 2010.

o Commercial Sector: The S.139 case assumes that all entities in the commercial sector are
exempt from emissions allowances and that all entities in the industrial sector are covered.

0 Auction Percentage: The S.139 case assumes that 20 percent of emissions allowances will
be allocated to the Corporation in 2010, increasing linearly each year to 80 percent in 2025.

0 Nuclear Power and Geological Sequestration: The S.139 case assumes commercial
availability of advanced nuclear plants and of geological carbon sequestration technologies in
the electric power industry.

The following sensitivity cases were examined to analyze variations on the S.139 case:

* S.139 High Technology Case: This case incorporates the high technology case assumptions.

* High Technology Reference Case: This case combines the reference case assumptions with the high
technology case assumptions in A&#02003 integrated high technology case and provides the basis
for comparison with the S.139 high technology case

* No New Nuclear/No Sequestration Case: This case shows the impacts of assuming that these
advanced technologies would not be commercially available through 2025.

» S.139High Natural Gas Price Case: This case combines the high gas price reference case with
enactment of S.139. It is intended to analyze the impact of higher natural gas prices on energy market
decisions under S.139.

» High Natural Gas Price Reference Case: This case assumes a more pessimistic outlook for domestic
natural gas supply than in the reference case, resulting in higher natural gas prices.

» 80 Percent and 20 Percent Allowance Auction Cases: The S.139 case assumes that, initially, 20
percent of the emission allowances issued by the Government will be allocated to the Corporation,
increasing to 80 percent by 2025. These cases show the impacts of two fixed percentages, 80 and 20
percent, allocated to the Corporation in each year of the forecast.

» Commercial Coverage Case: This case assumes that all entities in the commercial sector are covered.

» No Banking Case: This case assumes that the banking of emissions allowances for later use by
covered entities is not incorporated as a compliance option. It is included to show the impacts of the
banking provision included in S.139.
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e S.139 International Offset Availability Cases: This pair of cases examines the impact on the S.139
case of variability in international offset availability. The first case assumes no international offsets
(low international offset supply case). The second assumes a doubling in the supply of offsets
available at each price (high international offset supply case).

» S.139 High Percentage Offset Case: This case examines the sensitivity of the S.139 case to
increasing the percentage of allowance requirements that can be met by offsets to 50 percent in all
years.

S.139 specifies the Phase | and Phase Il emission allowance caps based on 2000 and 1990 data, excluding
emissions from the residential sector, agriculture sector, and U.S. territories. The reference data cited in

the bill are from the EPA’mventory of U.S. Greenhouse Gas Emissions and Sinks; 1990-2000.* The bill

specifies the annual allowances for Phase | and Phase Il at 5,896 and 5,123 million metric tons carbon
dioxide equivalent, respectively, adding the phrasduced by the amount of emissions of greenhouse

gases . . . from noncovered entities.” Noncoverdties include those not meeting the emissions

threshold of 10,000 tons carbon dioxide equivalenivelsas emissions from sources deemed impractical

by the EPA to measure.

The allowance caps for this analysis are based on: (1) energy-related carbon dioxjida{€€ons as
reported by EIA? and (2) non-C@emissions from a consolidated set of data provided by EPA that
combines history, projections, and reduction potential. The allowance caps are derived by summing the
CO, emissions from the affected energy sectors, the covered portions of methane and nitrous oxide
emissions, and emissions of the high-GWP gasenglilsese definitions, the Phase | and Phase Il caps

for covered entities are estimated at 5,372 and 4,613 million metric tons carbon dioxide equivalent.
Except where otherwise noted, this report follows EIA’s standard practice of reporting emissions of
carbon dioxide and other greenhouse gases in carbon equivalent (rather than carbon dioxide equivalent)
units, defined as the weight of the carbon eohbf carbon dioxide (i.e., just the “C” in QOEmissions

in carbon equivalent terms are converted to carbon dioxide equivalent terms by multiplying by'3.6667.
Thus, the Phase | and Phase Il caps used in this report are 1,465 and 1,258 million metric tons carbon
equivalent.

Greenhouse Gas Allowance Costs

The bill's allowance trading and offset provisions would result in markets for emission allowances and
offset credits. The market for these allowances and related incentives is expected to result in a gradually
increasing market-clearing price for allowances that reflects both the cost of reducing emissions and the
impact of allowance banking. Because allowances can be sold or held for future use, covered entities will
have an incentive to reduce emissions under the bill even if they are allocated sufficient allowances to
cover their annual emissions. The two-phase compliance period provides an incentive for covered entities
to overcomply and bank emission allowances during the first phase (2010-2015), when the allowance cap
and offset limits are relatively lenient. The bank of allowances could then be used to reduce compliance
costs under the more stringent Phase Il allowance and offset caps.

14 U.S. Environmental Protection Agentgyentory of U.S. Greenhouse Gas Emissions and Sinks; 1990-2000, EPA 430-R-02-

003 (Washington, DC, April 2002).
15 Energy Information AdministratiofEmission of Greenhouse Gases in the United States 2001, DOE/EIA-0573(2001)
(Washington, DC, December 2002). There are several sources of difference between BoWslitaiide emissions
accounting and those in the EPA invent@ye is that EIA does not subtract enossi for military and international bunker
fuels. Another is that EIA recently revised its energy datawting for fossil fuels used to generate electricity.
Conversely, emissions allowance prices in carbon equivalent terms are converted to carbon dioxide equivalent terms by
dividing by 3.6667.
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The decisions to sell or hold allowances for the future are expected to result in a gradually increasing
allowance price that grows at a rate consistent with the rate of return for similar investments. This occurs
because arbitrage in allowance trading tends to equate the current prices for allowances with the present
discounted value of future allowances. For this analysis, a real discount rate of 8.5 percent was assumed.
As a result, allowance prices are assumed to increase annually at a maximum rate of 8.5 percent. In
practice, fluctuations in year-to-year prices would occur as a result of imperfect information and
unexpected events.

The market for offset credits is conceptually similar to the allowance market. The bill provides an
incentive for noncovered entities to make reductions and register them so they can be sold to covered
entities. An organized market for these offsets is expected to develop, and almost all covered entities are
expected to obtain and use the maximum allowable amount of offsets. In Phase |, covered entities can use
offset credits to meet up to 15 percent of the allowance requirement (or 20 percent if they reach 1990
emissions levels by 2010). In Phase I, the offset limit is 10 percent. The offset limits, combined with the
generally lower costs of initial reductions from offset sources, are expected to result in a lower market
price for offsets than for allowances in the S.139 case (Figure S.1). If the limits on offsets were not
binding, the market price for offsets and allowances would equélizé?hase I1, the limit on offsets

falls to 10 percent, which tends to lower the market-clearing price for offsets, because only the cheapest
offset reductions are implemented to generate credits for use in meeting allowance requirements.

Figure S.1. Estimated Greenhouse Gas Allowance and Offset Prices in the S.139 Case,

2010-2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System run MLBILL.D0O50503A.

Table S.1 compares the emissions-related results of the reference and S.139 cases for 2010, 2016, and
2025. For the most part, reductions in greenhouse gasiens are expected to be phased in gradually,

with some reductions occurring before the beginning of the first commitment period in 2010 (Figure S.2).
The reductions occur both from the actions of covered entities and from the participation of noncovered
entities that can register reductions voluntarily and sell them as offsets.

17 A sensitivity case is used to test the effect of the offfsét In that case, the prices of the offset and allowance rnarke
equalize.
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Table S.1. Summary of Greenhouse Gas Emission Results, Reference and S.139 Cases,
2010, 2016, and 2025 (million metric tons carbon equivalent)

2010 2016 2025
Refer- Refer- Refer-
2001 ence S.139 ence S.139 ence S.139
Greenhouse Gas Emissions
Energy-Related Carbon Dioxide....... 1,559 1,802 1,710 1,968 1,656 2,234 1,482
Non-Energy Carbon Dioxide ............ 36 40 40 42 42 46 46
Methane ........cccovveeeviiieiiee e 175 178 115 176 127 172 120
Nitrous OXid€.........ceeervvvreeriiireeieneen. 119 127 121 133 127 143 137
High-GWP Gases (HFCs, PFCs,
AN SF6) cevveeeiiieee e 39 84 50 123 71 209 106
Total..ooeee e 1,928 2,230 2,036 2,442 2,023 2,806 1,891
S.139 Compliance Summary
Covered Energy-Related
Carbon Dioxide.........cccooveeeeiiniennnnen. 1,379 1,605 1,513 1,763 1,452 2,014 1,257
Other Covered Emissions ................ 75 124 70 163 91 251 128
Total Covered Emissions ............ 1,454 1,729 1,583 1,926 1,544 2,265 1,385
Offset Reductions Purchased
Noncovered Greenhouse Gases...... — — 49 — 36 — 39
Increases in Biological
Carbon Sequestration — — 113 — 90 — 87
International Offsets..........ccccceeiinene — — 73 — 0 — 0
Total Offset Reductions............... — — 235 — 126 — 126
Covered Emissions, less Offsets........ 1,454 1,729 1,349 1,926 1,418 2,265 1,259
Emission Allowances Issued ............. — — 1,465 — 1,258 — 1,258
Net Allowance Bank Change
(+, deposit; -, withdrawal) ................... — — +117 — -160 — -1
Greenhouse Gas Emission
Allowance Price
(2001 dollars per metric ton
carbon equivalent)...........cccocvevennee. — — 79 — 129 — 221
(2001 dollars per metric ton
carbon dioxide equivalent) ............... — — 22 — 35 — 60
Offset Trading Price
(2001 dollars per metric ton
carbon equivalent)..........ccccoevvvennen. — — 71 — 35 — 52
(2001 dollars per metric ton
carbon dioxide equivalent) ............... — — 19 — 9 — 14

Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D0O50303A
and MLBILL.D050503A. Data on greenhouse gas emissions for 2001 from Energy Information Administration,
Emissions of Greenhouse Gases in the United States 2001. Forecasts of reference case greenhouse gas
emissions other than carbon dioxide from reference materials provided by the U.S. Environmental Protection
Agency for a business-as-usual case, developed in preparing the Climate Change Action Report 2001 and

extrapolated to 2025. Chapters 2 and 3 discuss related issues and data sources in more detail.
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Figure S.2. U.S. Greenhouse Gas Emissions in the Reference and S.139 Cases,
1990-2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D0O50303A
and MLBILL.D050503A.

As a result of the allowance banking provisions, covered entities are expected to overcomply in Phase |
(2010-2015). In 2010, total covered emissions are 1,583 million metric tons carbon equivalent and offset
credits, which can be submitted in place of allowances, are 235 million metric tons carbon equivalent
(Table S.1). Emissions allowances for the difference (1,349 million metric tons carbon equivalent) would
be submitted in compliance with the bill. Given the estimated 1,465 million allowances issued in 2010,
117 million allowances can be banked for future use. The balance of banked allowances is expected to
accumulate from 2010 to 2015, followed by its gradual depletion in Phase Il (2016 and beyond). By the
end of 2023, the bank balance is depleted, and emissions nearly level out, with the remaining growth
coming from noncovered emission sourtes.

NEMS simulates the energy market in detail and develops endogenous estimates of energy-related carbon
dioxide emissions, the principal component of the greenhouse gases analyzed. The availability and costs
of offsets, as well as the potential for reductions of covered greenhouse gases other than energy-related
carbon dioxide, are based on assumptions exogenous to NEMS. These modeling assumptions are derived
from reports and other research from the EPA. The assumptions are reflected in marginal abatement cost
curves for greenhouse gas emissions and offsets from outside the energy sector. These assumptions, as
well as other methodological issues, are discussed in Chapters 2 and 3. NEMS combines its estimates of
carbon dioxide emissions with this information to simulate the allowance and offset markets.

NEMS estimates allowance prices and reflects the allowance prices in the costs of consuming fossil fuel.
The demand for fossil fuel adjusts to the higher prices, thereby reducing the associated carbon dioxide
emissions. Demand adjustments are varied and incluife ahd long-term changes, as discussed below.
The impacts of allowance prices on energy costs and the economy are simulated in the macroeconomic
component of NEMS, also discussed below. Offset prices are determined by the intersection of the offset
supply curve and the cap on offsets specified by S.139.

18 Not reflected in Figure S.2 are changes in domestic biological carbon sequestration that are expected to be registered and

purchased as offsets. In addition, some of the offsets purchased would be from international sources, as allowed in the bill.
This topic is addressed in Chapter 3.
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Energy Market | mpacts

Energy consumers are expected to face higher effective costs of using energy as a result of the bill's
allowance program. In the transportation sector, es®eleonsumers will face higher delivered prices of
refined products, because refiners must obtaimalheces for the greenhouse gas emissions associated
with petroleum-based fuels sold for transportation. Ttst @bthe allowances will be included in prices

of the fuels®® Covered entities in the commerdiindustrial, and electric power sectors will implicitly

face a higher cost of consuming fossil energy, because they will be required to obtain allowances for the
carbon dioxide emitted in direct fuel use. To the extent that electricity generators can pass through the
opportunity cost of allowances and related incremental capital costs to their customers, electricity prices
will increase in all consuming sectdfsThe increased energy costs, whether incorporated in delivered
prices or reflected implicitly as opportunity costs of consuming energy, will affect all energy sectors of
the economyTo simplify discussion of energy costs, the delivered prices of energy discussed in this

section represent the effective delivered cost of using energy, including the direct and indirect costs of
emissions allowances as applicable to the given sector.?

Table S.2 presents a summary of the key energy-related results for 2010, 2016, and 2025 for the reference
and S.139 cases, including the carbon dioxide emissions results. Tables of the complete results for all the
cases are included in the full report, Appendixes C through I.

Delivered prices of coal, natural gas, petroleum, and electricity all increase in the S.139 case relative to

the reference case (Figure S.3) as a consequence of the emissions allowance program. Figure S.4 shows
the percentage change in delivered prices from the reference case to the S.139 case. In percentage terms,
coal prices are most affected by S.139: the price in the S.139 case is 474 percent above the reference case
price in 2025. Natural gas prices in the S.139 case are 46 percent above the reference case prices in 2025,
average petroleum product prices are 29 percent higher, and prices for petroleum-based transportation
fuels are 31 percent higher. These price changes reflect supply and demand shifts as well as allowance
costs. For example, the reduced U.S. demand for tikirs.139 case is expected to reduce the world oil

price by 7 percent and help mitigate the price impact on final consumers. The increased U.S. demand for
natural gas works in the opposite direction, increasing the market-clearing price of gas at the wellhead.
Electricity prices, reflecting the higher cost of usiagsil fuels for generation and the incremental cost of

plant investments to reduce greenhouse gas emissions (e.g., by replacing coal-fired plants that do not
sequester carbon dioxide), are 46 percent above the reference case level in 2025. Compared with the
changes in coal prices, the average percentageasein the remaining energy prices is relatively

modest. This reflects both the substantially higher initial prices of other fossil fuels and their lower
emissions of carbon dioxide per unit of energy.

Note that refineries, as industrial entities, would be redum obtain allowance permits for the fuel they burn in rejiiih

in addition to allowances for downstream emissions of the transportation fuel they sell.

While entities in the commercial and industrial sector with emissions greater than 10,000 metric tons of carbon dioxide per
year are covered by the bill's allowance program, we have assumed in the S.139 case that no commercial entities are covered
and that all industrial entities, with the exception of agriculture, are covered. This assumption is based partly orf the lack o
data on emissions by entities as defined by the bill. See Chapter 2 for a discussion of coverage assumptions.

It is assumed that 90 percent of the allowance revenue acquired from the sale of greenhouse gas allowances by regulated
utilities would be used to mitigate the electricity price increasés customers and only 10 percent would be allocated to

the shareholders as profits.

The prices that do not include allowance costs are fossil fuels used by noncovered entities in the residential, contimercial, a
agricultural sectors, which do not need allowances.
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Table S.2. Summary of Energy Sector Results, Reference and S.139 Cases, 2010, 2016,

and 2025
2010 2016 2025
Refer- Refer- Refer-
Summary Indicators 2000 2001 ence | S.139 | ence | S.139 | ence | S.139
Greenhouse Gas Allowance Cost
(2001 dollars per metric ton) ...........ccceeennee — — — 79 — 129 — 221
Effective Delivered Energy Prices
(2001 dollars per million Btu)
COoal .oiiiiiiii 1.24 1.26 1.18 3.18 1.16 4.34 1.12 6.44
Natural Gas........cevveeveeviieieieieieieeeeeeeeeeeees 5.59 6.40 5.15 5.96 5.40 6.80 5.64 8.22
Motor Gasoline........ccccceevvvvvevieiiiiiiieienenes 1242 1157 1145 1298 11.33 13.70 12.07 15.31
JetFuel.......oooo 7.26 6.20 5.66 7.10 6.03 8.24 6.72 10.35
Distillate FUEl .........cevvvvvevieiiiiiiieieieieieieees 10.05 9.16 9.15 10.45 9.33 11.29 9.90 13.17
EIECtriCitY «.ovveeeeieie e 20.18 21.34 18.76 20.40 19.28 23.28 19.66 28.70
Primary Energy Use (quadrillion Btu)
Natural Gas.......cceeevivieeeiiiieeiieee e 24.07 2326 27.35 28.12 3053 3242 3555 39.54
Petroleum ........cccceeeeeeiiiiiee e 3853 3846 4445 4374 49.20 47.02 56.11 50.76
Coal .o 2264 22.02 2547 2200 2694 1586 29.86 6.74
N[0 o L= Y Ut 7.87 8.03 8.25 8.37 8.28 8.80 8.28 12.39
Renewable.......cccovvvvvvvviiiiiiiiieiiieeeeeeeiees 5.95 5.32 7.30 9.03 794 12.76 8.77 16.22
Other..cooooiei, 0.31 0.21 0.31 0.43 0.24 0.49 0.06 0.32
Total coveereee i 99.37 97.29 113.13 111.67 123.12 117.35 138.63 125.97
Electricity Sales (quadrillion Btu)............... 11.73 11.65 1400 13.82 1553 1475 1790 15.87
Carbon Dioxide Emissions by Fuel
(million metric tons carbon equivalent)
Natural Gas.......ceeeevivveeeiiiiieiiieee i 341 329 391 402 437 452 509 493
Petroleum ........ccooveviiieeeiee e 659 668 761 748 843 806 963 870
C0Al i 579 561 650 560 688 398 763 119
TOtal covveieiiieeeeeeeeeeeeee s 1,578 1559 1,802 1,710 1,968 1,656 2,234 1,482
Carbon Dioxide Emissions by Sector
(million metric tons carbon equivalent)
Residential .........cccccceeeeiiiiiiiiiicee e, 317 314 355 326 372 275 406 181
Commercial.......cccoevvieiiiniiiieiiiiee e 274 279 320 291 352 251 411 166
Industrial ..........coovvieviee i, 477 451 500 472 534 448 592 391
Transportation........ccccvveevcveeennneeesnneennn 510 514 628 622 709 681 826 744
0] - | 1,578 1559 1,802 1,710 1,968 1,656 2,234 1,482
Electricity Generation............cccoecvveeinneen. 621 612 697 615 759 485 868 205
Carbon Dioxide Reductions by Sector
(million metric tons carbon equivalent)
Residential ..........ccccovvieeeiniiiieee e, — — — 29 — 97 — 225
Commercial.......c.coeerieiiiniiiieiiiiee e — — — 29 — 101 — 245
INdustrial ........coovviieiiie e — — — 28 — 86 — 201
Transportation........cccccveeveeeeesneeeesnineenn — — — 6 — 28 — 82
0] - | N — — — 92 — 312 — 752
Electricity Generation Component ............ — — — 82 — 274 — 663

Notes: “Other” includes net electricity imports, methanol, and liquid hydrogen. “Effective Delivered Energy Prices”
include cost of greenhouse gas allowances.
Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D0O50303A

and MLBILL.DO50503A.
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Figure S.3. Effective Delivered Energy Prices in the S.139 Case, 2002-2025 (2001 dollars
per million Btu)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D0O50503A.

Figure S.4. Effective Delivered Energy Prices in the S.139 Case: Change from Reference
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D0O50303A
and MLBILL.D0O50503A.

The cap on greenhouse gas emissions imposed by S.139 favors fuels and technologies with low
emissions. Because the carbon dioxide emissions factor for natural gas is 56 percent of the rafé for coal,
natural gas use is expected to increase under the bill. More electricity is projected to be produced from
renewable and nuclear power in the S.139 case, with fuel costs for these technologies unaffected by
greenhouse gas allowance costs. Cost-of-service electricity pricing, which is assumed for some parts of
the country, would ameliorate the impacts of S.138 ¢ertain extent, with consumers expected to benefit
from allowances allocated freely to regulated utilities. In addition, nonfuel operating and maintenance
costs and capital equipment costs have a larger role in setting electricity prices under cost-of-service

2 The emissions factors cited reflect emissions per unit of fuel consumed and do not reflect differences in fuel effidihcy rel
to the fuel's use (e.qg., for electricity generation).
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pricing. In regions where electricity prices are assumed to be set competitively on the basis of marginal
costs, greenhouse gas allowance costs would have a more significant influence on electricity prices.

By 2025, the mix of fuels consumed in the S.139 case differs significantly from that in the reference case
(Figure S.5). Changes in relative fuel prices cause a reduction in coal and petroleum use, along with a
greater reliance on natural gas, renewable energy, and nuclear power. The use of coal, with its high
carbon content and relatively low efficiency in existing steam generation, is greatly reduced under S.139.
It is replaced by more use of natural gas, renewable fuels, and nuclear power in electricity generation.
Coal’s 2025 share of generation is reduced from 49 percent in the reference case to 11 percent in the
S.139 case. Some reduction in coal use, compared with the reference case, occurs before the start of the
S.139 reductions in 2010. These changes occur as the result of anticipatory behavior in the electricity
industry, where capacity planning decisions in advance of 2010 are influenced by prospective allowance
costs and incentives for early action. The specific results are sensitive to the characterization of
technology costs, particularly for carbon dioxide capture and sequestration. They are also sensitive to the
availability of natural gas and market acceptance of nuclear power.

Figure S.5. Primary Energy Consumption by Fuel in the Reference and S.139 Cases,
2025 (quadrillion Btu)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A
and MLBILL.D0O50503A.

Natural gas consumption is higher in the S.139 case than in the reference case as a result of greater use of
natural gas in the electricity sector. Although more natural gas is used for electricity generation, the
increase is relatively small compared to the mayriicant increase in the use of renewables. The

response of the natural gas industry to the increased demand under S.139 is discussed in Chapter 6.

Petroleum use, particularly in the transportation sector, is reduced in the S.139 case. Motor gasoline
demand, accounting for 46 percent of total petroleum consumption in 2025 in the reference case, is 13
percent lower in 2025 in the S.139 case than in the reference case. Consumers respond to higher gasoline
prices by reducing miles driven and purchasing more efficient vehicles. The bill also provides automobile
manufacturers with incentives to supply more efficient vehicles, as discussed in Chapter 4.

Nuclear power, which produces no greenhouse gas emissions, becomes more attractive under the S.139
reduction targets. In the S.139 case, 49 gigawatts of new nuclear capacity is projected to be built by 2025.
As a result, the use of nuclear power for electricityegation is projected to be 50 percent higher in the

S.139 case than in the reference case.
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Consumption of renewable energy, which results in no net greenhouse gas emissions, is projected to be
much higher under S.139. Most of the increase is for electricity generation, with additions primarily to
biomass and wind generating capacity and more modest additions to geothermal and landfill gas capacity.
The share of generation supplied by renewables, including hydropower, increases from 8 percent in 2025
in the reference case to 23 percent in the S.139 case. Steady growth in renewables begins even before the
onset of Phase | of S.139 in 2010, due to the early compliance initiatives by generators and increases
markedly after 2015, as higher market penetration of renewables reduces their costs and improves their
performance over time.

Electricity generation, which accounted for 39 petadrenergy-related carbon dioxide emissions in

2001, is significantly lower in the S.139 case than in the reference case. In the S.139 case, electricity sales
in 2025 are 11 percent below the reference case projection, with the residential sector showing the largest
reduction at 14 percent. Electricity demand in the residential sector shows a greater response to S.139
than does residential natural gas demand, because prices for electricity reflect the cost of emission
allowances passed on to electricity consumers, whereas no allowances are required for consumption of
natural gas in the residential sector. Consequently, the main impact of S.139 on the residential sector is
higher electricity prices, leading to lower consumption of electricity.

Sectoral Impacts

Energy demand across each of the end-use sectors—residential, commercial, industrial, and
transportation—will respond in different degreeshe incentives imposed by S.139 (Figure S.6).

Although the bill’s definition of covered entities effeetly exempts the residential sector and most of the
commercial sector from the requirement to purchase greenhouse gas emission allowances, consumers in
those sectors still will face higher prices for #¢lieity and natural gas due to S.139. The change in

residential and commercial electricity prices reflects the power industry’s higher fuel supply costs,
allowance costs, and incremental capital costs feeteemitting generating technologies. The natural gas
prices in these sectors reflect the pass-through of higher wellhead prices due to increased demand for
natural gas.

In the industrial sector, consumers will face higher prices (including the cost of greenhouse gas
allowances) for all fossil fuels and electricity, leading to greater incentives to conserve energy, switch to
lower-carbon energy sources, and invest in more energy-efficient technologies. Transportation consumers
will also face higher petroleum prices, because tseaogreenhouse gas emission allowances purchased

by refiners will be included in prices for motor gasoline, diesel fuel, and jet fuel.

Figure S.7 illustrates the contribution of each seictoeducing energy-related carbon dioxide emissions

in 2025 under the S.139 case. When the emissions from electricity are apportioned to the end-use sectors,
the residential and commercial sectors account for the greatest reduction, and transportation accounts for
the least. As also shown in Figure S.7, most ottrbon dioxide reductions for the four end-use sectors
occur in electricity, stemming from both reduced electricity demand and the use of more efficient, less
carbon-intensive sources of generation. Reductions in carbon dioxide emissions from electricity
generation account for 88 percent of the total energy-related adidxiohe reductions in 2025. A variety

of factors contribute to the central role played by the electricity sector in meeting the greenhouse gas
reduction targets: the industry’s current dependence on coal; the availability and economics of
technologies to switch from coal to less carliensive energy sources; and the comparative economics

of fuel switching in other sectors. As discussethore detail in Chapter 4, the extent to which end-use
energy consumers respond to prices is often limited.
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Figure S.6. Total Primary Energy Consumption by Sector in the Reference and S.139
Cases, 2025 (quadrillion Btu)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A
and MLBILL.D0O50503A.

Figure S.7. Carbon Dioxide Emissions in the Reference and S.139 Cases by Originating
Sector, 2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D0O50303A
and MLBILL.D0O50503A.

In the industrial sector, some carbon dioxide emission reductions under S.139 can be attributed to
reductions in manufacturing output that result from the impact of higher energy prices (including
greenhouse gas allowance costs) on the economy. In addition, industrial firms are expected to respond by
replacing productive capacity faster, investing in more efficient technology, and switching to less carbon-
intensive fuels. Improvements in efficiency are indicated by reductions in energy intensity, as measured
by the energy use per dollar of GDP. In 2025, industrial energy intensity is reduced from 4.38 thousand
Btu per 1996 dollar of GDP in the reference case to 4.14 thousand Btu per dollar in the S.139 case.
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Taking into account fuel switching and efficiencypimvements, carbon equivalent emissions per unit of
GDP in 2025 for the industrial sector are reduced from 31 kilograms per thousand dollars of GDP in the
reference case to 21 kilograms per thousand dollars of GDP in the S.139 case.

Carbon dioxide reductions in the transportation sector occur primarily as the result of reduced travel and
the purchase of more efficient vehicles in response to higher energy prices and manufacturer incentives.
Compared with the reference case, light-duty veltialeel (cars, vans, pickup trucks, and sport-utility
vehicles) in 2025 is lower by 8 percent in the S.139 case (Figure S.8). At the same time, more efficient
cars and light trucks are purchased, raising ovesst #fficiency. By 2025, the average fuel efficiency

for the light-duty vehicle fleet is 21.8 miles per gallon under S.139, compared with 20.5 miles per gallon
in the reference case. The result of these travel and efficiency changes is a reduction of 13 percent from
the reference case level of motor gasoline demand in 2025. Travel reductions and efficiency
improvements also occur in the air and freight sectors, further reducing carbon dioxide emissions.
Overall, transportation energy consumption in 2025 is 9 percent lower in the S.139 case than in the
reference case.

Although the residential sector is exempt froms=ions allowances and the commercial sector is
assumed not to be covered in the S.139 case, these sectors show significant reductions in electricity-
related emissions. Electricity consumers in these sectors are expected to respond to the higher electricity

Figure S.8. Motor Gasoline Consumption and Prices, Light-Duty Vehicle Miles Traveled,
and New Light-Duty Vehicle Fuel Efficiency in the Reference and S.139 Cases,
2000-2025
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prices by taking advantage of appliance rebates or related incentives that the bill provides to reduce its
economic impact§: Higher energy prices, particularly for electricity, encourage investments in more
efficient equipment and building shells and also reduce the demand for energy services.

In the residential sector, delivered energy use per household in 2025 drops by 7 percent in the S.139 case
compared with the reference case. Energy consumption for space conditioning accounts for 35 percent of
the total change in residential delivered energy waypgion in that year, with lighting accounting for 32
percent of the reduction. Those energy services for which relatively stringent appliance efficiency
standards are already in place and for which little opportunity for direct energy conservation measures
exist (such as for refrigerators and freezers) are not expected to change greatly under the bill. The current
standards for some residential appliances reflagtefficient technology that already reduces fuel
consumption substantially in the reference case. The fastest-growing segments of residential electricity
consumption, including color televisions, personal computers, and other uses, accounted for
approximately 25 percent of residential electricity consumption in 2001. Relative to the reference case,
electricity consumption per household in these categriépercent lower in the S.139 case than in the
reference case by 2025.

In general, increases in energy costs tend to have a greater percentage impact on lower-income
households, because energy expenditures are a higher percentage of their disposatieTheameact

on the residential sector from higher energy pricesexpenditures could be mitigated by actions of the
Corporation. The funds collected by the Corporatiomfallowance sales can be dispersed to residential
energy consumers by various methods, including rebates, subsidies, and general transition assistance to
displaced workers. It is assumed in the S.139 case that the Corporation will issue rebates for energy-
efficient appliances, and that from 2010 through 2025, half of the incremental cost to purchase more
efficient appliances is covered by rebates initiated by the Corporation. (See Chapter 4 for more on this
assumption, which is not explicitly defined by the bill but is used as a proxy for potential options that
could be used to reduce the economic impact on consumers.) Any funds above those for transition
assistance collected by the Corporation and not rebated for appliances are assumed to be rebated to
consumers through transfer payments or other relsdesresult, S.139 has the potential to mitigate the
adverse distributional impacts on households.

Because direct emissions in the residential sector are not covered by S.139, households heated primarily
by natural gas and home heating oil will be less affected by the bill than those using electricity. This tends
to introduce a geographical disparity in the bill's impact on households, in that residences dependent on
electric heating tend to be located in regions with a milder climate. Similarly, because the bill is expected
to result in higher natural gas prices while reducing heating oil prices somewhat, regions dependent on
these fuels will face different outcomes under the bill, based on energy price changes alone.

For this analysis, the impacts on several prototype single-family homes using different fuels were

analyzed. For the natural gas home, it is assumed thathgas is used for space heating, water heating,
cooking, and clothes drying. The home using oil for heating is assumed to use electricity for all other
energy needs, and the all-electric home is assumed to use only electricity. On average, residents of an all-
electric single-family home can expect to pay an average of $257 more per year for energy (in 2001
dollars), a 17 percent increase, in the S.139 case than in the reference case over the 2010 to 2025 period.
The natural gas prototype home exhibits the least increase in average expenditures in the period,
increasing by $154 per year over the same period, a 10 percent increase over the reference case. Because

24 gee Chapters 2 and 4 for more on the assumptions and effects of appliance efficiency and other programs that could be
funded by the Corporation to reduce the economic impacts of the bill.

% See Chapter 4 for a summary of data from EIA’s Residential Energy Consumption Survey showing how home energy
consumption varies by income cohort.
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the oil heat prototype home relies on electricity for clothes drying, cooking, and water heating—services
that can be provided by natural gas—the average expenditures over the 2010-2025 period increase more
than those for the natural gas prototype home, evtnlower delivered energy prices in the S.139 case,
relative to the reference case. Residents of these homes can expect to pay an average of $169 per year
more over the 2010-2025 period, a 9 percent increase over the reference case.

In the commercial sector, direct emissions of carboridé increase slightly in the S.139 case compared

to the reference case, as greater use of natural-gas-based combined heat and power is adopted. While this
technology increases direct emissions in the comalesettor, overall emissions, including electricity-

related emissions, are lower. Overall, delivered energy use per square foot of commercial floorspace in
2025 drops by 2 percent in the S.139 case compared with the reference case. As in the residential sector,
significant energy reductions are projected for heating, cooling, and ventilation. However, the largest
energy savings come in lighting, offset somewhat by increased use of energy for “other uses,” which
include such appliances as medical equipmenteladommunications equipment, as well as combined

heat and power in commercial buildings. Because of the shift away from purchased electricity to
combined heat and power, natural gas use increafies $1139 case in 2025 compared to the reference
case.

The electricity generation sector is expected to respond strongly to the incentives imposed by S.139. The
mix of fuels used for electricity generation is projected to change rapidly as new plants come on line. In
the aggregate, cumulative investments by generators to reduce carbon dioxide emissions tend to reduce
generation from coal and petroleum and to increase the use of renewables, natural gas, and nuclear.
Generation from coal, which currently accounts for about half of all electricity, drops significantly as the
cost of coal (including allowance costs) to generdtaneases by a factor of almost 6 in the S.139 case
compared to the reference case by 2025. To replace coal plants, generators build natural-gas-fired
combined-cycle plants; extend the life of existing nuclear plants and build new ones; increase the use of
renewables, particularly biomass and wind energyesystand build both coal- and natural-gas-fired
capacity that includes carbon sequestration technology, which becomes economical once a greenhouse
gas emissions target is imposed. These changes, coupled with the expected reduction in electricity
demand, result in carbon dioxide emissions from electricity generation of 205 million metric tons carbon
equivalent in the S.139 case in 2025, compared with 868 million metric tons carbon equivalent in the
reference case. Issues related to plant capacity chamtpeselectricity industry are discussed in detail in
Chapter 5.

M acr oeconomic | mpacts

S.139 leaves the allocation of available allowances between the Corporation and covered emissions
sources to be determined in a future administrative prét#ss.assumed in the S.139 case that emission
allowances are allocated to the Corporation, beginmitig20 percent in 2010 and rising to 80 percent by
2025. The Corporation is assumed to auction the allowances, thereby collecting substantial revenue.

As shown in Figure S.1 above, the allowance price rises steadily through 2023, leveling off as the amount
of banked allowances approaches zero. In 2010, the aggregate value of allowances in nominal terms totals
$116 billion, with $23 billion flowing to the Corpdian from sale of its share of allowances. By 2025,

the aggregate nominal value of allowances is $473 billion, with $378 billion flowing to the Corporation.

The magnitude of the funds collected, the distribution of the permits between covered entities and the
Corporation, and the ultimate use of these fundhbeyCorporation have impacts on the aggregate

economy.

% The bill does not specify the share of allowances that wouldldiated to the Corporation, leaving this to be determined o
an annual basis by the Secretary of Commerce, subject to the approval of Congress.
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Under Section 352 of S.139, the Corporation must allocate a percentage of the proceeds from allowances
to provide transition assistance to dislocated workers and communities. The percentage is specified to be
20 percent in 2010, reduced by 2 percentage points each year and reaching zero in 2020. The transition
assistance amount, however, is a small share of the total allowance proceeds collected by the Corporation.
After accounting for the transition assistance, the vast majority of the revenues collected by the
Corporation remain to be spent or returned to the economy. As a central assumption of this analysis, the
remaining funds are assumed to be transferred back to the consumer as a lump-sum transfer—a rebate
check. This refund helps to compensate consumehsgoer direct energy costs and higher prices for
non-energy goods and services.

The consumer impacts of the bill are reflected by changes in disposable income (Figure S.9). Initially a

low proportion of the funds is allocated to the @mation, but the proportion increases over the forecast
horizon. As the Corporation transfers these rising proceeds to consumers, real disposable income recovers
rapidly. From a peak loss of around 0.8 percent ($81 billion in 1996 dollars) in 2016, real disposable
income recovers to the reference case level by 2025.

As a consequence of the allowance program, energy prices in the U.S. economy are expected to rise, first
driving up the wholesale prices of fuel and powereséhprice increases raise downstream prices for all

goods and services in the economy, as reflected in the wholesale price index (WPI) and the consumer
price index (CPI). Relative to the reference case, the WPI for energy is projected to increase in 2010 by
16 percent, the WPI for producer prices by 2.4 percent, and the CPI for goods and services by 0.6 percent.
By 2025, the three measures rise by 57 percent, 9.0 percent, and 2.5 percent, respectively, relative to the
reference case.

In the long run, higher energy costs reduce the use of energy by shifting production toward less energy-
intensive sectors, by replacing energy with labor and capital in specific production processes, and by
encouraging energy conservation. Although reflectimpee efficient use of higher-cost energy, this

gradual reduction in energy use would tend to lower the productivity of other inputs in the production
process. The ultimate impacts of greenhouse gas mitigation policies on the economy will be determined
by interactions between elements of aggregate supply and demand and by monetary and fiscal policy
decisions. Raising energy prices and, as a result, downstream prices in the rest of the economy is expected
to introduce cyclical behavior in the economy, resulting in employment and output losses in the short run.
The measurement of losses in output for the economy, or actual GDP, incorporates the transitional cost to
the aggregate economy as it adjusts to its long-run path as reflected by potential GDP. Resources may be
less than fully employed, and the economy may move in a cyclical fashion toward equilibrium as it

adjusts to the initial cause of the disturbance—the increase in energy prices.

The expected interaction between these impastsnsnarized in Figure S.9. The graph shows projected
losses in potential and actual GDP as a result of S.139. The loss in actual GDP reflects the
macroeconomic adjustment cost that is expected to result from higher energy prices as a result of the
greenhouse gas mitigation policy. Cyclical adjustments in actual GDP are expected to occur in the short
run, but actual GDP eventually converges toward potential GDP by 2025. Actual GDP, which
incorporates adjustment costs associated with moving toward a new long-run equilibrium, shows a sharp
decline of 0.7 percentage points in 2011 and 2012 (relative to the reference case). Thereafter, the
economy begins to rebound from the initial price effects. However, there is a steady negative impact on
the long-run supply potential of the economy as gints adjust to the new pattern of energy use.

While the two economic measures merge by 2025 at a loss of 0.6 percent of actual GDP and 0.5 percent
of potential GDP, the process of adjustment for both real and potential output has not reached completion
by the end of the forecast period.
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Figure S.9. Change in Real Disposable Income, Potential GDP, and Actual GDP in the
S.139 Case Relative to the Reference Case (percent)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A
and MLBILL.D0O50503A.

Given projected 2025 GDP in the reference case of $18.9 trillion (1996 dollars), the estimated losses in
actual and potential GDP are large in dollar terms—$2106 billion and $90 billion, respectively, with even

larger cumulative impacts (Table S.3). However, the compounded GDP growth rates from 2001 to 2025
are virtually identical in the two cases: 3.04 percent per year in the reference case and 3.02 percent per
year in the S.139 case. This suggests that the umtgritaigrowth patterns related to other factors that

drive the U.S. economy, such as labor force and productivity growth, are likely to play a larger role than
decisions regarding the enactment of S.139 in determining the size of the U.S. economy in 2025.

Table S.3. Economic Impacts of S.139 (billion 1996 dollars and percent change relative to
the reference case)

Actual GDP Potential GDP

Cumulative GDP Loss, 2004-2025 (billion 1996 dollars)

UNAISCOUNTEA ...t eeeeeaaaas -1,354 -559

Discounted at 7 Percent Per YEQAr .......cccccvvvevvieeeiiiieeeiiiee e -507 -165
Percent Change from Reference Case

UNAISCOUNTEA ...ttt -0.4% -0.2%

Discounted at 7 Percent Per YEar .........cccccveeviieeeiiiiee e sieee e -0.3% -0.1%
Economic Impact, 2025

GDP Loss (billion 1996 dollars) ...........cocciirierieeiiiiiiiiie e -106 -90

Percent Change from Reference Case .........ccccccvvvveeiiiiii e -0.6% -0.5%

Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A
and MLBILL.D0O50503A.
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Senditivity Analyses

Long-term economic projections are highly uncertain in general, and even more so when legislation with
the complexity of S.139 is being analyzed. One area of uncertainty is the growth in emissions that might
occur in the bill's absence. The baseline forecast used affects the amount of change needed to meet an
emission target, as do the modeling methodologies and assumptions. Issues regarding availability of low
carbon emitting technologies and offsets from emissions other than carbon dioxide and from international
sources affect the ability to comply with S.139 andfélasibility of the analytical results. Estimation of

GWPs and historical emissions for non-energgtesl greenhouse gases, while currently the best

available, can still benefit from improved methodologies. Factors that influence the future development of
energy markets, including technology development and resource availability and costs, also affect the
results. Sensitivity cases were analyzed to evathatencertainties. Other uncertainties, such as the
potential for political and economic disruptions, are also important but are beyond the scope of this
analysis.

Some of the sensitivity cases discussed below were designed to examine uncertainties particular to the
proposed legislation, as well as the impact of some of its flexibility featueklitional cases examine

key technology assumptions and energy supply issues. The results of the sensitivity cases are summarized
below.

High Technology Sensitivity Cases

The cost and performance of emerging technologies useful in reducing energy use or its greenhouse gas
intensity are among the most important factofeaiing the evaluation of S.139 impacts. Using the
assumptions of th&AEO2003 high technology case for the four end-use sectors and the electric power
sector, a high technology reference case and a leghdtogy variation of the S.139 case were prepared.
Assumptions in the high technology cases vary by sector but generally include earlier availability, lower
costs, and higher efficiencies for advanced technologies than in the reference case.

