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Executive Summary 
 
This report responds to a request from Senators Lieberman and Warner for an analysis of 
S. 2191, the Lieberman-Warner Climate Security Act of 2007 and a subsequent analysis request 
from Senators Barasso, Inhofe, and Voinovich.1  S. 2191 is a complex bill regulating emissions 
of greenhouse gases (GHG) through market-based mechanisms, energy efficiency programs, and 
economic incentives.2  Title I of S. 2191 establishes a cap on emissions of greenhouse gases 
beginning in 2012 through an emission allowance program.  The Title I allowance program 
covers energy-related carbon dioxide (CO2), methane, nitrous oxide, perfluorocarbons, sulfur 
hexafluoride, and hydrofluorocarbons (HFCs) emitted from production of 
hydrochlorofluorocarbons (HCFCs).  Sources that are exempt from the Title I cap, but which 
have other emission reduction incentives under the bill, include most non-CO2 agricultural 
emission sources, emissions from coal mines and landfills, and the other HFCs.  The emissions 
covered under Title I represented approximately 87 percent of total GHG emissions in 2006 as 
reported by the Energy Information Administration (EIA) in its inventory.3   
 
The Title I caps decline gradually from 5,775 million metric tons (mmt) CO2-equivalent in 2012 
(7 percent below 2006 emission levels), to 3,860 mmt in 2030 (39 percent below 2006 levels), 
and 1,732 mmt in 2050 (72 percent below 2006 levels).  The bill specifies that an increasing 
share of the allowances would be auctioned, while the remainder would be distributed for 
transition assistance to covered entities, energy consumers, and manufacturers as incentives for 
carbon sequestration; to States with programs for exceeding Federal targets; and to fund forest 
protection and research.  Auction proceeds would be used to fund low-carbon energy technology 
programs. 
 
The emission allowances created under the bill are tradable and bankable.  Allowance 
obligations also may be offset by registered reductions in domestic emissions of exempted 
sources or by emission allowances from other countries with comparable emissions laws, with 
the maximum offsets from domestic and international sources each capped separately at 15 
percent of the total allowance obligation that applies in each year.  The bill includes substantial 
economic incentives for carbon capture and storage, as well as biogenic carbon sequestration, to 
further offset GHG emissions.  S. 2191 also calls for more stringent appliance efficiency 
standards and building efficiency codes, including some of the requirements now mandated 
under the Energy Independence and Security Act of 2007 (EISA).  
 
While this analysis is as comprehensive as possible, it does not address several important 
provisions of S. 2191.  For example, the report does not assess the impacts of the Title X 
provisions regulating the consumption of HFCs, nor does it evaluate the transportation fuels 
standard requiring percentage reductions in life-cycle GHG emissions called for in Title XI.  
Also not addressed are the provisions of Section 3902 that call for the allocation of allowances to 
new fossil generators as a function of their generation.   

                                                 
1 The request letter from Senators Warner and Lieberman is provided in Appendix A, while the request for 
additional analysis from Senators Barrasso, Inhofe, and Voinovich is in Appendix B.  
2 A detailed summary of the bill, obtained from Senator Lieberman’s web site, is provided in Appendix C. 
3 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2006, DOE/EIA-
0573(2006)(Washington, DC, November 2007), web site www.eia.doe.gov/oiaf/1605/ggrpt/index.html. 
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While the Title I emissions caps in S. 2191 decline through the year 2050, the modeling horizon 
in this report runs only through 2030.  However, the increasing need to pursue high-cost 
emissions reductions beyond 2030, driven by tighter caps and continued economic and 
population growth, is reflected in the modeling by assuming that a positive balance of banked 
allowances is held at the end of 2030. 
 
 

Analysis Cases 
 
To analyze the provisions of S. 2191, several alternative cases were prepared (Table ES1).  
These cases, while not exhaustive, are meant to analyze some of the key areas of uncertainty that 
impact the analysis results: 
 
• The S. 2191 Core Case represents an environment where key low-emissions technologies, 

including nuclear, fossil with carbon capture and sequestration (CCS), and various 
renewables, are developed and deployed in a timeframe consistent with the emissions 
reduction requirements without encountering any major obstacles, even with rapidly growing 
use on a very large scale, and the use of offsets, both domestic and international, is not 
significantly limited by cost or regulation.   

• The S. 2191 No International Offsets Case, is similar to the S. 2191 Core Case, but 
represents an environment where the use of international offsets is severely limited by cost or 
regulation.  The regulations that will govern the use of offsets have yet to be developed and 
their availability will depend on actions taken in the United States and around the world. 