Table S.4 provides key results that can be usekaw fiow assumptions about the state of energy-related
technology affect the impacts of S.139. Energy-relatgtion dioxide emissions in the high technology
reference case are 8 percent lower in 2025 than in the standard reference case. The smaller reduction in
carbon dioxide emissions needed to comply witBS reduces the estimated allowance price in the

S.139 high technology case in 2025 by 28 percent relative to its level in the S.139 case.

Two alternative comparisons can be used to gauge the economic effects of S.139 under high technology
assumptions. The first, which focuses on the change in economic performance between the high
technology reference case and the S.139 high technology case, implicitly assumes that the enactment of
S.139 does not affect the set of available technologidg what and how much is chosen from that set.
Using this comparison, S.139 reduces accumukataghl GDP over the modeled 2004-2025 time frame

by $1.035 trilliorf® (0.33 percent). In 2025, when the transition to the S.139 regime is largely complete,
the overall size of the economy is reduced by $95 billion (0.50 percent).

Alternatively, economic performance in the S.139 haghnology case and the standard reference case

can be compared. This comparison implicitly assumes that S.139 is directly responsible for creating
technologies with the cost and performance chaiatits of EIA’s high technology suite, which would

not be available in its absence. Using this approach, S.139 reduces accumulated actual GDP over the
modeled 2004-2025 time frame by $971 billion (0.31 percent). In 2025, the overall size of the economy is
reduced by $94 billion (0.50 percent).

27 These cases are presented in response to the requests made by the solicitors of the analysis.
2 GDP and disposable income values in this section are in 1996 dollars.
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Table S.4. Comparison of Key Results in the Reference and High Technology Sensitivity
Cases, 2010 and 2025

2010 2025
High High
Tech- S.139 Tech- S.139
nology High nology High
Refer- Refer- Tech- Refer- Refer- Tech-
ence ence S.139 | nology ence ence S.139 | nology
Greenhouse Gas Emission
Allowance Price
(2001 dollars per metric ton
carbon equivalent)..........c.ccccecveens — — 79 59 — — 221 158
Electricity Price
(2001 cents per kilowatthour)....... 6.40 6.29 6.96 6.71 6.71 6.25 9.79 8.57
Electricity Sales
(billion kilowatthours).................... 4,104 4,020 4,050 3,965 5,246 4,997 4,653 4,481
Cumulative Incremental®
Capacity Additions (gigawatts)
Coal . 12 9 0 0 81 60 38 18
Natural Gas Combined Cycle..... 32 30 60 51 162 183 260 262
Combustion Turbine/Diesel......... 9 4 4 1 52 17 4 1
Nuclear Power..........ccccvvvvvvevenns 0 0 0 0 0 0 49 41
Renewables.........cccccvvvevvvireiennnns 1 3 33 25 5 11 148 110
Distributed Generation ............... 2 1 2 1 18 8 5 2
Total Additions .......ccccevvveeeenn. 57 47 98 77 318 280 503 433
Energy Consumption
(quadrillion Btu)
Coal i 25.47 24.85 22.00 22.47 29.86 26.89 6.74 8.00
Natural Gas ........cccceevvveeeerivneeanns 27.35 26.62 28.12 26.82 35.55 32.35 39.54 36.44
Petroleum.......cccccccvvevicive e 44.45 43.82 43.74 43.30 56.11 53.29 50.76 49.41
NUCIEAr........eveeeeeiire e 8.25 8.17 8.37 8.37 8.28 8.05 12.39 11.76
Renewable .........ccccccoecveveiiinnnns 7.30 7.71 9.03 9.03 8.77 10.28 16.22 15.60
Electricity Imports.........ccccccveeennee 0.31 0.27 0.43 0.41 0.06 0.05 0.32 0.11
Total...ooeeeiieee e, 113.13 111.44 111.67 110.39 138.63 130.90 125.97 121.31
Carbon Dioxide Emissions
by Fuel
Coal..iiiiiei e 650 634 560 573 763 687 119 182
Natural Gas ........ccceerevveeeiiereeenns 391 381 402 383 509 463 493 451
Petroleum.......cccccoovevvcieeeniineens 761 750 748 740 963 911 870 844
Total..ccooeeeeee e 1,802 1,764 1,710 1,696 2,234 2,060 1,482 1,477

@ Excludes plants under construction.
Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A,
MLBASE_HT.D052003C, MLBILL.D050503A, ML_HT.D050503A.
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Analytical judgment and a recognition of inherent modeling limitations are needed to assess which
approach is most likely to reflect the actual impact of “high technology” on the economic assessment of
S.139. The major effect that S.139 has on delivered energy prices suggests that it should provide some
incentive to research and develop new technologies to increase energy efficiency or reduce greenhouse
gas intensity. If so, the first approach (comparison of two high technology cases) could overstate adverse
economic impacts.

On the other hand, the second approach (comparison of the S.139 high technology case to the standard
reference case) does not consider the cost of researching and developing new technologies. Moreover,
NEMS does not explicitly represent the role ohwemergy-related research and development (R&D)
activities in supporting the baseline scenario of economic growth in its macroeconomic component.
Therefore, NEMS cannot represent the macroeconomic impact of diverting R&D effort away from other
sectors toward energy-related technologies. Such shifts in R&D effort would erode baseline growth to the
extent 'E?glt scarce R&D resources and technological progress in other areas of the economy were
reduced:

The analysis of these effects continues to be an active area of academic research. Based on its reading of
the available literature, EIA’s view is that the first approach is most likely to provide estimates of
economic impacts that are closest to the actual economic effects under a high technology scenario.

A separate issue related to technology is the possibility that one or more technologies superior to those
identified in the “high technology” case could become available within the time frame of this analysis.
While the high technology case assumptions are optimistic by design, there is always a potential for
undiscovered or unanticipated technological developments to occur. The contribution of such
technologies within the time frame of this analysis is likely to be limited by delays that often arise in the
market penetration of new energy technologies, pdatity when the new technologies are not readily
compatible with the existing infrastructure.

No New Nuclear/No Sequestration Sensitivity Case

In the S.139 case, two of the key compliance stratgg@ected to be adopted in the electric power

sector are geological carbon sequestration and advanced nuclear power. A sensitivity case, the no new
nuclear/no sequestration case, was used to examine the results if neither of these technologies became
competitively available by 2025. The estimated allowance prices for this sensitivity case (Figure S.10) are
significantly higher than those in the S.139 case (34 percent higher in 2025), resulting in electricity prices
that are 9 percent higher than those in the S.139 case in 2025. Without these technologies, the electricity
sector is expected to rely more heavily on otherdémission technologies, particularly biomass, which
substitutes for the baseload technologies no loagaitable. The electricity sector still remains the

principal source of emissions reductions among the energy sectors. Table S.5 compares key results from
the reference, S.139, and no new nuclear/no sequestration cases.

High Natural Gas Price Sensitivity Cases

Another area of uncertainty concerns technology advances and the resource costs of energy supply.
Recently, much public attention has been focusedatural gas availability, with some analysts
suggesting that EIA’&EO2003 reference case was too optimistic about the prospects for meeting
significant growth in the demand for natural gas it average wellhead price remaining below $4 per
million Btu (2001 dollars) through 2025. Because fuel switching to natural gas is expected to be a key
strategy for compliance with S.139, it is important to examine how a more pessimistic assessment of

29 This result would hold even withse net increase in total R&D activity
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Figure S.10. Projected Allowance Prices in the S.139 and No New Nuclear/No
Sequestration Cases, 2010-2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A
and MLONUCSEQ.D050403A.

Table S.5. Comparison of Key Results in the Reference, S.139, and No New Nuclear/No
Sequestration Cases, 2025

2025
No New Nuclear /
Reference S.139 No Sequestration
Cumulative Incremental® Capacity Additions (gigawatts)
€08l 81 38 0
Natural Gas Combined Cycle.........cccoceveeeiiiiiiiieieee e, 162 260 249
Combustion Turbine/Diesel ..........cccooiiiiiiiiiiiiiiiiiiieeee e 52 4 3
NUCIEAr POWET ...ttt 0 49 0
RenNewables............oooiiiii 5 148 206
Distributed Generation .... 18 5 6
Total AdditioNS ...oooiiiiiiee e 318 503 464
Greenhouse Gas Emission Allowance Price
(2001 dollars per metric ton carbon equivalent) ................... — 221 297
(2001 dollars per ton metric carbon dioxide equivalent)....... — 60 81
Electricity Price (2001 cents per kilowatthour)..............cc.c..... 6.71 9.79 10.68
Electricity Sales (billion kilowatthours)...........ccccccoevviiinienneenn. 5,246 4,653 4,573
Carbon Dioxide Emissions by Fuel
(million metric tons carbon equivalent)
763 119 93
509 493 582
963 870 859
2,234 1,482 1,534

& Excludes plants under construction.

® Total emissions are higher in this case than in the S.139 case, because previously banked allowances are still
available to be used in 2025. In the S.139 case, the bank of allowances is depleted in 2023.

Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.DO50303A,
MLBILL.D050503A, and MLONUCSEQ.D050403A.
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natural gas availability would affect the estimated impacts of S.139. Accordingly, a sensitivity case was
developed assuming higher natural gas prices, more pessimistic assumptions for recoverable reserves and
undiscovered resources, and limited alternative sources of supply.

Applying these assumptions in the reference case results in 40 percent higher wellhead prices in 2025.
Applying the same assumptions in the S.139 case further increases natural gas prices and changes the mix
of compliance strategies, particularly in the electricity sector. However, the overall cost of compliance, as
indicated by the allowance prices, increases by ho more than 6 percent from that in the S.139 case over
the projection period. In the electricity sector, plant capacity substituted for natural gas additions includes
coal with carbon sequestration, nuclear, and renewables (Table S.6). As a result, overall coal consumption
in this sensitivity case is 238 million tons higher than in the S.139 case but, at 543 million tons,

significantly lower than the 1,466 million tons projected in the reference case.

Allowance Allocation Sensitivity Cases

Two alternative allocation schemes were analyzed as sensitivity cases. The first case (corp20) holds the
percentage allocated to the Corporation steady at 20 percent from 2010 to 2025; the second case (corp80)
holds the Corporation share at 80 percent from 2010 through 2025. These sensitivity cases primarily
influence the funds available to the Corporation from the sale of allowances, which are distributed to
consumers to reduce the overall economic impact of th& Bitle two allocation sensitivity cases affect

the cost of compliance, as revealed in the macroeconomic effects of the consumer rebate. There is no
significant variation in allowance prices among the three cases.

Under the S.139 case, the funds (in nominal dollals}atied to the Corporation rise from $23 billion in

2010 to $378 billion in 2025. In the corp20 sensitivity case, the funds also start at $23 billion but rise to
only $93 billion in 2025, $285 billion less than in the S.139 case. In the corp80 case, the funds start at $94
billion and rise to $391 billion in 2025, $13 billion higher than in the S.139 case. The change in allocation
of permits affects both the magnitude and the time profile of the economic impacts.

Figure S.11 compares real disposable income and actual GDP among the three cases. The S.139 case
follows the corp20 case in the first few years but then begins to diverge as the S.139 case channels more
funds back to the consumer when permits allocated to the Corporation continue to increase. By 2025, real
disposable income in the S.139 case approximatelghea that in the corp80 case; however, actual GDP

in the S.139 case recovers more rapidly than in eithére sensitivity cases, and the negative effect on

actual GDP is smaller. The difference lies in hthes various cases affect consumption and investment,

both in the short term and in the long term. By returning a greater amount of funds to consumers, the
corp80 case leads to greater consumption, helping to moderate near-term impacts on the economy. The
corp20 case generates a greater amount of investment, and toward the end of the forecast period boosts
both potential and actual GDP. The S.139 case, which assumes an increasing rate of allowance allocations
to the Coroporation over time, leads to the smallest long-term loss in actual GDP. The S.139 case differs
fundamentally from the two sensitivity cases, because consumers see a steady improvement in disposable
income and other factors over time, leading to a faster recovery than in the other two cases. Consumers
are influenced not only by the amount of funds avaidlablbe spent, but also by expectations about the

future.

Commercial Coverage Sensitivity Case

Under S.139, entities in the commercial sector wbeldovered by the allowance program if their annual
greenhouse gas emissions were over 10,000 metric tons carbon dioxide equivalent. As discussed in
Chapter 2, there are no data sources adequate to determine the extent of coverage in the commercial
sector. Because rough estimates indicate that covefdge commercial sector would be small, the

%0 Some of the funds are used as rebates to buy down the cost of efficient appliances.
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Table S.6. Comparison of Key Results in the Reference, S.139, and High Natural Gas
Price Sensitivity Cases, 2010 and 2025

2010 2025
High High
Natural | S.139 Natural | S.139
Gas High Gas High
Price | Natural Price | Natural
Refer- Refer- Gas Refer- Refer- Gas
ence S.139 ence Price ence S.139 ence Price

Greenhouse Gas Emission
Allowance Price (2001 dollars per
metric ton carbon equivalent)........ — 79 — 83 — 221 — 214

Natural Gas Wellhead Price (2001
dollars per thousand cubic feet) .... 3.39 3.51 3.81 3.86 3.95 4.36 5.55 5.70

Electricity Price
(2001 cents per kilowatthour)......... 6.40 6.96 6.55 7.12 6.71 9.79 7.18 10.28

Electricity Sales
(billion kilowatthours)..................... 4,104 4,050 4,089 4,032 5,246 4,653 5,202 4,617

Cumulative Incremental®
Capacity Additions (gigawatts)..

Coal..iiiiii 12 0 13 0 81 38 144 81
Natural Gas Combined Cycle...... 32 60 28 a7 162 260 108 177
Combustion Turbine/Diesel.......... 9 4 10 3 52 4 45 4
Nuclear POWer..........cccoviuvveeeennn. 0 0 0 0 0 49 0 65
Renewables...........cccccoiiiiennnnn. 1 33 2 41 5 148 7 178
Distributed Generation ................ 2 2 2 1 18 5 16 4

Total Additions .......cccceevvvveennn. 57 98 54 93 318 503 321 509

Energy Consumption
(quadrillion Btu)

Coal..iiieiiie e 25.5 22.0 25.6 22.6 29.9 6.7 33.1 11.9
Natural Gas ........ccoeeviuveeeiiiieennns 27.3 28.1 26.6 27.0 35.5 39.5 30.1 30.5
Petroleum.......ccccccveeviiene e 44 .4 43.7 44.5 43.7 56.1 50.8 57.1 51.3
NUCIEAT......cvieeeiiiieiieee e 8.2 8.4 8.2 8.4 8.3 12.4 8.3 13.7
Renewable ..........ccccccoiiiiinnen. 7.3 9.0 7.3 9.3 8.8 16.2 8.8 18.0
Electricity Imports............cccuuvvee... 0.3 0.4 0.3 0.5 0.1 0.3 0.1 0.4
Total...ocoeeeeeeeee e 113.1 111.7 112.6 111.4 138.6 126.0 137.5 125.8

Carbon Dioxide Emissions by
Fuel (million metric tons carbon

equivalent)
Coal i 650 560 652 577 763 119 846 192
Natural Gas........ccceevvuveeeirieeennne 391 402 381 385 509 493 430 403
Petroleum.........cccocieeeiiiiiieee. 761 748 763 747 963 870 984 879
Total...ooeeeiieee 1,802 1,710 1,796 1,709 2,234 1,482 2,260 1,474

% Excludes plants under construction.
Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.DO50303A,
MLBILL.D050503A, MLBASE_HGP.D052103A, and MLBILL_HGP.D052303A.
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Figure S.11. Changes in Real Disposable Income and Actual Gross Domestic Product
Relative to the Reference Case in the S.139 and Two Allowance Allocation
Sensitivity Cases, 2000-2025 (percent)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A,
ML_CCCC80.D050503A, and ML_CCCC20.D050503A.

S.139 case assumed no coverage in the commercial sector. A sensitivity case was analyzed to examine the
effect of including all commercial sector entities under the bill's coverage.

Including the commercial sector does not have a major impact on the results, because direct carbon
dioxide emissions in the commercial sector makenlp about 4 percent of total energy-related carbon
dioxide emissions. Most of the energy used in the commercial sector is in the form of purchased
electricity, which already is subject to higher prices in the S.139 case. The principal energy market effect
of the commercial coverage sensitivity case is substitution of natural gas in the electricity sector for
natural gas in the commercial sector. Most of the projected commercial sector additions to natural-gas-
based combined heat and power capacity in the S.139 case (driven by higher electricity prices) are
replaced by additions of combined-cycle capacity in the electric power sector in the commercial coverage
sensitivity case.

No Banking Sensitivity Case

The allowance banking provision of S.139 provides entities with considerable flexibility in meeting
allowance requirements. Because the second compliance phase reduces the allowances to 1990 emission
levels, compliance is more difficult than in Phase I, which is based on 2000 emission levels. Allowing
covered entities to overcomply in Phase | smoothes the transition to Phase Il. As a result, the banking
provision of S.139 is expected to result in steady, rather than sudden, growth in allowance prices from
Phase | to Phase Il.

A no banking sensitivity case was examined to assess the economic implications of the banking

provision. This case requires that allowances must be used in the year in which they are issued, while
retaining the Phase | and Phase Il allowance totals. This case results in a time profile of allowances prices
significantly different from that in the S.139 casey(ife S.12). Allowance prices in the no banking case

are lower in Phase |, but there is a large jump in 2fill®wed by a gradual return to the levels in the

S.139 case.
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Figure S.12. Allowance Prices in the S.139 and No Banking Cases, 2010-2025
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and ML_NOBANK_4.D051203A.

Figure S.13 compares the impacts on real disposable income and actual GDP in the S.139 case and the no
banking sensitivity case. Through 2015, disposable income and actual GDP both decline by less in the
sensitivity case than in the S.139 case. In 2016, however, energy prices rise sharply in response to the rise
in the allowance price. Actual GDP and disposable income both decline sharply, reaching a peak loss in
2017, with actual GDP 1.9 percent lower and disposable income 1.8 percent lower than in the reference
case. Thereafter, both recover rapidly as a result of a both sharp drop in energy prices as the allowance

price declines and a large increase in the amount of funds distributed back to consumers and used for
transition assistance in the post-2015 period.

Figure S.13. Changes in Real Disposable Income and Actual Gross Domestic Product in
the S.139 and No Banking Cases Relative to the Reference Case (percent)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.DO50303A,
MLBILL.D050503A, and ML_NOBANK_4.D051203A.
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Offset Sensitivity Cases

Several sensitivity cases were used to examine the issue of compliance offsets. Covered entities may use
offset credits from several sources, subject to an overall cap specified in S.139. The potential sources of
offsets include registered reductions from noncovered entities, registered increases in biological carbon
sequestration, and emission allowances from other countries. In one sensitivity case (offset50), the offset
limit was increased to 50 percent. Two other cas®® examined to test assumptions regarding the
availability and costs of international emissions offsets (discussed in Chapter 3). In one case (intl100), the
assumed supply curve of offsets from international sources was doubled. A second case (intl0) assumed
that no international offsets would be available.

Figure S.14 compares the market-clearing prices for allowances and offsets in the three offset sensitivity
cases with those in the S.139 case. In the offset50 case, the limit on offsets is not reached, and the trading
prices of offsets and allowances are identical, at levels below the S.139 case. Table S.7 summarizes the
energy market outcomes in the offset sensitivity cases. Because the offset50 case effectively reduces the
amount of emissions reductions in the covered sectors, the magnitude of changes in the energy sectors to
comply with S.139 is reduced. As a result, there is greater coal use and a reduced reliance on renewable,
nuclear, and carbon sequestration in the electricity sector in the offset50 case.

In the intl100 case, the Phase | and Phase Il limits on offsets are the same as in the S.139 case. As a result,
the primary effect of this case is to alter the mix of offsets available from the three offset sources,

increasing the international share relative to the doogisare. In the intl0 case, the unavailability of
international offsets raises the offset price to equal the allowance price in Phase I, and the allowance price
clears at a level above that in the S.139 &58ke unavailability of offsets in the intl0 case affects only

the Phase | offset prices, which increase by a maximum of 48 percent in 2015 relative to the S.139 case.
Figure S.15 compares the mix of offsets for 2010, 2016, and 2025 in the intl0, intl100, and S.139 cases. In
the intl100 case, the lower price of international offseinsufficient to make them competitive with

domestic offsets in Phase Il, and no international offsets penetrate. However, the Phase | offset prices are
lower, and more international offsets are included in the mix.

Figure S.14. Comparison of Allowance and Offset Prices in the S.139 and Offset
Sensitivity Cases, 2010-2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A,
ML_INTL100.D052703A, and ML_INTL0.D051903A.

%1 The exception is in 2023, as the allowance bank is depleted one year earlier in the intl0 case than in the S.139ease, and th
price temporarily drops in the following year.
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Under S.139, some emissions allowances would be distributed to covered entities, and some would be
allocated to the Corporation to auction or otherwise sell in the emissions allowance market. The bill does
not specify the allocation shares. For the S.139 case, our initial analysis assumed that in 2010, 80 percent
of the allowances would be distributed to covered entities, and that the share would increase linearly each
year to 20 percent in 2025. The rest of the allowances are allocated to the Corporation.

Table S.7. Comparison of Compliance Results in the S.139 and Offset Sensitivity Cases,
2010 and 2025 (million metric tons carbon equivalent)

2010 2025
OFFSET| INTL INTL OFFSET| INTL INTL
S.139 50 100 0 S.139 50 100 0
Greenhouse Gas Emissions
Energy-Related Carbon Dioxide......... 1,710 1,737 1,710 1,704 1,482 1,697 1,482 1,482
Non-Energy Carbon Dioxide .............. 40 40 40 40 46 46 46 46
Methane .......cceevvvveeviir e 115 117 120 114 120 111 120 120
Nitrous OXide€........ceeeveveveeiiiireesiineenns 121 121 121 121 137 137 137 137
High GWP Gases
(HFCs, PFCs, and SFg).......ccccccevvnn. 50 51 50 50 106 106 106 106
Total..oeeeeie e 2,036 2,066 2,041 2,028 1,891 2,098 1,891 1,891
S.139 Compliance Summary
Covered Energy-Related CO; ............ 1,513 1,540 1,513 1,507 1,257 1,475 1,256 1,256
Other Covered GHG Emissions ......... 70 71 70 70 128 128 128 128
Total Covered Emissions .............. 1,583 1,611 1,583 1,577 1,385 1,603 1,384 1,384
Offset Reductions Purchased
Noncovered Greenhouse Gases........ 49 a7 43 50 39 48 39 39
Increases in Biological Carbon
Sequestration ..........ccceevveeeerieee s 113 108 101 120 87 134 87 87
International Offsets.........cccccvvvvvvvinnns 73 63 90 0 0 165 0 0
Total Offset Reductions................. 235 218 234 170 126 346 126 126
Covered Emissions, Less Offsets......... 1,349 1,393 1,349 1,407 1,259 1,256 1,258 1,258
Emission Allowances Issued................ 1,465 1,465 1,465 1,465 1,258 1,258 1,258 1,258
Allowance Bank Change
(+, deposit; -, withdrawal) ..................... +117 +72 +116 +58 -1 +1 0 0
Greenhouse Gas Emission
Allowance Price
(2001 dollars per metric ton
carbon equivalent)..........cccccovvvveennnen. 79 64 79 84 221 174 222 223
(2001 dollars per metric ton
carbon dioxide equivalent) ................. 22 17 22 23 60 48 60 61
Offset Trading Price
(2001 dollars per metric ton
carbon equivalent)..........cccccoecvveennnen. 71 64 51 84 52 174 52 52
(2001 dollars per metric ton
carbon dioxide equivalent) ................. 19 17 14 23 14 48 14 14

Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A,
OFFSET50.D052303A, ML_INTL100.D052703A, and ML_INTL0.D051903A.
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Figure S.15. Mix of Offset Compliance Sources in the S.139 and Offset Sensitivity Cases,
2010, 2016, and 2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D0O50503A,
OFFSET50.D052303A, ML_INTL100.D052703A, and ML_INTL0.D051903A.

Other Issues Addressed in the Report

Tax Versus Cap and Trade Program

In his request for an analysis of S.139, Senator Inhofe asked EIA to address the differences between S.139
and an equivalent greenhouse gas emission tax. An emissions tax could have advantages in terms of lower
administrative costs, while providing greater dettato emitters on the future cost of emitting

greenhouse gases. Theoretically, it would be possible to specify an emissions tax that yields the same
results as an allowance cap and trade system. In practice, however, the tax would have to be determined

in advance such that it yielded the desired emissions reductions. Both programs are economically efficient
in terms of assigning the compliance costs based on the quantity of emissions.

A primary distinction between a tax and a cap aadarsystem could be in distributional impacts,
depending on the distribution of allowances. Urateallowance program where emissions rights are
auctioned, the distributional impacts would be the same as for an emissions tax. However, if some or all
the allowances are allocated for free, a redistribution of income occurs in favor of the allowance
recipients.

A secondary difference could result if the allowance program and the tax applied to different segments of
the economy. For example, the S.139 allowance program applies only to entities with emissions above a
threshold. A tax system applied to fuels at the supplier level might more easily be applied broadly across
all emissions sources (for example, for fossil fuels), compared to an allowance program, which may only
be practical to administer for larger emission sources. A more detailed discussion of these issues is
provided in Chapter 7.
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International Sector Greenhouse Gas Activities and Their Relation to S139

Senator James Inhofe requested that EIA provide information on the greenhouse gas commitments
currently adopted by China, Mexico, South Korea, India, and Bfakilese countries have ratified the

United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol. Each of
the five nations’ governments has established dtyeatcoordinate climate change activities in the

country. The five countries may also participate in the Kyoto Protocol through the Clean Development
Mechanism (CDM), which enables entities in Annex | countries to acquire emission reductions generated
in developing countries. In addition, all five countries have introduced specific initiatives to address
climate change. However, none of the countries have adopted enforceable greenhouse gas emission
targets. Based on S.139 criteria, they would be ineligible to provide allowances to covered entities as
offsets. This topic is discussed more fully in Chapter 3.

Additional Context for the Report

Uncertainties

As with any mid- to long-term forecast there imsiderable uncertainty surrounding the projections in

this analysis. Reducing greenhouse gas emissions is expected to lead to significant increases in the use of
energy production technologies that emit no (or low levels of) greenhouse gases, as well as more efficient
energy consumption technologies. Currently, many of these technologies are not used or play fairly small
roles in energy consumption and production. As a result, their potential cost and performance are
relatively unknown. Alternative assumptions aboutdbst, performance, and market acceptance of these
technologies could lead to different analysis results. Other key uncertainties include assumptions about
the ways in which greenhouse gas emission allowances are distributed to covered entities, the availability
of international offsets, and the degree to which covered entities will be allowed to purchase allowances
in the international market. Nor does the analysis include any expectation about how S.139 might be
amended based on application experience, or what limitations might be placed on greenhouse gas
emissions.

Modeling Considerations

NEMS has many qualities, such as its technology representation, that make it a useful tool for analyzing
the energy system and economic impacts of S.139. The high degree of energy detail within NEMS allows
it to trace important energy linkages that would be difficult, if not impossible, to understand using models
that represent the energy sector at a higher level of abstraction. The NEMS model forecasts to 2025.
Capacity expansion decisions in the electricity generation sector and for combined heat and power
production are based on expectations of fuel costs, capital and operating costs, and allowance prices over
the next 20 years, assuming that the greenhouse gas targets and allowance prices remain at 2025 levels.
NEMS does not address the impact of S.139érpibst-2025 period for the other sectors. While

alternative modeling frameworks exist that provide different forecast horizons, those that extend beyond
2025 tend to limit the technological detail that is important in analyzing proposed legislation such as
S.139. Many sensitivity cases are included in this analysis to address uncertainties in the modeling
framework and assumptions; however, it is impossibtter the full spectrum of possibilities with the

time and resources available.

32 see Appendix A for a copy of the January 28, 2003, letter from Senator Inhofe to EIA.
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Comparison With Other Modeling Results

Although the ideas behind S.139 have been widely discussed for some time within the environmental and
energy policy community, S.139 is a new piece of legislation. There has been considerable discussion and
speculation regarding its likely economic and energy impacts, but there are not yet many detailed studies
with which the results obtained in this report can be compared or contrasted. One study to which the
findings in this report might usefully be compared was recently issued by researchers at the
Massachusetts Institute of Technology (MIT) in June 28@& might be expected, given the

uncertainties and differences in modeling approaches, the results are similar in some areas but different in
others.

The emissions allowance price is one key point of @ispn across studies, because it adds directly to

the cost of all fossil fuels used in the covered sectors (electricity generation, industry, and transportation)
and also directly affects the price of electricity to consumers in all sectors. Table S.8 compares allowance
prices from the MIT study’s “scenario 7"—the scenario that incorporates the greenhouse emissions
targets and offset limitations specified in S.139—with allowance prices in the S.139 and high technology
S.139 cases of this analysis. Both the allowance prices and their temporal pattern are quite similar across
the two studies.

Some important differences between the energy results from the MIT study and the present analysis also

merit attention. In part these arise from differences in energy baselines before consideration of the effects
of S.139 (Table S.8). The MIT baseline shows much higher use of coal and much lower use of natural gas
than the EIA baseline. The MIT oil baseline also grows at a much slower rate than the EIA baseline.

Although the allowance prices are similar in the studies, the nature and magnitude of the changes in
energy mix in response to S.139 diverge significantly. Table S.8 summarizes oil consumption changes in
response to S.139. Because two-thirds of all oil is used in the transportation sector and the use of oil for
heating in the residential and commercial sector is not covered by S.139, the transportation sector is the
focus of attention. Relatively small changes in the end-use price of petroleum fuels (changes that are
smaller than the reported allowance value in cents per gallon, because both models assume that the world
oil market price falls as demand is reduced) cause much larger changes in oil consumption in the MIT
model than in the EIA model.

Changes in coal and natural gas demand also vary widely between the MIT and EIA analyses. The MIT
study reports a significant reduction in coal consumption from the baseline level; in 2020, the MIT study
reports 35 percent lower coal consumption than in the baseline projection, but the resulting level of coal
consumption in 2020 is only 8 percent lower coal consumption in 2000. In EIA’s S.139 case, coal
consumption is projected to be 63 percent below the reference case level in 2020—55 percent below the
2000 level. In the MIT study, natural gas use is projected to increase by 14 percent between 2000 and
2020 in that study’s S.139 scenario. In EIA’s S.139 case, natural gas consumption is projected to increase
by 53 percent between 2000 and 2020.

One explanation for the smaller amount of fuel sviftgtbetween the MIT baseline and policy cases than
between the EIA reference and S.139 cases is that the MIT results incorporate a larger reduction in total
energy use between the baseline and policy cases. In 2020, the last year for which the results can be
compared, EIA’s analysis projects a 15.5 percent reduction in total energy use, compared with 19 percent
in the MIT study. The percentage reduction in carbon dioxide emissions in 2020 is roughly 21 percent in

% 5. Palstev, J.M. Reilly, H.D. Jacoby, A.D. Ellerman, and K.H. Eayssions Trading to Reduce Greenhouse Gas Emissions
in the United Sates: The McCain-Lieberman Proposal, Report No. 97 (Cambridge, MA: MIT Joint Program on the Science
and Policy of Global Change, June 2003 [revised June 17]).
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Table S.8. Comparison of Key Results from the EIA and MIT Analyses of S.139

2000° 2010 2015 2020 2025
Greenhouse Gas Emission Allowance Price
(2001 dollars per metric ton carbon equivalent)
MIT, MCL CaASE.....uuvuvrrrriririrerererererenenenerenenenenenenenenene, — 78 102 134 NA
ElA, S.139 CaSE...ciiiiiiiieiiiii e, — 79 119 178 221
EIA, High Technology S.139 Case.........ccccccvvuvveernnn, — 59 88 133 158
Fossil Fuel Use (quadrillion Btu)
MIT, Base Case
(10T | PRSPPI 22.75 26.54 28.43 32.23 NA
Ol 36.96 41.70 45.49 47.39 NA
Natural Gas........ceeeeeeeiiiiiiiiee e 20.85 22.75 24.64 25.59 NA
ElA, Reference Case
(10T | PR PPPRR 22.58 25.47 26.68 27.88 29.86
Ol 38.40 44.45 48.47 52.15 56.11
Natural Gas .........eeeeieeiiiiiiiiiee e 24.06 27.35 30.07 32.95 35.55
EIA, High Technology Reference Case
(O - USSR 22.58 24.85 25.56 26.05 26.89
Ol 38.40 43.82 47.09 49.95 53.29
NAtUral GaS ......uvvvvvvriiiriririiiirererereerreeererrrerrrer——— 24.06 26.62 28.45 30.33 32.35
Petroleum Use
(quadrillion Btu, unless otherwise noted)
MIT, BASE CaSE...ucciiiiieiiiiie et — 41.70 45.49 47.39 NA
MIT, MCL CaSE....ueviiiiiiieeeiiie e eeee e seee e — 36.96 38.86 39.81 NA
Percent Change from Base Case............cccceevuveennne. — -11.4% -14.6% -16.0% NA
MIT, McL Case Emissions Allowance Price
for Motor Gasoline (2001 cents per gallon) ............... — 18.55 24.14 31.77 NA
EIA, Reference Case........ccccceeeeeiiiiiiiiieeee e, — 44.45 48.47 52.15 56.11
ElA, S.139 CaSe...ii i, — 43.74 46.62 48.65 50.76
Percent Change from Reference Case ................... — -1.6% -3.8% -6.7% -9.5%
EIA, S.139 Case Emissions Allowance Price
for Motor Gasoline (2001 cent per gallon)................. — 18.68 28.08 42.23 52.26
EIA, High Technology Reference Case..................... — 43.82 47.09 49.95 53.29
EIA, High Technology S.139 Case.........ccccccvvuvveennnn, — 43.30 45.79 47.45 49.41
Percent Change from High Technology Reference. — -1.2% -2.8% -5.0% -7.3%

EIA, High Technology S.139 Case
Emissions Allowance Price for Motor Gasoline
(2001 cents per gallon)..........coeviiieeineee e, — 13.91 20.91 31.45 37.53

EMIT estimates for 2000 oil use are from 1.0 to 3.8 quadrillion Btu below EIA data for 2000; MIT estimates for 2000
natural gas use are from 2.7 to 3.7 quadrillion Btu below EIA data for 2000.

NA = not available.

Sources: MIT: S. Palstev, J.M. Reilly, H.D. Jacoby, A.D. Ellerman, and K.H. Tay, Emissions Trading to Reduce
Greenhouse Gas Emissions in the United States: The McCain-Lieberman Proposal, Report No. 97 (Cambridge,
MA: MIT Joint Program on the Science and Policy of Global Change, June 2003 [revised June 17]), Base Case
and Case 7 (0-cost credits to 15 and 10 percent limits), Tables 5 and 7. EIA: Projections—Office of Integrated
Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A, MLBILL.D050503A,
MLBASE_HT.D052003C, and ML_HT.D050503A; 2000 Fossil Fuel Use—Energy Information Administration,
Monthly Energy Review, DOE/EIA-0035(2003/04) (Washington, DC, April 2003), Table 1.3, web site
http://tonto.eia.doe.gov/FTPROOT/multifuel/mer/00350304.pdf.
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both studies. With a greater reduction in energy use in the MIT study, less fuel switching is needed to
arrive at the same reduction in emissions.

Scope of This Report

The EIA analysis of S.139 contained in this repig other EIA analyses, focuses on the impact of the
provisions in the bill on energy choices made by aoress in all sectors and the implications of those
decisions for the economy. This focus is consistent with EIA’s statutory mission and expertise. The study
does not quantify, or place any value on, possible health and environmental benefits of curtailing
greenhouse gas emissions.
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1. Introduction

Background

On January 9, 2003, Senators John McCain and Joseph I. Lieberman introduced S.139, the Climate
Stewardship Act of 2003 (S.139), in the U.S. Seffa%139 would require the Administrator of the U.S.
Environmental Protection Agency (EPA) to promulgate regulations to limit greenhouse gas emissions

from large “entities"—almost all of the electric power, transportation, and industrial sectors and a small
portion of the commercial stor as defined by EPATswentory of U.S. Greenhouse Gas Emissions and

Sinks*® It would also provide for the trading of emission allowances and reductions through a proposed
greenhouse gas database to be established by the Federal Government, which would contain an inventory
of emissions and registry of reductions.

On January 28, 2003, Senator James M. Inhofe requested that the Energy Information Administration

(EIA) perform a comprehensive analysis of S.139. On April 2, 2003, Senators McCain and Lieberman,
cosponsors of S.139, made a further request for analyses of their bill. This Service Report responds to
both requests for analysis.

U.S. Greenhouse Gas Emissions

Total greenhouse gas emissions in the United States in 1990 were 1,683 million metric tons carbaon
equivalent® 3" *®of which 1,364 million metric tons, or 81 percent, consisted of carbon dioxidg (CQO
emissions from the combustion of energy fuels2B@1, total U.S. greenhouse gas emissions had risen to
1,883 million metric tons carbon equivalent, including 1,579 million metric tons carbon equivalent from
energy combustion. EIA’8nnual Energy Outlook 2003 (AEO2003)* projects that greenhouse gas
emissions will reach 2,178 million metric tonglwan equivalent in 2010, 29 percent above the 1990
level. U.S. greenhouse gas emissions are projected to rise at an average annual rate of 1.5 percent a year
between 2001 and 2025, reaching 2,683 million metric tons carbon equivalent in 2025, 59 percent above
the 1990 level and 42 percent above 2001 levels.uBecanergy-related carbon dioxide emissions are a

large portion of total greenhouse gas emissions, any effort to reduce greenhouse gas emissions will likely
have a significant impact on the energy sector.

34 See web site http://frwebgate.access.gpo.govicgi-bin/getdoc.cgi?dbname=108_cong_bills&docid=f:5139is.txt.pdf.

% U.S. Environmental Protection Agendgyentory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2000, EPA 430-R-02-

003 (Washington, DC, April 2002).
% Energy Information AdministratiofEmissions of Greenhouse Gases in the United States 2001, DOE/EIA-0573(2001)
(Washington, DC, December 2002).
Greenhouse gases differ in their impacts on global temperatures. For comparison of emissions from the various gases, they
are often weighted by global warming potential (GWP), established by the Intergovernmental Panel on Climate Change,
which is a measure of the impact of each gas on global warming relative to thatoof derxide, which is defined as having
a GWP equal to 1.
This analysis will report all greenhouse gas emissions in metric tons carbon equivalent (i.e., the weight of only thie carbon
carbon dioxide gas). This is consistent with EIA’s past practices in its rdpdrttire reports, EIA will conform to the
changes in international procedures under the United Nations Framework Convention on Climate Change and express
greenhouse gas emissions in carbon dioxide equivalent. To convert from carbon to carbon dioxide the ratio of 44/12 is
multiplied times the value by weight of the carbon. Therefbi@)0 metric tons carbon equieat would be 3,667 metric
tons carbon dioxide equivalent. The value for total greenhowsss ga 1990 (1,683 million metric tons carbon equivalent) is
equal to 6,171 million metric tons carbon dioxide equivalent. The value for total greenhouse gases in 2001 is 1,883 million
metric tons of carbon equivaieor 6,904 million metric tonef carbon dioxide equivalent.
%% Energy Information Administratiomnnual Energy Outlook 2003, DOE/EIA-0383(98) (Washington, DC, January 2003).
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U.S. Greenhouse Gas Emissions
(continued)

To put U.S. emissions in a global perspective lthited States produced energy-related carbon dioxide
emissions of 1.6 billion metric tons carbon equivatari23.9 percent of worldwide energy-related carbon
equivalent emissions in 2001 (as noted in ElMernational Energy Annual 2001).%° Although
continued increases in emissions are expected for the United States and other industrialized countries,
much more rapid emission increases are projected for developing countries in Asia, the Middle East,
Africa, and Central and South America. According to Ellternational Energy Outlook 2003
(IE02003),** global carbon equivalent emissions from energy use are expected to increase at an average
annual rate of 1.8 percent per year from 2001 (the base ydz02003) through 2010, reaching 7.7
billion metric tons carbon equivalent, to which theited States would contribute 23.4 percent. Over the
entire period, from 2001 to 2025, global emissions from energy-related activities are projected to grow by
1.9 percent per year, reaching 10.4 billion metric tons carbon equivalent, with the United States
accounting for 21.6 percent of the total in 2025.

Summary of S.139

Goal of the Bill. S.139 proposes a mandatory, domestic entity-fegetenhouse gas emissions reduction
program. It would provide for a program of scientific research on climate change, establish a National
Greenhouse Gas Database (NGGD) to track the éewkteductions of greenhouse gas emissions by

entity and covered sectbtand establish a market-driven system of tradable allowances that can be used
interchangeably within the covered sectors as a way to accelerate the reduction of greenhouse gas
emissions in the United States. The stated goals of S.139 are to reduce greenhouse gas emissions and to
lessen U.S. dependence on foreign oil.

Summary of Key Elements.S.139 includes three titles. The first would establish a program of research

to support implementation of the bill. The second would establish a National Greenhouse Gas Database
and Registry to collect, verify, and analyze information on greenhouse gas emissions and track reductions
by covered and noncovered entities. The third would establish the market-driven greenhouse gas
emissions trading program. This report focuses on Titles Il and Il of the bill.

A. Title —Federal Climate Change Research and Related Activities

Title 1 would establish a program of research bothiwitind outside Federal agencies through the use of
grants and program directives. Much of the research would be targeted at improving implementation of
the remaining two titles of S.139. The goals of Tiitlall within three categories: (1) Research Support

40 Energy Information Administratiomnternational Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC, February
2003).

41 Energy Information Administratiomnternational Energy Outlook 2003, DOE/EIA-0484(2003) (Washington, DC, May

2003).

A “covered entity” (including a branch, department, agencinstrumentality of Federal, State, or local government) is

defined as an entity that owns or controls a source ofijoesse gas emissions in the covered sectors, refines or imports

petroleum products for use in transportation, or produces or imports hydrofluorocarbons, perfluorocarbons, or sulfur

hexafluoride and emits over 10,000 metric tons of greenhouses gas per year (carbon dioxide equivalent), or produces or

imports petroleum products, hydrofluorocarbons, perfluorocarbons, or sulfur hexafluoride, or other greenhouse gases that,

when used, will emit over 10,000 mettans of greenhouse gas per year.

The “covered sectors” are defined as the electricity, transportation, industrial, and commercial sectors. The agratultural an

residential sectors are excluded.
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(to measure the impact of the bill, identify and remove barriers to technology transfer, and establish
incentives for the development of more efficient technologies); (2) Improve Measurement Technologies;
and (3) Provide Small Business Support (although few programs for small businesses are explicitly
described in the bill as currently proposed).

B. Title II—National Greenhouse Gas Database

Title 1l would establish the National Greenhouse Gas Database and Registry. The main components of the
proposed Database are an inventory of greenlgasemissions and a registry of greenhouse gas

emissions reductions and increases in greenhouse gas sequestration. S.139 would require the EPA to
promulgate regulations to implement a comprehensive system for greenhouse gas emissions reporting,
inventorying, and reductions registration within 2 years of enactment. It would require the development
and establishment of a comprehensive set of measurement and verification methods and standards for the
reporting and recording of greenhouse gas emissions, emissions reductions, sequestration, and
atmospheric concentrations for use in the registris fithe also outlines the rules for reporting the

inventory of emissions and reductions for both codered noncovered entities. Beginning no later than

July 1, 2008, each “covered entity” is required to submit a report to EPA describing, for the preceding
calendar year, entity-wide greenhouse gas emissions (at the facility level). It also provides for the

reporting of voluntary greenhouse gaductions by both covered and noncovered entities. It would also
establish annual database reporting requirements for EPA under which EPA is required to publish an
annual report that describes the total greenhouse gas emissions and reductions, provide entity-by-entity
and sector-by-sector analyses of the emissén reductions, describe current atmospheric

concentrations, and provide a comparison of current and past atmospheric concentrations of greenhouse
gases.

C. Title lll—Market-Driven Greenhouse Gas Reductions

Title 11l outlines the key feature of S.139, the market-driven approach to greenhouse gas reduction. It
establishes the rights and uses of tradable allowances, sets forth the requirement that covered entities must
acquire one tradable allowance per metric ton of greenhouse gas emissions, creates the ability to bank and
borrow allowances, provides for accelerated participation by covered and noncovered entities, and sets

the proposed penalties when covered entities do not meet the requirements. Title 11l would also establish
the Climate Change Credit Corporation (hereafter referred to as the Corporation) and outlines its function.

It includes four subtitles.

1. Subtitle A—Emission Reduction Requirerents; Uses of Tradable Allowances

Subtitle A establishes the greenhouse gas emissions reduction process and outlines the use of tradable
allowances. It sets out some basic requirements as follows:

» Each covered entity must submit to the EPA Administrator one tradable allowance for every
metric ton of greenhouse gases emitted.

» Producers or importers of non-g@reenhouse gases must submit one tradable allowance for
every metric ton they produce or import.

» Each covered petroleum refiner or importer must submit one tradable allowance for each unit of
petroleum product they sell for transportation uses that will produce one metric ton of greenhouse
gas. S.139 notes that EPA will define the amount of greenhouse gases emitted when petroleum
products are used for transportation.

A covered entity is not required to submit tradable allowances for any amount of greenhouse gas if the
emissions are deposited in an approved geological storage facility (geologic sequestration). An entity may
submit allowances that were either allocated to it, acquired from another entity (either covered or
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noncovered), or acquired from the Corporation. EPA can grant an exemption from the requirements of
S.139 if it is determined that it is not feasible to measure or estimate emissions from the source category;
however, S.139 also states that EPA cannot graekxemption for carbon dioxide produced from fossil

fuel.

The subtitle also sets out some alternative means of compliance for the years 2010 through 2015. A
covered entity may satisfy 15 percent of its total allowance requirement by submitting tradable
allowances from another nation’s market in greenhouse gas emissions, submitting a registered net
increase in sequestration, submitting a greenhouse gas emissions reduction from a noncovered entity, or
submitting credits obtained from EPA. The same alternative means of compliance still apply after 2015,
but the portion that a covered entity may satisfy using this approach declines to 10 percent.

A covered entity can borrow tradable allowances from EPA for use in the current year based on
anticipated emissions reductions in future years, but only from anticipated reductions in emissions that
result from capital investment in equipment, the construction, reconstruction, or acquisition of facilities,
or the deployment of new technologies for which the covered entity has executed a binding contract that
will become operational within the current calendar year and will begin to reduce emissions from the
covered source within 5 years after the year in which the credit is used. This loan is not free. There is a
borrowing cost of 10 percent (in terms of tradable allowances) for each credit borrowed, multiplied by the
number of years beginning after the year of use and before the year the reduction is expected to begin. If
the covered entity fails to achieve the anticipated reduction, the covered entity’s allowance requirements
shall be increased by the amount of the credit plus the borrowing cost.

Subtitle A would also establish procedures for automobile manufacturers to receive tradable emissions
allowances for exceeding applicable corporate average fuel efficiency (CAFE) standards. To receive the
allowances, however, manufacturers must exceeceffielency standards by more than 20 percent. The
exact conversion factor for the tradable emissions allowances relative to fuel efficiency is not established
in S.139. It is important to note that the total quantity of allowances does not change as a result of this
provision. These allowances come out of the pool of total allowances available to all covered entities.

In addition to being sold, exchanged, purchased, or retired, other possible uses for the tradable allowances
are established in Subtitle A. The Corporation may sell tradable allowances allocated to it to any covered
entity or to any investor, broker, or dealer in tradable allowances. Tradable allowances can be banked by
an entity for use in future years. A covered entity that has more than a sufficient amount of tradable
allowances to satisfy current requirements may hold allocated allowances in order to sell, exchange, or
use the tradable allowances in the future.

2. Subtitle B—Establishment and Allocation of Tradable Allowances

The tradable allowance program would take effect beginning in 2010. Subtitle B establishes and provides
procedures for allocating the tradable allowanE€%A is instructed to establish regulations to create

tradable allowances for calendar years 2010 to 2015 equal to 5,896 million metric tons carbon dioxide
equivalent and, for calendar years after 2015, equal to 5,123 million metric tons carbon dioxide
equivalent, reduced by the amount of emissifrgreenhouses gases in calendar years 2000 and 1990,
respectively, from noncovered entities as defined in the bill. Each tradable allowance is to be assigned a
unique serial number.

Based on the number of allowances, from 2010 to 2015, the maximum allowable greenhouse gas

emissions by a covered sector (Phase | allotment) is equal to a portion of year 2000 total covered sector
emissions, based on the sector’s percentage share of total covered sector emissions in the year preceding
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enactment? After 2015, the maximum allowable emissions by the covered sector will be equal to its
share of 1990 total covered sector emissions (Phase Il allotment) using the same methodology for
determining the shares as was used for the Phase | allotment.

The Secretary of Commerce is charged with determining each covered sector’'s Phase | and Phase I
allotments and the amount allocated to the Corporgfohtitle B lists certain factors that the Secretary
of Commerce must consider in determining the number of allowances to be allocated, including:

» Effect on income distribution

« Impact on corporate income, taxes, and asset value

* Impact on consumer income levels and energy consumption

» Effects on economic efficiency

» Ability of entities to pass through compliance costs

» Whether allocation to covered sectors should decrease over time.
These are guiding principles. No other specifics about how the allocation should be computed are
provided in S.139.

While the Secretary of Commerce determines the number of allowances to be allocated to each covered
sector, EPA is charged with actually allocating the Phase | and Il tradable allowances to each entity in the
covered sector and to the Corporation. The Subtitle establishes that EPA will allocate the tradable
allowances for the electricity generation, industaalki commercial sectors to the entities owning or
controlling point sources of greenhouse gas emissiithinvthe sector. The same is true for producers or
importers of hydrofluorocarbons, perfluorocarbons, sultlr hexafluoride. The tradable allowances for

the transportation sector are to be allocated to petroleum refiners or importers that produce or import
petroleum products that will be used as fuel for transportation.

Subtitle B establishes procedures for allocation of tradable allowances for early action and accelerated
participation in the program. At the request of a covered entity that has registered reductions in a year
before 2010 (early actions), EPA is required to allocate tradable allowances in an amount consistent with
the registered reductions from the national greenhouse gas database, for use by the entity in the current
year. The subtitle also establishes procedures for accelerated participation. If an entity executes an
agreement with EPA under which it agrees to reduce its level of greenhouse gas emissions to an amount
no greater than the level of emissions in calendar year 1990 by the year 2010, then for the 6-year period
from 2010 to 2015, EPA will provide additional tradable allowances to that entity (the number or process
for determining the number of additional tradable allowances is undefined in the bill). The total size of the
allowance pool does not change when early participants are granted extra allocations. An entity can also
satisfy 20 percent of its requirements (not 15 percent as previously specified) by submitting tradable
allowances from another nation’s market in greenhouse gases, submitting a registered net increase in
sequestration, or submitting a greenhouse gas emission reduction that was registered in the National
Greenhouse Gas Database by a noncovered entity.

This Subtitle also provides for a review of the number of allowances established under S.139 every 2
years after enactment, to determine whether the number of allowances established continues to be
consistent with the objectives of the Unitddtions Framework Convention on Climate Change
(UNFCCC).Given the importance of the 2010 and 2016 allowance levels and uncertainty about the date
of enactment, it also calls for a specific review of the number of allowances in 2008 and 2012. Subtitle B

4 The actual number of allowances and, ultimately, greenhouse gas emissions from any covered sector will be less than the
maximum, because a portion of the of the Phase | and Il alletméhbe allocated to the Corporation and the allocation will
be reduced by a fraction of any initial allocations to earty accelerated participants. Under any circumstances, the total
number of allowances cannotoeed the initial pool available to the covered sectors.
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provides no additional information about what woutdwr if the number of allowances were found to be
inconsistent with the objectives of UNFCCC.

3. Subtitle C—Climate Change Credit Corporation

Subtitle C would establish the Corporation as a nhonprofit Federal corporation. The Corporation is charged
with receiving and managing tradable allowances allocated to it by EPA. It can buy and sell tradable
allowances in the market, but it may not retire atzld allowances that are unused. The Corporation is
directed to use the tradable allowances and proceeds derived to reduce the costs borne by consumers as a
result of the greenhouse gas reduction requirements of S.139. It establishes “possible” methods the
Corporation can use (e.g., buydowns, subsidies, raigutiof discounts, and consumer rebates), but it

does not explicitly state a mix or preferen€arther, it requires that the proceeds derived from the
Corporation’s actions be equitably distributed to themixpossible across all regions of the United States
and that they may include arrangements for preferential treatment of low-income consumers. Subtitle C
establishes that a percentage of the proceeds derived from trading activities, starting at 20 percent of the
total proceeds in 2010, will be used to provide transition assistance. However, it also establishes that this
transition assistance will be phased out over time (declining by 2 percent each year starting in 2011, but
never reaching zero). No other specifics about the allocation of the proceeds are indicated.

4. Subtitle D—Sequestration Accounting; Penalties

Subtitle D establishes rules about the use of sequestration. Specifically, if a covered entity uses a
registered net increase in sequestration to meet the required provision of one tradable allowance for each
metric ton of greenhouse gas emissions emitted, the covered entity must submit information to EPA every
5 years to verify that the net increase in sequestration still exists. If EPA determines that the sequestration
no longer exists, the entity must submit allowances to offset the loss of sequestration in the calendar year
following the determination.

This subtitle also sets out the penalties for noncompliance with the provisions of S.139. If a covered entity
fails to provide tradable allowances sufficient to cover its greenhouse gas emissions, it will be liable for
civil penalties, payable to EPA, equal to three times the market value of the tradable allowances necessary
to meet the requirements. The subtitle establishes no other specific penalties beyond this provision.

Unspecified Aspects of S.139 Necessary for Implementation and Analysis

S.139 stipulates a program for greenhouse gas emission monitoring and control. Some of the provisions
are subject to varying interpretation and some will be defined only after passage of the Act by Congress
and implementation by EPA, the Department of Commesc other parties and agencies. In addition to

the usual challenges and uncertainties inherent in projecting the energy and economic effects of major
policy changes, analysis of S.139 is further complicated by the uncertainty regarding how its provisions
would be implemented. Key implementation features of S.139 that are not clearly specified include:

» Definition of A Covered Entity: S.139 defines a covered entity as an entity that owns or controls
facilities that collectively emit more than 10,000 metric tons (carbon dioxide equivalent) of
greenhouse gas per year. While substantial energy and economic data exist on whole industries or on
specific facilities, little is available on individual entities. Further, the issue of control or ownership of
an entity is unclear. For example, is each indiglddcDonald’s franchise an entity, or is control
defined at the company level? If a company divests a portion of an entity so that its total emissions
fall below the 10,000 metric ton threshold, is it ooder covered?
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* Mechanisms for Allocating Emissions Allowancesn order to assess the macroeconomic impacts
of S.139 on covered entities, two assumptions eegled. First, an assumption is needed regarding
how emission allowances are allocated between covered sectors and the Corporation. The allocation
has important implications for consumption and investment patterns that impact macroeconomic
growth. Second, to assess the sectoral impd&@s139, an assumption is needed regarding how
emissions are allocated among covered entities. Both the allocation between the covered sectors and
the Corporation and the allocation among covered sectors are to be defined by the Secretary of
Commerce after passage of S.139. The bill provides guiding principles but little specific information
on how these allocations are to be made.

» Consumer RebatesS.139 allows the Corporation to allocate the revenue it collects from the sale of
emission allowances as rebates or subsidies to consumers, especially those who can least afford the
energy price increases that are likely to refsath the proposed legislation. The amount of money
available for these rebates or subsidies and their allocations is unspecified.

» CAFE Credits: S.139 includes a provision that allocates greenhouse gas emission allowances to
manufacturers of light-duty vehe&s whose CAFE exceeds the aggdble CAFE standard by 20
percent. The provision states that the Secretary of Transportation, in consultation with the EPA
Administrator, will determine the conversion factor used to translate fuel economy improvements into
greenhouse gas emission reductions after the Act is passed. No additional information about the
mechanism or conversion factor is included in S.139.

Focus of the Analysis

This study focuses on the questions posed in the two request‘fesigbgect to the limitation that we
cannot address issues beyond EIA’s expertise or capability.

Request from Senator Inhofe Senator Inhofe requested that EIA examine the following:

» The effect of S.139 on global temperatures

e The number of “S.139-equivalent programs” that would be needed to reduce projected future
temperature increases to “acceptable levels”

» The direct government cost entailed

* The cost to the U.S. economy in jobs and dollars

* The demographic spread of economic costs

» A comparison of the bill's compliance period to the scheduled commitments for reduction of
greenhouse gases by China, Mexico, South Korea, India, and Brazil

» Energy “suppression” effects

» A comparison of the efficiency of the bill's regulatory mechanisms with that of a Btu tax
mechanism.

In an initial reply to Senator Inhofe, EIA indicated that it would be able to fully address four of the eight
items requested and to provide limited data and information on a fifth. The four items that EIA agreed to
undertake were an analysis of the cost of the bill to the United States in employment and aggregate gross
domestic product (GDP); estimation of energy conservation (suppression) effects related to the higher
costs of energy that would be borne by consumers as a likely result of the bill; a comparison of the energy

4 See Appendix A for requesting letters and related correspondence.
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and economic impacts of an equivalent carboff #sith those of S.139; and a comparison of the bill’s
compliance period with those scheduled by China, Mexico, South Korea, India, and Brazil for their
reductions of greenhouse gases. EIA also agreptade demographic data (by household income
class) on the distribution of energy consumiptind expenditures from its Residential Energy
Consumption Survey, but not to forecast how such distributions might change as a result of S.139.

Request from Senators McCain and LiebermanSenators McCain and Lieberman asked EIA to
address the following:

» The impact of a range of alternatives for the percentage of greenhouse gas allowances that would

be allocated to the Corporation

* The impact of early action compliance activities by both covered and noncovered entities on the

costs of compliance

* The impact of a range of new technology depient to reduce greenhouse gas emissions on the

cost of compliance, and the likelihood of the technology being deployed

» The impact of banking by covered entities

* The impact of various “flexibility mechanisms,” including: credit for reduction of nop-CO
greenhouse gases; credits from international trading; credits and offsets from increased
automobile fuel efficiency and additionalrdand reductions for electricity from noncovered
sectors; credits for geological sequestration and forestry activities; “borrowing” of allowances

from future years; and increasing the percentage of “offsets” allowed for those entities that reduce

their emissions to 1990 levels before 2010 (rather than 2016 as required by the bill).

In its response to Senators McCain and Lieberman, EIA agreed to provide the analysis requested, subject
to the limitations of available data. For example, the amount of greenhouse gas allowances available on

the international market that could be purchased to offset domestic reductions is highly uncertain,

depending in part on the mechanisms within other countries that would be created to certify and register
such allowances. In the absence of specific guidance, EIA exercised informed judgment concerning the
efficacy and application of such allowances. These judgments and others needed for the analysis are

discussed in detail in the ensuing chapters.

¢ The carbon tax analysis replaces the Btu tax comparison requested in Sen. Inhofe’s letter, based on discussion with the

Senator’s staff. Subsequent to EIA’s response, Ebkived an e-mail from Aloysius Hogan of Senator Inhofe’s staff on

April 23 that asked EIA to postpone analysis of an equivalent carbon tax in consideration of time. The e-mail is included in

Appendix A. The e-mail also requested EIA to provide aigeitys case in which geological sequestration and new nuclear
generating capacity are excluded as options.
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2. Assumptions, M ethodology, and Scenarios

This analysis of S.139 is based on comparisons with an updated versiolphtla Energy Outlook
2003(AEO2003 reference case. THEO2003reference case was updated to reflect changes in electric
generating capacity since tAEO2003forecast was completed (October 2002), to incorporate revised
expectations about near-term trends in natural gas prices, and to reflect recent changes in corporate
average fuel economy (CAFE) standards. Senators McCain and Lieberman explicitly requested that EIA
update the projections for additions of new electricity generating capacity (see Appendix A).

S.139 proposes a detailed program for greenhouse gas emissions monitoring and control and contains
provisions that are either subject to varying interpretation or are intended to be defined after enactment.
This chapter outlines some of the key assuomgteand methodology required to analyze S.139 and

defines the various cases analyzed.

The National Energy Modeling System

The AEO2003projections are generated using EIA’s National Energy Modeling System (NEMS).

NEMS is a computer-based, energy-economy modsiisgem of U.S. energy markets for the mid-term
period through 2025. Using a market-based approach to energy analysis, NEMS projects the production,
imports, conversion, consumption, and prices of @nesubject to assumptions on macroeconomic and
financial factors, world energy markets, resource availability and costs, behavioral and technological
choice criteria, cost and performance characteristics of energy technologies, and demographics. For each
fuel and consuming sector, NEMS balancesrgyn supply and demand, accounting for economic
competition among the various energy fuels and sources. In order to represent the regional differences in
energy markets, NEMS functions at the regional ldwehddition to its use for this analysis and for
production of theéAnnual Energy OutlooEMS is also used in analytical studies requested by the U.S.
Congress, other Federal Government agencies, andaftives within the Department of Energy. (See

The National Energy Modeling System: An Overview 2@08further details.)

NEMS calculates carbon dioxide emissions, the principal component of greenhouse gases, as the product
of fossil energy use and fuel-specific emissions factors. While emissions of the greenhouse gases other
than energy-related carbon dioxide are relatesh&rgy activities, estimating those emissions based on
economic factors is outside the scope of NEMS. As a result, baseline emissions of gases other than
energy-related carbon dioxide were obtained froendts. Environmental Protection Agency (EPA), as

were estimates of the potential for reducing the emissions, reflected in cost functions known as marginal
abatement curves (MACSs).

Under S.139, emissions allowances must be submitted by covered entities for their greenhouse gas
emissions. Covered entities obtain the allowanaesitih the allocations from the Government or by
purchasing allowances from other entities or the Climate Change Credit Corporation (hereafter referred to
as the Corporation). The cost of the allowance increases the cost of using energy in the covered sectors,
effectively increasing the price of fossil fuels to covered entities, as well as the cost of electricity to all
sectors. As the allowance price changes and influences energy costs, the estimated demand for energy
changes, as do the corresponding carbon dioxide emissions. For greenhouse gases other than carbon
dioxide, emissions reductions in covered sectors are calculated based on the MACs. The emissions

47 Energy Information Administratio;he National Energy Modeling System: An Overview 2D@E/EIA-0581(2003)
(Washington, DC, March 2003). Detailed documentation is available on the EIA web site at
http://www.eia.doe.gov/bookshelf/docs.html.
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abatement at the current market price for allowances is subtracted from the baseline emissions to obtain
the resulting emissions for the covered sources.

An emissions accounting structure was used to track allowance banking and the use of allowance offsets
to comply with S.139, as well as to perform tharginal abatement calculations for other greenhouse

gases. A methodology was also incorporated to estimate allowance and offset prices, given the banking
provisions of S.139 and offset limitations. Documedatabf these methodology changes, including the
derivation and sources for marginal abatement curves, is provided in Appendix B.

As part of analyzing S.139, NEMS was updated to reflect changes in electric generating capacity since
AEO2003was completed, to adopt recent changes in the CAFE standards, and to incorporate revised
expectations about near-term natural gas price trends. The following summarizes these key updates.

Electricity Generating Capacity Updates

Within NEMS, only planned units that are reported as “under construction” are automatically included as
being built during the forecast horizon. NEMS then forecasts the construction of additional unplanned
capacity by type as needed to meet future demand.

For AEO2003 the information on planned generating units was based predominantly on 2001 data from
industry filings on Form EIA-860, “Annual Electric Generator Report,” which provides information from
both utility and nonutility generators. The EIA-860 data were supplemented by a second data source, the
NewGen database developed by Platts DataBastich is updated on a monthly basis. The NewGen
database was used to update the EIA-860 information for more recent changes in plant operating status.

Based on new information available as of the end of March 2003, planned electric generating capacity
included in the revised reference case used to analyze S.139 was updated from what was included in
AEO2003 Additional units are represented as planned capacity in the S.139 reference case if they are
reported as under construction in the NewGen database and as planned in the EIA inventory.

About 24 gigawatts of additional planned capacity was reported as being under construction as of March
2003, including 8.5 gigawatts in 2002, 14.3 gigawatts in 2003, and 1.2 gigawatts in 2004. About 16
gigawatts of the additions are gas-fired combined cycle, 4.6 gigawatts are gas-fired turbines, and 2
gigawatts are dual-fired combined-cycle units. The remaining 1.4 gigawatts consist of dual-fired turbines
and internal combustion units, several renewable units, and a relatively small coal-fired unit.

Appendix B provides detailed information on the capacity changes made in the S.139 reference case by
region relative ttAEO2003

CAFE Standards Update

On April 1, 2003, the National Highway Traffic Sefédministration announced an increase in the
Corporate Average Fuel Economy (CAFE) standard from 20.7 miles per gallon (mpg) for light trucks to
21.0 mpg in 2005, 21.6 mpg in 2006, and 22.2 mpg for 2007 and beyond. These updates were included in
NEMS for this analysis.

%8 NewGen Data and Analysis, Platts Database (Boulder, CO, March 2003).
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Near-Term Natural GasPrices

Each month in th&hort-Term Energy OutloqSTEQ, EIA publishes 2-year projections of price,

demand and supply, and stocks for each of the main energy sources. These projections are revised in
response to observed changes in weather conditions, stock levels, and market conditkiE@2B863

the September 20 &ZTEOwas the basis of the short-term outlook. Since then, the natural gas price
forecasts have changed significantly. For example, in the April 30&X) the average natural gas

wellhead price for 2003 was projected to be $4.52 (nominal dollars) per thousand cubic feet, 39 percent
higher than the projection for 2003 used\iBO2003 To incorporate the more recent views of the

market, the natural gas supply and price forecasts for this study were aligned with the A8l EaD3
forecasts. In particular, adjustments were made to natural gas production, imports, supplemental supplies,
storage, consumption of lease, plant, and pipéliak and prices at the wellhead and the burner-tip.

These adjustments mainly affect the short-term projections; however, because decisions made in later
years depend in part on earlier market conditions, the longer term projections are also affected.

Representing S.139

Definition of a Covered Entity

The proposed legislation explicitly defines a “covered sector” as including the electricity generation,
transportation, industrial, and commercial sectors. It requires that “covered entities” in these sectors
participate in the tradable allowance system and defines a covered entity as a person, company,
organization, or agency (including a branch, departnagncy, or instrumentality of Federal, State, or

local government) that owns or controls facilities that collectively emit more than 10,000 metric tons
(carbon dioxide equivalent) of greenhouse gases per year. Because nearly every electricity generating
plant using fossil fuels would meet the emissions threshold, 100 percent of the electric sector is assumed
to be covered for this analysis. Because no individual transportation vehicle and only the largest of fleets
are likely to meet the emissions threshold, the bill covers transportation fuel use through refiners. Refiners
and importers of petroleum products that provide fuel to the transportation sector and meet the 10,000
metric tons emissions threshold are covered enétidsmust obtain and provide allowances sufficient to
cover those sales. Based on size limitations, difficulty in measurement, and the intent of the legislation’s
authors™ the agricultural sector is not considered to be covered. As discussed below, coverage in the
commercial sector and in other portions of the industrial sector is difficult to determine because of
insufficient data.

The EIA commercial buildings survey data indicates less than 0.01 percent of commercial buildings

used enough fuel in 1999 to meet the emissions threshaltile an entity owning or controlling several
commercial buildings may exceed the threshold, there are no data sources that provide energy
consumption or emissions at the entity level to make that determination. Given that the vast majority of
buildings in the commercial sector would not meet the emissions threshold, it is assumed for this analysis
that the commercial sector is not covered by the bill. A sensitivity case that treats the entire commercial
sector as a covered entity is included to provide an understanding of the impact of treating this sector as
covered.

49 This relies on a discussion of the legislative intent as outlined in a meeting with Tim Profeta of Senator Liebernam'’s staff
April 16, 2003.

0" Energy Information Administration, 1999 Commercial Buildings Energy Consumption Survey, Public Use Files (October
2002), available at web site http://www.eia.doe.gov/iemeu/cbecs/1999publicuse/99microdat.html. These results are consistent
with the results published in a recent journal article, which concluded that no commercial buildings would exceed the 10,000
ton threshold. See Tristam O. West and Naomi Pena, “Determining Thresholds for Mandatory Reporting of Greenhouse Gas
Emissions,”Environmental Science and Technologypl. 37, No. 6 (2003), pp. 1057-1060, Table 3.

45



Energy Information Administration / Analysis of S.139, the Climate Stewardship Act of 2003

IsIt aFacility or an Entity and Why Does It M atter ?

A facility, for the purposes of S.139, is defined as “a building, structure, or installation located gn any

1 or more contiguous or adjacent properties of an entity in the United States.” As such, a facility may

be a source of greenhouse gas emissions. By contrast, an entity, for the purposes of S.139, is @ person,
company, organization, or agency that owns orrotsia source of greenhouse gas emissions, refines

or imports petroleum products for transportatioe, s produces or imports hydrofluorocarbons,
perfluorcarbons, or sulfur hexafluoride. A single entity may own or control one or more facilitieg. The
distinction between a facility and an entity is important to S.139 and to this analysis because
greenhouse gas emissions at the entity level, not the facility level, determine who must participate in
the tradable allowance system.

EIA collects energy use survey data at the sector level from energy suppliers and at the building
(commercial) or facility (manufacturing, power sector) level. There is no data source that provides
energy consumption (or emissions) at the entity level, complicating analysis of the proposed
legislation.

Similar data problems exist for the industrial sechecause there are no data on energy consumption or
emissions at the entity level. However, it has been estimated that approximately 7,000 manufacturing
facilities would exceed the 10,000 metric ton threshold, accounting for 84 percent of manufacturing sector
emissions in 1998 Nearly all facilities in the most energytensive manufacturing sectors would exceed

the threshold and be covered by S.139. The number of additional facilities required to report due to
common ownership or control within each manufaotysector is not currently known. For example,

General Mills owned 95 food-related plants in the United States during’2B@y one of those plants,

or any combination of plants, exceeded the emissions threshold, all the plants would be covered.
Furthermore, conglomerates with holdings aceess&eral manufacturing sectors may also exceed the
threshold. While it is difficult to estimate the overall industrial sector coverage which would result when
these common ownership or control issues are resolved, the proportion of the industrial sector meeting the
threshold is likely to be higher than the 84 percent coverage estimate. Therefore, this analysis assumes
that the entire industrial sector is covered, with the exception of the agriculture industry.

It is also important to note that the person, corgparganization, or agency that must hold a greenhouse

gas emission allowance will vary by the covered sector. For example, electricity generators must obtain
and provide allowances for their greenhouse gas emissions. A refiner must obtain and provide allowances
for petroleum products sold for transportation applications and for the fuel used to refine crude oil to
products. However, the refiner does not need to obtain allowances for petroleum products sold to the
residential, commercial, or industrial sectors. Covemtdies in the commercial and industrial sectors are
required to obtain and provide allowances for greenhouse gas emissions resulting from their own energy
use. While residential energy users are exempt, they will face higher energy, service, and product prices
due to the cost of allowances purchased by electricity generators and industrial energy users, and any
increase in prices that may result from the co$tielf switching or investment in compliance options.

Phasel and Il Allowance Caps

S.139 specifies the Phase | and Phase Il emission allowance caps based on 2000 and 1990 data, excluding
emissions from the residential sector, agriculture sector, and U.S. territories. The reference data cited in

1 Energy Information Administration, Office of Integrated Analysis and Forecasting.
52 General Mills, Inc., Form 10K (2002), p. 9.
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the bill are from the EPA’Rwventory of U.S. Greenhouse Gas Emissions and Sinks: 19932069 bill
specifies the annual allowances for Phase | and Phase Il at 5,896 and 5,123 million metric tons carbon
dioxide equivalent, respectively, adding the phrasduced by the amount of emissions of greenhouse
gases . . . from noncovered entities.” Noncovemtities include those not meeting the emissions

threshold of 10,000 tons carbon dioxide equivalenivelbas emissions from sources deemed impractical

by the EPA to measure. To derive the caps for modeling purposes, several sources of data other than the
EPA inventory were used.

To determine the energy-related girtion of the cap, the data sources and accounting conventions for
CO, emissions in EIA’Emissions of Greenhouse Gasepgort® were used. EIA sources on carbon

dioxide were used because of their consistency in relating energy use by sector as modeled in NEMS to
the corresponding historical data on energy usecarttbn dioxide emissions. There are several areas of
difference between EIA’s emissions accounting #aode in the EPA inventory. One is that the EIA
energy-related emissions include emissions for mjligad international bunker fuels. These emissions
sources are not separately broken out in NEMS and thus are included as though they were covered under
S.139%° A second is that EIA recently revised its energy data accounting for fossil fuels used to generate
electricity. A third is that EIA accounts for carbon dioxide emissions from metallurgical coal and coke as
part of energy-related G@missions. A comparison of the EIA and EPA energy relatede@@@sions is

shown in Table 2.1.

Table 2.1. Fossil Fuel Carbon Dioxide Emissions by Sector, EPA Inventory and EIA, 1990
and 2000 (million metric tons)

1990 2000

Sector EPA | EIA EPA | EIA
Carbon Dioxide Equivalent
Residential................. 332 329 375 373
Commercial................ 217 221 239 234
Industrial ...........cc....... 872 1,050 829 1,046
Transportation............ 1,472 1,579 1,790 1,856
Electricity ........ccvvee..... 1,859 1,805 2,353 2,278
Total e 4,752 4,985 5,585 5,787
Carbon Equivalent

Residential................. 91 90 102 102
Commercial................ 59 60 65 64
Industrial .................... 238 286 226 285
Transportation............ 401 431 488 506
Electricity .......ccceeee.... 507 492 642 621
Total v, 1,296 1,360 1,523 1,578

Note: S.139 reports total emissions allowances in carbon dioxide equivalent. Carbon equivalent is shown in this table
for comparability with the balance of the report.

Sources: Energy Information Administration. Emissions of Greenhouse Gases in the United States 2001, DOE/EIA-
0573(2001) (Washington, DC, December 2002); and U.S. Environmental Protection Agency, Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2000, EPA 430-R-02-003 (Washington, DC, April 2002).

% U.S. Environmental Protection Agendgyentory of U.S. Greenhouse Gas Emissions and Sinks: 1990E1080130-R-02-
003 (Washington, DC, April 2002).

54 Energy Information AdministratiofEmission of Greenhouse Gases in the United States RA@H/EIA-0573(2001)

(Washington, DC, December 2002).

S.139 is not clear on whether military and international bunker fuels are covered or not. While EPA’s inventory of US

greenhouse gas emissions may exclude these sources in following the reporting conventions of the United Nations

Intergovernmental Panel on Climate Change, S.139's proviBomiansportation coverage do not exclude them explicitly.

55
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For emissions other than energy-related, G EPA’s Business-As-Usual (BAU) baseline emissions
projections were used, along with EPA’s corregpog estimated marginal abatement curves. To use

EPA'’s projection and abatement curves in a consistent framework, the 1990 and 2000 data accompanying
the projections were used to derive the cap. Some of the data (non-energy carbon dioxide, nitrous oxide,
and high GWP gases) differs from the more redatd in EPA’s 2002 inventory, due primarily to new
accounting conventions in the EPA inventory. The most significant of the accounting changes concerns
non-energy carbon dioxide, a category that is assumed betcovered for the purposes of this report. A
comparison of the emissions data available with the baseline projections with the corresponding data in
the EPA Inventory is shown in Table 2.2.

To derive the cap, assumptions about what portion of the gases would be covered were made. Non-
covered entities include those not meeting the emissions threshold of 10,000 tons carbon dioxide
equivalent. In addition, emissions from sources dedmedePA to be impractical to measure would be
considered noncovered. For this analysis, the following assumptions were made about the coverage of
several emissions sources, constrained by the level of aggregation of exogenous projections of greenhouse
gases other than carbon dioxide £O

* Nitrous Oxide: Emissions from agriculture and mobile sources, accounting for about 87 percent of
the nitrous oxide emissions, are assumed to be exempt from coverage based on the measurement and
size threshold provisions. An “Other” categorynitfous oxide emissions, which includes emissions
from adipic and nitric acid production, is included in covered emissions. While about 25 percent of
the Other category includes potentially noncovered sources—stationary sources, human sewage, and
waste combustion—the availability of projections for the category as a whole precluded a finer
breakout for this analysis.

* Methane: Most methane emissions are assumed to be exempt based on the measurement and size
provisions. The sources assumed to be noncovered are natural gas systems, landfills, and an “Other”
category that includes agriculture, mobile, aradishary sources. Emissions from coal mining,
treated in aggregate, are assumed to be covered. The ventilation and degasificaton sources would be
expected to be measurable and, for the most part, controlled by entities above the size threshold. It is
possible that a small share of the coal-related methane emissions, including emissions from surface
mining and post-mining, might be excluded based on the measurement provision. For analysis
purposes, the entire category is considered a covered source.

* Non-energy CO,: This category is assumed to be noncovered based on the measurement and size
threshold provisions. While some of the emissions is this category, such as those relating to cement
manufacture, would probably be covered, a breakout of the projections for this category was
unavailable. Since most of the emissions would probably be exempt, the entire category was treated
as uncovered for analysis purposes. Note thatdidAot account for some of the new categories of
emissions that EPA now accounts for as hon-energyilCtbis category. The largest of these is
carbon dioxide from the use of metallurgical coalichEIA accounts for in the industrial sector as a
covered source.

e High Global Warming Potential (GWP) Gases. S.139 specifies that producers and importers of
these gases will be required to provide allowances based on the amounts of the gases supplied.
However, the emissions data are based on emissions of gases rather than production. For modeling
purposes, the emissions, rather than production, of the gases are included in the allowance cap for
covered entitie®

As requested in Floyd DesChamps e-mail of May 2, 2003. See Appendix A.
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Table 2.2. Comparison of Emissions Data Accompanying Baseline Projections with Data
in the 2002 EPA Inventory, 1990 and 2000 (million metric tons)

1990 2000
Data With Data With
Baseline 2002 EPA Baseline 2002 EPA
Projections Inventory Projections Inventory
Carbon Dioxide Equivalent
Methane
Landfills.........ooovieieiiiiiieice e 217.4 217.4 208.6 208.6
Coal MINES......coeviiiieiiiiee et 88.0 88.0 77.7 77.7
Natural Gas.......cceeeiriveeeiiiiieeriee e 121.0 121.0 131.3 131.3
Other ... 218.5 2185 224.0 224.0
Total Methane........ccocceveeieeiiicieee, 645.0 645.0 641.7 641.7
Non-Energy Carbon Dioxide
New Categories, 2002 Inventory............... NA 144.4 NA 119.1
Other Non-Energy COz.....ccccveveeeeviinnnnn. 77.4 74.3 132.0 97.6
TOtAl eviiiiiiee 77.4 218.7 132.0 216.7
Nitrous Oxide
AGriCUltUre......ovveeieeeieiiecce e 285.4 283.5 317.0 315.6
Mobile Combustion ............ccccceeeiiiiiieenen. 54.3 50.9 62.0 58.3
Other ... 57.1 52.9 54.0 51.4
Total Nitrous OXide.......ccccevvvveeeiiiinenns 396.7 387.3 433.0 425.3
High GWP Gases.......cccceecvvveiivieeeeiiree e 83.9 93.6 121.3 121.3
TOtAl v 1,203.0 1,344.6 1,328.0 1,405.0
Carbon Equivalent
Methane
Landfills........coooveiieeiiiiee e 59.3 59.3 56.9 56.9
Coal MINES......cooviiiieiiiieee e 24.0 24.0 21.2 21.2
Natural Gas.......cceeeivvieeeiiiiie e 33.0 33.0 35.8 35.8
Other ... 59.6 59.6 61.1 61.1
Total Methane.........cccoocveeeiiiieiiiicee 175.9 175.9 175.0 175.0
Non-Energy Carbon Dioxide................c.......
New Categories, 2002 Inventory............... NA 39.4 NA 325
Other Non-Energy COz.....ccceeveeeeveinnnnnn.. 211 20.3 36.0 26.6
TOtAl eevieciie e 21.1 59.6 36.0 59.1
NItrous OXIde ......evvevieiieeiiiiee e
AGriCUtUre......vvveeiieeiieeee e 77.8 77.3 86.5 86.1
Mobile Combustion ............ccccceeeiiiiinnenen. 14.8 13.9 16.9 15.9
Other ... 15.6 14.4 14.7 14.0
Total Nitrous OXide.......ccceeeviiiiiiiennennn. 108.2 105.6 118.1 116.0
High GWP Gases........ccceecvvveiivieeeiiiee e 22.9 25.5 33.1 33.1
TOAl eevieiee e 328.1 366.7 362.2 383.2

Sources: U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-
2000, EPA 430-R-02-003 (Washington, DC, April 2002). Data for High-GWP Emissions, Nitrous Oxide and Non-
energy CO- as included with projections is from EPA, Climate Action Report 2001, Tables 3-1 and 5-2. See web
sites http://www.epa.gov/globalwarming/publications/car/index.html and http://www.epa.gov/globalwarming/
publications/emissions/us2002/index.html).
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The allowance caps are derived by summing the é€xssions from the affected energy sectors, the
covered portions of methane and nitrous oxide emissions, and emissions of the high-GWP gases. Using
these definitions, the Phase | and Phase Il caps for covered entities are estimated at 5,372 and 4,613
millions metric tons carbon dioxide equivalent. Except where otherwise noted, this report follows EIA’'s
standard practice of reporting emissionsarbon dioxide and other greenhouse gases in carbon
equivalent (rather than carbon dioxide equivalent) units, defined as the weight of the carbon content of
carbon dioxide (i.e., just the “C” in G Emissions in carbon equivalent terms are converted to carbon
dioxide equivalent terms by multiplying by 3.6687hus, the Phase | and Phase Il caps used in this

report are 1,465 and 1,258 million tne tons carbon equivalent.

Table 2.3 summarizes the Phase | and Phase Il caps as modeled in this analysis. As indicated above,
emissions of most methamétrous oxide, and non-energy g&re assumed to be exempt based on the
bill's exemptions for entity size and measuremeasitality. The exceptions are for methane released in
coal mining and nitrous oxide emitted in the production of adipic and nitric acid.

Table 2.3. Assumed Phase | and Phase Il Allowance Caps (million metric tons)

Carbon Dioxide Equivalent Carbon Equivalent
Phase | Phase Il Phase | Phase Il
Allowances Allowances Allowances Allowances
(Based On 2000 | (Based On 1990 | (Based On 2000 | (Based On 1990
Emissions) Emissions) Emissions) Emissions)
Carbon Dioxide..........cccccuveeeeennnnes
Industrial Sector® ............c.cco....... 986 997 269 272
Transportation Sector ................. 1,855 1,580 506 431
Electricity Sector........ccccceeeeeenns 2,277 1,804 621 492
SY0] ] 0] - | A 5,119 4,382 1,396 1,195
High GWP Gases .........ccccceevvnennn. 121 84 33 23
Nitrous Oxide, Other® ..o 55 59 15 16
Methane, Coal Mining................... 77 88 21 24
Total Covered Emissions.......... 5,372 4,613 1,465 1,258

@ Excludes the energy-related carbon dioxide emissions from the agriculture sector, normally included in emissions of
the industrial sector, as these agricultural entities are assumed to be uncovered.

® Includes Adipic and Nitric Acid.

Sources: CO;z: Energy Information Administration, Emissions of Greenhouse Gases in the United States 2001,
DOE/EIA-0573(2001) (Washington, DC, December 2002). Other Gases: U.S. Environmental Protection Agency,
Office of Air and Radiation, 1990 and 2000 data included with a Business as Usual forecast. S.139 cites the more
recent data on emissions in EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2000, EPA 430-
R-02-003 (Washington, DC, April 2002). The more recent data was not used so as to avoid bias from using
updated history data with inconsistent forecasts and marginal abatement curves.