• The S. 2191 High Cost Case is also similar to the S.2191 Core Case except that the costs of 
nuclear, coal with CCS, and biomass generating technologies are assumed to be 50 percent 
higher than in the Core Case.  There is great uncertainty about the costs of these 
technologies, as well as the feasibility of introducing them rapidly on a large scale.  While 
the costs assumed in the High Cost Case are more closely aligned with recent cost estimates 
than those in the Core Case, it is unclear if the recent cost increases are a short- or long-run 
phenomenon.  The High Cost Case, which raises the cost of key low- and no carbon electric 
generation technologies, falls between the Core Case and the Limited Alternative Case 
discussed below.  

• The S. 2191 Limited Alternatives Case represents an environment where the deployment of 
key technologies, including nuclear, fossil with CCS, and various renewables, is held to their 
Reference Case level through 2030, as are imports of liquefied natural gas (LNG).   The 
inability to increase the use of these technologies causes covered entities to turn to other 
options in response to S.2191.   

• The S. 2191 Limited/No International Case combines the assumptions from the S. 2191 
Limited Alternatives and S. 2191 No International Offset Cases. 

 
In addition to the S.2191 cases, the report also includes a case that represents S. 1766, the Low 
Carbon Economy Act of 2007.  EIA’s earlier analysis of S.17664 used a reference case with  
                                                 
4 Energy Information Administration, Energy Market and Economic Impacts of S.1766, the Low Carbon Economy 
Act of 2007, SR/OIAF/2007-06 (Washington, DC, January 2008), web site 
www.eia.doe.gov/oiaf/servicerpt/csia/index.html. 
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Table ES1.  Analysis Cases5 
 

Case Name Assumptions 
Non-Policy Case 

Reference • AEO2008 Reference Case, which includes the provisions H.R. 6, the Energy 
Independence and Security Act of 2007, and assumes a continuance of other 
current laws and regulation 

• Non-CO2 emissions growth based on Environmental Protection Agency “with 
measures” and “voluntary technology adoption” cases  

Policy Cases 
S. 2191 Core Primary S. 2191 policy case.  Key assumptions include: 

• AEO2008 Reference Case assumptions  
• Cap-and-trade policy from Title I capping the emissions of Group I GHGs 

(CO2, methane, nitrous oxide, sulfur hexafluoride, and perfluorocarbons) and 
Group II gases (hydrofluorocarbons) emitted from HCFC production). 

• Key low-emissions technologies, including nuclear and coal with carbon 
capture and sequestration (CCS),  are developed and deployed in a timeframe 
consistent with the emissions reduction requirements without encountering any 
major obstacles, even with rapidly growing use on a very large scale.  

• Bonus credit incentives for CCS 
• Nonenergy GHG abatement supply, as a function of allowance costs, derived 

from information provided by the Environmental Protection Agency 
• The Title X cap-and-trade program for other Group II GHGs 

(hydrofluorocarbons) is not represented. 
No International Offsets S. 2191 Core Case with the compliance option from international offsets assumed to 

be unavailable 
S. 2191 High Cost S. 2191 Core Case with assumed higher costs for key electricity generating 

technologies: 
• CCS, nuclear and biomass plant costs 50 percent higher than in S. 2191 Core 

Case 
S. 2191 Limited 
Alternatives 

S. 2191 Core Case with assumed limits on several carbon reduction technologies for 
electric power generation and limits on LNG imports: 
• CCS not available by 2030 
• Nuclear and biomass power plant additions limited to AEO2008 Reference Case 

level  
• LNG imports limited to AEO2008 Reference Case level 

S. 2191 Limited 
Alternatives / No 
International 

Combines the assumptions in the Limited Alternatives and No International Offsets 
Cases. 

S. 1766 Update Updated evaluation of S. 1766, the Low Carbon Economy Act of 2007, recently 
evaluated by EIA under AEO2007 Reference Case assumptions. Key assumptions 
include: 
• AEO2008 Reference Case assumptions  
• S. 1766 cap and trade policy 
• S. 1766 bonus credit incentives for CCS 
• S. 1766 technology accelerator payment (TAP) price, which establishes a limit 

on the allowance price, growing at 5 percent per year in real dollars 
• Nonenergy GHG abatement supply, as a function of allowance costs, derived 

from information provided by the Environmental Protection Agency 

                                                 
5 All of the cases examined in this analysis incorporate the passage of the Energy Independence and Security Act of 
2007, which was enacted on December 19, 2007.      



 

significantly higher projected energy use and emissions than the reference case used in this 
report, which reflects the provisions of EISA and other updates.  
 
  

Key Findings 
 
S. 2191 significantly reduces projected GHG emissions compared to the Reference Case 
from the Annual Energy Outlook 2008 (AEO2008)6.  Relative to the Reference Case, projected 
covered emissions in the S. 2191 cases, net of offsets, are 27 percent to 36 percent lower in 2020 
and 45 percent to 56 percent lower in 2030 (Table ES2).  The range each year reflects the 
different emissions compliance paths taken in each of the cases. 
 