The bill allows each covered entity to obtain a portion of its emission allowances from alternate
compliance sources, including purchase of allowances from certified reduction or sequestration programs,
both domestically and abroad. These offset limits are 15 percent from 2010 to 2015 (Phase I) and 10
percent thereafter (Phase Il). As an incentive for early action, entities reducing their emissions below
1990 levels may be granted a limit of 20 percent of their target reductions from alternate compliance
sources in Phase |. To account for those covered entities that would take advantage of this incentive, an
offset limit of 16 percent in Phase Il was assufi@hsed on these assumptions, the offset limit in Phase

I was 234 million metric tons carbon equivalent, and the limit in Phase Il was 126 million metric tons.

57 Conversely, emissions allowance prices in carbon equivalent terms are converted to carbon dioxide equivalent terms by
dividing by 3.6667.

% The 16 percent figure was derived by assuming that most of the estimated change in emissions in 2010 would be from entities
that qualify for the incentive by reaching 1990 levels.
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This analysis also assumes that the greenhouse allowance caps and allowance prices remain at the 2025
levels after 2025. Since capacity expansion decisions in the generating sector are based on capital and
non-fuel operating costs and expectations about future fuel and allowance prices over the next 20 years,
expected fuel and allowance prices after 2025 are important in influencing power generation capacity
additions.

Representation of Non-CO, Greenhouse Gases

NEMS is used to simulate proposed limits on energy-relatede@¥sions based on either a cap and

trade allowance policy for Cmissions or a C{ee added to the price of fossil fuels. Since S.139 also
includes non-Cggreenhouse gases, and since NEMS does not include economic or behavioral models to
estimate potential capture of other greenhouse gases, the international and domestic offsets that would be
available to the U.S. market were estimated through an external analysis and used for tHis study.

An emissions accounting structure was developdaistinguish emissions from covered and noncovered
entities. In addition, an exogenous set of curves was developed to reflect the potential for reductions in
other greenhouse gases as a function of allowance prices. These cost functions are known as marginal
abatement curves (MACSs). Along with the associateskline projections of emissions, the MACs were
obtained from the EPA’s Office of Air and Radati EPA provided EIA with MACs as developed in
several recent studié$®%°At EIA’s request, EPA also extended its BAU projections and MACs to

2025, the forecast horizon for this study.

The EPA BAU projections and MACs were used in this analysis because they are the only consistent and
relatively complete source for such emission estinfdtes\ made two adjustments to the MACs: the

first adjusts the MACs so that the reductions that are economical at zero or “negative” allowance prices
are instead priced at $1 per ton. The second change was to reduce the quantities of international and
domestic sequestration reductions available to the U.S. market for reasons to be discussed later in this
Chapter. Assumptions regarding MACs are also presented in detail in Appendix B.

In this analysis, the exogenous MACs are treated as four classes:
* Emissions from non-CQgreenhouse gases from domestic covered sectors;
* Emissions of non-C@Ogreenhouse gases from domestic noncovered sectors;

% Potential sources of international offset data, includirdttS. Environmental Protection Agency, its contractors, and the

Energy Modeling Forum, were identified in the request letter from Senators McCain and Lieberman. The Energy Modeling
Forum is an informal study group that has been institutionalized at Stanford University to study key energy, economic and
environmental issues. The latest study, called EMF 21, focuses on nagrée@house gas emissions worldwide. Permission

is required from John Weyant at Stanforctzess the current assumptions on the international marginal abatement curves

for non-CQ gases at http://www.stanford.edu/group/EMF/group21/index.htm.

U.S. Environmental Protection Agenty.S. Methane Emissions 1990-2020: Inventories, Projections, and Opportunities for
ReductionsEPA 30-R-99-013 (Washington, DC, September9)9@eb site http://www.epa.gov/ghginfo/pdfs/07-

complete.pdf; andddendum to the U.S. Methane Emissions 1990-2020: Update for Inventories, Projections, and
Opportunities for Reduction®ecember 2001), web site http://www.epa.gov/ghginfo/pdfs/final_addendum?2.pdf.

U.S. Environmental Protection Agenty.,S. High GWP Gas Emissions 1990-2010: Inventories, Projections, and

Opportunities for ReductiongEPA 000-F-97-000 (Washington, DC, June 2001), web site
http://www.epa.gov/ghginfo/pdfs/gwp_gas_emissions_6_01.pdf.

U.S. Environmental Protection Agenty.S. Adipic Acid and Nitric Acid N20O Emissions 1990-2020: Inventories, Projections

and Opportunities for Reductiofg/ashington, DC, December 2001), web site http://www.epa.gov/ghginfo/pdfs/adipic.pdf.

The curves are based on an EPA-funded evaluation of reduction opportunities available across a range of emission allowance
prices and are consistent with EPA’s BAU case. The BAU case has somewhat higher emissions than the policies and
measures case published in EP&lgnate Action Report 200The BAU and the associated MACs generally (with one

exception, methane emissions from gas production) assume that technological improvement does not occur and that trends in
improved management practices to reduce emissions do not continue into the future. Such an approach overestimates both the
BAU emissions and the economic reductions possible.
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« Carbon sequestrati&i(agriculture and forestry), domestic; and
* International greenhouse gases and sequestration.

The emissions and MACs for the non-Cfdeenhouse gases were used to estimate total covered
emissions under the bill. Within this category, there is no limit on reductions specified in the bill, and the
allowances for these emissions can be considered along with allowances BmiS€lons as a single

market with unlimited trading.

Reductions in a noncovered entity’s emissions, potential carbon sequestration, and international emission
reductions are included to reflect the bill's alternative compliance provisions. Allowance credits may be
obtained from these noncovered entities subject to the restrictions outlined in Chapter 1. The allowance
credits from noncovered entities are commonly referred to as offsets. Offsets are capped at 15 percent and
10 percent limits of emissions from covered sectbfe price at which offsets sell is determined by the
intersection of the offset supply curve (or MAC) and the offset limit.

The covered non-Cyreenhouse gases consist of the high GWP gases, coal-related methane emissions,
and a portion of nitrous oxide emissions from adipic and nitric acid production. The assumed MACs for
non-CQ emissions in theaoncoveredectors include reduction opportunities in natural gas operations

and small landfills. The quantity of offsets from other non-@&ses is small.

The carbon sequestration MACs are derived from the Forest and Agricultural Sector Optimization Model
(FASOM-GHG), in consultation with the EPA®’The quantities from domestic agricultural offsets that

are available for reduction are adjusted downward kyyesfent, consistent with an EPA study requested

by Senators Smith, Voinovich, and Brownb&tKhe pricing and availability of agricultural offsets are
deemed to be more uncertain than those for other domestic noofi€€s because of limited

information, an inability to measure or verify the data, and administrative®¢osts.

Inter national Offset Curves

Although NEMS is a detailed energy-economy model of the United States and uses consumer behavior to
develop detailed projections of energy consumpgoergy prices, macroeconomic activity, and carbon
dioxide emissions, it does not include economic or behavioral models to estimate the other greenhouse
gases covered in S.139. For this study, the offsets that would be available to the U.S. market were also
estimated through an external analysis and used for this St(®e Appendix B for details.)

54 Carbon sequestration is included for this analysis in 3 ways: domestic use of biofuels, geologic sequestration ugized by th

power sector, and domestic and international sequestration from forestry and agriculture. The use of biofuels and geologic

sequestration are part of the NEMS formulation while domestic and international forestry carbon sinks have been prepared

and used for this study as exogenous inputs.

The 15 percent limit is adjusted to 16 percent in this analysis to account for those entities qualifying for a bon@9limit of

percent for early participation.

% D.M. Adams, R.J. Alig, J.M. Callaway, and B.A. McCalhe Forest and Agricultural SextOptimization Model (FASOM):
Model Structure and Policy ApplicatiandSDA Forest Service Report PNW-RP-495 (1996).

57 B.A. McCarl and U.A Schneider, “Greenhouse Gas Mitigation in U.S. Agriculture and For8signteVol. 294, No. 5551

(December 21, 2001), pp. 2481-2482, web site http://www.sciencemag.org/cgi/content/full/294/5551/2481.

U.S. Environmental Protection Agency, “Analysis of Multi-Egion Proposals for the U.S. Electricity Sector” (November 2,

2001), web site http://www.epa.gov/air/meproposalsanalysis.pdf.

It can be argued that all domestic offsets should be reduced by 50 percent as was done by EPA in its study for Senators

Smith, Voinovich, and Brownback. Since the quantities of offsets available from domestic non-agricultural sources are small

and prices are sharply rising, this study does not reduce the npab@®@ment quantities.

Potential sources of international offset data, includied tt8. Environmental Protection Agency, its contractors, and the

Energy Modeling Forum, were identified in the request letter from Senators McCain and Lieberman. The Energy Modeling

Forum is an informal study group that has been institutionalized at Stanford University to study key energy, economic and

environmental issues. The latest study, called EMF 21, focuses on nagréa@house gas emissions worldwide. Although

permission is required from John Weyant at Stanfoattess the current assumptions on the international marginal

abatement curves for non-gG@ases, the web site is http://www.stanford.edu/group/EMF/group21/index.htm.
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S.139 provisions limit the sources and quantities of international offsets that qualify for purchase by U.S.
entities. Another country’s allowances may be used as offsets only if the country has a U.S-approved
allowance trading program and an enforceable limit on greenhouse gas emissions under which the
allowances were issued to implement. To date, only a fraction of the Annex B countries, as defined in the
Kyoto Protocol’* could qualify as qualified programs. Annex B countries include Anffeountries

plus Lithuania, Slovenia, Croatia, and the Ukraiftd@s analysis assumes that all international trading

will occur through Annex | countries, because they represent approximately 96 percent of all Annex B
emissions and because consistent baseline enssaimhthe associated MACs were only available for
Annex | countries. For this analysis, all Annex | countries are assumed to adhere to their Kyoto Protocol
target$® through 2025'The greenhouse gas emission targets of the Kyoto Protocol were used to develop
the aggregate baseline and emission targets through 2025 for Annex | countries, excluding the United
States (Table 2.4).

For Annex |, the Clean Development Mechanism (CDM) opportunities were assumed to add
approximately 130 million metric tons of carbequivalent. In 2010, sequestration and CDM represent
about 50 percent of the required emissions reducta@mnAnnex |. Although there is no good estimate of
what proportion CDM will represent for Annex |, receietvs from the United Nations (UN) suggest that
CDM projects may be difficult to certifiy. Reuters reported on June 10, 2003 that of the twelve projects
submitted to the UN for certification, all twelve were denied although about half of them will be
permitted to reapply. UN spokesperson Christine Zumkeller was quoted as saying:

“We have to answer the question: why would this not have happened anyway?

A country with many fast-flowing rivers couldr &xample, argue it is helping the planet by
building hydro-electric plants instead of burning fossil fuels, but regulators say that may not be a
legitimate argument if the fossil fuel plant was not a viable alternative in the first place.”

The Energy Modeling Forum’s 21 assumptions on the availability of nome@s2ts were used to
estimate the offset MACs available to Annex | countries excluding the United States. 7NMACS and
baseline for Annex | were provided by Pacific Northwest National Laboratory and used as a pair to
maintain self-consistency. Annex | minus the U.S. MAC was derived (Table 2.5) and used to identify
the portion of the offsets that might be made available for U.S. purchase.

The uncertainty regarding the availability of international offsets is assumed to be equivalent to the
uncertainty for domestic offsets from sequestration. Therefore, the offsets available from participating
Annex | countries were reduced by 50 percent. That is, the portion of the reductions remaining after
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See web site http://www.dti.gov.uk/ccpo/glossary_kyoto_1.htm.

The Annex | countries are the 15 European Union countries plus Australia, Bulgaria, Canada, pablity Bstonia,

Hungary, Iceland, Japan, Latvia, Liechtenstein, Monaco, New Zealand, Norway, Poland, Romania, Russian Federation,
Slovakia, Switzerland, and the United States. The United States is not a participant in the Marrakech Accords, which means
that the U.S. has not accepted the limits placed on the useaflagal sequestration -- lessati 30 million metric tonser

year -- to satisfy its Kyoto targets.

“National Communications From Parties Included in Annex | to the Convention: Report on National Greenhouse Gas
Inventory Data from Annex | Parties for 1990 to 2000"tdber 11, 2002, FCCC/SB/2002/INF.2, available at web site
http://unfccc.int/program/mis/ghg/index.html (Table 4, page 10).

Some experts like Dr. Denny Ellerman of MIT are skeptical that all of Annex | will participate in an emission control and
trading program that satisfies the conditions of S.139. Others believe that marketers will play a large role to expand the
certified reductions, which can then be sold to the U.S. markets. If larger amounts of low-cost credits were to be made
available through marketers, the offset prices would fall, thereby reducing marketers role. Since the costs of CDM and
sequestration are so uncertain, it is impossible to develop a good estimate of how the CDM market will evolve.
http://www.planetark.org/dailymesstory.cfm/newsid/21123/story.htm.

Ron Sands email to Joseph Beamon dated March 27, 2003. Although EIA produces baseliperfgs§ians for Annex |

or Annex B, EIA does not currently have a consisteni IAC.
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Annex | requirements were met was reduced by 50 péf¢@able 2.6). The derivation of the
international curves is provided in Appendix Bble2.6 implies that the Annex | allowance price would
be between $20 and $30 per metric ton carbon equivalent in"20é8yeen $40 and $50 in 2015, and
between $50 and $75 in 2020 and 2025.

Table 2.4. Annex | Countries Greenhouse Gas Baseline Emissions, Excluding United
States, Historical and Forecast (million metric tons carbon equivalent)

Reductions Needed From Baseline To

Year GHG Baseline Emissions Kyoto Target Meet Kyoto Target
1990......... 3,188
1995......... 2,906
2000......... 2,875
2005......... 3,109
2010......... 3,299 2,898 401
2015......... 3,462 2,898 564
2020......... 3,605 2,898 707
2025......... 3,688 2,898 790

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, calculations based on the
EMF21/EPA IMAC model. See Appendix B.

Table 2.5. Aggregate Greenhouse Gas Marginal Abatement Curves for Annex |
Countries, Excluding the United States, Adjusted for Agriculture and
Forestry Sinks and CDM (reductions in million metric tons carbon
equivalent)

Carbon Price
(2001 dollars per metric ton

carbon equivalent) 2010 2015 2020 2025
[ J TR 32 34 36 39
10 116 137 159 172
15 e 348 379 410 427
20 380 420 460 482
30 427 481 535 563
40 i, 462 529 595 627
50 492 569 645 680
75 562 660 754 795
100 630 743 850 898
125, e 693 821 940 995
150 i 742 880 1,009 1,066
175 e 788 935 1,074 1,132
200, 835 992 1,140 1,199
225 927 1,096 1,256 1,320

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting. The results are the sum of
Tables B11-B14 in Appendix B.

7 EPA’s Smith, Voinovich and Brownback study assumed a reduction of 75 percent for international sequestration.

8 Previous unrestricteglobal tradingstudies have suggested that greenhouse gas allowance prices would equilibrate on the
lower end of the $5 to $ 25 per ton range in 2010 if the whole world participated in emissions reduction programs with
relatively unrestricted CDM and sequestration. Since offsets in Annex | are more restricted than global trading schemes, price
estimates in the middle to higher end of the price range for Annex | are more likely.
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Table 2.6. Aggregate Greenhouse Gas Marginal Abatement Curves for Annex | Countries,
Excluding the United States, Adjusted for Agriculture and Forestry Sinks,
CDM, Kyoto Targets, After Reduction Factor (million metric tons carbon
equivalent)

Carbon Price
(2001 dollars per metric ton

carbon equivalent) 2010 2015 2020 2025
(O R 0 0 0 0
10, 0 0 0 0
15, 0 0 0 0
20 i 0 0 0 0
30, 13 0 0 0
40, 31 0 0 0
50t 45 3 0 0
4= T 81 48 23 3
100, 115 90 71 54
125 i 146 129 116 102
150, 170 158 151 138
175, 193 186 183 171
200...ccciiiiiiieeienn 217 214 216 205
225 e 263 266 274 265

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting calculations. See Appendix
B for the calculations and methodology.

Uncertainties; Offsetsand Sinksin S.139

Uncertainty about the quantities and prices of offsets under S.139 could have an effect on the U.S
energy-economy over the projection period. The possible impacts of price and supply uncertainty
allowance market are addressed by analyzing two additional sensitivity cases: one that doubles tf

D.
in the
e

guantity of international offsets available at each price (200 percent of S.139) and one that eliminates

international offsets (0O percent of S.139).

In addition to the question of which end-use sectors would actually be covered by the S.139 emis
caps, uncertainty surrounds the issue of how many offgiktsuly be available to the market and at wik
price (true market potential). The issue relatati¢onell-known problem of differentiating between
technical potential, economic potential, and actual market potential for each potential source of
allowances or offsets. Some of the factors contributing to the uncertainty are discussed in the follg
paragraphs.

International Offset LimitationS.139 defines strict qualifying standards for the sources and countrie
from which U.S. entities may purchase international offsets. U.S. entities may purchase offsets frg
countries that have greenhouse gas emission reduction programs with proper measurement, cert
and registry rules. While some developing countries have “signed on” to the Kyoto Protocol, few h
caps on their greenhouse gas emissions. Currently under S.139, Annex B countries represent the
group that can be considered as possible qualifying participants. While it is possible that all Anne
countries will be participants in a greenhouse gas emission reduction program, it is also unlikely tf
will participate in a greenhouse gas trading program. By one estitmatly, the European Union is likel
to have an operational greenhouse gas emission control and trading program.
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9" Denny Ellerman, MIT Joint Program on the Science and Policy of Global Change, email to EIA staff on April 11, 2003.

55



Energy Information Administration / Analysis of S.139, the Climate Stewardship Act of 2003

Uncertainties. Offsetsand Sinksin S.139 (continued)

Clean Development Mechanism (CDM) Limitatitmder the bill's provisions, bilateral CDM program
between the United States and developing countries are not allowed. Only offsets from CDM prog
that are registered and certified by participants in the Annex B subgroup, if available, can be purc
U.S. entities. The rules for such purchases have not yet been established.

Verifiability and MeasurabilityBefore offset credits can be provided for greenhouse gas abatemen
system must be implemented that verifies the actions and the quantities abated. Many of the redu
the agricultural sector and other noncovered sectors are small or difficult to validate. The difficultig
verification and measurement can pose a significant hurdle to participation in the abatement prog

Aggregation/AgglomeratiorSmall participants may be excluded from participation, even though the
credits may be, in principle, economical on a per unit basis, because the transaction costs may be
relative to the number of credits available.
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Adequacy of Price SignaPotential offsets in some markets could come from “players” whose primary

interest is not sequestration. The price signal may need to be much greater than a standard “econ

omic”

price might indicate before any action to abate greenhouse gas emissions and claim or register credits is

considered. For example, the control of manure-based methane from raising farm animals is of m
importance to farmers compared to their main bssired raising and selling their farm animals or

producing milk for sale. Behaviorally speaking, most small farmers are unlikely to pay much attent
prices developed using engineering-economic analysis.

Governance/Political Structure and Contrdfithe offsets are claimed from foreign investments in

afforestation or other agricultural sequestration (e.g., no till farming), the longevity of such actions
uncertain, because ownership of the lands or even the government could change, thus negating t
previously sequestered through such means. For example, agreements made for agricultural offs
appear risky to a potential offset credit buyer if the buyer bears the risks of future compliance failu
because land used for afforestation/reforestation could later be converted to food production or ur
growth and no longer represent an offset credit.

Treatment of “Hot Air:” The degree to which offsets from Russia and other Eastern Bloc countries
credits result from lower economic growth might be available can significantly influence Annex B
emission reduction strategies, particularly in the early compliance period. Although such credits w
primarily serve to transfer wealth between naiwithout making real reductions in greenhouse gas
emissions, they are included for the purposes of this analysis.
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80 Because sources for international offsets 888 .in this analysis of S.139 are restricted to a subset of Annex B, the

uncertainty from this source was determinedbe lower than the uncertainty that would have resulted from the remainder of

the world’s offsets assumed in EMF 21. EMF21 did not reduce the non-CO2 GHG offsets. Modelers were instructed
their own judgment regarding their use. Unadjusted MACs for carbon dioxide, non-CO2 gases, sequestration and C

to use
DM were

used to balance the demand for emission reductions with the supply for Annex I. A 50 percent adjustment factor was assumed

on the remaining amount that might be available for sale to the United States. The adjustment factor was applied to

the total

remaining because it is uncertain whether or not such offdettions will be undertaken and registered and because the

MACs are based on engineering-economic estimates which are inadequate at predicting market adoption.
Communication to Andy S. Kydes by Francisco DelaChesnaye.
U.S. Environmental Protection Agency, “Analysis of Multi-Esion Proposals for the U.S. Electricity Sector” (Novembe

81
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r2,

2001), web site http://www.epa.gov/air/meproposalsanalysis.pdf. EPA used a 75 percent reduction in the referenced study.
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Uncertainties. Offsetsand Sinksin S.139 (continued)

International MACsThe MACs provided by the Energy Modeling Forum for international nop-CO
offset curves are not estimates of observed behavior. They are scenario assumptions provided by EPA,
and they are the only available source for this information. The amounts of international offsets available
from sequestration are even more unceffaifor example, one EMF participant proposed model reslilts

for international sequestration that would offset the entire world’s greenhouse gas emissions entirgly
through afforestation/reforestation four times over through the 21st century. EPA subsequently suggested
that those estimates should not be used in this an&lysthese quantities and prices for carbon
sequestration offsets were accurate, one would have to conclude that there is no global climate change
problem for the 21st century.

If Annex B or Annex | restricts the United States from participating in its trading program, there copld
conceivably be no international offsets for U.S. entities to buy. Such a restriction currently has not been
adopted by the European Union.

The principal uncertainty of this analysis is whether the quantities estimated by EPA, EMF 21, or other
sources will actually be available for purchase at the prices specified. That is, “do these MACs represent
competitive market prices?” Because their estimates are highly uncertain, the international offsets
available to the United States have been reduced by 50 percent for the representation of the S.139 case.
The use of a 50 percent reduction is equivalent to the assumption that the uncertainty in the availability of
international offsets as restricted by the bill can be characterized by a uniform distribution of the
guantities available at each price point and year. Recent discussions with EPA have suggested
gualitatively that such reductions are reasonable. EPA used somewhat more severe reductions in| its study
of the Smith, Voinovich, and Brownback request in 280he derivation of the sinks and offsets for
S.139 is described in detail in Appendix B.

Allocating Emissions Allowances

In order to assess the macroeconomic impacts of S.139, an assumption is needed regarding how emission
allowances would be allocated among covered sectors and the Corporation. To assess the sectoral impacts
of S.139, an additional assumption is needed regatdiw emissions would be allocated among covered
entities.

As long as emission allowances are allocated based on historical activities (emissions, production, etc.),
the method used to allocate emissions will not atigatm’s behavior, although alternative methods will

likely have some impact on macroeconomic activity. From a firm’s perspective, the allocation of emission
allowances is primarily an issue of equity and does not significantly affect energy pricing. However, there
are special situations regarding regulated utilities where the allocation of emission allowances can impact
energy pricing depending on regulatory decisions about the way in which the value of emissions
allowances is apportioned between utility stockholders and ratepayers.

From a macroeconomic perspective with respect to S.139, the extent to which emission allowances are
allocated to companies or the Corporation (whidhsell them to entities) and the manner in which
Corporation revenues are rebated to consumers and businesses are iffiaotahe S.139 case and

8 For a discussion of the treatment of Corporation revenues see Chapter 7.
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Administrative Coststo the Federal Gover nment

The administrative cost to the Federal Government of allocating allowances, monitoring the program, and
enforcement could be significant, particularly wivempared with the current electricity generation cap

and trade program under the Clean Air Act. This is @ils®for the indirect costs of private industry (e.g.,
measurement and reporting costs and the administration costs of acquiring allowances). S.139 requires
“entities owning or controlling” facilities that meet the 10,000 metric ton threshold to report their
emissions and abide by the emissions limits. Because there is no existing data source that has either
energy or emissions data at the entity level in the manufacturing or commercial sectors of the economy,
the process of finding all the entities that are covered is likely to be costly.

Typically, carbon dioxide emissions are not actually measured but are calculated on the basis of energy
consumption and process throughputs. Possibly several thousand entities will be required to repoft a
calculation of carbon dioxide emissions, even tlotingy are not required to report their energy

consumption to any Federal agency. This requirement contrasts with the existing sulfur dioxide emissions
program for utility and large industrial sources. In that program, the emissions typically are measured at
the approximately 2,000 facilities covered by the progdtarowever, the sulfur dioxide emission
program is far less extensive in coverage than would be the greenhouse gas emissions program proposed
under S.139.

Appendix C of this report describes many of the accounting complexities associated with collecting and
verifying emissions reductions under EIA’s Motary Emissions Repting Program (1605b). An
example of the quantity of voluntary emissions re¢idns and sequestration changes reported is provided.

The estimates in Appendix C are an indication of the scope of reductions likely to be registered fof early
action credits under S.139. In addition, the accountiapsrogram issues discussed highlight some of the

challenges that would be posed under the S.139 provision for registering emissions reductions by,
noncovered entities for use as offsets by covered entities.

The Voluntary Emissions Reporting Program also provaemdication of the possible cost of collecting
emissions information. In this program, EIA collects information from 228 respondents at a total annual
operating cost, including Federal and contract personnel, of $563,000, which is equivalent to $2,469 per
reporter. A recently published analysis of the number of facilities that could be affected by various
emissions limits estimates that there are 11,626 facilities (7,777 industrial plants, 2,216 landfills, and
1,633 power plants) that have emissions in exo2$6,000 metric tons of carbon dioxide annulif.
the average administrative costs per facility under S.139 were equivalent to the average administrative
cost per reporter to the Voluntary Reporting Program, then the Federal Government’s data collection cost
under S.139 would be around $29 million a year. Thests, however, do not include system startup
costs or enforcement costs required to ferret out entities that meet the threshold but do not report|and to
enforce the emissions limits for those entities that do report. Also not included in these cost estimates are
the costs incurred by entities in reporting.

84 In 2001, there were 2,792 units affected by the sulfur dioxide provisions of the Acid Rain Program. Since a plant may have
more than one unit, the number of respondents was somewhat less than the number of units. U.S. Environmental Protection
Agency,EPA Acid Rain Program, 2001 Progress Ref@vashington, DC, November 2002), p. 1.

8 T7.0. West and N. Pena, “Determining Thresholds for Mandatory Reporting of Greenhouse Gas Enfssioosrhental
Science and Technologyol. 37, No. 6 (2003), pp. 1057-1060, Table 3.
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most sensitivity casédjt is assumed that, in 2010, 80 percent of the allowances are initially allocated
directly to the entities and 20 percent to the Corporation. The Corporation is assumed to sell the
allowances allocated to it and use the proceeds to reduce the economic impact of the allowance program
through transition assistance and other transfer payments. Starting in 2011, the share allocated to entities
is decreased each year until it reaches 20 percent in262%5, the remainder going to the Corporation.

For those allowances that are allocated at no cost there are numerous options for determining how to
distribute them. For example, they could be distributed to existing entities based on some recent year’s
emissions (what is often referred as grandfathering) or they could be distributed using some sort of output
measure (such as generation in the power sector). In addition, the distribution could be a one-time event at
the beginning of the program, or it could be updated annually or on some other schedule. For this
analysis, it is assumed that the portion of allowances that are allocated freely is distributed based on an
entity’s share of historical emissions.

Rebatesfor Energy-Efficient EqQuipment

S.139 allows covered entities to purchase allowances from noncovered entities that register greenhouse
gas reductions associated with reductions in their energy use. This implies that any reduction in energy
use by a noncovered entity could be used as an offset by a covered entity as long as the reduction was
properly registered. Examples of energy-reducingastinclude normal replacement of old, less energy-
efficient appliances and utility demand-side management (DSM) programs. Because the bill is likely to
result in higher electricity prices, it is assumed that consumers will have an incentive to pursue demand
reduction activities.

In addition, Section 352(b)(1)(A) of S.139 statest thhe Corporation may use “buy-down, subsidy,

negotiation of discounts, consumer rebates, or otherwise,” to reduce the costs of greenhouse gas emission
reductions borne by consumers. No specific preference for any of these methods is indicated in S.139.
Expenditures on efficient appliances by the Corporation could increase the market penetration of more
efficient equipment. As a proxy to assess the potential impact of these options, it is assumed that the
Corporation will offer rebates to reduce the cost of higher efficiency equipment and allow consumers to
choose that equipment if the reduction in cost makes it economic, regardless of the fuel type of the
appliance. In the S.139 case, for example, the price of the most efficient central air conditioner, which is

50 percent more efficient than the standard unit, decreases in price from $3,500 to $2,900, resulting in a
$600 cost difference between the least efficient and most efficient unit available for purchase from 2010

to 2025. The approach adopted to reflect these rebates is described further as part of the residential sector
discussion in Chapter 4.

Evaluation of CAFE Credits

S.139 includes a provision that allocates greenhgasemission allowances to light-duty vehicle
manufacturers whose CAFE exceeds the CAFE stamya20 percent. In order to achieve increases in
CAFE, manufacturers can employ nghnologies, downsize vehicles, or offer pricing incentives to

shift consumers into more efficient vehicles. For this analysis, it is assumed that manufacturers will only
adopt new technologies in their efforts to increasgcle fuel economy, thus preserving vehicle utility,
comfort, performance, and occupant safety.

8% Fora description of the sensitivities, including the varain banking options evaluated, see the section on Scenarios
Included in this Study, below.

87 5.139 does not prescribe how emissions should be allocated between covered entities and the Corporation. EIA’s initial
allocation of 80 percent to covered entities and 20 percent to the Corporation with a gradual increase in the amount allocated
to the Corporation is based on comments received from EIA’s Independent Expert Reviewers.
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The provision states that the Secretary of Trariapon, in consultation with the Administrator of the
Environmental Protection Agency, will determine the conversion factor used to translate fuel economy
improvements into greenhouse gas emissions. In order to estimate the lifetime greenhouse gas benefit of
increased fuel economy one must make assumptions regarding the life of a vehicle and how that vehicle
will be used over its lifetime. This study assumes 135,000 average lifetime miles of travel per light-duty
vehicle. Assuming that a vehicle manufactureeta¢he minimum required improvement in CAFE (20
percent) relative to the currently planned CAFE steda]dhis equates to approximately 2.0 metric tons

of lifetime greenhouse gas savings per car and 2.4 metric tons of lifetime greenhouse gas savings per light
truck.

To capture the impact of the CAFE provision, the transportation model was modified so that
manufacturers evaluate the opportunity cost associated with meeting the 20 percent fuel economy
improvement. As the model evaluates the decision for technology adoption, the opportunity cost
associated with the potential fuel economy improvement is included in the cost evaluation, which reduces
the cost of supplying fuel economy, shifting the fuel economy supply curve to the right. The structure of
the algorithm reflects a gradual participation by vehicle manufacturers over time, accounting for the
relative difficulty manufacturers will experience in improving CAFE based on their vehicle sales mix.

Allowance Banking Provisions

The cap and trade system in S.139 allows covered entities to buy and sell allowances and bank excess
allowances for future use. Thus, the emissions of individual covered entities is not limited, and entities
may over-comply to bank allowances for future use. S.139 also provides for the borrowing of allowances
under specific limitations outlined in the bill, incind a restriction that an entity may borrow against

future emission reductions only if it can show i lzaproject underway to achieve those reductions, as

well as a requirement that borrowed allowances must be returned with interest at 10 percent per year (in
terms of allowances).

With allowance banking, the decisions to buy, sell, and hold allowances will depend on both the current
and anticipated allowance prices. The allowance price path is assumed to be smoothed through
expectations and arbitrage. If allowance prices grew rapidly in the future, high levels of early reductions
and banking (or overcompliance) would tend to occur, because the cost of those reductions would be
expected to be recoverable in the future. The buildup of high levels of banked allowances would then tend
to lower expectations of prospective carbon prices and moderate banking of allowances.

The banking provisions are expected to smooth out the potential price increases that might otherwise
occur during the transition from Phase | to Phase Il. Details of the banking approach are discussed in
Appendix B.

Scenarios Included in This Study

To respond to the requests from Senator Inhofe and Senators McCain and Lieberman, various cases
showing the impacts of S.139 under a range of assumspiiere analyzed. A short description of each of
the cases follows.

* Reference Case: This is an updated reference case based on the assumptiondmrdiaé Energy
Outlook 2003 eference case, with three additions. Because natural gas prices have been highly
volatile, the reference case incorporates the near-term (through 2004) projections for natural gas
prices from EIA’s April 2003hort-Term Energy OutlooK his assumption mainly affects the near
term but also has a slight effect on natural gas markets in the long term, generally raising prices from
the AEO2003reference case projections.
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The second assumption change fromAE©2003reference case is to supplement the near-term
additions to electric generating capacity usetthé document with additional capacity now expected

to come on line through 2004. With new data available since preparationAE@#003reference

case, approximately 24 gigawatts—mainly natural-gas-fired—is now expected to come on line
through 2004. The impact of this assumption on the revised S.139 reference case is to increase near-
term generating capacity additions but reduce later additions. Thus, there is little effect on the
ultimate level of generating capacity.

Third, the assumptions used WEO2003were updated to reflect the increase in CAFE standards
announced on April 1, 2003, by the National Highway Traffic Safety Administration.

S.139 Case: This case simulates enactment of S.139, combinedAE®2003reference case
assumptions for technology. This is the principal asssl to represent the overall impacts of the bill.
The other cases in the analysis are designedtthie assumptions incorporated in the S.139 case.
The following assumptions are made in the S.139 case and are varied in the sensitivity cases:

0 Allowance Banking: Entities can overcomply (e.g., in Phase 1) and bank allowances for future
use (e.g., in Phase ll). Arbitrage in allowance trading and banking is assumed to limit the annual
growth rate of the allowance trading price.

o Alternate Compliance Percentage: In aggregate, entities are assumed to obtain 16 percent of
covered emissions allowances through the bill's alternate compliance provisions (“offsets”) in
Phase | (2010-2015) and 10 percent in Phase Il (from 2016 on). Offsets come from: (1) emission
reductions from noncovered entities (domestic); (2) increases in net biological carbon
sequestration; and (3) international emissions reductions. The 16 percent reflects the bill's
provision that some entities will be granted a 20 percent offset percentage (instead of 15 percent)
in exchange for reducing their emissions to 1990 levels by 2010.

0 Commercial and Industrial Sectors: The S.139 case assumes that all entities in the commercial
sector are exempt from emissions allowances and that all entities in the industrial sector are
covered.

0 Auction Percentage: The S.139 case assumes that 20 percent of emissions allowances will be
allocated to the Corporation in 2010, increasing linearly each year to 80 percent in 2025.

0 Nuclear Power and Geological Sequestration: The S.139 case assumes commercial availability
of advanced nuclear plants and of geological carbon sequestration technologies in the electric
power industry.

The following sensitivity cases were examined to analyze variations on the S.139 case:

High Technology Reference Case: This alternate reference case incorporates the high technology
case assumptions and is designed for comparison with the S.139 high technology case. The high
technology cases incorporate alternative assumptions for the four end-use demand sectors and the
electric power sector. Assumptions in the high technology cases vary by sector but generally include
earlier availability, lower costs, and higher efincies for advanced technologies than in the

reference case.

S.139 High Technology Case: This case incorporates the high technology case assumptions used in
the AEO2003integrated high technology ca¥e.

No New Nuclear/No Sequestration Case: This case shows the impacts of assuming that neither of
these two technologies would be commercially available through 2025. There are siting,

8 SeeAnnual Energy Outlook 2002ppendix Table F4, p. 218.
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environmental, political, and public opinion barriers to new nuclear capacity in the United States.
Also, no generating facility with carbon capture and geological sequestration has been built, leading
to considerable uncertainty over whether it will be technically and economically feasible in this time
horizon.

High Natural Gas Price Reference Case: This case assumes a more pessimistic outlook for domestic
natural gas supply than in the reference case, resulting in higher natural gas prices. This case assumes
that the natural gas supply assumptions of theerefe case are changed to reflect: (1) a 25 percent
reduction in Canadian and U.S. resources, (2) a 25 percent reduction in the rate of technological
advancement in Canada and the United States, (3) a 3-year increase in the total time required to
construct the Alaska Natural Gas Transportation System, and (4) restrictions on new LNG facilities in
the Gulf of Mexico, the Bahamas, and Baja, California. These assumptions ultimately lead to higher
natural gas prices based on long-term changes in the fundamental drivers of natural gas supply.

S.139 High Natural Gas Price Case: This case combines the high gas price reference case with
enactment of S.139. It is intended to analyze the impact of higher natural gas prices on energy market
decisions under S.139.

Commercial Coverage Case: This case assumes that all entities in the commercial sector are covered.
Under the S.139 case, the commercial sector is assumed not to be covered.

80 Percent and 20 Percent Allowance Auction Cases. The S.139 case assumes that, initially, 20

percent of the emission allowances issued by the Government will be allocated to the Corporation,
increasing to 80 percent by 2025. These cases show the impacts of two fixed percentages, 80 and 20
percent, allocated to the Corporation in each year of the forecast.

S.139 High Percentage Offset Case: This case examines the sensitivity of the S.139 case to
increasing the percentage of allowance requirements that can be met by offsets to 50 percent in all
years.

S.139 International Offset Availability Cases: This pair of cases examines the impact on the S.139
case of variability in international offset availability. The first case assumes no international offsets
(low international offset supply case). The second assumes a doubling in the supply of offsets
available at each price (high international offset supply case).

No Banking Case: This case assumes that banking of emissions allowances for later use by covered
entities is not a compliance option. It is included to show the impacts of the banking provision in
S.139.

62



3. Greenhouse Gas Emissions, Allowances, Offsets and
Commitments of Developing Countries

Greenhouse Gas Emission Levels

Although S.139 eventually caps covered entities’ greenhouse gas emissions at their 1990 level, the
flexibility mechanisms in the bill are projected to alloovered entities to continue to emit in excess of
the target. Covered entities can comply with SMBRout directly reducing their emissions to the
specified targets by purchasing credits from noncovigt&d entities that register emissions reductions,
allowances from qualified foreign trading programs, and credits from projects to enhance the biological
sequestration of greenhouse gases (sSinks).

The S.139 emissions allowance program is expected to have an effect on energy-related investment
decisions soon after enactment, thus slowing the griveémissions somewhat relative to the reference

case (Figure 3.1). While the bill's emissions limits and allowance trading provisions do not start until
2010, credits for early action are expected to induce some changes in emissions before 2010. More
significant reductions are expected to begin in 2010 when the Phase | limits go into effect. Emissions over
the Phase | period drop beginning in 2010, as covered entities begin to take advantage of the banking
provisions and overcomply so as to accumulatkéd allowances. In addition, they are expected to
purchase allowances from noncovered entities as allowed under the offset provisions of the bill.

Beginning in 2016, when the more stringent Phase Il allowance caps go into effect, covered entities
would use previously banked allowances, enabling them to reduce their emissions (about 75 percent of
the total) to near 1990 levels over the next decade. Emissions from noncovered entities grow moderately
through 2025. Total emissions (covered and noncovered) reach 2000 levels by 2025. These changes in
emissions do not reflect increases in carbon sequestration and purchases of emissions reductions abroad
that are also used to comply with the targets in the legislation.

Figure 3.1. U.S. Greenhouse Gas Emissions in the Reference and S.139 Cases,

1990-2025 (million metric tons carbon equivalent)
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBASE.D050303A
and MLBILL.D0O50503A.
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S.139 is expected to induce increases in biological carbon sequestration in the United States and to result
in some reduction of emissions abroad as U.S. entities purchase allowances from countries with verifiable
emission inventories that provide compliance at lower cost. The alternative compliance provisions of the
bill bring about these changes. These provisions allow noncovered entities to register reductions and
receive allowance credits, which they can théite@ covered entity. If the S.139 greenhouse gas

emissions trend is adjusted to account for these changes, the adjusted emissions nearly reach 1995
emission levels by 2025 (Figure 3.2). The difference between the adjusted line and the S.139 case is
larger during the 2010-2015 than the 2016-2025 period because of the larger amounts of offsets permitted
for use in the first period. Thus, given an adjustment credit for the increase in carbon sequestration and
the emission reductions abroad that are induced, S.139 results in adjusted U.S. emissions by 2025 equal to
7 percent above the estimated 1990 level of 1,672 million metric tons carbon equivalent (1,258 million
metric tons carbon equivalent in the covered sectors and 414 million metric tons carbon equivalent in the
noncovered sectorg).

Figure 3.2. Projected Greenhouse Gas Emissions, Adjusted for Sequestration and
International Offsets, 1990-2025 (million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050503a and MLBILL.DO50503A.

S.139 provides some measures that give entitbestain amount of flexibility in complying with the

emissions limits. These provisions include early action credits, allowance trading and banking, and a
mechanism to allow participation from noncovered sources. These flexibility measures are expected to
result in a relatively smooth transition through the first and second compliance periods. As a result, the
economic burden of controlling emissions is rolled in gradually over time. The potential shock that might
otherwise occur when the Phase Il emissions limits take effect in 2016 is dampened through banking of
allowances during the Phase | period (Figure 3.3). By overcomplying during Phase I, covered entities will
accumulate a bank balance of allowances through 2015, then gradually withdraw the allowances over the
following 5 to 10 years as they adjust to the Phase Il limits. After the depletion of their banked allowances
around 2020, covered entities are expected to start meeting their Phase Il limit with minimal levels of
aggregate banking or borrowing.

8 Readily available historical data for the covered and noncovered sectors as defined in S.139 do not exist. These numbers are
EIA estimates.
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Figure 3.3. Projections of Cumulative Allowance Banking, 2010-2025 (million metric ton
carbon equivalent)
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Allowance and Offset Values

The trading market for allowances and offsets is expected to be affected by banking and arbitrage. The
allowance price is expected to approach an equilibrium solution over time, characterized by growth at
some aggregate discount rate. For this analysis, we have assumed that trading behavior will be based on a
real, after-tax discount rate of 8.5 perc®rior this analysis, a discount rate equal to the real-after tax

cost of capital was assumed in the electricity sector, as the most important capital decisions driving the
emissions market are expected to take place in thirsés a result, allowances prices growing at that
discount rate are estimated such that the bank of allowances is cleared sometime after 2020, while
meeting the bill’s constraints on the use of offsets. After the bank balance reaches zero, the allowance
prices are expected to increase by less than the discount rate. These assumptions generally lead to a
leveling off of allowances prices after the banking period ends.

Since noncovered entities can obtain offset credits for verifiable emissions reductions, they can participate
in the market-based compliance system of S.139. Tdféset allowances, however, are constrained in the

bill. Generally, entities may only meet 15 percent of their Phase | limits through the use of offsets, and 10
percent in Phase Il. As a bonus for early action, entities that reduce their emissions to below their 1990
level by 2010 are eligible to purchase 20 percent of their Phase | allowances from offsets.

As a result of the offset limits and the generally low costs of reductions from offset sources, the market
price for offsets is expected to clear at prices well below the allowance market in most cases. In effect,
two markets develop: one for allowances and one for offsets. If the limit on offsets were not reached in
complying with the bill (i.e., if the constraint were nonbinding), the markets for offsets and allowances

% The decisions to sell or hold allowances for the future are expected to result in a gradually increasing allowance price that
grows at a rate consistent with the rate of return for sinmlaastments. For this analysis, a real discount rate of 8.8merc
was assumed. This occurs because arbitrage in allowance trading tends to equate the current prices for allowances with the
present discounted value of future allowances. In practice, fluctuations in year-to-year prices are likely to occur a$ a result
imperfect information and unexpected events.
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would be expected to clear at the same price. This result occurs in a sensitivity case that substantially
raises the limits on offset use specified in S.139.

Allowances

In S.139, the covered sector greenhouse gas target is 1,465 million metric tons carbon equivalent for 2010
to 2015 and 1,258 million metric tons for 2016 and beyond. This analysis assumes that, in aggregate, a
Phase | limit of 16 percetitfor offsets would apply, taking into account the additional use of offsets

allowed for covered entities that take early action. Based on the derivation of the Phase | and Phase II
limits (see Chapter 2), the amount of offsets purchased is expected to be capped at 234 and 126 million
metric tons carbon equivalent, respectively. Because the Phase Il target is more severe and offset
flexibility is lower than in Phase |, additional allowances are projected to be banked from covered sectors
in Phase | and used during Phase I, when allowance prices are expected to be high. The major effort to
adhere to S.139 is borne by the domestic covered sectors, particularly in Phase Il. In the S.139 case,
allowance and offset prices diverge immediately, because the maximum allowable offsets are used in both
periods and additional allowances are banked from domestic covered sectors, reflecting expected higher
future allowance prices. Projected allowance prices in the S.139 case rise smoothly from about $79 per
metric ton carbon equivalent to about $223 in 2023, when the allowance bank is depleted and prices
become more volatile (Figure 3.4).

Excluding the no banking case, allowance prices in the major sensitivity cases are the most responsive to
differences in technology assumptions (high technology and no new nuclear/no sequestration cases) and

the least affected in the cases where the percentage allocation to the Corporation is varied. Allowance

prices in the S.139, corp20, and corp80 cases virtually the same, because the total greenhouse gas
emission reductions that are to be achieved from covered sectors remain nearly constant under the
reference case technology menu. Consequently, the allowance prices remain nearly the same throughout
the projection period for these three cases. The more interesting cases are the S.139 high technology case,
the no banking case, and the no new nuclear/no sequestration case, which assumes that new nuclear

power and carbon sequestration technologies are ao¢ssful in becoming commercially viable before

2025. Table 3.1 compares the analysis results in the S.139 case and these three cases (see also Figure 3.5).

In the commercial coverage case, where the commercial sector is included as a covered sector, the
greenhouse gas emissions target for covered entities increases to 1,529 million metric tons carbon
equivalent for 2010-2015 (instead of 1,465) and 1,318 million metric tons for 2016 and beyond (instead
of 1,258). The maximum use of offsets allowed in this case is 245 million metric tons in Phase | and 132
million metric tons in Phase Il. Allowance prices are nearly the same as in the S.139 case (Figure 3.5).
Offset prices are slightly higher in both phases, however, because the higher base of covered sector
emissions allows larger amounts of offsets to be purchased in each period. Because the marginal

%1 The issue of how much of the covered sector market would undertake actions prior to 2010 to meet 1990 greenhouse gas
emission levels is debatable. However, assuming that in each sector all of the entities that reduce emissions in 2010 achieve
1990 emission goals, then that estimate provides an upper bound on the number of entities that could achieve 1990 levels
before 2010. For example, using this approach, the electric power sector, the most price-responsive market, yielded a 41
percent participation rate. If the electric sector were reptatve of the entire covered entity market, then the perceotage
offsets allowed in 2010 to 2015 would be 17 percent (41 percent of the difference between 20 percent offsets and 15 percent
offsets). However, the non-electric generation markets are much less likely to participate, reducing the calculated market
increase for offset purchases to 16 percent.

92 In S.139, the portion of the allowance credits allocated to the Climate Change Credit Corporation (hereafter refdneed to as t
Corporation) and auctioned increases from 20 percent in 2@Mpercent in 2025. Corp20 is a sensitivity case that assumes
that the Corporation is allocated 20 percent of the allowances for the entire forecast period. The corp80 case assumes that the
share starts and remains constant at 80 percent. Although the S.139, corp20, and corp80 cases exhibit different impacts on the
macroeconomy (as discussed in Chapter 7), they do not create significant differences in the U.S. covered sector market for
allowances.
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abatement cost curves are the same as in the S.139 case and larger amounts are taken, the resulting offset
prices rise by as much as $8 per metric ton carbon equivalent relative to the S.139 case.

Table 3.1. Comparison of Compliance Results in the S.139 and Selected Sensitivity
Cases (million metric tons carbon equivalent)

2010 2025
S.139 | No New S.139 | No New
High [Nuclear, No High [Nuclear, No
S.139 Tech | No Seq.|Banking| S.139 Tech | No Seq |Banking

Greenhouse Gas Emissions
Energy-Related Carbon Dioxide..... 1,710 1,696 1,703 1,747 1,482 1,477 1,534 1,485

Non-Energy Carbon Dioxide .......... 40 40 40 40 46 46 46 46

Methane .........cccccvvveeeeeeiiciiiieeee, 115 119 115 125 120 120 120 120

Nitrous OXide...........cvvvevererernrnnnnnnnn. 121 121 121 121 137 137 137 137

High GWP Gases

(HFCs, PFCs, and SFg)........c......... 50 52 50 54 106 109 106 106
Total..ovveviiiiiiiie 2,036 2,028 2,029 2,087 1,891 1,889 1,943 1,894

S.139 Compliance Summary

Covered Energy-Related COs,........ 1,513 1,499 1,506 1,550 1,257 1,253 1,306 1,254
Other Covered GHG Emissions ..... 70 72 70 75 128 131 128 128
Total Covered Emissions .......... 1,583 1,571 1,576 1,625 1,385 1,384 1,434 1,382

Offset Reductions Purchased

Noncovered Greenhouse Gases.... 49 45 49 40 39 39 39 39

Increases in Biological Carbon

Sequestration .........cccevvveeeeiiiieeennns 113 106 113 93 87 87 87 86

International Offsets..........ccccvvvvneeee 73 56 73 29 0 0 0 0
Total Offset Reductions............. 235 207 235 162 126 126 126 126

Covered Emissions, Less Offsets..... 1,349 1,365 1,341 1,464 1,259 1,258 1,307 1,257
Emission Allowances Issued............ 1,465 1,465 1,465 1,465 1,258 1,258 1,258 1,258

Allowance Bank Change
(+, deposit; -, withdrawal) ................. +117 +101 +124 +1 -1 0 -50 +1

Greenhouse Gas Emission
Allowance Price

(2001 dollars per metric ton

carbon equivalent)..........ccccccoeveenne 79 59 87 40 221 159 297 204
(2001 dollars per metric ton
carbon dioxide equivalent) ............. 22 16 24 11 60 43 81 56

Offset Trading Price
(2001 dollars per metric ton

carbon equivalent)..........ccccoecveeens 71 59 72 40 52 52 52 51
(2001 dollars per metric ton
carbon dioxide equivalent) ............. 19 16 20 11 14 14 14 14

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.DO50503A, ML_HT.D050503A, MLONUCSEQ.D050403A, and ML_NOBANK_4.D051203A.
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The no banking case illustrates the importance of allowing early actions to bank allowances. When
banking is not permitted, allowance and offset prices are not only lower in Phase | but also equal to each
other (in equilibrium), with prices ranging from $gér metric ton carbon equivalent in 2010 to $63 in

2015 (Table 3.1 and Figures 3.5 and 3.6). Moreover, the total offsets purchased in Phase | range from 162
to 177 million metric tons carbon equivalent, far less than the allowed maximum of 234 million metric

tons carbon equivalent. Although the power market in this analysis “sees” the need to meet a much
tougher target in 2016 and takes some action with capacity planning to ameliorate the price impact, the

Figure 3.4. Allowance and Offset Price Projections in S.139, 2010-2025
(2001 dollars per million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System run MLBILL.D050503A.

Figure 3.5. Allowance Price Projections for Alternative Cases, 2010-2025
(2001 dollars per million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.D050503A, ML_HT.D050503A, MLONUCSEQ.D050403A, ML_CCCC20.D050503A,
ML_CCCC80.D050503A, ML_COVER_K.D050603A, and ML_NOBANK_4.D051203A.
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Figure 3.6. Offset Price Projections for Alternate Scenarios, 2010-2025
(2001 dollars per million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.DO50503A, ML_HT.D050503A, MLONUCSEQ.D050403A, ML_CCCC20.D050503A,
ML_CCCC80.D050503A, ML_COVER_K.D050603A, and ML_NOBANK_4.D051203A.

actions taken are far fewer than necessary to smooth the transition between phases. With no banking
allowed, the value of early action is judged to be small by the market. As a result, the allowance price
rises to nearly $280 per metric ton carbon equivalent in 2016 to satisfy the new emission target. The
guantity of offsets purchased in Phase Il is at the cap, 126 million metric tons. The power generation and
transportation markets respond strongly to the large price signals in this case and take appropriate
technology actions to lower allowance prices sigaiitly. By 2022, the induced technological changes in

this scenario are projected to be sufficient to make allowance prices fall temporarily and remain below the
price levels in the S.139 case through 2025.

The no new nuclear / no sequestration case illustrates the value of having two carbon-free technologies in
the arsenal to meet the requirements of S.139. The absence of these two technologies places a strain on
the production from the remaining technologies that might be used to met the greenhouse gas emissions
target. Because this case, like the S.139, corp80, and corp20 cases, uses the maximum offsets available in
both periods, their offset prices are the same. However, the allowance price rises faster when new nuclear
and sequestration technologies are assumed not to be commercially available. Because alternative
marginal technology choices with larger abatenoeists must be undertaken to satisfy the S.139

requirements, the allowance price starts higher and remains higher than in all other cases except the no
banking case from 2016 to 208y 2025, the allowance price in the no new nuclear/no sequestration

case is projected to reach nearly $300 per metric ton carbon equivalent.

The high technology case illustrates the value to the energy market of developing and providing an
advanced technology menu. The accelerated availability of advanced technologies in the end-use and
power generation sector is projected to reduce the difficulty of meeting the greenhouse gas emission
targets of S.139. Consequently, allowance prices in the high technology case begin lower and remain
lower than in all the other cases throughout the projection period, peaking at about $177 per metric ton
carbon equivalent in 2024. Because the high technology case reduces the cost of domestic covered sector
allowances, allowance and offset prices are in equilibrium from 2010 to 2014, when the maximum offsets
permitted under S.139 (234 million metric tons carbon equivalent) are not purchased. Offset purchases
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range from 207 million metric tons carbon equivalent in 2010 to 230 million metric tons in 2014. The
allowance and offset prices diverge after 2015, when the maximum available offsets are purchased.

Offsets

The price at which offsets are available is based on a set of marginal abatement cost curves that represent
the estimated supply of offsets (see Chapter 2 for an explanation). These curves establish the quantity of
offsets for emissions reductions or carbon sequestration available at particular prices. Generally, the costs
of a given level of abatement increase over time (particularly the international sequestration component).
As a result, the Phase | offset price is estimated to clear at about $71 per metric ton carbon equivalent
(2001 dollars) in 2010 and rise to about $86 in 2015 (Figure 3.6). These prices are somewhat below the
emission allowance trading price of $79 to $119 per metric ton carbon equivalent over the same period. In
Phase IlI, with a lower limit on offsets, the clearing price for offsets is projected to range from $35 to $52
per metric ton carbon equivalent.

In the sensitivity case where all entities in the commercial sector are assumed to be covered by the bill,
the Phase | and Phase Il allowance limits increase, as do the quantities of offsets allowed, because the
level of covered emissions is larger and the percentage allowable is the same. In the commercial coverage
case, the aggregate offset limits rise by 11 million metric tons carbon equivalent in Phase | and by 5
million metric tons carbon equivalent in Phase Il. Assult, the offset prices are higher by $5 to $8 per

metric ton carbon equivalent than in the S.139 case. In both the S.139 high technology case and the no
banking case, the constraint on offset purchases is not binding in the Phase | period, allowing the offset
price to match the allowance trading price.

The cost of offsets differs across the different sources modeled: sequestration, noncovered methane
emissions, and international sources. As a result, the quantities of offsets available at the clearing price
differ (Figure 3.7). The largest contribution from purchased offsets comes from agricultural and forestry
sequestration. The contributions from noncovered methane offsets in 2010 to 2015 are slightly smaller
than the international offsets. However, the importance and contributions of international offsets are

Figure 3.7. Composition of Alternative Compliance Offsets, S.139 Case, 2010-2025
(million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.DO50503A.
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projected to decline somewhat over time. The price at which international offsets are available is based in
part on the international demand for the offsets. As the international demand increases, the price rises, and
U.S. purchases are reduced in favor of domestic offsets. Once the Phase Il emissions limits go into effect
in 2016, the international offsets or no longer competitive with domestic offsets.

Offset Senditivity Cases

Several sensitivity cases were used to examine the issue of compliance offsets. Covered entities may use
offset credits from several sources, subject to an overall cap specified in S.139. The potential sources of
offsets include registered reductions from noncovered entities, registered increases in biological carbon
sequestration, and emissions allowances from other countries. In one sensitivity case (offset50), the offset
limit was increased to 50 percent in both phases. Two other cases were examined to test assumptions
regarding the availability and costs of international emissions offsets. In one case (intl100), the assumed
supply curve of offsets from international sources was doubled. A second case (intl0) assumed that no
international offsets would be available.

Figure 3.8 compares the market-clearing prices for allowances and offsets in the three offset sensitivity
cases with those in the S.139 case. In the offset50 case, the limit on offsets is not reached, and the trading
prices of offsets and allowances are identical, at levels below those in the S.139 case. Table 3.2
summarizes the energy market outcomes in the offset sensitivity cases. Because the offset50 case
effectively reduces the amount of emissions reducfiotise covered sectors, the magnitude of changes

in the energy sectors to comply with S.139 is reduBed result, there is greater coal use and a reduced
reliance on renewable, nuclear, and carbon sequestration technologies in the electricity sector in the
offset50 case.

In the offset50 case, allowance prices and offset prices equilibrate to the same level throughout the
forecast period, at prices that are lower than in the S.139 case. By 2025, the greenhouse gas price is $171
permetric ton carbon equivalerdompared with $221 in the S.139 case. In 2025, the quantity of

offsets purchased is projected to increase from 126 million metric tons carbon equivalent in the S.139
case to 346 million metric tons carbon equivalent in the offset 50 case, thus increasing the transfer of
funds to international markets by about $27 billion (2001 dollars) in 2025 or about 3.6 percent of net U.S.
imports in 2025.

Figure 3.8. Comparison of Allowance and Offset Prices in the S.139 and Offset
Sensitivity Cases, 2010-2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A,
ML_INTL100.D052703A, and ML_INTL0.D051903A.
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In the intl100 case, the Phase | and Phase Il limits on offsets are the same as in the S.139 case. As a result,
the primary effect of this case is to alter the mix of offsets available from the three offset sources,

increasing the international share relative to the dogisare. In the intl0 case, the unavailability of
international offsets raises the offset price to equal the allowance price in Phase I, and the allowance price

Table 3.2. Comparison of Compliance Results in the S.139 and Offset Sensitivity Cases
(million metric tons carbon equivalent)

2010 2025
S.139 |Offset50| Intl100 | Intl0 S.139 |Offset50||nt|100| Intl0

Greenhouse Gas Emissions

Energy-Related Carbon Dioxide......... 1,710 1,737 1,710 1,704 1,482 1,697 1,482 1,482

Non-Energy Carbon Dioxide .............. 40 40 40 40 46 46 46 46

Methane ..........cvvvevvvvveviieiiinieiririnennnanns 115 117 120 114 120 111 120 120

Nitrous OXide.........evveeevviiiiiiiieeeeeiiiins 121 121 121 121 137 137 137 137

High GWP Gases

(HFCs, PFCs, and SFg).......ccccccevuveen. 50 51 50 50 106 106 106 106
Total. o 2,036 2,066 2,041 2,028 1,891 2,098 1,891 1,891

S.139 Compliance Summary

Covered Energy-Related COs............ 1,513 1,540 1,513 1,507 1,257 1,475 1,256 1,256
Other Covered GHG Emissions ......... 70 71 70 70 128 128 128 128
Total Covered Emissions .............. 1,583 1,611 1,583 1,577 1,385 1,603 1,384 1,384

Offset Reductions Purchased

Noncovered Greenhouse Gases........ 49 47 43 50 39 48 39 39
Increases in Biological Carbon
Sequestration ..........cccceevveeeriieees e 113 108 101 120 87 134 87 87
International Offsets .........cccoeeevvvevnnenn. 73 63 90 0 0 165 0 0
Total Offset Reductions................. 235 218 234 170 126 346 126 126
Covered Emissions, Less Offsets......... 1,349 1,393 1,349 1,407 1,259 1,256 1,258 1,258
Emission Allowances Issued................ 1,465 1,465 1,465 1,465 1,258 1,258 1,258 1,258

Allowance Bank Change
(+, deposit; -, withdrawal) ..................... +117 +72 +116 +58 -1 +1 0 0

Greenhouse Gas Emission
Allowance Price

(2001 dollars per metric ton

carbon equivalent)..........ccccoevcveveennen. 79 64 79 84 221 174 222 223
(2001 dollars per metric ton
carbon dioxide equivalent) ................. 22 17 22 23 60 48 60 61

Offset Trading Price
(2001 dollars per metric ton

carbon equivalent)..........ccccoeeceieennnen. 71 64 51 84 52 174 52 52
(2001 dollars per metric ton
carbon dioxide equivalent) ................. 19 17 14 23 14 48 14 14

Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.D050503A,
OFFSET50.D052303A, ML_INTL100.D052703A, and ML_INTL0.D051903A.
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clears at a level above that in the S.139 &48ke unavailability of offsets in the intl0 case affects only
the Phase | offset prices, which increase by a maximum of 48 percent in 2015 relative to the S.139 case.

Figure 3.9 compares the mix of offsets for 2010, 2016, and 2025 in the intl0, intl100, offset50, and S.139
cases. In the intl100 case, the lower price of international offsets is insufficient to make them competitive
with domestic offsets in Phase Il, and no international offsets are purchased. In Phase | the offset prices
are lower, and more international offsets are included in the mix.

Figure 3.9. Mix of Offset Compliance Sources in the S.139 and Offset Sensitivity Cases,
2010, 2016, and 2025
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Source: Office of Integrated Analysis and Forecasting, National Energy Modeling System runs MLBILL.DO50503A,
OFFSET50.D052303A, ML_INTL100.D052703A, and ML_INTL0.D051903A.

An increase in the supply of international or domesfigets, as in the intl100 case, can reduce the offset
price. In the intl100 case, because the overall use of offsets is limited by the bill, larger available
guantities of offsets (supply) yield a lower offpeice in the 2010-2015 period (see Figure 3.8). The 100
percent increase in the supply of international offsets reduces the offset price in the 2010-2015 period, but
the offset prices in 2016 and beyond are unchanged from the S.139 case because domestic offsets are
cheaper than international offsets in the later pefiibd.net impact of a doubling of international offset
supplies is that the total cost of offsets is reduced by an average of about $1.6 billion per year
(cumulatively, $24 billion in undiscounted dollars over the entire period)—about 0.3 percent of net U.S.
imports in 2015.

When it is assumed that no international offsets are available, the domestic market must do more work to
achieve the same emission reduction targets. More reductions in the domestic market result in higher
allowance prices. The additional costs relative to the S.139 case derive primarily from higher allowance
prices. In the 2010-2015 period, domestic allowance and offset prices in the intl100 case equilibrate at
guantities below the allowed cap. Although funds expended for international offsets are reduced to zero,
domestic offset and allowance prices are higher, because more expensive emission reduction sources are

% The exception is in 2023, as the allowance bank is depleted one year earlier in the intl0 case than in the S.139ease, and th
price temporarily drops in the following year.
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tapped to meet the target. More offsets must be purchased from domestic sources, and more reductions
must be achieved from carbon dioxide reductions in the energy system.

In summary, doubling the available offsets assumed in the S.139 case has a negligible impact on the
economy and a small but beneficial impact on allowance costs relative to S.139. When international
offsets are assumed to be zero, the negative impact on the cost to U.S. energy markets is more significant.

I nter national Commitments of Selected Developing Countries

Senator James Inhofe requested that EIA provide information on the greenhouse gas commitments
currently adopted by China, Mexico, South Korea, India, and BfaFile country-specific summaries
below give overviews of greenhouse gas mitigation activities in those countries.

In contrast to the specific scheduled U.S. emission reduction targets for 2010 and 2016 proposed under
S.139, the major developing countries of China, Mexico, South Korea, India, and Brazil have no binding
obligations to limit or reduce emissions undear thnited Nations Framework Convention on Climate
Change (UNFCCC) or the Kyoto Protocol. However, a number of the larger developing countries have
introduced initiatives to address global climate change and limit growth in greenhouse gas emissions.

Brazil, China, India, Mexico and South Korea have ratified the UNFCCC and the Kyoto Protocol. Under
the UNFCCC all signatories are responsible for preparing a national communication that includes an
inventory of overall greenhouse gas emissions and an analysis of potential mitigation and adaptation
measures. Each of the five nations’ governments has established an entity to coordinate climate change
activities in the country. The five countries may also participate in the Kyoto Protocol through the Clean
Development Mechanism (CDM), which enables entities in Annex | countries to acquire emission
reductions generated in developing countries. In addition, all five countries have introduced specific
initiatives to address climate change.

Brazil. In 1996, Brazil established its Climate Change Program with resources from the Global
Environment Facility of the United Nations Development Programme and the U.S. Country Studies
Program, which supports non-Annex | countries in reporting their climate trends and adaptation measures
under the UNFCCC. The Brazilian government is prioritizing work on its inventory of greenhouse gas
emissions. A key focus is awareness building, education, and dissemination of information published in
Portuguese. The government is also actively prorggirojects for inclusion in the CDM. So far, two

Brazilian projects have been approved by the Bgtmvernment and one by the World Bank Prototype
Carbon Fund (PCF¥.

In 1999, Brazil's President ordered the creation eflttier-Ministerial Commission on Global Climate

Change, to coordinate the efforts of various agenand public participation. The Commission’s web site
specifically states, “Brazil does not have commitments to reduce or limit its anthropogenic emissions of
greenhouse gases.” However, a number of general energy policies, according to a Pew Center report, have
reduced emissions growth by almost 10 million mdbns carbon equivalent, including production and

use of ethanol and sugar-cane bagasse, development of the natural gas industry, use of alternative energy
sources for power generation, and promotion of demand-side management pfbgrams.

% See Appendix A for a copy of the January 28, 2003, letter from Senator Inhofe to EIA.

% PERSMAP CERUPT 2002, web site http://www.senter.nl/sitapt/contents/i001337/press_cerupt.doc; and PCF, web site
http://www.prototypecdronfund.org.

% W. Chandler et alClimate Change Mitigation in Developing Countries: Brazil, China, India, Mexico, South Africa, and
Turkey (Pew Center on Global Climate Change, October 2002).
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China. In 1990, China established its Inter-Ministerial National Climate Change Coordinating Committee
to address the issue of climate change. Since then, China has been actively engaged in negotiating the
rules for the Kyoto Protocol and the CDM, and it is expected to attract a major share of CDM investment
because of the comparatively low cost of emissions abatement in the country, particularly in the power
sector. The Asian Development Bank estimates that the Chinese market for emissions reductions could
amount to $13 billion per yedfand projects have already been initiated in anticipation of the CDM. In
March 2003, the government of the Netherlands agreed to purchase emission reductions from a wind farm
in Inner Mongolia, following the guidance set forth for the CEIM.

Although energy-related carbon dioxide emissions in China decreased by 5.63 percent between 1997 and
2000” through fuel switching and energy efficiency improvements, they have begun to ris&again.

China’s energy-related carbon dioxide emissions are expected to more than double between 2000 and
2025, rising from 780 million metric tons carbon equivalent in 2000 to 1,844 million metric tons in

2025 As a result, a number of government studies have been undertaken to examine mitigation
strategies. For example, China’s Energy Reseasthiute and others have undertaken the China Energy

and Carbon Scenarios Project to define future mitigation optidEgficiency improvements in the

power sector, development of a natural gas infrastreictorest protection, and reforestation are listed as
major ecological priorities in China. In addition, the Chinese government is sponsoring a pilot project to
test methods for capturing carbon dioxide from power generation.

India. Due to rapid economic growth and continued reliance on fossil fuels, particularly coal, India’s
greenhouse gas emissions continue to riséo@iyh the Indian government has expressed its

commitment to reduce greenhouse gas emissions, it is adamantly opposed to declaring a binding
reduction target. Still, according to one estint&te, number of energy-related policies, such as economic
restructuring, enforcement of existing clean air laws by the courts, and renewable energy incentives and
development programs have avoided an estimatednillidn metric tons of carbon emissions over the

past decade.

To support the Kyoto Protocol in its current form, the Indian government has established national
procedures for approving greenhouse gas reduction projects for inclusion in the CDM and has so far
cleared six project proposals for potential transfer to the Netherlands and the World Bank’s Prototype
Carbon Fund. The Dutch government has agrepdnthase emission reductions from three wind and
two biomass projects in Indi&’

Mexico. Mexico was the first major oil-producing nation to ratify the Kyoto Protocol and has established
several policies consistent with greenhouse gas mitigation, including promotion of energy efficiency and
conservation, renewable energy and clean fuels, forest conservation, and reforestation. According to one

9 T. Szymanski, “The Clean Development Mechanism in Chiftae’China Business Review, Vol. 29, No. 6 (November-
December 2002).

% “Chinese Wind Farm Makes Kyoto Profits From DutdPanet Ark (March 14, 2003), web site
http://www.planetark.org/dailynewtory.cfm/newsid/20156/story.htm.

9 Energy Information Administratiotnternational Energy Annual 2001, DOE/EIA-0219(2001) (Washington, DC, 2002).

190 T, szymanski, “The Clean Development Mechanism in Chiftag'China Business Review, Vol. 29, No. 6 (November-
December 2002).

101 Energy Information Administratiomnternational Energy Outlook 2003, DOE/EIA-0484(2003]Washington, DC, 2003).

192 . Chandler et alGlimate Change Mitigation in Developing Countries: Brazl, China, India, Mexico, South Africa, and
Turkey (Pew Center on Global Climate Change, October 2002).

103 A Garg and P.R. ShuklEmissions Inventory of India (New Dehli: Tata-McGraw-Hill Publising Company, 2002), cited by
Chandler et al. (2002).

104 PERSMAP CERUPT 2002, web site http://www.senter.nl/sites/erupt/contents/i001337/press_cerupt.doc.
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estimate’® these policies have avoided 10 million metric tons of carbon emissions annually over the past
decade.

Since 1992, Mexico has cooperated closely with the United States and other countries to address climate
change. The EPA has helped to train Mexican staff in the areas of modeling Mexican greenhouse gas
emissions and updating Mexico’s emission inventoryy@lsas co-hosting joint workshops with Mexico.

In 1992, Mexico signed, with 10 other countries, a treaty to establish the Inter-American Institute for
Global Change Research, which provides training and technical support to participating countries in the
areas of global change; earth, ocean, and atmospheric science; and technologies and economic aspects
associated with mitigating and adapting to global chafde.1996, Mexico and its neighboring Central
American countries adopted a Plan of Action to advance the objectives of the San Jose Declaration, which
promotes climate change issues and informatichaxge. During the June 29, 2001, meetings of the

Council of the Commission for Environmental Cooperation established under the North American
Agreement on Environmental Cooperati8hthe EPA Administrator initiated a dialogue with the
environmental ministers of Canada and Mexico to discuss global environmental concerns. The countries
pledged “to explore further opportunities for market-based approaches for carbon sequestration, energy
efficiency and renewable energy in North America.” Finally, in March 2003, Mexico and the United

States announced their intention to expand and intensify their existing bilateral efforts to address climate
change and continue a bilateral dialogue to develop joint activities to combat climate change in such areas
as emission inventories, economic and climatic models, energy, adaptation, agriculture/forests, earth
observation systems, and carbon sequestration technol%gies.

Finally, a number of local entities have shown interest in greenhouse gas emissions trading as a means to
reduce emissions. Mexico City is developing a formal strategy for mitigating climate change and is a
member of the Chicago Climate Exchange, whicnsluntary cap and trade program for reducing and
trading greenhouse gas emissions, initially amdr®y and Canadian firms. In addition, Mexico’s

national oil company Petréleos Mexicanos (PEMEX) has adopted a voluntary and experimental internal
emissions trading system based on the cap and trade c8fit#pder the initial phase of the PEMEX

cap and trade system, PEMEX reduced emissiofssrbylion metric tons carbon equivalent. This was
accomplished by an internal trading system between PEMEX’s 25 business units. Beginning in 2003, the
internal trading system will be based on actual manehanges between business units to meet emission
reduction targets.

South Korea. Since 1979, the Rational Energy Ultilization Act has required a new 10-year plan to be
revised every 5 years to reflect changes in economic and population growth. As forecast by the South
Korean government in 1998, South Korea expegtedith in carbon dioxide emissions of 5.2 percent
annually from 1995 to 2018° South Korea is also seeking bilateral cooperation with the United States
and Japan.

195 0, Masera and C. Sheinbaum, “Mitigating Carbon Emissions while Advancing National Development Priorities: The Case of
Mexico,” Climatic Change, Vol. 47 (2000), pp. 259-282, cited by Chandler et al. (2002).

108 |nter-American Institute for Global Change Reseafgneement Establishing the Inter-American Institute for Global
Change Research (Montevideo, Uruguay, May 13, 1992), web site www.iai.int/files/agree_ ENG.pdf.

197 The Commission for Environmental Cooperation was established by the United States, Canada, and Mexico in August 1993
as part of the North American Agreement on Environmental Cooperation (an agreement signed as part of the North American
Free Trade Agreement).

198 y.S. Department of State, “Joint Statement of Enhanced Bilateral Climate Change Cooperation Between the United States
and Mexico” (press release, March 18, 2003).

109 Chandler et al. (2002).

10 National Communication of the Republic of Kor8ahmission of the ROK Under the UNFCCC (1998), web site
http://www.unfccc.int/resource/docs/natc/korncl.pdf. EIA currently projects that South Korea’s energy-refated car
dioxide emissions will grow by 2.2 percent annually betw2@0il and 2010. See Energy Information Administration,
International Energy Outlook 2003, DOE/EIA-0484(2003fWashington, DC, 2003).
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The South Korean government is taking active messtar slow the growth in greenhouse gas emissions.
According to the government’s integrated energy singcture plan to be finalized by June 2006, which
includes measures to reduce greenhouse gas emissions, South Korea will expand the use of liquefied
natural gas by 77 percent and nuclear energy use by 69 percent dy'2Z00government will also

focus on the use of solar power, wind power, fuel cell technology development projects, a 5-year energy
conservation plan for energy-intensive companies, duties on petroleum imports, long-term DSM plans,
reforestation, methane mitigation in rice paddied animal husbandry, and waste management plans.

In 2002, the Commerce, Industry and Energy Minister of South Korea proposed the establishment of a
national greenhouse gas emission registry system by 2004 in preparation for the international emissions
trading system proposed under the Kyoto Prottédihe registry and trading system will form part of

the country's integrated energy price structure plan and will target greenhouse gas emissions from the
manufacturing industry.

11 Kim Sung-jin, “Greenhouse Gas Emissions To Be MonitorElae’Korea Times (September 19, 2002).
112 Kim Sung-jin, “Greenhouse Gas Emissions To Be MonitorBlae’Korea Times (September 19, 2002).
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4. End-Use Energy Demand

This chapter summarizes the impacts of S.139 on the four end-use demand sectors—residential,
commercial, industrial, and transportation. As disadigseChapter 2, this analysis assumes that S.139

covers greenhouse gas emissions in the industrigrdesicluding agriculture) and in the transportation

sector, through a requirement that petroleum refiners and importers provide emission allowances for
transportation fuels sold to the transportation sector. Primary energy use in the residential sector is not
covered because it is exempt in the Bill. Primary energy use in the commercial sector is assumed not to be
covered since the majority of the sector would not meet the 10,000 metric ton emissions minimum.
However, a sensitivity is analyzed to examine theaiat of including the commercial sector. Regardless

of the coverage of primary energy use, both the residential and commercial sectors are generally expected
to see higher energy prices, particularly electricity prices, through the impact of S.139 on the other
sectors. The focus of the discussion in this chapter is on the impact of S.139 in 2025, because that year
generally shows the largest differential from the reference case. The projected results for the intervening
years are given in Appendix C.

In addition to comparing the S.139 case to a reference case, this chapter also discusses a number of
alternative cases relevant to the end-use energy demand sectors, including an S.139 high technology case,
a case with full coverage of the commercial sector, and a case in which new nuclear capacity and
sequestration technologies are assumed not to be available as an option to limit greenhouse gas emissions.
A description of all the cases analyzed in this study appears on pages 60-63 in Chapter 2. The alternative
cases are summarized in Appendixes E through J.

Residential Sector
Background

As the largest electricity-consuming sector in the United States, households were responsible for 20
percent of all carbon dioxide emissions produced in 2001, of which 69 percent was directly attributable to
the fuels used to generate electricity for the sector. Electricity is a necessity for all households. Because
electricity generation is covered by S.139, residential consumers see higher electricity prices. In the
reference case, electricity use per household is projected to grow at nearly 1 percent per year through
2010.

The number of occupied households is the most important factor in determining the amount of energy
consumed in the residential sector. All else being equal, more households mean more total use of energy-
related services. From 1980 to 2001, the number ofhd$eholds grew at a rate of 1.3 percent per year,
and residential electricity consumption grew by 2.5 percent per year. In the reference case, the number of
households is projected to grow by 1.1 percent per year through 2010, and residential electricity
consumption is projected to grow by 2.1 percent par.y&trong growth in the South, which features all-
electric homes more prominently than do other areas of the country, and the advent of many new
electrical devices for the home (e.g., home entertainment systems and security systems) have significantly
contributed to high electricity growth since 1980. Although these trends are projected to continue through
2010, efficiency improvements—due in part to recent Federal appliance standards, building codes, and
non-regulatory programs (e.g., Energy Star)—should dampen electricity growth somewhat as residential
appliances are replaced with newer, more efficient models.

Within the residential sector, all the major end uses (heating, cooling, lighting, etc.) are represented by a
variety of technologies that provide necessary services. Technologies are characterized by their cost,
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efficiency, dates of availability, minimum and maximum life expectancies, and the relative weights of the
choice criteria—installed cost and operating cost.rakie of the weight of installed cost to that of

operation cost gives an estimate of the “hurdle rate” used to evaluate the energy efficiency*hoice.

When more emphasis is placed on installed cost, the hurdle rate is higher. The hurdle rates in NEMS for
residential equipment, which are based on the observed behavior of residential consumers, range from 15
percent for space heating technologies to more than 100 percent for room air conditioners. The range in
part reflects differences in the way consumers purchase the two technologies. In the case of water heaters,
for example, purchases usually occur at the time of equipment failure, which tends to restrict the choice to
equipment readily available from the plumber. Space conditioning equipment, on the other hand, is not as
critical as water heating during some parts of the year, allowing greater latitude in terms of timing the
replacement of an older unit. In practice, however, most space conditioning equipment is also replaced
when it fails. It is assumed that residential consumers expect future energy prices to remain at the current
level at the time of purchase when calculating the future operating cost of a particular technology.

Technological advances and availability play a lagde in determining future energy savings and carbon
dioxide emission reductions. Even in today’s marketplace, there exist many efficient technologies that
could substantially reduce energy consumption and carbon dioxide emissions. However, the relatively
high initial cost of these technologies restricts their widespread penetration. Over time, the costs of more
advanced technologies are assumed to fall as the technologies mature (one example being natural gas
condensing water heaters). In addition, technologies that are not available today, but are nearing
commercialization, are assumed to become available in the future. Four technology menus are used in the
analysis below: a reference technology menu; aateebdjusted” menu, which lowers the cost of the

more efficient technologies based on assumptions regarding rebates that will be available through the
Climate Change Credit Corporation (hereafter refetoeas the Corporation) created by S.139; a high
technology menu reflecting more aggressive research and development; and a “rebate adjusted” high
technology menu. In both high technology cases, for example, the cost of a condensing natural gas water
heater is assumed to fall by almost 38 percent by 2005, relative to the reference case, and a natural gas
heat pump water heater becomes available for purchase by 2005.

In response to energy price changes, residentidicii@s (defined as the percent change in energy
consumed with a 1-percent change in price) range from -0.30 to -0.34 in the short run, depending on the
fuel type, to -0.41 to -0.60 in the longer term, which are in the range cited in the litétaTire.

elasticities reported here are derived from NEMS by a series of simulations with only one energy price
varying at a time, beginning in 2065.These price elasticities reflect changes in both the demand for
energy services and the penetration rate of more efficient technologies. In the absence of energy price

113 The “hurdle rate” for evaluating energy efficiency investments has also been referred to as the “implicit discount, rate” (i.e

the empirically based rate required to simulate actual purchases—the one implicitly used). These rates are often much higher
than would be expected if financial considerations alone were their source. Among the reasons often cited for relatively high
apparent hurdle rates are uncertainty about future energy prices and future technologies, lack of information about
technologies and energy savings, additional costs of adoption not included in the calculations, relatively short tenure of
residential home ownership, hesitancy to replace working equipment, attributes other than energy efficiency that may be more
important to consumers, limited availability of investment funds, renter/owner incentive differences, and builder incentives to
minimize construction costs. For a good discussion of potential market barriers and the economics of energy efficiency
decisions, see Jaffe and Stavins, “Energy Efficiency Investments and Public Pidiekriergy Journal, Vol. 15, No. 2

(1994), pp. 43-65.

Dahl (1993), “A Survey of Energy Demand ElasticitieSupport of the Development of the NEMS,” US DOE, Contract

Number DE-AP01-93EI23499 (October 1993). The Dahl survey incorporated results from other survey articles and from
newer studies, not reviewed previously. From prior survegs,esidential/commercial own-price elasticities for total energy
ranged from -0.012 in the short run (SR) to -0.44 in the long run (LR). Focusing on studies of aggregate time series data,
demand elasticities for electricity from maeeent studies averaged from -0.22 (SR) to -0.91 (LR) for residential andc0.22 t
-0.82 for commercial. For natural gas the averages from more recent studies were -0.13 (SR) to -0.68 (LR) for residential and
-0.26 to -0.99 for commercial.

115 The long-run elasticities reflect the effects of altered prices after 20 years for the last year of the forecast, 2025.

114
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changes, household energy intensity (defined as delivered final residential energy consumption per
household) declines at an average rate of 0.1 percent per year through 2025. This non-price-induced
intensity improvement reflects the efficiency gain brought about by ongoing stock turnover, equipment
standards, new housing stock, and the future availability of new technologies.

Energy consumption, including the combustion of various fossil fuels, is the major source of U.S. carbon
dioxide emissions. Energy use in the residential sector is greatly affected by year-to-year variations in
seasonal temperatures, particularly in the winter, as illustrated by the decline in delivered energy use in
1998 (Figure 4.1), which was one of the warmest winters on record. The projections in this analysis
assume normal seasonal temperatures over the 2004-2025 forecast period.

Figure 4.1. Index of Residential Sector Delivered Energy Consumption, 1975-2025
(index, 1990=1.0)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System RUNS MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D0O50503A.

This section will focus on four cases: the reference case, the S.139 case, the high technology case, and the
S.139 high technology case. The two high technology cases are sensitivity cases that incorporate higher
levels of technological optimism, in terms of cost reductions and/or increased efficiency, relative to the
reference and S.139 cases

Residential Energy Consumption Varies by Income Cohort

ElA’s Residential Energy Consumption SurveyE(ES) provides information on household energy
consumption and many physical and demograpbitséhold characteristics. RECS is based on a
representative statistical sample of nearly 6,000 U.S. households. Among the data available are household
income categories, occupant information, energy expenditures and whether a household is eligible for
government assistance with energy costs thoughrammagrelated to the Department of Health and
Human Services’ Low Income Home Energy Asance Program (LIHEAP). From these data,
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Residential Energy Consumption Varies by Income Cohort (continued)

poverty-level statistics and energy expenditure shares of income can also be calculated. The follo
discussion is based on RECS energy expenditures with adjustments for projected energy prices U
reference case and the S.139 case.

The most recent expenditure data available are from the RECS 1997 survey. A summary by incor
category, poverty status and eligibility for energy assistance programs is provided in Figure 4.2. T|
four bars represent the number of households by four income categories as reported in the RECS
summary report'® These four income categories account for all 101 million households in 1997. T
fifth and sixth bars are subsets of total househola&miprimarily from the two leftmost bars of the ch
(i.e., the lower income levels). The fifth bar represents the subset of 15 million households that we
classified as below the poverty line in 1997. The sixth bar represents the subset of 34 million
households—including all of the below poverty households—that were eligible to receive energy
assistance in 1997 (either below 150 percent of the poverty level or below 60 percent of median S
income). Above each bar are the estimated annual expenditures on home energy as well as the a
share of income spent on energy consumed in the home. (Note that RECS estimates of home eng
exclude vehicle fuel which is not covered by the survey; however, vehicle fuel expenditures and e
consumption are covered in the transportation section of this report.)