The electric power sector accounts for the vast majority of the emissions reductions, with   
new nuclear, renewable, and fossil plants with CCS serving as the key compliance 
technologies in most cases.  In the S. 2191 cases the electric power sector is projected to 
account for between 82 percent and 87 percent of energy-related CO2 emissions reductions in 
2020 and between 82 percent and 92 percent of such reductions in 2030.  The reductions are 
achieved mainly through the deployment of new nuclear, renewable, and fossil plants with CCS.  
Many existing coal plants without CCS are projected to be retired early because retrofitting with 
CCS technology is generally impractical. 
 
If new nuclear, renewable, and fossil plants with CCS are not developed and deployed in a 
timeframe consistent with the emissions reduction requirements, covered entities are 
projected to turn to increased natural gas use to offset reductions in coal generation, 
resulting in markedly higher delivered prices of natural gas.  Natural gas generation falls 
below the Reference Case level in most of the S. 2191 cases, but in the S. 2191 High Cost, S. 
2191 Limited Alternatives, and S. 2191 Limited Alternatives/No International Cases natural gas 
generation is between 8 percent and 82 percent above the Reference Case level in 2020 and 
between 21 percent and 142 percent above it in 2030.  Total natural gas consumption in 2030 is 
2.7 trillion cubic feet greater in the Limited Alternatives Case and 4.4 trillion cubic feet higher in 
the Limited Alternatives/No International Case than in the Reference Case.  The combination of 
higher wellhead natural gas prices and higher allowance prices under these conditions doubles 
the estimated impact of S. 2191 on the delivered price of natural gas to electric generators and 
industrial users if international offsets remain available, and quadruples that impact if 
international offsets are also unavailable. 
 

Emissions reductions in the residential, commercial, industrial, and transportation sectors 
are small relative to those in the electric power sector.  The energy price increases resulting 
from the allowance program are generally not large enough in most of the S. 2191 cases to 
induce consumers to make large changes in their energy use.  For example, motor gasoline prices 
in the cases are 22 to 49 cents per gallon (9 to 21 percent) higher than in the Reference Case in 
2020 and 41 to 101 cents per gallon (17 to 41 percent) higher than in the Reference Case in 2030.  
In addition, since all cases include the 35-mile–per-gallon corporate average fuel economy 
(CAFE) standard recently enacted, many of the lowest cost vehicle efficiency options are 
                                                 
6 Energy Information Administration, Annual Energy Outlook 2008, DOE/EIA-0383(2008)(Washington, DC, April 
2008), web site www.eia.doe.gov/oiaf/aeo/index.html. 
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Table ES2.  Summary Emissions Compliance and Energy Market Results 
                      (million metric tons CO2-equivalent, except as noted) 