A general observation from Figure 4.2 is that as income rises, expenditures on home energy rise;
however, the rise is less than proportional. Thus, households earning less than $10,000 spent 16

Figure 4.2. Total Number of Households by Average Annual Expenditures and
Expenditure Shares of Income for Home Energy for 1997 (millions of
households, 1997 dollars)
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118 See Energy Information Administratiof ook at Residential Energy Consumption in 1997, DOE/EIA-0632(97), for further
details.
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Residential Energy Consumption Varies by Income Cohort (continued)

of their income on home energy, while households earning $50,000 or more, spent only 2 percent
income on home energy.

Households below the poverty level had an estimated average income of $7,800 and spent on av
$1,088 on home energy annually. Households eligible to receive assistance paying their energy b
1997 had an estimated average income of $12,700 and spent on average $1,140 on home energ
energy expenditures of poverty-level households in 1997 were $16.0 billion in 1997 dollars. Exper
of the LIHEAP-eligible households were $38.9 billion in 1997 dollars.

Assuming that the 1997 shares of total households by income category remain fixed, the rising nu
households over the projection interval implies a rising number either aid-eligible or classified as
level ™’ The expenditure data in the next figure are from RECS 1997 adjusted for projected prices
converted to 2001 dollars to be consistent with the financial data presented elsewhere in this repq
comparison of the number of projected households and average expenditures per household for t
case versus the reference case is illustrated in Figure 4.3.

Under the projected provisions of the bill, annual energy expenditures per LIHEAP-eligible housel

of their

erage
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and poverty-level household in 2025 increase by $316 and $306 over the reference case, respectjvely.

These increases calculated as percentages of reference case expenditures, in both cases, round

Figure 4.3. Additional Annual Home Energy Expenditures per LIHEAP-Eligible and
Poverty-Level Household in the Reference and S.139 Cases (dollars per
household, 2001 constant dollars)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, NEMS runs
MLBASE.D050303A and MLBILL.DO50503A.

to

Y7 This is clearly not a reasonable expectation, it is merely a convenient assumption since the NEMS residential model does not
track households by income distribution. The proportion oféutiwuseholds with poverty level or aid-eligible incomes will

depend on a number of factors and be either higher or lower than the constant shares assumed here.
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Residential Energy Consumption Varies by Income Cohort (continued)

27 percent. Also in both cases, higher electricity prices account for 95 percent of the increase in total
annual expenditures. Higher electricity prices result, because the electricity sector is covered and
greenhouse gas permit costs are reflected in residential electricity prices (via the cost of permits for the
electricity generation sectar The prices of other fuels do not include greenhouse gas permit costs,
because the residential sector is not defined as a “covered” sector.

Greenhouse Gas Reduction Cases

Although households are specifically excluded from the emission limits proposed in S.139, secondary
effects, such as potential increases in delivered energy prices, could have a significant impact on energy
use and expenditures within the residential sector and, as a result, the greenhouse gas emissions
associated with energy use. Carbon dioxide emissions associated with electricity generation are the largest
component of emissions from the residential sector, in terms of both the levels and projected growth in
the reference case, and in terms of the projected declines in the greenhouse gas reduction cases. In the
reference case, which does not include legislation limiting greenhouse gas emissions, 80 percent of the
projected increase in carbon dioxide emissions related to energy use in the residential sector by 2025
results from increasing electricity use and the fuels used for electricity generation. In the S.139 case,
electricity-related carbon dioxide emissions decrégsg9 percent in 2025, relative to the 2001 level, due

to a dramatic reduction in carbon intensity and energy conservation (Figure 4.4).

Figure 4.4. Residential Sector Carbon Dioxide Emissions, 1990, 2001, 2010, and 2025
(million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

118 See Chapter 5 on electricity supply for a description of how greenhouse gas permit costs are reflected in residerityal electri
prices.
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Given the impact of emission constraints on the electric generating sector, electricity prices show the
greatest increase in the S.139 case (Figure 4.5). By 2025, residential electricity prices rise by 32 percent
in the S.139 case, relative to 2001 leves marked departure from the 9 percent decrease in real
electricity prices projected in the reference case. In both cases, however, real disposable income per
household increases by 57 percent over the same period. The price of petroleum products used in
residences, primarily heating oil, are projected to remain about the same across the 3 cases shown in
Figure 4.5, while natural gas prices are projected to rise by about 5 percentage points in the S.139 case,
relative to the reference case, by 2025 due to the increase in the overall demand for natural gas. However,
as shown in Figure 4.6, increased use of more energy-efficient technologies can mitigate projected price
increases. As energy efficiency increases and demand for electricity and the fuels used to generate
electricity decrease in the S.139 high technology case, relative to the S.139 case, electricity prices
increase by 16 percent by 262half the increase projected in the S.139 €asausing energy

expenditures to decrease on an annual basis relative to the S.139 case.

Figure 4.5. Index of Residential Sector Energy Prices, 1990, 2001, 2010, and 2025 (index,

2001 = 1.0)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

As prices increase in the S.139 case due to stricter emissions requirements in the electric generation
sector, households can expect to pay more in annual energy costs. As noted earlier, projected increases in
electricity prices in the S.139 case cause household expenditures for energy to increase as well, while
energy expenditures in the S.139 high technology case are suppressed to levels slightly above those
projected in the reference case (Figure 4.6). This results mainly from increased household energy
efficiency and the resulting lower residential (and overall) electricity demand, causing less upward
pressure on electricity prices for both the residential sector and the economy as a whole.

As outlined in S.139, the Corporation has the authority to mitigate the adverse effects of greenhouse gas

emission restrictions on non-covered entities. The funds collected by the Corporation through the auction
of emission permits can be dispersed to residestigrgy consumers by various methods, including
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Figure 4.6. Projected Energy Expenditures  per Household in the Residential Sector,
1990-2025 (2001 dollars)
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Note: Does not include coal or wood.
Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

rebates, subsidies, and general transition assistance to displaced workers. In 2010, 20 percent of this fund
must be dispersed for transition assistance, leaving 80 percent of the auction proceeds available for
rebates and/or subsidies that must be dispersed on a geographically equal basis across the United States.
Because S.139 does not specify a particular meghdgbursement, an assumption must be made

regarding how and by how much the Corporatinght allocate the funds it collects. Since the

disbursements must be made on a geographically equal basis, it is assumed that the Corporation will
pursue rebates for energy-efficient appliances, as opposed to weatherization or similar programs, which
tend to affect those homes with higher heating arab/oling loads. In order to represent the rebates in

this analysis, it is assumed that from 2010 through 2025, half of the incremental cost to purchase more
efficient appliances is covered by rebates initiated by the Corporation (Table 4.1). For example, the first
row in Table 4.1 details a heat pump available between 2020 and 2025 that achieves a 16 percent increase
in efficiency over the least efficient unit available for purchase in the same period. Without the 50 percent
rebate on the incremental cost ($191 is 50 percent of $382), the new unit would cost $3,881—11 percent
more than the $3,500 cost of the least efficient unit available.

Because the range of efficiency options varies by end-use service, some appliances will have several
options for rebates, while others may have only one, or none in the case of cooking and clothes dryers. It
should be noted that the costs and efficiencies of the more efficient appliances change over time,
depending on the appliance, resulting in different efficiency, cost, and rebate amounts. Between 2010 and
2025, an average of $10 billion annually (in 2001 doHary percent of the monies collected by the
Corporation over this 15-year perieds dispersed by the Corporation in the form of rebates for energy-
efficient appliances. These rebates spur additional investment in energy-efficient appliances and
somewhat mitigate the effect of higher energy prices in the S.139 case.

Changes in energy prices and efficiency have a direct effect on the amount of money spent on energy
services by individual households in a given year. Figure 4.7 details the per household energy
expenditures for the three major fuels used in the residential sector for two historical years as well as the
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projections for 2010 and 2025 in the reference case, the high technology reference case, the S.139 case,
and the S.139 high technology case. Because electricity is used for more services than either natural gas
or distillate, and because electricity is the most expensive form of delivered energy on a Btu basis, the
average annual energy bill for electricity is greater than for the other two fuels shown in all years. In
2025, the average annual electricity bill is projected to increase by $249 per household (24 percent) in the
S.139 case, relative to the reference case. Expanded and accelerated availability of highly efficient
technologies can mitigate some of this increase: relative to the high technology reference case, the
average annual electricity expenditures in the S.139 high technology case are only $185 per household
higher. In both the S.139 and S.139 high technology cases, petroleum expenditures are lower, relative to
the reference case because of lower distillate prices caused by lower world oil prices resulting from lower
U.S. demand for petroleum. In 2025, natural gas expenditures are about the same in the reference and
S.139 cases, as the lower demand per household in the S.139 is offset by the higher natural gas prices
caused by an increase in natural gas demand economy-wide, keeping expenditures about'the same.

Table 4.1. Household Appliances Targeted by Corporation Rebates (year 2010, except
where noted)

Percent
Increase in Percent Equipment
Efficiency Over Increase in Price Without
Least Efficient Price Without Rebate Rebate Amount
Appliance Unit Rebate (2001 dollars) (2001 dollars)

Air-Source Heat Pump 1

(2020-2025, cooling efficiency cited)........... 16 11 3,881 191
Air-Source Heat Pump 2

(cooling efficiency cited).........ccccceevvivvnneen.n. 25 30 4,563 532
Air-Source Heat Pump 3

(cooling efficiency cited)...........coceeeviieeennnne 50 60 5,600 1,050
Central AC 1 (2020-2025).......cccccvveeriverennns 16 10 2,540 120
Central AC 2 ....ooveeeeeiiiiee e 25 26 2,900 300
Central AC 3 ..ot 50 52 3,500 600
Ground-Source Heat Pump

(cooling efficiency cited)..........ocveveiiiirennne 56 18 12,320 961
Gas FUmMace L......ccoovvviiiiiiiiiiceieeeee e, 15 31 1,700 200
GasS FUMACE 2....cvvvieiiiieeii e 21 88 2,450 575
Gas or Distillate Boiler 1 ...........ccceeeeeeereenee. 11 24 3,065 293
Gas or Distillate Boiler 2 ..........ccccceeviinineen. 21 47 3.650 585
Distillate FUINACE ............ccvveeeieeiiiiiiieeeeeee 9 46 1,900 300
Room AC 1 (2020-2025)......ccccceeeervvrenrnnnnn 14 10 595 27
ROOM AC 2 ..ot 24 41 760 110
Clothes Washer (motor efficiency cited) ..... 27 10 850 40
Dishwasher 1 (motor efficiency cited)......... 54 129 800 225
Dishwasher 2 (motor efficiency cited)......... 104 271 1,300 475
Gas Water Heater........coooevvveiivivieeiiiieeeennn, 43 426 2,000 810
Electric Water Heater 1...........ccccoevvvveennen. 6 10 550 25
Electric Water Heater 2............cccccoeeeeenne 189 120 1,100 300
Distillate Water Heater............cccccuvveeeeeennn. 5 7 780 27
Refrigerator.........cccccceevviiiviieee e 16 58 950 175
Fre@zer ..o 23 31 500 60

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, based on technology data
from Arthur D. Little, Inc., EIA — Technology Updates — Residential and Commercial Building Technologies —
Reference Case, October 2001.

119 This does not mean that the own-price elasticity of nagasablemand is unitary elastic. Part of the increase in natsral ga
demand is due to cross-price effects with the increased electricity price relative to the reference case.
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Figure 4.7. Annual Household Energy Expenditures by Major Fuel, 1990, 2001, 2010, and
2025 (2001 dollars)
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Note: Natural gas and distillate households are defined as those that use the fuel for main space heating.
Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

the two high technology cases, natural gas expenditu2i25 are slightly lower than in the reference
case, even though natural gas prices in the S.139 high technology case are higher than those in the
reference case.

Because the residential sector is specifically excluded from S.139, there are fewer areas to explore in
terms of sensitivities relative to the S.139 case then in other sectors. However, in order to gauge the
effects of increased energy efficiency with respect to the implementation of S.139, a S.139 high
technology case was analyzed (and has been discussiigibrthe previous section). In the S.139 high
technology case, several emerging energy-efficiemn@ogies are introduced earlier in the projection
period, generally at a lower cost than projected in the referenc&taseshown in Figure 4.6, the

increased energy efficiency projected in the S.139 high technology case, relative to the S.139 case, causes
projected energy expenditures to fall nearly to the levels projected in the reference case, notwithstanding
the projected 27 percent increase in electricity prices in 2025, relative to the reference case. This implies
that increases in energy efficiency and conservation can offset potentially higher energy expenditures
resulting from higher prices. Without the effecthimfher prices under the S.139 high technology case,
residential expenditures in the high technology reference case are lower in total than those in any of the
other cases, reflecting projected efficiency gains even without the additional S.139 price incentives.

120 For more details of the assumptions in the high technology case, see Energy Information Adminisisatiptipns to the
Annual Energy Outlook 2003, web site http://www.eia.doe.gov/oiaf/faeo/assumption/pdf/0554(2003).pdf.
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Projected increases in energy prices, coupled with more aggressive assumptions regarding the cost and
availability of more efficient technologies in the future, act to reduce energy demanded by households due
to both conservation and energy efficiency in the high technology cases. Figure 4.8 shows the difference
in energy consumption by service in the high technology cases, relative to the reference and S.139 cases.
For most end-use services, the S.139 high technology case technology assumptions bring about less
energy demand in 2025, because technology improvements in the S.139 high technology case have a
larger impact than lower energy prices, relative to the S.139 case. Lighting, which has relatively
inexpensive energy-efficient technology options, exhibits the greatest percent reduction in demand in the
S.139 high technology case. Compact fluorescent bulbs, which are widely available today, can
significantly decrease the demand for electricity if used on a wide scale. Water heating, on the other hand,
exhibits little opportunity for efficiency improvements in the S.139 high technology case, given the

limited technological options and lower delivered energy prices, relative to the S.139 case. This holds true
for the “other uses” category as well.

Figure 4.8. Index of Residential Sector De livered Energy Consumption by End Use, 2001
and 2025 (index, 2001 = 1.0)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

Impacts on All Electric and Mixed-Fuel Homes
Given that electricity prices increase by more than the price of any other fuel delivered to the residential
sector in the S.139 case, it is important to differentiate the projected impacts in this case based on the mix

of fuels used in the home. Because natural gas and distillate are important fuels for space heating, it is
likely that homes that heat with these fuels, as ogghts electricity, will see less projected increases in
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their energy bills in the S.139 case, since natural gas prices do not increase as much as electricity prices,
and distillate prices delivered to the residential sector decline. Likewise, natural gas is a popular fuel for
water heating, cooking, and clothes drying, while distillate’s use is mainly for space heating.

For this analysis, detailed results from the NEMS residential sector module were examined to develop
prototypical all electric and mixed-fueled single-family hortfé&or the natural gas home, it is assumed

that natural gas is used for space heating, water heating, cooking, and clothes drying, while only space
heating is considered for the distillate hotffeFor both the mixed-fuel and all electric homes, it is

assumed that space cooling is present and used at the same level of intensity. Similarly, it is assumed that
all other electric services, such as personal computers, color televisions, and refrigerators are used at the
same level of intensity across the three prototypes described here.

Figure 4.9 details the increase in expenditures in the S.139 case, relative to the reference case for the all
electric home, as well as the two mixed-fuel homes. As expected, expenditures in the all electric home
increase more than in the two mixed fuel homes. On average, an all electric single-family home can
expect to pay $257 more per year (in 2001 dollars), a 17 percent increase, from 2010 to 2025, in the S.139
case than in the reference case. The natural gas prototype home exhibits the least increase in average
expenditures in the period, increasing by $154 per year over the same period, a 10 percent increase over
the reference case. Since the distillate prototype home relies on electricity for clothes drying, cooking, and
water heating—services that can be provided by natural-gtfse average expenditures over the 2010-

2025 period increase more than those for the natural gas prototype home, even with lower delivered
energy prices in the S.139 case, relative to the reference case. These homes can expect to pay $169 per
year more over the 2010-2025 period, a 9 percent increase over the reference case.

Figure 4.9. Energy Expenditures in Three Prototypical Homes in Two Cases, 2025
(2001 dollars)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

121 single-family homes are chosen because the occupants arbkeigre pay their own energy bills and because they tend to
use more energy.

122 Because the number of homes that heat with distillésssthan half the number thaeudistillate for water heating,
electricity is assumed to be the fuel of choice for water heating.
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Commercial Sector
Background

The commercial sector consists of businesses and other organizations that provide services. Stores,
restaurants, hospitals, and hotels are included, as well as a wide range of facilities that would not be
considered “commercial” in a traditional economic sense, such as public schools, correctional institutions,
and fraternal organizations. In the commerciat@e energy is consumed mainly in buildings, and

relatively small amounts are used for services, including streetlights and water supply.

The commercial sector is currently the smallegheffour demand sectors in terms of energy use,
accounting for 12 percent of delivered energy demand in 2001. The commercial sector was also
responsible for fewer carbon dioxide emissions than the other sectors (18 percent of total U.S. carbon
dioxide emissions) in 2001. The sector has a larger share of emissions than its share of energy use
because of the importance of commercial electricity use. The emissions associated with electricity-related
losses are included in the calculation of emissions from electricity use. As a result, 77 percent of
commercial carbon dioxide emissions in 2001 wera@utliemissions associated with electricity use,

while 23 percent were from direct fossil fuel use in the commercial sector.

Several factors determine energy use and, consequently, carbon dioxide emissions in the commercial
sector. One of the most important is floorspace.dduij location, age, and type of activity also affect
commercial energy use. Currently, total commercial floorspace in the United States exceeds the area of
the State of Delaware and amounts to over 200 square feet for every U.S. resident. Mercantile (retail and
wholesale stores) and service businesses are theamsion type of commercial buildings, and offices

and warehouses are also commion.

Because of the relatively long lives of buildings, tharacteristics of the stock of commercial floorspace
change slowly. Almost half of the commercial buildings in the United States were built before 1970. The
reference case used for this analysis projects that total commercial floorspace will grow at about 1.5
percent annually through 2025. This limits the effects that new, more efficient building practices can
achieve in the near term, but as time passes and building stock “turnover” occurs, current and future
building practices will have a greater effect on commercial energy use.

The composition of end-use services is anothermétant of the amount of energy consumed and the

type of fuel used. The majority of energy use in the commercial sector is for lighting, space heating,
cooling, and water heating. In addition, the proliferation of new electrical devices, including
telecommunications equipment, personal computers, and other office equipment, is spurring growth in
commercial electricity use. Electricity use currently accounts for 49 percent of delivered energy
consumption in the sector, and that share is projected to grow to 52 percent by 2010. In terms of primary
energy use, including electricity losses, electricity accounts for 76 percent of total commercial energy use,
growing to 77 percent by 2010.

Consideration of end-use services leads to another determining factor in commercial energy
consumption—the effects of turnover and change in end-use technologies. The stock of installed
equipment changes with normal turnover as old, voarnequipment is replaced and new buildings are

123 General characteristics of the commercial sector provided in the above paragraphs are from the Energy Information
Administration’s 1999 Commercial Buildings Energy Comption Survey (CBECS) Detailed Tables, available at
http://www.eia.doe.gov/emeu/cbecs/detailed_tables_1999.atdl Energy Information AdministratioA,Look at Commercial
Buildingsin 1995: Characteristics, Energy Consumption, and Energy Expenditures, DOE/EIA-0318(95) (Washington, DC,
September 1998).

91



Energy Information Administration / Analysis of S.139, the Climate Stewardship Act of 2003

outfitted with newer versions of equipment that tend to be more energy-efficient. Equipment with even
greater energy efficiency is expected to be availebé®mmercial consumers in the future. Energy prices
have both short-term and long-term effects on commercial energy use. Fuel prices influence energy
demand in the short run by affecting the use of installed equipment and in the long run by affecting the
stock of installed equipment.

Legislated efficiency standards also affect energy use, by imposing a minimum level of efficiency for
purchases of several types of equipment used in the commercial sector. Two mandates currently affect
commercial appliances: the National Energy Bofct of 1992 (P.L. 102-486, Title Il, Subtitle C,

Section 342), which specifically targets larger-scammercial equipment and fluorescent lighting, and
the National Appliance Energy Conservation Amendm@asECA), which affect commercial buildings

that install smaller residential-style equipment. Examples include standards for heat pumps, air
conditioning units, boilers, furnaces, water heating equipment, and fluorescent lighting.

The degree to which energy-efficient equipmemt atiect energy consumption, and in turn carbon

dioxide emissions, in the commercial sector is limited by the level of efficiency available to commercial
consumers and the rate at which more efficient equipment is purchased. Technologies for all the major
end uses (lighting, heating, cooling, water heating, etc.) are defined by their installed cost, operating cost,
efficiency, average useful life, and first and last dates of availability. These parameters are considered,
along with fuel prices at the time of purchase, in the selection of technologies that provide end-use
services. Commercial consumers are not assumed to anticipate future changes in fuel prices when
choosing equipment. The commercial sector enemsgs a wide variety of buildings, and not all
consumers will have the same requirements and priorities when purchasing equipment. Major
assumptions that take these differences in behavior into account and affect commercial technology
choices are described below.

In making the tradeoffs between equipment cost and equipment efficiency, the diversity in purchase
behavior of the commercial sector is represented diyilaliting floorspace over a variety of hurdle rates.

The distribution is constructed to allow the model to represent the observed decisions regarding the
selection and use of energy-using equipment ircdinemercial sector. Floorspace is distributed over

hurdle rates that range from the 10-year treasury bond rate to rates high enough to cause choices to be
made solely by minimizing the costs of installed equipment (i.e., future potential energy cost savings are
ignored at the highest hurdle rat&)The distribution of hurdle rates used in all the cases for this analysis
is not static: as fuel prices increase, the nonfinancial portion of each hurdle rate in the distribution
decrease¥?

For a proportion of commercial consumers, it is assumed that newly purchased equipment will use the
same fuel as the equipment it replaces. This proportion varies by building type and by type of purchase—
whether it is for new construction, to replace wout-equipment, or to replace equipment that is
economically obsolete. Purchases for new construction are assumed to show the greatest flexibility of fuel
choice, while purchases for replacement equipment have the least flexibility. For example, when space-
heating equipment in large office buildings is replaced, 8 percent of the purchasers are assumed to

124 Rates of return on investments in energy efficiency (referred to in financial parlance as “internal rates of returnijete req
to meet or exceed the hurdle rate. The hurdle rates include both financial and nonfinancial considerations, as described in the
residential footnote on hurdle rates. For more information on the distribution of commercial hurdle rates please see page 32 of
Energy Information Administratiomssumptions for the Annual Energy Outlook 2003, DOE/EIA-0554(2003) (Washington,
DC, January 2003), and Chapter 4 of Energy Information Administrafiotiel Documentation Report: Commercial Sector
Demand Module of the National Energy Modeling System, DOE/EIA-M066(2003) (Washington, DC, March 2003).

125 For the purposes of this study, the financial portion of the hurdle rates is considered to be 15 percent in real teems. A mor
detailed discussion of the hurdle rate response to increases in fuel prices is provided on page 32 of Energy Information
Administration,Assumptions for the Annual Energy Outlook 2003, DOE/EIA-0554(2003) (Washington, DC, January 2003).

92



Energy Information Administration / Analysis of S.139, the Climate Stewardship Act of 2003

consider all available equipment using any fuel or technology, while 92 percent select only from
technologies that use the same fuel as the equipment being replaced. The proportions used are consistent
with data from EIA’s Commercial Buildingsnergy Consumption Survey and from published

literature'®® Considerations such as owner versus developer financing, past experience, ease of
installation, and fuel availability all play a role in fuel choice. This assumption also accounts for some of
the factors that influence technology choices but cannot be measured. For example, a hospital adding a
new wing has an economic incentive to use the same fuel that is used in the existing building.

The availability and costs of advanced technologies affect the degree to which they can contribute to
future energy savings and carbon dioxide emission reductions. Many efficient technologies currently
available to commercial consumers could significantly reduce energy consumption; however, high
purchase costs and the current low level of fuel prices have limited their penetration to date. As more
advanced technologies mature over time, their costs are expected to decline (compact fluorescent lighting
is an example). New technologies, beyond those available today, may also enter the market in the future.
For example, the S.139 high technology case, described below, assumes that by 2005 a triple-effect
absorption natural-gas-fired commercial chiller will be available.

The combination of technology and behavior assumptions determines the commercial-sector price
elasticity for each of the major fuels—that is, how commercial sector demand projections are affected by
changes in energy prices. Specifically, the commercial-sector price elasticity for a particular fuel is the
percent change in demand for that fuel in response to a 1-percent change in its delivered price. Short-run
price elasticities for fuel use in the commercial sector range from -0.20 to -0.29, representing behavioral
changes in the use of equipment, such as adjusengdstats or turning lights off in unoccupied areas.
Long-term price elasticities range from -0.39 to -0.45, reflecting changes in both the use of existing
equipment and the adoption rates for more efficient equiptfiefitese values are within the range cited

in the literature?®

The reference case projects slightly declining electricity and natural gas prices compared to the relatively
high prices experienced in 2001. Commercial electricity and natural gas prices are projected to show an
average decline of 0.4 and 0.6 percent per year, respectively, between 2001 and 2025, reducing the
incentive for commercial consumers to invest iergg-efficient equipment. Projected commercial prices

for petroleum products decline in the near term, and then rise steadily through the end of the forecast,
resulting in an average annual increase of 0.3 percent between 2001 and 2025.

S.139 Case

The S.139 case assumes that the commercial sectdrdsvared by the emissions limits specified in the
proposed legislation, although the commercial sectoipeavide credit for reductions to covered sectors.
As discussed in Chapter 2, this assumption is bas#itedevel of the emissions threshold. A commercial
coverage case, which assumes that the entire commercial sector is covered, was also examined. The

126 Current assumptions use an analysis of data from EIA’'s 1995 commercial buildings survey. Sources for data on consumer

behavior are listed on page A-27 of Energy Information Administralitmael Documentation Report: Commercial Sector

Demand Module of the National Energy Modeling System, DOE/EIA-M066(2003) (Washington, DC, March 2003).

As in the residential model, the long-run elasticities are for 2025 and represent the effects after 20 years of altered price

regimes.

128 Dahl (1993), “A Survey of Energy Demand ElasticitieSirpport of the Development of the NEMS,” US DOE, Contract
Number DE-AP01-93E123499 (October 1993). The Dahl survey incorporated results from other survey articles and from
newer studies, not reviewed previously. From prior survegs,esidential/commercial own-price elasticities for total energy
ranged from -0.012 in the short run (SR) to -0.44 in the long run (LR). Focusing on studies of aggregate time series data,
demand elasticities for electricity from maeeent studies averaged from -0.22 (SR) to -0.91 (LR) for residential andc0.22 t
-0.82 for commercial. For natural gas the averages from more recent studies were -0.13 (SR) to -0.68 (LR) for residential and
-0.26 to -0.99 for commercial.

127
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results of this sensitivity case are discussed following the discussion of commercial sector results for the
S.139 case.

In the S.139 case, commercial sector delivered energy use in 2025 is projected to be 3 percent lower
(Figure 4.10), and carbon dioxide emissions attridatedthe commercial sector, including emissions

from electricity generation, are projected to be 60 percent lower relative to reference case projections,
despite 1.5-percent annual growth in commefftaalrspace from 2001 to 2025. Commercial energy
consumption in the S.139 case is impacted primarily by higher projected electricity prices—46 percent
higher in 2025 compared with the reference case. Although the commercial sector is not required to
participate in the emissions allowance system una@eassumptions for the S.139 case, the power sector

is expected to pass a share of the opportunity costs of allowances on to ratepayers. Commercial sector
purchased electricity use in 2025 is expected to be 12 percent lower in the S.139 case than in the reference
case due to the increased prices (Figure 4.11). Natural gas consumption as a whole is projected to increase
in the S.139 case relative to the reference case, exerting upward pressure on projected natural gas prices
to the commercial sector. Covered sectors shift tdwatural gas use and away from fossil fuels that

produce higher emissions. Higher projected electrjwiiyes increase the attractiveness of distributed
generation, including combined heat and power, irtdmmercial sector, contributing to increased use of
natural gas.

Figure 4.10. Index of Commercial Sector  Delivered Energy Consumption, 2001-2025
(index, 1990 = 1.0)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, ML_COVER_K.D050603A, MLBASE_HT.D052003C, and
ML_HT.DO50503A.

Floorspace expansion in the commercial sector will teagtowth in energy consumption if other factors
remain the same. Figure 4.12 removes the effects of floorspace growth by presenting commercial energy
intensity in terms of delivered energy consumption per square foot of commercial floorspace. Delivered
energy intensity in the reference case is projectéuttease very slightly, 0.1 percent per year, between
2001 and 2025. Projected growth in commercial demand for services is offset by the availability and
continued development of energy-efficient technologies, existing equipment efficiency standards, and
voluntary programs. In the S.139 case, with higher energy prices, the projection for commercial delivered
energy intensity in 2020 is 4 percent below the reference case projection, slightly below its current (2001)
level. Reduction in delivered energy intensity relative to the reference case narrows to 2 percent by 2025
due to increased use of natural gas.
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Figure 4.11. Change in Commercial Delivered Energy Consumption Compared with the
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Figure 4.12. Index of Delivered Energy Intensity in the Commercial Sector, 1990-2025
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When energy prices rise, consumers are expected to reduce energy use by purchasing more efficient
equipment and by altering the way they use energy-consuming equipment. In addition to buying more
efficient boilers and chillers, commercial customers in the S.139 case are expected to choose more heat
pump water heaters and more efficient lighting technologies than they would in the reference case (Table
4.2).

Table 4.2. Market Share for Selected Commercial Technologies in the Reference and
S.139 Cases, 2010 and 2025 (percent)

2010 2025

Technology Reference | S.139 Reference S.139
High-Efficiency Boiler Share of All Boilers ...............cccvvveee... 8 12 14 26
High-Efficiency Chiller Share of All Electric Chillers.............. 3 4 5 15
Heat Pump Water Heater Share of Electric
Water Heating Market...........ccocvevieeeiiiieciie e 3 3 3 7
Compact Fluorescent Share of Incandescent-Style
Lighting Market ........coooiiiiiiiei e 66 68 77 96
Reflectors, Lighting Controls, and Advanced Technology
Share of 4 Foot Fluorescent Lighting Market........................ 14 15 19 48

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

The adoption of more efficient technologies reflects the reaction to rising fuel prices and a change in the
way commercial consumers are expected to logeathase decisions involving energy efficiency if
electricity-related carbon dioxide emissions are limited. Most commercial consumers give some
consideration to fuel costs when buying equipment. A significant increase in fuel prices is expected to
cause consumers to give energy costs greater weight in the purchase decision, by seeking out more
information about energy efficiency options and by accepting a longer time period to recoup the
additional initial investment typically required to obtain greater energy efficiency. While taking client
comfort and employees’ working conditions into comsadion, commercial energy consumers would also

be expected to turn thermostats down (up) a few degrees during cooler (warmer) weather and to be more
conscientious about turning off lights and office equipment not in use.

The fastest-growing commercial end uses, under reference case assumptions, include office equipment
and miscellaneous devices powered by electricity,(eelecommunications equipment, medical imaging
equipment, ATM machines), which are continuing to penetrate the commercial sector. Although
electricity consumption for these end uses wdndldesponsive to the price signals resulting from

emissions reduction efforts in the power sector, their tiretil is expected to be faster than growth in

the end uses that directly consume fossil fuels (primarily space heating and water heating).

The vast majority of the projected commercial seotductions in carbon dioxide emissions in the S.139
case are related to electricity use. Two factors contribute to electricity-related carbon dioxide savings:
reductions in the level of carbon dioxide emitted during the generation of a given amount of electricity (as
discussed in Chapter 5), and reductions in elegtricinsumption. The projection for delivered electricity
consumption in the commercial sector in 2025 for the S.139 case is 12 percent lower than the reference
case projection. Electricity-related carbon dioxide emissin 2025 attributable to the commercial sector

are 77 percent lower in the S.139 case relative teefieeence case, highlighting the result that the vast
majority of reductions in electricity-related emissions in the S.139 case are due to abatement efforts by
the power sector rather than reductions in demand for purchased electricity.
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Because the requirement for the power sector to hold emissions allowances causes a greater percentage
increase in electricity prices than natural gas prices relative to those in the reference case, commercial
consumers are expected to adopt distributed generation technologies, including combined heat and power,
to a much greater extent in the S.139 case than in the reference case. The impacts are most pronounced
toward the end of the forecast period, when projected cost declines for advanced technologies such as fuel
cells and microturbines are expected to occur. In keeping with the typical power and heating requirements
of commercial establishments, the size and uskeoflistributed generation/combined heat and power

systems adopted in the S.139 case are assumed to remain well under the threshold requiring participation
in the proposed emissions allowance systém.

The energy price impacts of the proposed emissions allowance system are seen in the effects on
commercial consumers’ energy bills, in additioritte effects described previously (Figure 4.13).
Commercial sector energy expenditures in the S.139 case are 11 percent ($16 billion in 2001 dollars)
higher than reference case expenditures in 2016 when emissions allowances for covered sectors are
tightened to 1990 levels. By 2025, commercial consumers are projected to pay 25 percent ($46 billion)
more for energy in the S.139 case relative to 2025 energy costs in the reference case.

Figure 4.13. Projected Energy Expenditures in the Commercial Sector, 1990-2025
(billion 2001 dollars)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, ML_COVER_K.D050603A, MLBASE_HT.D052003C, and
ML_HT.DO50503A.

The costs of S.139 expected to be borne by commercial consumers include investments in energy-
efficient equipment as well as the energy expenditures discussed in the previous paragraph. The proposed
legislation attempts to reduce the cost burden to consumers by directing the Corporation to use the
proceeds collected through the auction of emissibbowances for that purpose. A share of the proceeds,
starting at 20 percent in 2010 and declining at 2 percent per year, is to be used for transition assistance to
dislocated workers and communities. The remainder of the proceeds is available for buydowns, rebates,
or other forms of subsidy to lessen the costs to consumers, to be distributed equitably across all U.S.
regions. As described in Chapter 2, the S.139 case includes rebates for energy-efficient equipment for the
major commercial end-use services (space heating, space cooling, lighting, etc.) starting in 2010. Rebates

129 A quantitative discussion of combined heat and power in #89%ase is included in the Industrial section of this chapter.
Figure 4.21 and its associated text include commercial and residential combined heat and power projections in addition to
industrial sector projections.
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to commercial consumers from the Corporation are projected to average $303 million (2001 dollars) per
year between 2010 and 2025 in the S.139 case.

Sensitivity Cases

The majority of the sensitivity cases included in this analysis use the same commercial sector assumptions
as those used in the S.139 case. Two sensitivity cases were analyzed that involve changes to commercial
assumptions. The results of those cases are discussed here. The commercial coverage case requires the
entire commercial sector to participate in the emissions allowance system proposed in S.139. This
sensitivity case was included to explore the potential impact on emission allowance costs of broader
energy use coverage. To make the commercial assursptithe commercial coverage case comparable

with those for other covered sectors, rebates franCibrporation for energy-efficient equipment are not
provided to the commercial sector in this case. The S.139 high technology case includes high technology
assumptions for all end-use demand sectors and the power sector, as described in Chapter 2. While the
commercial sector is excluded from coverage in the S.139 high technology case, the menu of technologies
available reflects increased research and development into more advanced technologies relative to the
technology menu in both the reference case and the S.139 case. Corporation rebates to commercial
consumers for energy-efficient equipment are included in the S.139 high technology case. The S.139 high
technology case will be compared to the high technology reference case described in Chapter 2.

In the commercial coverage case, commercial delivered energy use in 2025 is projected to be 7 percent
lower than in the S.139 case (see Figure 4.10) as allowance requirements drive up the costs of fossil fuel
use. Carbon dioxide emissions attributable to the commercial sector in the commercial coverage case are
11 percent (18 million metric tons carbon equivalent) below the S.139 case projection for 2025. When the
commercial sector is required to hold emissions allowances, the projected adoption of distributed
generation/combined heat and power decreases significantly compared to the S.139 case, reducing on-site
emissions from natural gas use but increasing the need for purchased electricity. The increased cost of
energy-efficient equipment (due to the lack of Corporation rebates) contributes to projected commercial
use of purchased electricity that is 5 percent (81 billion kilowatthours) higher in 2025 than in the S.139
case (see Figure 4.11). Conversely, commercial natural gas use in 2025 is projected to be 18 percent
lower in the commercial coverage case than in the S.139 case as emissions limits lead to lower adoption
of distributed generation/combined heat and power and slightly lower consumption for end-use services
such as space and water heating.

Although treating the commercial sector as covered results in lower commercial energy use and carbon
dioxide emissions, directly limiting commercial sector emissions has little impact on the projected
allowance price (Figure 4.14). Projected allowance prices in the commercial coverage sensitivity case and
in the S.139 case are virtually the same from 2010 through 2025, with less than one dollar difference
between the two cases in 2025. Mandatory commege@br participation in the tradable allowance

system increases the total covered sector emissions and, consequently, the number of offsets allowed in
the 15 percent and 10 percent cap allowed in the bill's alternative compliance provisions. As a result, the
cost of offsets increases in this case relative to the S.139¥&e2016, the projected offset price in the
commercial coverage case is 14 percent higher than in the S.139 case, and that difference is generally
maintained through the end of the forecast.

Annual energy expenditures by commercial consumers in the commercial coverage case, including
allowance costs, total $244 billion by 2025—7 percent above projected 2025 expenditures in the S.139

130 1n most cases, the market price for offsets is expected to clear at prices below the allowance market due to offsket limits an
generally low costs of reductions from offset sources. Chapter 3 of this report includes a detailed discussion of the trading
markets for allowances and offsets.
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Figure 4.14. Projections of Allowance Prices in Two Alternative Cases, 2010, 2015, 2020,
and 2025 (2001 dollars per metric ton of carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.D050503A, and ML_COVER_K.D050603A.

case and 34 percent higher than projected in the reference case (see Figure 4.13). Projected electricity
prices in this case are comparable to those projected in the S.139 case, but the imposed limit on
commercial emissions increases the effective pricésssfl fuels, resulting in higher commercial energy
expenditures.

The S.139 high technology case results in lower projected commercial energy use through the end of the
forecast, relative to the high technology reference case (see Figure 4.10). Projected commercial carbon
dioxide emissions in 2025 are 51 percent lower in this case than in the high technology reference case due
to lower electricity-related commercial emissions. By 2025, the projected commercial electricity price is

36 percent higher in the S.139 high technology case than in the high technology reference case, as the
power sector passes a share of the costs of complaanto consumers in the form of higher prices. The
combination of higher electricity prices, and Corporation rebates that mitigate the net added cost of
efficient equipment keeps projected commercial electricity consumption in the S.139 high technology
case 11 percent below that of the high technology reference case by 2025. Higher electricity prices
increase the projected use of commercial fossil-fuel-fired distributed generation/combined heat and power
relative to the high technology reference case. Projected natural gas prices are higher in the S.139 high
technology case than in the high technology reference case—9 percent higher by 2025. However, the
relative increase in natural gas prices is smalkam the increase in electricity prices between the two

cases, leading to greater projected adoption of natural-gas-driven distributed generation/combined heat
and power in the S.139 high technology case. In the chsolar photovoltaic systems, the optimistic
technology assumptions of the high technology cases and the higher electricity prices of the S.139 high
technology case, relative to the high technology reference case, result in an additional 311 million
kilowatthours (15 percent) of projected electricity generation by commercial photovoltaic systems in

2025.
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Higher projected energy prices outweigh lowegrgy demand, resulting in higher commercial energy

bills in the S.139 high technology case relative to the high technology reference case (see Figure 4.13).
Commercial energy expenditures projected for 2025 in the S.139 high technology case are 20 percent
($33 billion) above projected expenditures in the high technology reference case. Rebates to commercial
consumers from the Corporation in the S.139 high technology case are projected to average $300 million
per year between 2010 and 2025.

Industrial Sector
Background

The industrial sector includes agriculture, mining, construction, and manufacturing actiVities.

sector consumes energy as an input to processes that produce the goods that are familiar to consumers,
such as cars and computers. The industrial sector also produces a wide range of basic materials, such as
cement and steel, which are used to produce goods for final consumption. Energy is an especially
important input to the production processes of industries that produce basic materials. Typically, the
industries that are energy-intensive are also capital-intensive. Industries within the sector compete among
themselves and with foreign producers for sales to consumers. Consequently, variations in input prices
can have significant competitive impacts. Thestrgignificant determinant of industrial energy

consumption is demand for final output.

Although energy is an important factor of production, it is not large in terms of annual manufacturing
expenditures. In 2001, for example, purchased energy expenditures were 2.8 percent of annual
manufacturing outlay§? New technology usually plays a minor role in the pattern of energy

consumption, because technology tends to betosgduce new and improved final products rather

than to reduce energy consumption; however, wigaminvestments are undertaken to introduce

improved production technology, steps to increase energy efficiency also are undertaken. Overall, energy
prices and technological breakthroughs tend to have a rather small impact on industrial energy
consumptiort>®

The industrial demand model forecasts energy consumption for fuels and feedstocks for nine
manufacturing industries and five nonmanufacturing industries. The model includes electricity generated
through combined heat and power systems that israifed in the industrial sector or sold to the

electricity grid. Projections of traditional combined heat and power capacity additions are based on steam
demand from the buildings and the process and assembly components of the industrial sector. These

131 The NEMS industrial model is summarized in more detail in Energy Information Administragsomptions to the Annual
Energy Outlook 2003, DOE/EIA-0554 (2003) (January 2003), pp. 39-51, web site http://www.eia.doe.gov/oiaf/aeo/
assumption/pdf/0554(2003).pdf. Complete documentation for the NEMS industrial model is provided in Energy Information
Administration,Model Documentation Report: Industrial Sector Demand Module of the National Energy Modeling System,
DOE/EIA-M0O64(2003) (January 2003), web site Httpnto.eia.doe.gov/IFTPROOT/modeldoc/m064(2003).pdf.