Core High Cost Limited 
Alter-

natives

No Inter-
national 
Offsets

Limited /    
No Inter-
national

Core High Cost Limited 
Alter-

natives

No Inter-
national 
Offsets

Limited /   
No Inter-
national

Greenhouse gas emissions
  Energy-related carbon dioxide 5890 6384 5587 5548 5520 5005 4777 6009 6851 4020 4573 4786 3821 4319 5038
  Other covered emissions1 292 331 303 299 299 299 287 276 381 347 336 336 336 336 437
     Total covered emissions 6182 6715 5890 5848 5819 5304 5064 6285 7232 4368 4909 5122 4157 4656 5475
  Total greenhouse gas emissions 7014 7729 6770 6716 6679 6167 5910 7224 8441 5429 5968 6179 5217 5709 6441
Emissions reduction from Reference case
  Energy-related carbon dioxide  - -  - - 797 836 864 1379 1607 375  - - 2831 2278 2066 3030 2532 1813
      Carbon capture and storage  - -  - - 147 85 0 144 0 182  - - 386 325 0 226 0 1258
  Other covered emissions  - -  - - 28 32 33 32 44 61  - - 34 44 44 44 44 88
  Nonenergy carbon dioxide  - -  - - 2 3 4 4 7 1  - - 4 6 7 5 12 2
  Offset Credits
     Noncovered emissions  - -  - - 132 142 149 146 160 67  - - 144 144 144 144 144 97
     International allowances  - -  - - 739 739 737 0 0 0  - - 577 579 581 0 0 0
     Biogenic carbon sequestration2  - -  - - 148 282 385 339 578 128  - - 435 437 435 436 435 479
  Biogenic carbon sequestration, Sec. 3701  - -  - - 246 246 246 246 246  - -  - - 193 193 193 193 193  - -
     Total (including carbon sequestration)  - -  - - 2092 2280 2417 2147 2643 633  - - 4217 3682 3470 3853 3359 2479
Compliance summary
  Allowances issued (cap)  - -  - - 4924 4924 4924 4924 4924 6189  - - 3860 3860 3860 3860 3860 4818
  Covered emissions, less offset credits 1, 2 6182 6715 4872 4685 4548 4818 4325 6218 7232 3212 3749 3963 3578 4077 5378
     Net allowance bank change  - -  - - 52 239 376 106 599 (28)  - - 648 111 (103) 282 (217) (560)
  Allowance bank balance  - -  - - 336 2587 2914 106 2926 1476  - - 5027 4896 4974 5028 4876 (808)
Allowance price (2006 dollars per metric ton 
CO2-equivalent)  - - 0 30 38 44 42 76 13 0 61 78 91 85 156 26
Delivered energy prices (2006 dollars per unit 
indicated)
  Motor gasoline, transport (per gallon) 2.63 2.36 2.58 2.63 2.66 2.65 2.84 2.45 2.45 2.86 2.95 3.05 3.01 3.46 2.63
  Jet fuel (per gallon) 2.00 1.79 2.05 2.13 2.19 2.16 2.49 1.90 2.07 2.62 2.74 2.88 2.81 3.48 2.30
  Diesel (per gallon) 2.71 2.50 2.78 2.86 2.91 2.88 3.15 2.61 2.68 3.20 3.32 3.45 3.39 4.00 2.93
  Natural gas (per thousand cubic feet)
     Residential 13.80 11.74 13.41 14.19 14.96 14.07 17.55 12.17 13.30 16.77 18.68 20.60 18.59 24.91 13.99
     Electric power 7.07 6.11 7.52 8.30 9.04 8.06 11.68 6.53 7.13 9.95 11.75 13.95 11.64 18.24 7.74
  Coal, electric power sector (per million Btu) 1.69 1.72 4.49 5.24 5.83 5.51 8.81 2.93 1.78 7.21 8.91 10.07 9.40 16.11 4.23
  Electricity (cents per kilowatthour) 8.91 8.61 9.06 9.54 9.90 9.28 10.93 8.75 8.85 9.82 11.82 12.66 9.75 14.52 9.51
Energy consumption (quadrillion Btu)
  Liquid fuels 40.1 42.2 41.3 41.1 41.0 40.7 40.6 41.7 44.0 42.0 41.8 41.9 41.5 40.9 42.9
  Natural gas 22.3 24.0 22.4 23.2 24.2 22.2 26.6 22.9 23.4 19.4 22.6 26.2 19.8 27.9 20.1
  Coal 22.5 25.9 20.6 19.2 17.6 15.0 8.7 24.9 29.9 7.8 11.4 8.1 4.1 3.3 26.7
  Nuclear power 8.2 9.1 10.2 9.2 9.1 12.7 9.1 9.6 9.6 30.0 15.2 9.6 31.7 9.6 12.8
  Renewable/Other 6.5 9.7 13.4 14.2 14.0 15.8 17.5 10.3 11.2 14.2 19.1 21.7 15.7 23.0 11.6
     Total 99.5 110.8 107.9 107.0 105.9 106.4 102.4 109.4 118.0 113.4 110.1 107.5 112.8 104.7 114.1
  Purchased electricity 12.5 14.5 14.2 14.1 14.0 14.1 13.7 14.5 16.1 15.3 14.9 14.7 15.3 14.2 15.8
Electricity generation (billion kilowatthours)
  Petroleum 85 76 49 51 49 44 48 51 82 39 45 47 38 49 43
  Natural gas 806 833 761 901 1094 760 1516 768 741 427 897 1558 530 1794 390
  Coal 1988 2357 1890 1754 1606 1373 766 2296 2838 703 1066 703 307 224 2784
  Nuclear power 787 868 979 886 868 1220 868 919 917 2877 1460 917 3036 917 1228
  Renewable 385 588 918 953 882 1136 1198 652 657 920 1347 1527 1052 1618 708
     Total 4051 4723 4595 4544 4500 4534 4396 4686 5235 4966 4816 4753 4964 4602 5153

Source: NEMS runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A

S. 1766 
Update

 1 Sources included in other covered emissions under S. 2191 Title I differ from those under S. 1766.  Under S. 1766, all of the fluorinated gases and nitrous oxide from nitric and adipic acid are covered.
 2 Under S. 2191, registered increases in biogenic carbon sequestration can qualify as an offset.  Under S. 1766, an allowance incentive encourages this sequestration but it does not count as an offset. 

  - - :  Not Applicable

2006 2020 2030

Refer-
ence

S. 2191 Cases
S. 1766 
Update

Refer-
ence

S. 2191 Cases
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adopted in all cases, including the Reference Case.  Only in the S. 2191 Limited Alternatives and 
Limited Alternatives/No International Cases, which have the highest long-term allowance prices, do 
price-driven energy efficiency investments play a larger role. 
 
Total coal consumption is significantly reduced.  Despite the addition of as much as 64 gigawatts of 
new coal capacity with CCS through 2030 in one case, total coal consumption in 2030 ranges between 
62 percent and 89 percent below the Reference Case level in the S. 2191 cases (Figure ES1).  The 
increased use of coal at these new facilities with CCS is not large enough to offset the reduction that 
occurs because of the retirement and reduced utilization of existing coal plants.  It is possible that the 
continued addition of coal plants with CCS post-2030 could lead to resurgence in coal use, but these 
plants will continue to face competition from other low-emission technologies.  To offset the reduction 
in coal use, the power industry is projected to increase its use of nuclear power, renewable fuels, and 
natural gas.   
 
 
Figure ES1.  Primary Energy Consumption by Fuel in 2030 
                      (quadrillion Btu) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A. 
 
 
GHG allowance prices are sensitive to the cost and availability of low-carbon generating technologies 
and emissions offsets.  Estimated allowance prices in the S. 2191 cases range from $30 to $76 per 
metric ton CO2-equivalent in 2020 and from $61 to $156 per metric ton CO2-equivalent in 2030 
(Figure ES2).  The highest prices in the first 5 years of the cap-and-trade program occur when 
international offsets are not assumed to be available.  The highest prices in the long term occur when it 
is assumed that key low-emissions technologies including nuclear, fossil with CCS, and various 
renewables are not developed and deployed in a timeframe consistent with the emissions reduction 
requirements and international offsets are limited by cost or regulation.   
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Figure ES2.  Allowance Prices 
                      (2006 dollars per metric ton CO2-equivalent) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A. 
 
 
S. 2191 increases energy prices and energy bills for consumers.  Relative to the Reference Case, the 
price of using coal for power generation, including the cost of holding allowances, is between 161 
percent and 413 percent higher in 2020 and between 305 percent and 804 percent higher in 2030 in the 
S. 2191 cases.  The price of electricity is between 5 percent and 27 percent higher in 2020 and between 
11 percent and 64 percent higher in 2030 in the S. 2191 cases.  Under S. 2191, average annual 
household energy bills, excluding transportation costs, are between $30 and $325 higher in 2020 and 
$76 to $723 higher in 2030.  
 
S. 2191 increases the cost of using energy, which reduces real economic output, reduces 
purchasing power, and lowers aggregate demand for goods and services. The result is that 
projected real gross domestic product (GDP) generally falls relative to the Reference Case.  
Adverse economic impacts generally increase over time as higher cost emissions abatement 
options are required as emissions caps become more stringent while population and economic 
activity levels continue to grow.   Total discounted GDP losses over the 2009 to 2030 time period 
range from $444 billion (-0.2 percent) to $1,308 billion (-0.6 percent) across the S. 2191 cases (Table 
ES3).  Similarly, the cumulative discounted losses for personal consumption range from $546 billion  
(-0.2 percent) to $1,425 billion (-0.6 percent).  GDP losses in 2030, the last year explicitly modeled in 
this analysis, range from $27 billion to $163 billion (-0.1 to -0.8 percent) while consumption losses in 
that year range from $58 billion to $149 billion (-0.4 to -1.1 percent).  Economic impacts are largest 
when it is assumed that key low-emissions technologies including nuclear, fossil with CCS, and 
various renewables are not developed and deployed in a timeframe consistent with the emissions 
reduction requirements and international offsets are not available. 
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Table ES3.  Macroeconomic Impacts of S. 2191 Cases and S. 1766 Update Cases Relative to the 
AEO2008 Reference Case 

         (billion 2000 dollars, except where noted) 
S. 2191 Cases  

No 
International 

Offsets 

Limited 
Alternatives 

No 
International 

S1766 Update Core High Cost Limited 
Alternatives 

Cumulative Real Impacts 2009-2030 (Present Value using 4% Discount Rate) 

GDP 
Change (444) (729) (912) (546) (1,306) (66) 
Percent Change -0.2% -0.3% -0.4% -0.2% -0.6% -0.03% 
Consumption 
Change (558) (785) (946) (780) (1,422) (145) 
Percent Change -0.3% -0.5% -0.6% -0.5% -0.9% -0.1% 
Industrial Shipments (excludes services) 
Change (1,340) (1,723) (2,031) (2,430) (3,684) (722) 
Percent Change -1.3% -1.7% -2.0% -2.4% -3.6% -0.7% 
Nominal Revenue 
collected  2012-
2030a 