132 Calculated from U.S. Department of Commeatistics for Industry Groups and Industries: 2001 (January 2003) using
Table 1 and Table 4.

133 For a variety of views, see Doblin, “Declining Energy Intensity in the U.S. Manufacturing S@tieEtergy Journal, Vol.

9, No. 2 (1988); Howarth, “Energy Use in U.S. Manufacturing: The Impacts of the Energy Shocks on Sectoral Output,
Industry Structure, and Energy Intensitytie Journal of Energy and Development, Vol. 14, No. 2 (1991); Jacard, Nyober,
and Fogwill, “How Big is the Electricity Conservation Potential in Industiy#® Energy Journal, Vol. 14, No. 2 (1993);
Steinmeyer, “Energy Use in Manufacturing,” in Hollander, €de Energy-Environmental Connection (Island Press, 1992),
Chapter 10; and Unander et al., “Manufacturing Energyltd§#ECD Countries: Decompitisn of Long-Term Trends,”
Energy Policy, Vol. 27 (1999).
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projections are based on an economic evaluation of 8 prototype combined heat and powet*8ystems,
given the prices of electricity and natural gas.

The industrial sector consists of numerous heterogeneous industries. The industrial model classifies these
industries into three general groups: energy-interisiestries, non-energy-intensive industries, and
non-manufacturing industries (Table 4.3). There are eight energy-intensive manufacturing industries;
seven of these are modeled in the industrial model: food, pulp and paper, bulk chemicals, glass, cement,
steel, and aluminum. Also within the manufacturing group are metal-based durables and the balance of
manufacturing. The eighth energy-intensive industry, petroleum refining, is modeled in detail in the
Petroleum Market Model, a separate module of NEMS, and the projected energy consumption is included
in the manufacturing total. The forecasts of lease and plant fuel and cogeneration consumption for oil and
gas are modeled in the Oil and Gas Supply Module and included in the industrial sector energy
consumption totals (see Chapter 6 for a discussion of the impacts on these sectors and industries).

Table 4.3. Industrial Sectors

Industry | NAICS Codes

Energy-Intensive Manufacturing

FOOO ... 311

Pulp and Paper........ccoocveiiiiiiiiiiiee e 322

Bulk Chemicals.........ccooeiiiiiiiiiiiiee e 32B

GlASS ettt 3272

COMEBNT ..ttt 32731

STEEI 1.t 331111

AIUMINUM e 3313
Non-Energy-Intensive Manufacturing

Metal-Based Durables ...........ccocvveiviiiiiiiiieeinice e, 332-336

Balance of Manufacturing ...........cccccovveeeeiiiine s All remaining manufacturing NAICS
Nonmanufacturing

AGIICURUIE. ... 111-115

Coal MINING......cuviiiieieeiiciiieee e 2121

Oil and Gas EXtraction.........c.cccoeeiiiiiiieeieiiiiiiiieeeeeeee 211

Other MiNING ......evveiiiieee e 2122-2123

CONSITUCTION. ..ttt e s e ee e s sieeeens 233-235

NAICS: North American Industry Classification System.

Note: 32B includes 325110, 325120, 325181, 325188, 325192, 325199, 325211, 325212, 325222, 325311, and
325312.

Source: Energy Information Administration, Industrial Sector Demand Module of the National Energy Modeling
System, Model Documentation 2003, DOE/EIA-MO64(2003) (January 2003), web site http://tonto.eia.doe.gov/
FTPROOT/modeldoc/m064(2003).pdf.

The influence of energy prices on industrial energy gonion is modeled in terms of the efficiency of

use of existing capital, the efficiency of new capital additions, and the mix of fuels used. This analysis

uses “technology bundles” to characterize technologitahge in the energy-intensive industries. This
approach is dictated by the number and complexity of processes used in the industrial sector and the
absence of systematic cost and performance data for the components. These bundles are defined for each
production process step (e.g., coke ovens) for five of the industries and for each end use (e.g.,
refrigeration) in four of the industries. The procetep industries in the NEMS model are pulp and paper,
glass, cement, steel, and alumintiiThe industries for which technology bundles are defined by end use

134 Energy Information Administratiomssumptions to the Annual Energy Outlook 2003, DOE/EIA-0554 (2003) (January
2003), p. 47, web site http://www.eia.dagufpiaf/aeo/assumptiopdf/0554(2003).pdf.
135 The refining industry is modeled separately in the Petroleum Market Module of NEMS.
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are food, bulk chemicals, metal-based durables, and the balance of manufacturing. Energy conservation
from technological change is represented over time by trend-based technology possibility curves. These
curves represent the aggregate efficiency of all new technologies that are likely to penetrate the future
markets as well as the aggregate improvement in efficiency of 1998 technology. Higher projected energy
prices increase the rate of movement along the technology possibility curve, which reduces energy
intensity more rapidly than if prices remained constant. Industrial price elasticity of demand for energy is
an outcome of the model rather than an input assumption. The resulting elasticities range from -0.3 to
-0.5.

During 2001, the industrial sector used 32.7 qliamriBtu of primary energy (including allocated

electricity losses), which accounted for a little over one-third of U.S. primary energy consutiipfios.
associated carbon dioxide emissions of 451 million metric tons carbon equivalent, including 178 million
metric tons attributed to purchased electricity, accounted for 29 percent of U.S. carbon dioxide emissions.

In the reference case, most industrial energy prices are projected to fall slightly for the first few years of
the projection period and then begin to increase slowly. Two important examples are the prices of natural
gas and electricity. Compared with 2001, both these prices are projected to fall slightly, by 0.2 percent
annually. However, between 2010 and 2025, these prices are projected to begin increasing, with the
electricity price projected to increase by 0.3 percent annually and the natural gas price by 1.0 percent
annually. Industrial energy intensity is projected to fall by 1.3 percent annually over the projection period
despite these falling or modestly increasing energy prices. The factors that are expected to produce the
decline in industrial energy intensity despite moderate changes in energy prices include a relative shift
from energy-intensive to less energy-intensive intstreplacement of existing equipment with less
energy-intensive equipment as existing capacity iredstadoption of improved and less energy-intensive
technologies; and the pressures of international competition.

Covered Industrial Entities

S.139 requires that any entity in the industrial sector that emits over 10,000 metric tons of greenhouse gas
per year, measured in units of carbon dioxide equivalence, redeem permits for all such emissions. The
calculations shown in Table 4.4 have been used to determine the percentage of emissions from
combustion of fossil fuels within each manufacturing sector that would come from entities above the
threshold. The calculations do not include indirect emissions from purchased electricity, emissions from
renewable energy sources, or emissions from process activities.

The estimated coverage within the manufacturing sector is similar to that calculated by West a/d Pena.
There are four major differences in the methodoiogyis analysis: emissions imputations in this

analysis are based on value of shipments, rather than number of employees; the 10,000 metric ton cutoff
was applied at the company, rather than facility I&fdahe results were extrapolated to 2001; and the
calculations were made for the sectoral aggregations in the NEMS Industrial Demand Module, rather than
at the 3-digit NAICS$* manufacturing level.

138 Non-combustion uses of energy of 5 quadrillion Btu accounted for 19.8 percent of delivered energy consumption in the
industrial sector. These non-combustion uses of energy were inputs as feedstocks in the chemical industry and as construction
materials in the construction industry.

137 West and Pena, “Determining Thresholds for Mandatory Reporting of Greenhouse Gas EmiEsitnosyhental Science &

Technology, Vol. 37, No. 6 (2003), Table 3.

138 The 1997 Economic Census—Manufacturing provides numbers of establishments in 10 different size gracipsridustry,
based on number of employees, but provides only the number of companies for the overall industry. The average number of
establishments per company was calculated from the industry totals and was assumed to be the same for all size groups.

139 North American Industry Classification System.
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Table 4.4. Estimated Emissions and Facility Coverage Under S.139

Total Annual
CO; Emissions

Percentage of

(million metric Number of Sector's CO ,

Manufacturing Total Number of tons CO ; Establishments Emissions

NAICS Code Sector Establishments equivalent) Covered Covered
311 Food 26,302 46.1 1,353 51.8
322 Paper 5,868 66.1 457 81.1
324110 Petroleum Refineries 244 168.0 227 100.0
32B Bulk Chemicals 2,935 226.7 1,605 97.9
3272 Glass 2,269 8.7 300 94.6
327310 Cement 279 25.8 279 100.0
331111 Steel 279 98.3 181 99.9
3313 Aluminum 400 11.7 211 95.2
332 - 336 Metal Based Durables 130,235 42.4 501 29.2
31-33 nec? Balance of Manufacturing 194,018 94.1 1,843 38.0

Manufacturing Total 362,829 787.9 6,957 83.6

®nec=not elsewhere classified.

Sources: Energy Information Administration (EIA), 1998 Manufacturing Energy Consumption Survey,
http://www.eia.doe.gov/emeu/mecs/MECS98/datatables/contents.html; Energy Information Administration, Annual
Energy Outlook 2003, DOE/EIA0383(2002) (Washington, DC, January 2003); and U.S. Census Bureau, 1997
Economic Census — Manufacturing, EC97M31S-GS, U.S. Department of Commerce, Economics and Statistics
Administration (Washington, DC, 2001).

The number of additional facilities required to report due to common ownership or control is not known.
However, the 84 percent coverage estimate will increase as additional facilities fall into the covered
category. Since the equilibrium emissions allowance price is determined primarily in the power sector, the
model results differ very little if one assumes that 100 percent of manufacturing would be covered.
Consequently, for analysis purposes the main case assumes that the entire manufacturing sector is
covered.

For purposes of modeling S.139, the agriculture sector is excluded from the emissions limits. This
assumption is based on the size limitation, difficulty in measurement, and the apparent intent of the
legislation’s authors.

S.139 Reaultsfor the Industrial Sector

The combined effect of higher energy prices and reduced demand for U.S. industrial products results in
lower energy consumption in the S.139 case than in the reference case. In the S.139 case the projected
average industrial energy price is more than 50 percent higher than the projected average energy price in
the reference case (Figure 4.15). The effective price of all fuels, including the cost of greenhouse gas
allowances, is projected to be higher in the S.139 case. Compared with the projected prices for 2025 in

the reference case, coal prices are projected to be 412 percent higher, natural gas prices 77 percent higher,
and electricity prices 55 percent higher. The projected price increase for coal is attributable solely to the
projected emissions allowance price, whereas both the emissions allowance price and higher demand
contribute to the projected increase in natural gas prices.

Compared with the reference case in 2025, industagdut is $138 billion (1.4 percent) lower in the

S.139 case (Figure 4.16). The non-manufacturing sector incurs the largest percentage reduction in value
of shipments, with shipments in the S.139 case 2.3 pgdmeer than in the reference case, followed by
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Figure 4.15. Industrial Energy Prices in Alternative Scenarios (index, 2001 = 1.0)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D0O50503A.

Figure 4.16. Change in Industrial Value of Shipments Compared with Reference Case,
2025 (percent change from reference case)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303, MLBILL.D050503A, and ML_HT.D050503A.
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the energy-intensive manufacturing industries, which are 1.5 percent lower than in the reference case. The
non-manufacturing result is due to the countervailing impact of an increase in the value of shipments of

oil and gas being more than offset by a large fall in the value of coal shipments (Figure 4.17). While the
value of oil and gas shipments is projected to increase by 4 percent, the value of coal shipments is
projected to be 77 percent lower than in the reference case.

Figure 4.17. Change in Value of Shipments for the Non-Manufacturing Sectors in the
S.139 Case Relative to the Reference Case, 2025 (percent change from
reference case)

20.0%

0.0% L ]

-20.0% -

-40.0% -

-60.0% -

-80.0% -

-100.0%
Agriculture Construction Coal Oil & Gas Misc Mining

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.DO50503A.

Within the manufacturing sector, the hardest hit industries are aluminum, bulk chemicals and steel, all of
which see their shipments in 2025 fall by more than 2.6 percent in the S.139 case compared with the
reference case (Figure 4.18). These three industrigsipate in highly competitive international markets

and would be expected to lose markets if domestic energy prices increase relative to foreign energy
prices. Projections of lower industrial output and higher energy prices reduce the projections for delivered
energy consumption in the industrial sector by 1.&lgllian Btu (5.2 percent) in the S.139 case (Figure
4.19).

Coal consumption is projected to drop sharply in the two S.139 cases, given its extreme price
disadvantage. In the S.139 case, coal consumption in 2025 is lower by 383 trillion Btu (19 percent) than
in the reference case. About two-thirds of the projected reductions in coal consumption are due to
projected reductions in boiler fuel use, with the remainder due to reduced use of metallurgical coal in the
steel industry.

The industrial sector consumes coal mainly as a boiler fuel and for production of coke in the iron and

steel industry. For example, 67 percent of manufagiconsumption of coal was used in boilers in

1998*° Coal-fired boilers have substantially higher capital costs than do gas-fired boilers, because of

their materials handling requirements. For large steam loads, however, coal’s price advantage over natural
gas offsets its capital cost disadvantage in the reference case. In the carbon reduction cases, coal suffers

140 Energy Information Administratiomfanufacturing Consumption of Energy 1998, http://www.eia.doe.gov/emeu/mecs/
mecs98/datatables/d98n6_2.htm.
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from both a capital cost and a fuel cost disadvantage. As a result, a substantial amount of boiler fuel use
switches from coal to natural gas and petroleum products.

The steel industry uses coal coke in the steel production process. The coal coke is either produced
domestically from metallurgical coal or is imported from other countries. In the S.139 case, metallurgical
coal consumption is projected to be 21 percent lower than the reference case in 2025. The reduction has
several causes: substitution of natural gas in production processes, replacement of domestic coke

Figure 4.18. Change in Value of Shipments for the Manufacturing Sectors in the S.139

Case Relative to the Reference Case, 2025 (percent change from reference
case)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

Figure 4.19. Industrial Energy Consumption in Alternative Scenarios (quadrillion Btu)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.
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production with coke imports, replacement of some coke-based steel production capacity with electricity-
based capacity, and reduced production of domestic steel.

Natural gas consumption is subject to two countervailing effects. The effect of generally higher energy
prices, and consequently lower levels of industrial activity, is to reduce natural gas consumption. On the
other hand, due to its lower carbon content, natural gas prices do not increase by as much as the prices of
competing fuels. Since electricity prices are alsoduigthere is a greater incentive to use combined heat

and power technologies to reduce purchased electréiyirements. Consequently, there is an incentive

to increase use of natural gas.

Compared with the reference case, additions to industrial (including refining and oil and gas production)
natural-gas-fired combined heat and power capacity are projected to increase by more than 70 percent in
the S.139 case (Figure 4.20). In the reference pasaral-gas-fired combined heat and power capacity is
projected to increase by 10.3 gigawatts (75 percent) by 2025, while in the S.139 case, natural gas capacity
is projected to increase by 18.0 gigawatts (128 percent). In the S.139 case, industrial natural gas
consumption is projected to be about the same as in the reference case because the impact of increased
combined heat and power use offsets the reduction caused by lower industrial output.

Figure 4.20. Industrial Combined Heat and Power Capacity, 2001 and 2025 (gigawatts)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C,and ML_HT.D050503A.

The buildings sector, which consists of the residential and commercial sectors, also reacts to the improved
economics of combined heat and power in the S.139 case. Buildings and industrial combined heat and
power capacity for several cases are shown in Figg@e Note that in the S.139 case, the commercial

sector is not covered by the emissions restraiiits.commercial sector does incur sharply higher

electricity prices due to cost increases in the electricity sector. At the same time, the effective natural gas
price does not reflect the carbon price. Consequently, additional combined heat and power becomes an
attractive option. In the S.139 case, the buildings sector in 2025 adds 16.2 gigawatts of total combined
heat and power capacity, compared with 1.6 gigawatts in the reference case. However, in the commercial
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Figure 4.21. Total End-Use Combined Heat and Power Capacity, 2001 and 2025
(gigawatts)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, ML_HT.D050503A, and
ML_COVER_K.D050603A.

coverage case, where both electricity and natusapgaes are higher for the commercial sector, total
combined heat and power capacity additions in the buildings sector are reduced to only 1.8 gigawatts.

In the reference case, industrial carbon dioxide emissions are projected to be 140 million metric tons
higher in 2025 than they were in 2001 (Figure 4.22). Emissions attributable to increased electricity
consumption account for almost half the increase. In the S.139 case, electricity-based carbon dioxide
emissions in 2025 are 183 million metric tons (75 percent) lower than in the reference case. In the S.139
case, total industrial carbon dioxide emissions are projected to be 391 million metric tons, which is 15
percent lower than industrial sector emissions in 1990 (458 million metric tons).

Part of the reduction in electricity-based carbon idi@xemissions for the industrial sector is due to 7
percent lower electricity consumption in the S.139 case. The largest portion of the reduction results from
sharply lower carbon intensity of electricity production. In the reference case, approximately 16.6 million
metric tons carbon equivalent is emitted per quadrillion Btu of energy consumption in the electricity
sector in 2025, as compared with only 4.6 million metric tons in the S.139 case.

In 2001, approximately 6,023 Btu of energy was requiogatoduce a dollar's worth of industrial value

of shipments. In the reference case energy intensity continues to fall, and in 2025 it is projected that only
4,379 Btu will be required for each dollar valuarafustrial shipment. The impact of S.139 on industrial
energy intensity results from opposing effects. The effect of higher energy prices is to reduce energy
intensity, whereas reduced or falling output growth lirthissamount of new, less energy-intensive capital
equipment that will be added to the existing sttle&reby retarding the rate of decline in energy

intensity. Additional structural shifts in the cposition of industrial output further reduce energy

intensity. As shown in Figure 4.23, the change in@nettensity varies widely by industry. Even though
agriculture is not a covered sector, this sector does respond to the higher electricity prices that all sectors
would incur.
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Figure 4.22. Industrial Carbon Dioxide Emissi  ons in Alternative Scenarios, 1990, 2000,
2001, and 2025 (million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

Figure 4.23. Industrial Energy Intensity Changes, by Subsector, in Alternative Scenarios
(percent change from 2001)
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Total expenditures for energy purchases in the industrial sector are projected to be $191 billion (2001
dollars) in 2025 in the reference case. In the S.139 case, the effects of higher energy prices are reduced by
fuel switching and reduced consumption. Nevertheless, energy expenditures in 2025 are projected to be
$86 billion (45 percent) higher in the S.139 case (Figure 4.24). The increased industrial energy
exper;ﬂitures equates to 60 percent of the manufacturing sector’s capital expenditures of $144 billion in
2001.

Figure 4.24. Industrial Energy Expenditures in 2025, Change from Reference Case
(billion 2001 dollars)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D0O50503A.

High Technology Cases

The projections of industrial sector energy consumption and expenditures in the S.139 case are based on
the reference case assumptions about technology improvements and likely industrial responses to higher
energy prices. A more optimistic technology outleaduld reduce energy consumption and expenditures.
The S.139 high technology case examines this possibility by imposing the high technology assumptions
that were used in th&nnual Energy Outlook 2003.

In the S.139 case, industrial primary energy consumption is 3.0 quadrillion Btu lower in 2025 than in the
reference case (see Figure 4.19). In the S.139 high technology case, energy consumption is 5.0 quadrillion
Btu lower in 2025 than in the reference case. Due to the lower level of energy demand, the average
industrial energy price in the S.139 high technology case is 12 percent lower than in the S.139 case (see
Figure 4.15). Energy intensity in the industrial sector (thousand Btu per 2001 dollar of value of

shipments) declines by an average of 1.5 percent per year between 2001 and 2025 in the S.139 case,
compared with an average decline of 1.3 percetitdénmeference case. If the technology outlook were

more optimistic, as in the S.139 high technology case, the energy intensity decline would be 1.7 percent
per year. For the paper industry, energy intensity does not decline quite as rapidly in the S.139 high
technology case, due to an increase in biomass consumption (18 percent higher than the reference case in
2025).

141 Calculated from U.S. Department of Commeatistics for Industry Groups and Industries: 2001 (January 2003) using
Table 5.
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Industrial energy expenditures increase by $86 billion in 2025 in the S.139 case (see Figure 4.24).
However, in the S.139 high technology case industriakgy expenditures increase by only 40 percent of
the S.139 case level, or $34 billion, in 2025. This smaller increase in energy expenditures is due to the
combined effects of lower industrial energy consumption and lower energy prices than projected in the
S.139 case.

Imposing the high technology assumptions on the reference case would lower industrial energy
consumption by 2.5 quadrillion Btu in 2025 (Figurg5). In comparison, the S.139 case with reference
case assumptions regarding technology, projects industrial energy consumption to be 3.0 quadrillion Btu
lower than the reference case in 2025. Imposing the industrial sector’s high technology assumptions on
the S.139 case yields an additional 2.1 quadrillion Btu of energy reductions in 2025. In short, the high
technology case and the S.139 case yield energy reductions of the same order of magnitude. However,
when the two cases are combined, the results are not quite additive. If the results were strictly additive,
energy consumption in the S.139 high technology waméd have been 5.5 quadrillion Btu lower than

the reference case as opposed to the projected reduction of 5.0 quadrillion Btu in 2025.

Figure 4.25. Change in Industrial Primar y Energy Consumption in High Technology
Scenarios Relative to the Reference Case, 2025 (quadrillion Btu)
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System runs MLBASE.D050303A, MLBILL.D050503A, MLBASE_HT.D052003C, and ML_HT.D050503A.

Transportation Sector

Background

Based on primary energy use in 2001, transportationrseatbon dioxide emissions were the highest

among the end-use demand sectors and close to the level of carbon dioxide emissions from electricity
generation. About 33 percent of all carbon dioxide emissions and 75 percent of carbon dioxide emissions
from petroleum consumption originate from the transportation sector. In 2001, almost all (97 percent) of
transportation sector emissions resulted from the consumption of petroleum products, which supply 97
percent of the energy consumed for transportation activities. Of the 13.6 million barrels per day oil
equivalent consumed by the transportation sector in 2001, 62 percent was motor gasoline consumption in
light-duty vehicles. Diesel fuel for heavy truckb(percent) and jet fuel for aircraft (11 percent),
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accounted for most of the remainder. Increased fuel use by light vehicles accounted for the majority (52
percent) of the growth in carbon dioxide emissions from 1990 to 2001, but emissions from heavy trucks
and commercial aircraft increased at much faster rates, 2.4 percent per year and 4.4 percent per year,
respectively. This compares to an average annual growth in light vehicle greenhouse gas emissions of 1.6
percent. The increase in greenhouse gas emissions for all modes is due primarily to increased demand for
travel and relatively stagnant fuel efficiency

In order to examine the growth in transportation energy demand and transportation-related greenhouse
gas emissions, the NEMS transportation model addresses all modes of travel, including light vehicle,
heavy vehicle, air, rail, marine, and pipeline. Within the light vehicle mode, new vehicle fuel economy,
sales, and travel are addressed for 12 vehicle sigead, 16 fuel and propulsion system configurations,

and 63 vehicle subsystem technologies. Sales and stocks of vehicles are estimated for the household and
fleet markets, and the vintage of vehicle stocks is tracked. The NEMS transportation model allows
consumers to switch to either smaller size classes or smaller vehicles within a size class. These size class
shifts are dependent on per capita income, fuel prices, and fuel economy. In addition to size class shifts,
the NEMS transportation model also allows for conswshédts away from light trucks (vans, sport utility
vehicles, and pickups) to cars based on increases in fuel prices.

Heavy vehicles are modeled by fleet and non-fleeliegijons for 3 vehicle size classes (Class 3, Classes
4-6, and Classes 7&8). New heavy vehicle fuel econisnegtimated for 4 fuel types using a menu of 37
subsystem technologies. The projections assumeetliveemissions standards for heavy trucks beginning
in 2007 and also assume use of ultra-low-sulfur diesel fuel.

The NEMS transportation model also estimates travel by mode: light vehicle travel is determined by the
cost of driving per mile and per capita income, heavy vehicle travel is a function of industrial output, and
air travel is a function of per capita income and ticket price. In addition, the transportation model

estimates travel demand by mass transit (bus and rail). Because S.139 does not provide policy specifically
addressing the use of mass transit, it was assumed that Federal, State, or local governments would not
institute programs designed to shift personal travel to mass transit as a strategy to further reduce
greenhouse gas emissions in the transportation sector.

Reference Case

Similar to historic trends, projected transportation energy use shows a continued reliance on petroleum
fuels, with petroleum fuels providing approximately 97 percent of the energy demanded by the sector
throughout the forecast. Due to continued demand for transportation services, energy demand increases
from 13.6 million barrels per day oil equivalent in 2001 to 21.7 million barrels per day oil equivalent in
2025. Light vehicle energy demand is responsible for the majority (64 percent) of the increased demand
for energy in the transportation sector. The heavy truck and air modes do not show significant increases in
energy demand until 2005, at which time heavy truck travel increases by 2.8 percent annually and air
travel demand increases by 3.6 percent annually. Travel demand for all modes is projected to increased
through 2025. Between 2001 and 2025, light vehicle travel is projected to increase by 2.3 percent
annually, heavy vehicle travel by 2.6 percent annually, and air travel by 3.0 percent annually.

Vehicle efficiency in the reference case is projected to increase moderately over the projection period for
all modes of travel. For light-duty vehicles, new vehicle efficiency increases from 24.1 miles per gallon in
2001 to 26.4 miles per gallon in 20#5This increase reflects the new corporate average fuel economy
(CAFE) standard for light trucks (22.2 miles per gallon by 2007) as well as fuel economy improvements
resulting from the increased used of advanced technologies. Heavy-duty vehicle fuel economy increases

142 New light vehicle fuel economy estimates provided in this report reflect tested values.
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from 6.0 miles per gallon in 2001 to 6.5 miles per gallon in 2025 in the reference case. Increases in heavy
truck fuel economy are slowed significantly through 2010 as the new emissions standards come into
effect in 2007. The 2007 emissions standards willirequew emission control equipment, such ag NO
adsorbers, which will have an adverse effect on fuel economy. Aircraft efficiency is projected to increase
from 51.2 seat-miles per gallon in 2001 to 60.7 seat-miles per gallon in 2025. Efficiency improvements
are realized through improved load factors as well as increased aircraft efficiency.

The reference case projects that emissions of carbon dioxide from the transportation sector grow at an
average annual rate of 2 percent through 2025, making it the largest and fastest growing source of new
carbon dioxide emissions among the end use se@orsparatively, carbon dioxide emissions from the
residential sector increase by 1.1 percent annually, carbon dioxide emissions from the commercial sector
increase by 1.6 percent annually, and carbon dioxide emissions from the industrial sector increase by 1.1
percent annually. By 2010, greenhouse gas emissions from the transportation sector increase to 628
million metric tons carbon equivalent (a 22 percent increase over 2001 levels) and by 2025, greenhouse
gas emissions increase to 826 million metric tons carbon equivalent (a 61 percent increase over 2001
levels).

S.139 Case

Under S.139, refiners and importers are required to purchase greenhouse gas emission allowances for
petroleum products sold for transportation use. Refiners are also required to purchase allowances for fuel
consumed in the refining of crude oil. The effective price (including greenhouse gas allowance costs) of
petroleum products consumed in the transportation sector is higher in all greenhouse gas reduction cases
because of the cost of the greenhouse gas allowances (see Chapter 6 for a detailed discussion of fuel price
impacts). Among highway fuels, gasoline is the petroleum product most affected due to its large
consumption in the transportation sector. As a result, there is a measurable impact on energy demand for
transportation.

S.139 provides a framework for reducing transportation sector greenhouse gas emissions through the
allocation of tradeable greenhouse gas credits forawneal fuel economy. Under the bill, light vehicle
manufacturers can earn greenhouse gas credits ifttkasured CAFE exceeds the CAFE standard by 20
percent in years 2010 and beyond. Manufacturers’ decisions to participate will be driven by the required
improvement in their CAFE, the number of allowances awarded, and the market value of those
allowances. In order to achieve increases in CAFE, manufacturers might employ new technologies,
downsize vehicles, or offer pricing incentives to shift consumers into more efficient vehicles. For this
analysis, it is assumed that manufacturers will chooseto adopt new technologies in their efforts to
increase vehicle fuel economy, thus preserving vehidiey, comfort, performance, and occupant safety.

The NEMS transportation demand model estimates fuel economy through two separate submodules: (1)
the Manufacturer Technology Choice Model (MTCM) and (2) the Consumer Vehicle Choice Model
(CVCM). The MTCM is an engineering based model that examines a menu of 63 subsystem technologies
for fuel economy improvement, performance improvement, or to meet legislative requirements (safety
and emissions standards). Subsystem technology pgoetis estimated by comparing technology cost

to consumer willingness to pay for fuel economypiovement and/or increased horsepower. CAFE fines
related to non-compliance also impact a manufacturers’ decision to adopt new subsystem technology for
fuel economy improvement. Subsystem technology adoption is estimated for 16 vehicle types
(conventional gasoline, diesel, hybrid, fuel cell, etc.) by 12 vehicle size classes (6 car and 6 light truck).
The CVCM estimates vehicle type market peneairaliy vehicle size class. This submodule employs a
multinomial nested logit model with coefficients #vehicle attributes (vehicle price, range,

acceleration, fuel cost, fuel availability, maintenance cost, multi-fuel capability, battery replacement cost,
and luggage space) that vary by size class.
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To capture the impact of the CAFE provision id3, the NEMS transportation model was modified so
that manufacturers evaluate the opportunity cost associated with meeting the 20 percent fuel economy
improvement. As the model evaluates the choice decision for technology adoption, the opportunity cost
associated with the potential fuel economy improvement is included in the cost equation, similarly to the
way a manufacturer might evaluate a CAFE fine for noncompliance. The analysis reflects a gradual
increase in participation by vehicle manufacturers over time, accounting for the relative difficulty
manufacturers will experience in improving CAFE based on their vehicle sales mix. For example, in
2001, domestically manufactured Toyota and Honda passenger cars and imported Suzuki passenger cars
had CAFE ratings that exceeded the current CafaBdard by 20 percent, but several other

manufacturers failed to meet the standard, including BMW, Porsche, Lotus, atd Fitvariation in

CAFE achieved by these manufacturers is a reflection of the mix of vehicles sold and the performance
characteristics of those vehicles. The largest disparity in measured CAFE was between domestically
produced Hondas (36.3 mpg) and imported Fiats (13.7 mpg).

Delivered energy prices for the transportation sector increase significantly in the S.139 case compared to
the reference case (Figure 4.26). In the S.139 case, gasoline fuel price in 2001 constant dollars increases
by 40 cents per gallon (27 percent) above the reference case price, while diesel increases by 52 cents per
gallon (35 percent). By themselves, these increases in fuel prices move consumers toward more fuel-
efficient vehicles signaling a market for increased fuel economy, which provides additional incentive for
manufacturers in meeting the CAFE threshold. Jetdodlresidual fuel both experience significantly

higher increases compared to the reference case at 54 percent (49 cents per gallon) and 111 percent (66
cents per gallon), respectively.

In the S.139 case, gasoline prices in 2010 are 13 percent higher when compared to the $1.42 per gallon
price in the reference case. By 2025, gasoline prices increase to $1.90 per gallon, $0.40 higher than the

Figure 4.26. Increase in Transportation Fuel Prices in the S.139 Case Relative to the
Reference Case, 2025 (percent)

120% - 111

100% -

80% -

60% - 54

40% - 35
27

20% -

0%

Gasoline Diesel Jet Fuel Residual

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

143 U.s. Department of Transportation, National Highway Transportation Safety AdministBationary of Fuel Economy
Performance (Washington, DC, March 2002), p. 6.
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reference case (Figure 4.27). In addition, other petroleum-based fuel prices continue to increase over the
projection period, as the transportation sector purchases additional greenhouse gas allowances to comply
with the greenhouse gas cap. As shown in Figu28, the other transportation fuels follow price

trajectories similar to those for gasoline, with diesel fuel increasing to $1.99 per gallon by 2025.

Petroleum product prices increase in 2003 as a result of higher world oil prices. The price increase
subsides in subsequent years as the projected world oil price first decreases from current levels and then
slowly rises.

Figure 4.27. Motor Gasoline Prices, 1990-2025 (2001 dollars per gallon)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

Figure 4.28. Transportation Fuel Prices in the S.139 Case (2001 dollars per gallon)
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In the S.139 case, new light vehicle fuel economy in 2025 is 29.0 miles per gallon, compared with 26.4
miles per gallon in the reference case (Figure 4.29). Increased fuel economy results from the adoption of
new subsystem technologies to meet the 20 pe@ARE threshold for light-duty vehicle manufacturers

to receive an allocation of greenhouse gas emission allowances under S.139, as well as a slight shift in
demand for smaller size class vehicles. Due to the market for specialty vehicles (high-performance sports
cars, for example), some manufacturers will opttagtarticipate in the CAFE credit program on certain
nameplates. As a result, fuel economy for the new vehicle fleet does not achieve a full 20 percent increase
above the required standard.

Figure 4.29. New Light Vehicle Fuel Economy (miles per gallon)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

New cars and light trucks contribute equally to the increase in average light vehicle fuel economy. Fuel
economy for cars in 2025 increases from a reference case value of 30.1 miles per gallon to 32.9 miles per
gallon in the S.139 case, an increase of 9.5 percent (Figure 4.30). New light truck fuel economy in 2025
increases from 23.5 miles per gallon in the reference case to 25.8 in the S.139 case, an increase of 9.5
percent. New car fuel economy in 2025 is 19.6 percent higher and new light truck fuel economy is 16.1
percent higher than the CAFE standards.

The impact of S.139 was also examined without the provision for providing an allocation credit for a 20
percent increase in new light vehicle fuel economy. In this case, fuel economy for new light-duty vehicles
increases to 27.8 miles per gallon in 2025, compared to 29.0 miles per gallon in the S.139 with CAFE
credit case. Compared to the CAFE standards, new car fuel economy in 2025 is 14.4 percent higher (31.5
miles per gallon) and new light truck fuel economy is 11.2 percent higher (24.7 miles per'§allon).
Light-duty vehicle fuel use increases in this casdiveldo the S.139 case, which results in higher fuel

prices due to increased carbon allowance costs. As a result of higher energy prices and lower vehicle
efficiencies, the cost of driving increases, which in turn causes a decrease in light vehicle travel relative to
the S.139 case.

The transportation sector is the only end use sector that does not reach 1990 carbon dioxide emissions
levels by 2025 in the S.139 case (Figure 4.31), as is expected under a trading system, where more

144 Energy Information Administration, Office of Integratadalysis and Forecasting, National Energy Modeling System run
MLBILL.D061703A.
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cost-effective reductions are achieved in other ensegtors. For this case, carbon dioxide emissions are
reduced by 10 percent compared to the reference case. Almost all of the transportation-related greenhouse
gas emission reductions in the S.139 case result from decreased energy demand in the light vehicle mode.
In the S.139 case, light vehicle energy use in 2025 is reduced by 12 percent (1.68 million barrels per day),
accounting for 87 percent of the total reduction in greenhouse gas emissions from the transportation
sector. The remainder of the total reduction in transportation-related greenhouse gas emissions results
from reduced energy demand for heavy trucks (accounting for 6.0 percent of the sector’s total emissions

Figure 4.30. New Light Vehicle Fuel Economy in 2025 Compared to 2001
(miles per gallon)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

Figure 4.31. Transportation Carbon Dioxide Emissions in 2025 Compared to 1990 and
2001 Levels (million metric tons carbon equivalent)
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System runs MLBASE.D050303A and MLBILL.D0O50503A.
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reduction), air travel (2.6 percent), and otherdtamodes (4.2 percent). For light-duty vehicles,

decreased energy use results from increased fuel economy and reduced travel. As discussed above, new
vehicle fuel economy increases by 2.6 miles per gallon over the reference case by 2025, and the average
fuel economy for all vehicles in the fleet increases by 1.3 miles per gallon (6 percent). The average annual
growth in light vehicle travel decreases from 2.3 percent in the reference case to 1.9 percent in the S.139

case. This equates to an annual reduction in light vehicle travel of 338 billion miles (8.2 percent) by 2025.

Total energy demand by mode is illustrated in Figure 4.32. Higher fuel prices do not result in a significant
change in heavy truck efficiency because of the high power requirements of the engines. As a result, by
2025, new heavy truck fuel economy in the S.139 case increases by 4 percent, to 6.8 miles per gallon. The
main source of reductions in diesel fuel use is the response to overall lower economic activity and

demand for goods, which leads to lower freight travel. Reduced industrial output results in a 1 percent
decrease in heavy truck travel by 2025, relative to the reference case.

Figure 4.32. Transportation Energy Use by Mode (million barrels per day)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

Personal, business, and international air travel are expected to decline marginally (1.2 percent) due to
higher ticket prices and decreased disposable income compared to the reference case. Aircraft efficiency,
measured as seat-miles per gallon, is projected to increase by 1.0 percent over the reference case by 2025.

The remaining reductions in energy use are due primarily to reduced freight shipments by rail, which

result from decreased coal shipments as utilities shift demand to natural gas and other low greenhouse gas
fuel sources to generate electricity. In the S.139 case, 2025 freight travel by rail is 32 percent lower than

in the reference case.

As a result of the increased fuel prices, fuel expenditures increase for all modes of travel, with the
exception of rail, in the S.139 case compared to the reference case. Even though light vehicle travel
decreases and light vehicle fuel economy increases, by 2025 annual light vehicle fuel expenditures in the
S.139 case are $35.6 billion (11.5 percent) higher than in the reference case in constant 2001 dollars
(Figure 4.33). Compared to the reference case, annual fuel expenditures for heavy truck travel increase by
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$26.6 billion (34.8 percent) by 2025 in S.139 case and fuel expenditures for air travel increase by $17.3
billion (50.7 percent).

Figure 4.33. Increase in Transportation Fuel Expenditures in the S.139 Case Relative to
the Reference Case, 2025 (billion 2001 dollars)

40
35.6

35
301 26.6
25
20 | 17.3
15 1
10

5 4

0 ‘ ‘

Light Vehicle Heavy Vehicle Air

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.DO50503A.

S.139 High Technology Case

The transportation assumptions for the high technology cases reflect lower costs, higher efficiencies, and
earlier introduction dates for new technologies. The high technology reference case is based on these
assumptions alone, whereas the S.139 high technology case includes the optimistic technology
assumptions and the manufacturer CAFE incentivpqe®d in S.139. Figure 4.34 illustrates the percent
increase in efficiency by mode of travel for the high technology cases relative to the reference case. For
the high technology reference case no additional fuel efficiency improvement is projected for new heavy
vehicles due to the lack of economic incentives (higher fuel prices) and due to the significant investment
in emission control technologies needed to meet the Environmental Protection Agency’s 2007 and 2010
Rules. Relative to the high technology reference case, efficiency improvements are realized for the light
vehicles, heavy vehicles, and aircraft in the S.139 high technology case. The more optimistic assumptions
reflected in the S.139 high technology case provide the economic incentive needed to increase the
penetration of advanced fuel efficiency technologies in the heavy truck market. Efficiency of rail and
marine travel shows closely matched improvements in the two high technology cases, because the
maximum efficiency improvement is achieved in both cases. In the S.139 high technology case, new light
vehicle fuel economy increases by 18.6 percent (4.9 miles per gallon), heavy truck efficiency increases by
6.1 percent (0.4 miles per gallon), aircraft efficiency (seat miles per gallon) increases by 11.5 percent, rail
efficiency (tons-miles per Btu) increases by 14.2 percent, and marine efficiency (ton-miles per Btu)
increases by 6.8 percent relative to the reference case.

As shown in Figure 4.35, the lower costs and advaimteatiuction dates assumed in the high technology
cases provide light vehicle manufacturers the ability to achieve higher fuel economies in their new
vehicles. Compared to the reference case, by 2025 new vehicle fuel economy is 2.5 miles per gallon
higher (9.6 percent) in the high technology reference case and 4.9 miles per gallon higher (18.5 percent)
in the S.139 high technology case. The majority of the fuel economy improvement gained in the high
technology reference case occurs between 2010 and 2015, but in the S.139 high technology case fuel
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economy continues to increase as a result of the CAFE credit program and higher fuel prices realized
from enacting the proposed S.139 legislation. As a result of this, as well as efficiency improvements
realized across all sectors, carbon allowance prices are lower in this case, leading to lower fuel prices than

in the S.139 case.

Figure 4.36 shows transportation fuel prices forréierence, high technology reference, S.139, and

S.139 high technology cases. For the high technology reference case, all fuel prices, except residual fuel,
decrease relative to the reference case as a result of reduced energy use achieved from improved
efficiency. Fuel prices for both cases evaluating proposed S.139 legislation show the increases in fuel

Figure 4.34. Efficiency Improvements by Mode in the High Technology Cases Relative to
the Reference Case, 2025 (percent)
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Figure 4.35. New Light Vehicle Fuel Economy Across Cases (miles per gallon)
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Figure 4.36. Transportation Fuel Prices Across Cases, 2025 (2001 dollars per gallon)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
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price resulting from imposed caps on greenhouse gas emissions. Comparing the S.139 and S.139 high
technology cases, residual fuel and jet fuel show the largest declines in price in 2025, decreasing by 17.1
percent and 15.0 percent, respectively, in the high technology case.

Compared to the high technology reference case, vehicle efficiency increases in the S.139 high
technology case, but the higher fuel prices result in increased travel costs, which reduce travel demand.
The average annual growth in light vehicle travel is 2.2 percent in the S.139 high technology case, 0.1
percentage points lower than the growth projected in the reference case. This equates to an annual
decrease in light vehicle travel of 134 billion miles (3 percent) by 2025 in the S.139 high technology case
compared to the high technology reference case. In the S.139 high technology case, highway freight and
air travel remains at levels similar to those projected in the high technology reference case, while 2025
rail and domestic marine travel decrease relative to the high technology reference case.

Figure 4.37 shows 2025 incremental fuel expenditinethe high technology cases compared to the
reference case. Because fuel prices decrease and vehicle efficiency increases in the high technology
reference case relative to the reference case, fuel expenditures for light vehicle and air travel decrease
relative to the reference case. By 2025, annual light vehicle fuel expenditures in the S.139 high
technology case increase by $28.9 billion in constant 2001 dollars relative to the high technology
reference case. In 2025, annual fuel expenditures for heavy truck travel increase by $11.9 billion and air
travel fuel expenditures increase by $9.7 billion by 2025 in the S.139 high technology case relative to the
high technology reference case.