2,851 3,650 4,282 4,416 7,659 987 

2020 Impacts (not discounted) 

GDP 
Change (43) (63) (76) (64) (141) (11) 
Percent Change -0.3% -0.4% -0.5% -0.4% -0.9% -0.1% 
Consumption 
Change (47) (65) (78) (65) (137) (14) 
Percent Change -0.4% -0.6% -0.7% -0.6% -1.2% -0.1% 
Industrial Shipments (excludes services) 
Change (100) (130) (153) (197) (306) (55) 
Percent Change -1.4% -1.8% -2.1% -2.8% -4.3% -0.8% 
Nominal Revenue 
collecteda 113 144 168 158 300 45 

2030 Impacts (not discounted) 
GDP 
Change (59) (120) (136) (27) (163) (12) 
Percent Change -0.3% -0.6% -0.7% -0.1% -0.8% -0.1% 
Consumption 
Change (68) (109) (121) (58) (149) (16) 
Percent Change -0.5% -0.8% -0.9% -0.4% -1.1% -0.1% 
Industrial Shipments (excludes services) 
Change (233) (313) (354) (319) (589) (139) 
Percent Change -2.9% -3.9% -4.4% -4.0% -7.4% -1.7% 
Nominal Revenue 
collecteda 326 419 492 455 881 117 
 

a Includes revenues from allowance auctions and revenues generated by the resale of allowances distributed to non-emitters.  These values are not 
discounted. 
Note:  All changes shown are relative to the Reference Case. 
Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A. 
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S. 2191 impacts industrial activity, including manufacturing, to greater extent than it affects the 
overall economy.   Industrial shipments in 2030, excluding services, are reduced by $233 billion to  
$589 billion (-2.9 to -7.4 percent), with the largest impacts occurring in the Limited Alternatives/No 
International Case.      
 
Significant revenue will be generated through Federal allowance auctions and allowance sales by 
State governments and other non-emitters given free allowances.  By 2030, approximately 84 
percent of the total allowances allocated are auctioned directly by the Federal government or given to 
parties including State governments and the U.S. Department of Agriculture that are expected to sell 
them to covered entities.  The total revenue from these auctions and sales ranges from $113 to $290 
billion in 2020 and from $326 to $853 billion in 2030. 
 
 

Additional Insights 
 
The potential for and the timing of the development, commercialization, and deployment of low-
emissions electricity generating technologies such as nuclear power, coal with CCS, and dispatchable 
renewable power is a major determinant of the energy and economic impacts of S. 2191.  The absence 
of these technologies is estimated to significantly increase compliance costs.  Key technologies face a 
variety of technical and cost challenges and, in some cases, additional questions regarding public 
acceptance of their widespread deployment.  As noted in previous EIA reports, both technical and 
acceptance barriers to key low-emissions technologies can be directly influenced by policy design 
choices.  For example, while a mechanism to relax compliance pressure that is tied directly to the level 
of compliance costs or other measures of economic impact could affect the amount of emissions 
reduction achieved, it might also discourage stakeholders who view GHG emissions limitation as the 
highest environmental protection priority from pursuing efforts to block the deployment of nuclear 
power, CCS, or other technologies that, from their perspective, may raise important, but lesser, 
environmental concerns.  Absent such a mechanism, such stakeholders may be less motivated to accept 
technologies that raise any environmental concern, regardless of their importance to GHG abatement at 
low cost.   
 
Besides changing the projected mix of new electricity generation capacity, compliance with the S. 
2191 cap-and-trade program will also significantly increase the total amount of new electric capacity 
that must be added between now and 2030 due to the retirement of many existing coal-fired power 
plants that would be expected to continue operating beyond 2030 in its absence.  Obstacles to siting 
major electricity generation projects and/or the transmission facilities needed to support the greatly 
expanded use of renewable energy sources are not explicitly considered in this report.  However, the 
additional capacity needs in all of the S. 2191 cases suggest the need for review of siting processes so 
that they will be able to support a large-scale transformation of the Nation’s electricity infrastructure 
by 2030.         
 
While forecasting policy change is beyond EIA’s mandate, an argument can be made that, all else 
being equal, public and industry awareness of climate change as a major policy issue can potentially 
impact energy investment decisions even if no specific policy change actually occurs.  Any adjustment 
to reflect the influence of climate change as an unresolved policy issue, while raising costs in the 
Reference Case, would generally reduce the estimated incremental impact resulting from the full 
implementation of a given policy response.  For example, to the extent that concern over the climate 
change issue serves to depress investment in new coal-fired power plants, the primary effect would be 
most evident in the Reference Case, where significant coal builds are projected after 2015, and not in 
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the S. 2191 or S. 1766 policy cases, where few if any conventional coal-fired power plants are 
projected to be built.  Since policy impacts are measured in terms of the difference between cases that 
incorporate policy changes and the Reference Case baseline, the impact of modeling adjustments to 
reflect the impact of climate issues awareness on investment in high-emission technologies would 
generally be to reduce, rather than increase, the estimated impact of a given policy response on 
delivered energy costs. 
 