As a result of the increased fuel efficiency in highway vehicles and aircraft in the high technology
reference case, 2025 carbon dioxide emissions are reduced 46 million metric tons in the transportation
sector relative to the reference case. As illustrated in Figure 4.38, carbon dioxide emissions from the
transportation sector are reduced an additional 60 million metric tons (7.7 percent) in the S.139 high
technology case when compared to the high technology reference case. In 2025, transportation carbon
dioxide emissions projected for the S.139 high technology case exceed 2001 levels by 205 million metric
tons carbon equivalent (40 percent).
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Figure 4.37. Change in Transportation Fuel Expenditures in the High Technology Cases
Relative to the Reference Case, 2025 (billion 2001 dollars)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE_HT.D052003C , and ML_HT.D0O50503A.

Figure 4.38. Transportation Carbon Dioxide Emissions in 2025 Compared to 1990 and
2001 Levels (million metric tons carbon equivalent)
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5. Electricity Supply

Background

Historically, the electricity supply sector has useativarse mix of fuels to meet consumers’ electricity

needs (Figure 5.1). The fuels used include coal, oil, natural gas, nuclear, hydroelectric, wood, waste,
geothermal, solar, and wind. In the early 20th century the industry began with small hydroelectric
facilities built to provide electricity for city lights. As the uses of and demand for electricity grew, the
industry increasingly turned to fossil fuels—coal, oil, and natural gas. By 1950 fossil fuels accounted for
nearly 70 percent of total U.S. electricity generation, and their share continued to grow, exceeding 82
percent by 1970. Through the 1970s and 1980s the growth of nuclear and hydroelectric power, together
with the declining use of oil, reduced the role of fossil fuels in electricity production. By 1990, the share
of electricity accounted for by fossil fuels was just under 70 percent. Since 1990, however, almost all the
new capacity added has been fueled by natural gas. Even with the increasing output from existing nuclear
plants and the growth in some renewable technologies—particularly wind—the share of electricity
accounted for by fossil fuels has again started to grow.

Figure 5.1. Electricity Generation by Fuel, 1950 to 2001 (billion kilowatthours)

2001
- Shares
m QOil
4,000
4500 O Renew able 4%
' 1 Natural Gas 8%
3,000
M Nuclear 16 %
()
2,500 I Coal
2,000 - 21 %
1,500
1,000 -
500 -
0 51%

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Source: Energy Information Administration, Annual Energy Review 2001, DOE/EIA-0384(2001) (Washington, DC,
November 2002), Table 8.2a.

Because of its strong dependence on fossil fuels, the electricity supply sector accounted for 39 percent of
total U.S. carbon dioxide emissions in 260As a result, the imposition of a greenhouse gas emissions
limit will affect all aspects of the electricity supply sector. It will affect the choice of fuels used to

produce electricity, the types of plants built to meet growing consumer electricity needs, the future price
of electricity that consumers will face and their responses to them, and the level of other emissions—
sulfur dioxide, nitrogen oxide, and mercury—often associated with electricity production from fossil

fuels. As might be expected, numerous uncertainties exist. Key uncertainties for the electricity sector
include the role that new technologies might or migit play, and how emission allowances might be
treated in electricity pricing in various regions of the country.

145 while S.139 targets all greenhouse gases, the balance of this chapter will focus on energy-related carbon dioxide emissions.
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Generation by Fuel

Over the next 20 years, without a greenhouse gas emissions cap, the power sector is projected to remain
heavily dependent on fossil fuels, particularly coatl,dn a growing degree, natural gas. In the reference
case, fossil fuels are projected to account for 76 percent of total generation in 2020 and 78 percent in 2025
(Figure 5.2). The vast majority of new power plantstlmiker the next 20 years are expected to be fueled

by natural gas. Relative to other technologies, new natural gas combustion turbine and combined cycle
plants are less expensive to build, and their improving efficiencies help to offset the higher cost of natural
gas relative to other fuels, such as coal. As the price of natural gas rises over time, new coal plants are
projected to become increasingly economical later in the projections. Without a greenhouse gas emissions
limit, new plants using non-carbon-based fuels such as renewables and nuclear are not expected to be
widely competitive when new generating capacity is needed. New renewable plants, particularly new

wind plants, are projected to play a role in some areas, but not enough to increase their share of total
generation. Total renewable generation is projected to accounted for 9.8 percent of total generation in
2010, 8.9 percent in 2020 and 8.4 percent in 2025. Between 2000 and 2025 wind capacity, stimulated in
part by State and Federal programs, is projected to more than quadruple; however, generation from wind
plants still is expected to account for just over 0.5 percent of total generation in 2025.

Figure 5.2. Reference Case Electricity Generation by Fuel, 2000, 2010, 2020, and 2025
(billion kilowatthours)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System run MLBASE.D0O50303A.

The role of non-carbon-based fuels in the generation of electricity is projected to change dramatically if a
greenhouse gas emissions cap is imposed. In addition, generation from fossil technologies equipped with
carbon capture and sequestration equipment is also expected to grow (Table 5.1). As discussed in

previous chapters, the electric power sector is projected to account for a large portion of the greenhouse
gas emission reductions needed to meet the cap on the covered sectors. To do so, the electric power sector
will have to increasingly turn to low- or zero-carbon technologies.

To comply with the greenhouse gas limit the electric power sector is projected to turn away from coal
generation towards renewable, natural gas and nuclear generation (Figures 5.3 and 5.4). By 2025, coal
generation is projected to be 2,243 billion kilowatthours (80 percent) lower in the S.139 case than in
the reference case. In contrast, renewable generation is projected to be 699 billion kilowatthours
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Figure 5.3. Electricity Generation by Fuel in the S.139 Case, 2000, 2010, 2020, and 2025
(billion kilowatthours)
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Sources: History: Energy Information Administration, Annual Energy Review 2001, DOE/EIA-0384(2001)
(Washington, DC, November 2002), Table 8.2a. Projections: Energy Information Administration, Office of
Integrated Analysis and Forecasting, National Energy Modeling System run MLBILL.DO50503A.

Figure 5.4. Change in Electricity Generation Fuel Mix, 2020 and 2025
(billion kilowatthours and percent change from reference case)
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(143 percent) higher in the S.139 case than in the reference case in 2025. Natural gas (695 billion
kilowatthours and 42 percent) and nuclear (393 hilkilowatthours and 50 percent) generation are also
projected to be higher in the S.139 case in 2025, while overall electricity demand is lower by 593 billion
kilowatthours (11 percent) as consumers reduce their use of electricity. The imposition of a greenhouse
gas emission cap simply makes it uneconomical to continue using coal in existing plants without carbon
capture and sequestration equipment. For example, in 2025 in the S.139 case, the delivered price of coal
to the power sector is projected to be $0.90 per million Btu, $0.21 less than the $1.11 price projected in
the reference case. However, the effective cost oftodhE power sector in the S.139 case is projected to

be $6.53 per million Btu - $0.90 per million Btu for the coal plus the $5.62 per million Btu for the
allowances needed to use it. In effect, coal costs in the S.139 case in 2025 are 488 percent higher than the
$1.11 per million Btu projected in the reference case.

In the S.139 case, renewable power sources, espdiiaihass, wind, and geothermal energy resources,

are projected to play an increasing role in meeting the growing demand for electricity while also helping

to reduce greenhouse gas emissions. Renewable energy resources are generally considered to be net zero
emitters of carbon. Electric generation from most renewable resources, such as wind, solar, hydroelectric,
or geothermal, involves no direct emissionsabon dioxide or other gaseous carbon compounds. On

the other hand, the use of biomass and other organic materials does produce direct carbon emissions when
electricity is produced. However, biomass fuel sources, such as agricultural wastes, urban wastes, or
dedicated energy crops, all fix atmospheric carbonsitoda enough time scale (years or at most a few
decades) to be effectively considered net zero emitters of carbon in the mid- to long term. In other words,
while carbon is released when biomass is burned, almost the same amount of carbon is “captured” when
the biomass products—agricultural wastes, urban wastes, or dedicated energy crops—are grown, resulting
in near zero net emissions over time.

Among the renewables, the largest response to the greenhouse gas emissions cap is projected to come
from biomass, wind, and, to a lesser extent, geothdifahle 5.2 and Figure 5.5). For example, in 2025,
biomass, wind and geothermal generation in ti8%case are projected to be 406, 248, and 39 billion
kilowatthours, respectively, above the reference case level. In terms of generation shares, biomass, wind,
and geothermal account for 1.3, 0.6, and 0.7 percent of total generation, respectively, in 2025 in the
reference case, and are projected to account for 9.1, 5.3 and 1.5 percent of total generation, respectively,
in the S.139 case. The imposition of a greenhouse gas emissions cap is expected to make new dedicated

Table 5.2. Renewable Generation by Fuel in the Reference and S.139 Cases, 2010, 2020,
and 2025 (billion kilowatthours)

2010 2020 2025
Fuel 2000 | Reference S.139 Reference S.139 Reference S.139

Hydroelectric................... 275.3 305.1 305.1 304.3 304.2 304.6 304.3
Geothermal ..........cccoeenee 14.1 22.0 44.6 33.4 73.1 38.1 77.2
Municipal Solid Waste..... 22.6 314 37.3 33.8 39.8 34.0 40.0
Biomass........cccovvvveennnen. 37.8 59.0 64.4 70.5 352.7 76.8 482.5
Solar ... 0.5 1.8 1.8 2.9 3.2 3.8 4.3
Wind.....cooovieiiiieie, 5.6 22.9 112.5 29.2 277.7 32.0 280.1

Total .vvveeceeeceeeee 355.9 442.3 565.8 474.1 1,050.6 489.4 1,188.4

Sources: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.
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Figure 5.5. Renewable Generation in the Reference and S.139 Cases, 2020 and 2025
(billion kilowatthours)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.DO50503A.

biomas&'® and wind plants relatively attractive. Except for a small amount of carbon released through the
use of fossil fuels in the cultivation and transportation of biomass material, new biomass plants will be

part of a closed loop system, sequestering carbon during the growing of the crops and releasing it when
the crops are gasified and burned. Total net carbon emissions from biomass are expected to be near zero.
Wind and geothermal produce no greenhouse emisdi@ve dedicated biomass plants are especially
attractive because they are fully dispatchatfle;nereas new wind plants produce power intermittently,

only when the wind is blowing. Biomass can also be used in conjunction with other fuels, particularly

coal (often referred to as biomass co-firing).

Capacity Additionsand Retirements by Plant Type

The change in capacity additions generally parallels the change in generation by fuel. As mentioned, in

the reference case, over the next 20 years or so the vast majority of new power plants built are expected to
be fueled by natural gas. In fact, of the 440 gigawatts of new capacity projected to be added in the power
sector in the reference case, 347 gigawatts (79 percent) is expected to be natural gas combustion turbine,
combined-cycle, fuel cell, or distributed generation plants (Figure 5.6). In the later years of the

projections, as natural gas prices rise, new coal plants become increasingly economical. A relatively small
amount of new renewable capacity is also projected. No new nuclear plants are expected in the reference
case.

The introduction of a greenhouse gas emissions cap is projected to lead to a dramatic change in the mix of
new capacity built and capacity retired. To meet the greenhouse gas emissions limit, electricity suppliers

146 Dedicated biomass plants are plants built specifically to biamass, normally co-located with a biomass crop facility.
147 Fully dispatchable means that the plant can be run whenever called upon by the system operator.
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Figure 5.6. Capacity Additions by Plant Type, 2001-2025 (gigawatts)

O Reference

300 HS.139

250 -

200

150 A

100

0 O []
N
Oofb' ,'\\‘O(\ \\é@ ;QOQ \(\Q} \Q:b',\ {b"o\Q; R 0\6 N &
N4 C N 3 S N & o
& & & % < N @
& & & & & 14
) O o) X
< S & & &
$\® © & o&\Q ®
N 2 O S
o & F
¢ &)
S
&
O
&
®

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

are expected to turn to new renewable, nuclear, and fossil (with carbon capture and sequestration) plants.
These technologies are generally uneconomical in the reference case. For example, construction costs for
new natural gas plants with carbon capture and sequestration equipment are about 75 percent more than

the costs of similar plants without such equipment (Table 5.3). In addition, the efficiency of such a plant

is approximately 25 percent less than that of a plant without carbon capture and sequestration equipment.

In all cases, as the commercialization of a technology progresses, capital costs are assumed to decline as a
result of “learning-by-doing” effects, which indicate that costs fall as experience increases. This is
represented by assuming a specified cost reduction for each doubling of capacity. The greatest amount of
learning is assumed to occur during the initial stages of development. As a technology matures, the cost
declines due to learning slow down.

New technologies are projected to become more competitive in a case that assumes more rapid
technological improvement (as shown in the high technology assumptions in Table 5.3). The newer
technologies tend to experience a greater relative reduction in cost and greater performance improvement
over time than do the existing commercial technologies. Thus, the competitive gap closes with more rapid
technology improvement.

Among the renewables a large increase in biomass, wind, and to a smaller extent, geothermal capacity is
projected when a greenhouse gas emission cap is imposed. Solar and conventional hydroelectric capacity
is not expected to be significantly affected. Although they are available throughout the United States,
biomass resources generally are better in some portions of the country than others. For electric generation,
biomass fuel is utilized both to “co-fire” with coal in existing coal-steam plants or as the primary fuel in
dedicated biomass power plants. The first option, co-firing, is characterized by low capital costs and short
lead times. In both the reference case and the S.139 case, co-firing grows significantly between 2005 and
2010. However, in the S.139 case, generation from co-firing declines precipitously from its 2009 peak
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Table 5.3. Cost and Performance of Selected New Generating Technologies in 2002

Overnight Heat Rate Heat Rate
Costs Variable O&M Fixed O&M in 2002 nth-of-kind
Analysis Case (2001$/kwW) (2001 mills/kWh) (2001$/kwW) (Btu/kWh) (Btu/kWh)
Advanced Nuclear
Reference.........c......... 2,118 0.4 58.5 N/A N/A
High Technology......... 1,801 0.4 58.5 N/A N/A
Advanced Coal
Reference.........c......... 1,367 2.0 33.7 8,000 7,200
High Technology......... 1,162 2.0 33.7 8,000 6,120
Advanced Coal With Sequestration
Reference................... 2,070 2.5 40.0 9,600 7,920
High Technology......... 1,760 25 40.0 9,600 6,732
Advanced Gas Combined Cycle
Reference................... 608 2.0 10.2 7,000 6,350
High Technology......... 562 2.0 10.2 7,000 5,874
Advanced Gas CC With Sequestration
Reference................... 1,068 2.6 14.8 8,750 7,300
High Technology......... 908 2.6 14.8 8,750 6,205
Biomass
Reference................... 1,764 3.1 46.0 8,911 8,911
High Technology......... 1,495 3.1 46.0 8,911 8,911
Wind
Reference.........c......... 1,004 0.0 26.1 N/A N/A
High Technology......... 928 0.0 26.1 N/A N/A

Note: Costs include adjustments for technological optimism and contingencies.
Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.

and ceases to provide significant generation by 2012 as host coal capacity declines and biomass
feedstocks find higher value use in dedicated biomass facilities. Growth in dedicated facilities in the early
portion of the forecast is limited by long construction lead times for the plants, high capital costs relative
to co-firing, and a small existing capacity base, with resulting low levels of the knowledge and
infrastructure necessary to sustain quick and large levels of market growth. Further limiting early-year
growth is the limited supply of urban and agricultural wastes used for low-cost supply. Establishment of
dedicated energy crop feedstocks is not expectedcto before 2010, but this source of supply provides

a significant source of fuel for the fast growing biosmasctor in the later years of the forecast. Through
most of the forecast period, the expansion rate of dedicated biomass capacity in the S.139 case is limited
primarily by the high costs imposed through progtucbottlenecks encountered with any fast growing
technology. Despite these growth limits, biomassomes the leading renewable fuel by 2025 in the

S.139 case, with more generation than all other renewable fuels combined, although only half as much as
either natural gas or nuclear capacity.

High-quality, economically exploitable wind resources are somewhat more widespread than some other
renewables, such as geothermal, but they still are not available throughout the United States. Projected to
be nearly cost competitive in the base case, wind generation becomes highly competitive early in the
S.139 case forecast despite the assumed expiration of the production tax credit'{i\2@B3elatively

short project lead times and the higher costs of fossil alternatives when a greenhouse gas emissions cap is
imposed, wind power reaches 83 gigawatts of capacity in the S.139 case, compared with just 11 gigawatts

148 The EPACT 10-year renewable electricity production tax credit for new wind and some biomass plants originally expired on
June 30, 1999. It was extended twice, first to December 31, 2001 and then retroactively through December 31, 2003, by the
Job Creation and Worker Assistance Act of 2002 (P.L. 107-147). This analysis assumes the expiration of the production tax
credit at the end of 2003.
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in the reference case. At this level, wind contributes 5.8 percent of total U.S. generation sold to the grid.
In the S.139 case, most of this growth occurs in the years from 2005 to 2015. By 2015, despite the
tightening greenhouse gas emissions cap, further development of wind is increasingly curtailed by the
rising costs of integrating this intermittent generasource into regional grid operations, the need to
upgrade transmission networks to access ever more remote wind resources, and the increasingly
competitive costs of other low-carbon or carbon-free resources such as biomass and nuclear fuels. In the
best wind regions, wind power produces as much gegfent of electric generation. At these levels,

wind may require extensive “backup” from firm generating capacity resources (such as combustion
turbines or hydropower) to ensure grid reliabilitpdasome wind output may have to be curtailed to avoid
operational difficulties with the few remaining coal and increasingly important nuclear plants in the
regions. Furthermore, at these levels it is likely that most of the prime, low-cost sites with easy access to
load centers will already be developed. Additional development will require utilizing sites that are more
expensive to develop and require costly upgrade or expansion of transmission systems to bring the power
where it is needed. These expenses begin to manifest themselves in the face of declining costs and
increasing availability of competing non-carbon resources such as biomass and nuclear fuels.

Although the growth of geothermal capacity in the3S.tase is significant relative to the reference case,
with over 80 percent more installed capacity by 2025, the overall contribution of the resource to national
electricity supply is still somewhat limited. While relatively inexpensive to exploit, high-quality
geothermal resources are limited. Taking advantage of naturally occurring formations of underground
steam or high-temperature/high-pressure water, the known supply of geothermal resources in the United
States is limited to 51 sites in a few western StateksHawaii. Technology to exploit the “hot dry rock”
formations that underlie the entire continent hasypbbeen developed and is not projected to be

available in the forecast horizon.

Although central-station solar electric capacity remains too expensive for adoption in the S.139 case, end-
user installed photovoltaics are projected to show substantial growth relative to the reference case.
Central-station solar technologies, including solar thermal and photovoltaic systems, are hampered by
high capital costs and low utilization rates and are unable to compete in wholesale power markets, even
with substantial price support that might coimem greenhouse gas allowance trading. However,

distributed photovoltaic applications, such as panels installed on commercial buildings or residential
rooftops, do not require investment in transmissiodistribution facilities, and with higher retail

electricity rates they are competitit/é.

With respect to conventional hydroelectric power,ghime, low-cost, high-output hydroelectric sites in

the United States are already largely developed. Remaining sites face numerous obstacles to significant
future development, including small capacity potential at most sites, legal constraints on developing “wild
and scenic rivers,” and other environmental sensitivities, even if no legal prohibition exists at a site. The
incentives from greenhouse gas allowance trading may serve to make development of remaining sites
more attractive, but the possible increase in hydroelectric capacity would expected to be small. While not
addressed in this report, the expansion or development of some sites is possible, but it is not expected to
amount to a large amount of capacity.

While the last nuclear plant order in the United States occurred 30 years ago, the imposition of a
greenhouse gas emissions cap is projected to make new advanced nuclear technologies economical in the
future. In the S.139 case 17 gigawatts of new nuclear capacity is projected to be built by 2020 and 49
gigawatts by 2025. The first new nuclear plants are expected to be quite expensive, costing about $2,100
per kilowatt (in 2001 dollars). However, as with most new technologies, their costs are expected to

149 penetration in end-use applications is still limited by the high cost of the technology and also by the underlyingatesover r
in the U.S. stock of buildings.
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decline after the initial units are brought on, so they become increasingly competitive in the later years of
the projections as the greenhouse gas emissions cap tightens, natural gas prices rise, and the most
attractive sites for new renewable plants are etgdoBy 2020 in the S.139 case, the cost of new nuclear
plants is projected to have fallen to $1,660 per kilowatt. While there is uncertainty about the costs of these
new plants, they are also likely to face more difficulty in siting and permitting than other technologies.

The results of a sensitivity case discussed later will illustrate the impact of an assumption that neither this
technology nor fossil plants with carbon capture and sequestration equipment will be available.

The same behavior is expected for new fossil plants—both natural gas and coal—with carbon capture and
sequestration equipment. Initially they are expected to be quite expensive, but after the initial projects
penetrate the market their costs are expected to fall. For example, new coal plants with carbon capture and
sequestration equipment are projected to cost $2,070 per kilowatt initially, but by 2020 in the S.139 case
their costs are projected to have fallen to approximately $1,660 per kilowatt. Similarly, new gas plants
with carbon capture and sequestration are initially projected to cost $1,068 per kilowatt, but in the S.139
case their costs drop to approximately $780 per kilowatt. In the S.139 case 45 gigawatts of natural gas
combined-cycle capacity with sequestration is projected to be built by 2020, and 102 gigawatts is
projected by 2025. For coal with sequestration, the amount is 12 gigawatts by 2020 and 38 gigawatts by
2025. As with new nuclear plants, there is uncetyaabout the costs and performance of these new

plants. It is possible that some insurmountable exaging obstacle will arise that causes costs to remain
relatively high. Again, the results of a sensitivity case discussed later will illustrate the impact of this
technology not being available.

The rapid expansion of the markets for new nuclear capacity and fossil capacity with carbon capture and
sequestration equipment could also face significant market hurdles. As mentioned earlier, it has been 30
years since the last order for a new nuclear plant was made in the United States. The infrastructure needed
to plan, site, build and maintain the amount of new advanced nuclear capacity projected in the S.139 case
could take considerable time to develop. The same is true for fossil plants with carbon capture and
sequestration. Industry—and the public that will have to accept them—currently has little or no

experience with these technologies. If expanded very rapidly, their costs could be higher than expected.

In addition to changing the mix of new capacity added, the imposition of a greenhouse gas emissions cap
also has an impact on projected capacity retirements (Figure 5.7). In the reference case, almost all existing
coal capacity is projected to continue operating. On the other hand, a significant amount of the existing oil
and gas steam capacity is expected to retire. Typically older oil and gas steam plants are relatively
inefficient and as natural gas prices rise and new more efficient gas capacity is added, it will no longer be
economical to continue operating these plants.

In the S.139 case, a large proportion of existing coal capacity is projected to be retired. It is simply not
economical to continue operating these plants. For example, in 2020 with a greenhouse gas allowance
costing $178 per metric ton carbon equivalent, the effective cost of coal is projected to be $5.53 per
million Btu (the $0.99 per million Btu delivered price of coal plus the $4.54 per million Btu cost of the
allowances needed to use it for a plant without carbon capture and sequestration equipment), 394 percent
above the cost projected in the reference case. Even with lower electricity demand, because of the large
number of projected retirements, the total amount of new capacity added in the S.139 case exceeds that
added in the reference case by more than 185 gigawatts.

It is impossible to say which of the relatively low carbon technologies discussed—new nuclear, biomass,
geothermal, wind, gas with sequasibn, or coal with sequestration—might prove the most attractive

over the next 20 years or so. Any one of them might hit cost or performance hurdles that cannot be
overcome, or, vice versa, one or more of them might prove extremely economical and capture a very large
portion of the market for low-carbon generating technologies. The mix of technologies chosen is also
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Figure 5.7. Capacity Retirements by Plant Type, 2001-2025 (gigawatts)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.

sensitive to the assumed cost of capital. Some of these technologies are very capital intensive; for others,
operating costs are more important. As a result, changes in the assumed cost of capital can lead to a
different mix of technologies being built.

Electricity Pricesand Consumer Demand

The National Energy Modeling System explicitly reflects the status of electric industry regulation by
region'*® The handling of the electric power sector’s opportunity ¢dsisallowances varies depending

on the status of regulation in the region. For this analysis, the opportunity cost of allowances is included
in the generation price in competitive regions, when a fossil-fired unit is on the margin and sets the
market-clearing price in the region.

The opportunity costs of allocated allowances are handled differently in cost-of-service regulated regions.
In cost-of-service regulated regions, Public Utility Commissions will determine how they are treated for
ratemaking purposes. They might only allow the recovery of allowance costs in electricity prices if they
were purchased by the utility, requiring that any revenue associated with allowance sales be returned to
ratepayers. However, if regulators followed this strategy completely they would significantly reduce the
incentive for utilities to reduce emissions. For this analysis, it is assumed that regulators will apportion
the benefits of freely allocated allowances, with ratepayers receiving 90 percent of the benefits and

150 For a list of the regional status assumed see, Energy Information Administatiaal, Energy Outlook 2003, DOE/EIA-
0383(2003), p. 69.

151 When a company is allocated allowances by the governmeataast, there is still a “cost” associated with using them. The
company could simply sell the allowances in the open markketetain the revenues if it did not use them to cover its own
emissions. Therefore, the market price of the allowances is used to represent this forgone benefit.
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company shareholders receiving 10 percent of the benefits. This will act to encourage cost-of-service
regulated utilities to make optimal environmental compliance decisions while distributing most of the
benefit to ratepayers? This distribution is based on analysis of the regulatory treatment of freely
allocated S@allowances under the $@llowance-trading program created in the Clean Air Act
Amendments of 1998 1>

The imposition of a greenhouse emission cap on the electric, transportation, and industrial sectors is
projected to lead to significant increases in eletyrjarices (Figure 5.8). The higher prices result from

the increased reliance on higher cost generating technologies and the need to hold allowances for all
generation from fossil fuel plants without carbon capture and sequestration equrnetfite early

years of the greenhouse gas reduction efforts the relatively low cost of greenhouse gas allowances, $79
per metric ton carbon equivalent in 2010, is projected to lead to an increase in electricity prices of 9
percent above the reference case level. However, the impact on electricity prices grows in the later years.
Relative to the reference case, the price of electricity is projected to be 33 percent higher in 2020, and 46
percent higher in 2025, in the S.139 case. As mentioned earlier, the effective cost of using fossil fuels—
where the effective cost of the fuel is its delivered price plus the cost of allowances needed when it is
used—in plants without carbon capture and sequestration equipment is much higher in cases with a
greenhouse gas emission cap.

For example, in 2020 in the S.139 case, the greenhouse gas allowance price is $178 per metric ton carbon
equivalent. Translating this into its impact on the delivered price of fossil fuels results in $4.54 per

Figure 5.8. Electricity Prices in Alternative Cases (2001 cents per kilowatthour)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, ML_CCCC20.D050503A, and ML_CCCC80.D050503A.

152 1t is assumed that this sharing of benefits is enough to encourage regulated utilities to behave competitively pursuing all
economical greenhouse gas reduction opportunities.

153 E.M. Bailey,Allowance Trading Activity And State Regulatory Rulings: Evidence From The U.S. Acid Rain Program
(Massachusetts Institute of Technology, March 1998), available at web site http://web.cgepdudwwd8005.pdf.

154 To determine the impact of allowance purchases or sales on revenue requirements in cost-of-service regions, it is assumed
that power sector allowances are allocated based on each region’s shar009ezarbon emissions. Actual emissions in
each year are then compared to the number of allowances that were freely allocated, and the net purchase/sale revenue is
calculated and added/subtracted to the revenue requirements.

15 |t is assumed that the carbon capture and sequestration equipment will remove 90 percent of the facilities’ carbon dioxide
emissions. Allowances will be required for the remaining 10 percent.
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million Btu for coal and $2.57 per million Btu for natural gas. The higher value for coal results from its
greater carbon content. Translating this into tret obrunning the power plants would mean a 4.5-cent
per kilowatthour increase for a coal plant and a 1.9-cent per kilowatthour increase for a natural gas
combined cycle plart® The larger impact on the operating cost of the coal plant is driven by both the
higher carbon content of coal and the fact thatted steam plant is less efficient—consuming more Btu
per kilowatthour generated—than a natural gas combined-cycle plant.

If one looks at the generation component of electricity prices, excluding the costs of transmitting and
distributing the power, the projected changes in electricity prices are even larger (Figure 5.9). In all cases
the price of electricity distribution and transmission services is assumed to continue to be based on cost-
of-service regulation. Because no greenhouse gas emissions occur in the transmission or distribution of
electricity, these sectors of the market are not directly impacted by the imposition of a greenhouse gas
emission limit. Focusing solely on generation prices illustrates the impacts of the greenhouse emission
cap on the price of producing electricity. In 2020, generation prices in the S.139 case are projected to be
48 percent above those in the reference case, and by 2025 the difference is 68 percent.

The allowance cost regulatory treatment assumed in this report leads to different electricity price impacts
in the cases where the share of allowances going to the Climate Change Credit Corporation (hereafter
referred to as the Corporation) is changed from the main S.139 case (see Figure 5.8 and T¥ble 5.1).

Figure 5.9. Generation Prices in Alternative Cases (2001 cents per kilowatthour)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A, MLBILL.D050503A, ML_CCCC20.D050503A, and ML_CCCC80.D050503A.

1%6 |n this illustrative example, a 10,000 Btu per kilowatthour heat rate is assumed for the coal plant, while a 7,50Gsheat rate
assumed for the natural gas combined cycle plant. The differential grows further in the later years of the projections as the
heat rate for new combined-cycle plants improves to 6,350.

57 Though not discussed in this report, the approach used to allocate allowances can have economic efficiency and distributional
impacts. For a discussion of these issues see, Beamon, Leckey, andRdamimPlant Emissions Reductions Using a
Generation Performance Sandard, web site http://www.eia.doe.gov/oiaf/semipt/gps/pdf/gpsstudy.pdf; and Burtraw,

Carbon Emission Trading Costs and Allowance Allocations: Evaluating the Options, web site http://www.rff.org/
resources_archive/pdf_files/145_burtraw.pdf.
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When allowances are allocated to the Corporation and then purchased by a cost-of-service regulated
entity, their costs will be fully passed onto consumers. Thus, in the case where it is assumed that 80
percent of the allowances are allocated to the Corporation (the corp80 case), electricity prices are
projected to show a larger price impact than in the case where only 20 percent of the allowances are
assumed to be allocated to the Corporation (the corp20 case). In 2025, electricity prices in the corp80 case
are projected to be 9.8 cents per kilowatthour, 3.11 cents per kilowatthour (46 percent) higher than in the
reference case. Conversely, in the corp20 case electricity prices in 2025 are projected to be 9.05 cents per
kilowatthour, 2.34 cents per kilowatthour (35 percent) higher than the reference case. Note that the
projected electricity prices in the S.139 case are close to those in the corp20 case in the early years and
close to those in the corp80 case in the later years. This occurs because the share going to the Corporation
in the S.139 case is assumed to start at 20 percent in 2010 and gradually increase to 80 percent by 2025.

The electricity price differences across these cases are even more pronounced at the individual cost of
service regional level (Figure 5.10). For example, electricity prices in the Southeastern Electric Reliability
Council (SERC) region (southeastern states) are assumed to continue to be set using cost of service
procedures. As a result, full allowance costs will only be reflected in prices when they are purchased.
Thus, in the case where it is assumed that 80 percent of the allowances are allocated to the Corporation,
the electricity price impacts in SERC will be relatividrge because most of the allowances needed in

the region will have to be purchased. In 2025, generation prices in SERC for the corp80 case are projected
to be 7.3 cents per kilowatthour, 3.5 cents per kilowatthour (90 percent) higher than in the reference case.
In the corp20 case electricity prices in SERC in 2025 are projected to be 6.2 cents per kilowatthour, 2.4
cents per kilowatthour (63 percent) higher than the reference case.

Because the opportunity costs of holding allowances are always assumed to be passed on in regions where
electricity prices are set competitively and fossil fuel plants set the marginal electricity price, those

Figure 5.10. Electricity Prices in the SERC Region in Alternative Cases
(2001 cents per kilowatthour)

0S.139 MECorp20 DOCorp80

2010 2020 2025

Note: SERC, the Southeastern Electric Reliability Council, is the North American Electric Reliability Council region
including Virginia, North Caroline, South Carolina, Georgia, Alabama, Mississippi, and Tennessee, together with
parts of Louisiana, Arkansas, and Missouri.

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBILL.D050503A, ML_CCCC20.D050503A, and ML_CCCC80.D050503A.
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regions do not see significant prices differences in the corp20 and corp80 cases. Their prices always
reflect the full costs of holding allowances. The different regional impacts may lead regulators and
legislators to look for ways to allocate allowanteseduce the divergent regional price impacts. To the
extent that this is achieved by reducing or eliminating the full passthrough of the allowance value into
electricity prices in competitive areas, electricity demand reductions will be less than projected. In such a
scenario, allowance prices would have to rise above the levels projected in this study to achieve the
emissions targets in S.139.

Consumers are projected to respond to the higher electricity prices by reducing their use of electricity. For
example, in 2010 in the S.139 case electricity sales are projected to be 54 billion kilowatthours (1.3
percent) below the reference case level. This difference is projected to increase to 381 billion
kilowatthours (7.9 percent) in 2020 and 593 billion kilowatthours (11.3 percent) in 2025. (See Chapter 4
for more information on consumers’ responses to fuel price changes.)

Emissions

In addition to carbon dioxide emissions reductions, efforts to comply with the greenhouse gas emissions
cap are also projected to lead to large reductions in power sector emissions $thi@nd mercury

(Figures 5.11, 5.12, 5.13 and 5.14). The reference case incorporates the existing naticapls®@

trade program and the 19-State N@@p and trade program. Pending regulations, such as those that may

be required to reduce mercury or fine particuéatéssions, and proposed legislation such as the

President’s Clear Skies proposal are not represented. In the S.139 case, power sector carbon dioxide
emissions are expected to be fall well below their reference case level. For example, in 2020, power
sector carbon dioxide emissions are projected to be 802 million metric tons in the reference case and 352
million metric tons in the S.139 case. By 2025, the difference grows even larger, 868 million metric tons
in the reference case and 205 million metric tons in the S.139 case. To put this change in perspective it
should be noted that the 1990 greenhouse gas emissions in the power sector were close to 500 million
metric tons. Thus, the level expected in 2025 in the S.139 case is almost 60 percent below the 1990 level.

Figure 5.11. Power Sector Carbon Emissions  (million metric tons carbon equivalent)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.
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Figure 5.12. Power Sector Nitrogen Oxide Emissions (million tons)
8.0

7.0 1

6.0

O Reference W S.139

5.0 1

4.0 4

3.0 1

2.0 1

1.0 1

1990 2000 2010 2020 2025

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

Figure 5.13. Power Sector Sulfur Dioxide Emissions (million tons)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D0O50503A.
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Figure 5.14. Power Sector Mercury Emissions (tons)
60

‘ O Reference W S.139 ‘

50 -

40

30 1

20 A

10

.

2010 2020 2025

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE.D050303A and MLBILL.D050503A.

The actions taken to lower carbon dioxide emissieresiuced use of coal and the increased use of

nuclear, renewables, and natural gas in electricity generation—in the S.139 case also lead to reductions in
power sector N@ SQ,, and mercury emissions. By 2020 power sectox &filssions are projected to be

1.5 million tons in the S.139 case, 63 percent below the reference case level and 68 percent below the
level seen in 2001. By 2025, the power sector, Bi@issions level is projected to fall further to 0.7

million tons. In fact, power sector N@missions in the S.139 case are projected to fall below the lowest
level seen in the last 30 years or so—the 4.75 million tons emitted in 2001. The story is similar for power
sector S@emissions. In the S.139 case, power sectorediissions are projected to be 5.9 million tons

in 2020 and 1.9 million tons in 2025. This compameemissions of 17.3 million tons in 1970 and 10.6
million tons in 2001. The results are similar for mercury, with projected emissions in the S.139 case
falling to 19.1 tons in 2020 and 7.2 tons 2025, as evatpto 54.1 and 54.8 tons in the reference case.

Uncertainties and Sensitivity Cases

As with any mid- to long-term forecast there isisidlerable uncertainty surrounding the projections. In

the power sector, the cost and performance of new generating technologies, especially those that are
relatively low carbon emitters, is an important area of uncertainty. While the cost and performance
improvement that is typically seen as new technologies enter the market is represented in the reference
and S.139 cases, it is possible that the changes could be better or worse than projected, or that
technologies that do not penetrate the market underai@ircumstances might play a bigger role when a
greenhouse gas emission cap is imposed. To assess the impact of more rapid improvements in the cost
and performance of new technologies—in the residential, commercial, industrial, transportation, and
electricity sectors—high technology assumptions have been incorporated into both the reference and
S.139 cases (Table 5.4). The results of these cases should not be seen as predicting which of the emerging
technologies might prove most successful in the marketplace but, rather, as indicative of the impacts of a
general improvement in all these technologies.

In the electricity sector, the greenhouse gas emissions cap in S.139 is projected to result in lower

electricity demand, higher electricity prices, and reliance on a mix of new technologies—coal and gas
plants with sequestration equipment, new nuclear plants, and new renewable facilities. The improved
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technology cost and performance assumptions reduce the impact of the greenhouse gas emissions cap, but
lower electricity demand and higher electricity prices still are projected. Compared to the high technology
reference case, there is also projected to be a greater reliance on new technologies in the S.139 high
technology case—coal and gas plants with sequestration equipment, new nuclear plants, and new
renewable facilities. The improved technology assumptions in the residential, commercial, and industrial
sectors contribute to lower electricity demand in both of the high technology cases (Figure 5.15).
Consumers also reduce their demand further in response to higher electricity prices (Figure 5.16) when

the greenhouse emission cap is imposed in the S.139 high technology case.

Figure 5.15. Electricity Sales in the Reference, High Technology Reference, and S.139
High Technology Cases (billion kilowatthours)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE_HT.D052003C, MLBILL.D050503A, and ML_HT.D050503A.

Figure 5.16. Electricity Prices in the Reference, High Technology Reference, and S.139
High Technology Cases (2001 cents per kilowatthour)
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting, National Energy Modeling
System runs MLBASE_HT.D052003C, MLBILL.D050503A, and ML_HT.D050503A.
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Compared to the high technology reference case, the electricity price in 2020 is about 25 percent higher in
the S.139 high technology case and the greenhouse gas allowance price is projected to be $133 per metric
ton carbon equivalent. In contrast, the corresponding greenhouse gas allowance price in the S.139 case is
projected to be $178 per metric ton carbon equivalent in 2020. By 2025, the demand for electricity is
projected to be 4,481 billion kilowatthours in the S.139 high technology case, compared to 4,997 billion
kilowatthours in the high technology reference case and 4,653 billion kilowatthours in the S.139 case.
Note that the end-use efficiency improvements in the S.139 high technology case lead to lower electricity
demand than in the S.139 case, even though electriagspare not projected to be as high. For example,

in 2025 electricity prices are projected to be 6.7 cents per kilowatthour in the reference case, 6.3 cents per
kilowatthour in the high technology reference case, 9.8 cents per kilowatthour in the S.139 case, and 8.6
cents per kilowatthour in the S.139 high technology case. Thus, relative to the reference case, the high
technology assumptions reduce the projected increasedtricity prices. However, when compared to

the high technology case, electricity prices in 2025 in the S.139 high technology case are 37 percent
higher. Relative to the S.139 case, the lower greenhouse gas allowance prices in the S.139 high
technology case allow power companies to continue operating more of their existing coal plants (those
without carbon capture and sequestration equipmeat}ing to higher power sector emissions in the

later projection years.

As shown in Table 5.1, the S.139 case results indicate that technologies which under reference case
conditions are projected to play a fairly small role in the power sector over the next 20 years—i.e., coal
and natural gas generators with carbon capture and sequestration, advanced nuclear, wind and biomass—
are expected to be important options for reducing greenhouse gas emissions. However, the future
availability, cost, and performance of these techgielbcannot be known with certainty. Also other

factors, including their environmental impacts and/or their lack of public acceptance, might limit their
market penetration. An alternative case that assumes that new nuclear plants and fossil plants with carbon
capture and sequestration equipment are not available was prepared for this analysis (Table 5.5). The
results in this case should not be seen as predicting that these technologies might not be available or
economical but rather as illustrating the impact on the results if their development or deployment were not
successful.

Without new nuclear plants or fossil plants with carbon capture and sequestration equipment, meeting the
greenhouse gas emission cap will be more difficult, requiring a higher greenhouse gas allowance fee. For
example, in 2025 the greenhouse gas allowance fee is projected to be $221 per metric ton carbon
equivalent in the S.139 case, but $297 in the no nuclear, no geologic sequestration case. The higher
allowance cost leads to higher electricity prices and lower electricity demand. Relative to the S.139 case,
electricity prices in 2025 are projected to be 9.3 percent higher, 10.68 cents per kilowatthour versus 9.79
cents per kilowatthour (Figure 5.17). Electricity sales in 2025 are lower at 4,573 billion kilowatthours in
the no nuclear, no geological sequestration case, compared with 4,653 billion kilowatthours in the S.139
case and 5,246 billion kilowatthours in the reference case (Figure 5.18). Without nuclear or geologic
sequestration technologies, the power sector is projected to turn to even more renewables than are
expected in the S.139 case. When compared to the S.139 case, nearly 60 gigawatts of additional
renewable generating capacity is expected to be added in the no nuclear, geologic sequestration case.
Most of this additional increase in renewable capacity is projected come from newly dedicated biomass
and, to a lesser extent, new wind plants. The dedicated biomass plants are attractive because they can be
used to replace retiring baseload coal plants, whereas wind plants are only available intermittently.

Another critical factor that could impact efforts to reduce greenhouse gas emissions in the power sector is
the extent to which companies can use offsets to meet their allowance requirements. As discussed in
Chapter 2, S.139 places explicit limits—no more 15 percent in Phase | a