Details involving some of the provisions not addressed in this analysis could have a significant impact 
on the energy and economic impacts of S. 2191.  For example, the performance-based allocation of 
allowances to new fossil generators under Section 3902 could significantly alter the investment 
decisions of powerplant builders, encouraging continued construction of new generating plants that use 
fossil fuels and raising the overall costs of compliance with the GHG cap-and-trade program.   This 
provision, and several others, are open to a variety of interpretations with widely varying implications 
for energy and economic impacts.  
 
As previously noted, the modeling horizon for this analysis ends in 2030.  The emissions targets for the 
2030 to 2050 period are likely to be very challenging because opportunities for further reductions in 
the power sector are limited. 
 



 

 

1. Background and Scope of the Analysis 
 
 

Background 
 
This report responds to a request from Senators Lieberman and Warner for an analysis of 
S. 2191, America’s Climate Security Act of 2007 and a subsequent analysis request from 
Senators Barasso, Inhofe, and Voinovich.1  S. 2191 is a complex bill regulating emissions of 
greenhouse gases (GHG) through market-based mechanisms, energy efficiency programs, and 
economic incentives.  A detailed summary of the bill, obtained from Senator Lieberman’s web 
site, is included in Appendix C. 
 
Title I of S. 2191 establishes a cap on annual emissions of greenhouse gases beginning in 2012, 
covering energy-related carbon dioxide (CO2), methane, nitrous oxide, perfluorocarbons, sulfur 
hexafluoride, and hydrofluorocarbons (HFCs) emitted from production of 
hydroclorofluorocarbons (HCFCs).  Regulated entities who must submit emission allowances 
include coal consumers using over 5,000 tons per year, suppliers of oil and natural gas, and 
producers and importers of covered fluorinated gases.  Sources that are exempt from the Title I 
cap, but which have other emission reduction incentives under the bill, include most non-CO2 
agricultural emission sources, emissions from coal mines and landfills, and the other HFCs.  The 
emissions covered under Title I represented approximately 87 percent of total GHG emissions in 
2006 as reported by the Energy Information Administration (EIA) in its inventory.2   
 
The Title I caps decline gradually from 5,775 million metric tons (mmt) CO2-equivalent in 2012 
(7 percent below 2006 emission levels), to 3,860 mmt in 2030 (39 percent below 2006 levels), 
and 1,732 mmt in 2050 (72 percent below 2006 levels).  Titles II, III, and IV specify how the 
caps would be administered and provide details on allowance distribution and the use of auction 
proceeds to ameliorate impacts and promote emission reductions.  The bill specifies that an 
increasing share of the allowances would be auctioned, while the remainder would be distributed 
for transition assistance to covered entities, energy consumers, and manufacturers, as incentives 
for CO2 sequestration, to States for exceeding Federal targets, and to fund forest protection and 
research.  Auction proceeds would be used to fund low-carbon energy technology programs. 
 
The emission allowances created under the bill are tradable and bankable.  Allowance 
obligations may be offset by registered reductions in domestic emissions of exempted sources or 
by emission allowances from other countries with comparable emissions laws, with the 
maximum offsets from domestic and international sources each capped separately at 15 percent 
of the total allowance obligation that applies in each year.  The bill includes substantial economic 
incentives for carbon capture and storage (CCS), as well as biogenic carbon sequestration, to 
further offset GHG emissions.  Title V calls for more stringent appliance efficiency and building 

                                                 
1  The request letter from Senators Warner and Lieberman is provided in Appendix A, while the request for 
additional analysis from Senators Barrasso, Inhofe, and Voinovich is in Appendix B.  
2 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2006, DOE/EIA-
0573(2006)(Washington, DC, November 2007), web site www.eia.doe.gov/oiaf/1605/ggrpt/index.html. 
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efficiency codes, including some of the requirements now mandated under the Energy 
Independence and Security Act of 2007 (EISA).  
 
This report does not address the possible impacts of Titles VI through XI.  Title VI calls for 
international policies to encourage emissions reductions, Title VII requires program reviews and 
studies, Title VIII calls for assessment of geological carbon sequestration issues, and Title IX 
deals with “miscellaneous issues.”   
 
Title X separately caps the consumption of other HFCs beginning in 2010, chemicals that serve 
primarily as substitutes for ozone-depleting substances (ODS).  Emissions of these substances 
accounted for approximately 2 percent of total GHG emissions in 2006.  While Title X caps 
consumption of the HFCs, the associated emissions occur gradually from leaks or from 
scrappage of the products in which the chemicals are used, such as refrigerators and air 
conditioners.  This analysis does not evaluate feasibility or potential economic impacts of Title 
X, as this requires special expertise and access to proprietary manufacturer data.    
 
Finally, Title XI imposes a requirement on the supply of transportation fuels requiring a 
reduction in so called “life-cycle” GHG emissions relative to a baseline.  In the absence of the 
details on the specific methodologies underpinning such a regulation, EIA did not attempt to 
model this provision. 
 
Also not addressed are the provisions of Section 3902 that call for the allocation of allowances to 
new fossil generators as a function of their generation.  It is unclear whether this provision 
applies to all new fossil-fired generators, including those with CCS, or just to those facilities 
without CCS.  If it only applied to new fossil plants without CCS it could significantly impact 
power sector compliance decisions.  The provisions call for allocating new fossil generators 
allowances at a rate equal to the average rate of all new generators added over the five years 
preceding the passage of the bill.  These allowances come from the pool of allowances set aside 
for new generators which starts at 19 percent of allowances in 2012, but falls to 1 percent of 
allowances by 2030.  Since the vast majority of these new generators were natural gas facilities, 
new natural gas facilities without CCS would receive enough allowances to cover all of their 
emissions while new coal plants without CCS would receive about half of the allowances they 
would need until the pool of allowances set aside for electricity generators was exhausted.  Such 
a performance-based allocation of allowances to new fossil generators would alter the investment 
decisions of power plant builders, encouraging them to continue to rely on new GHG-emitting 
fossil generators and raising the overall costs of compliance with the GHG cap-and-trade 
program.  While full simulations of the potential impacts of this provision were not prepared, 
partial tests suggest that new fossil generators would capture a large share of the allowances set 
aside for electricity generators, natural gas generation would be higher, allowance prices would 
be higher, electricity prices would be slightly lower in the near term, but higher in the longer 
term. 
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Methodology 
 
The analysis of energy sector and energy-related economic impacts of the various GHG emission 
reduction proposals in this report is based on results from EIA’s National Energy Modeling 
System (NEMS), used for projections in the Annual Energy Outlook 2008 (AEO2008).3  NEMS 
projects emissions of energy-related CO2 emissions resulting from the combustion of fossil fuels, 
representing about 84 percent of total U.S. GHG emissions today.   
 
The EIA Reference Case is designed to reflect only current laws and policies.  Because analysis 
of alternative policies at the request of the U.S. Congress and/or the Administration is a core part 
of the EIA mission and because EIA does not take a position or speculate on potential policy 
changes, such changes are not included in the Reference Case.  If assumptions about “expected” 
policy changes such as future fuel economy standards, taxes, caps on GHG emissions, or new 
regulatory requirements for conventional pollutants, were included in the Reference Case, it 
could not be used as a baseline in assessing the impacts of alternative policy proposals in these 
areas.  For this reason, EIA Reference Case projections are not directly comparable with private 
energy forecasts that include estimates of policy change in their scenarios.    
 
Although forecasting policy change is beyond EIA’s mandate, a reasonable argument can be 
made that, all else being equal, public and industry awareness of a major policy issue alone can 
potentially impact energy investment decisions.  For example, the possibility of future action to 
control GHG emissions during the expected operating lifetime of new power generation facilities 
could favor investment in no- and low-GHG-emission technologies relative to high-GHG-
emission alternatives, even if no specific policy change actually occurred.  Such an effect might 
be incorporated in models by penalizing technologies that are perceived to be risky due to policy 
concerns.  However, applying such adjustments on an ad hoc basis is difficult, since the extent of 
any future disadvantage borne by new high-GHG emission generators that begin construction 
prior to the enactment of a new policy will depend heavily on the details of the policy design and 
implementation.    
 
It is also important to recognize that any adjustment that is made in the Reference Case to reflect 
the influence of an unresolved policy issue, while raising costs in the Reference Case, would 
generally reduce the estimated impact resulting from the implementation of a given policy 
response.  For example, to the extent that concern over the climate change issue serves to 
significantly depress investment in new coal-fired power plants, the primary effect would be 
most evident in the Reference Case, where significant coal builds are projected after 2015, and 
not in policy cases reflecting a significant cap-and-trade program for GHG emissions, where few 
if any conventional coal-fired power plants are projected to be built.  Since policy impacts are 
measured in terms of the difference between cases that incorporate policy changes and the 
Reference Case baseline, the impact of modeling adjustments to reflect the impact of unresolved 
policy issues would generally be to reduce, rather than increase, the estimated impact of a given 
policy response on delivered energy costs. 
 

                                                 
3 Energy Information Administration, Annual Energy Outlook 2008, DOE/EIA-0383(2008)(Washington, DC, April 
2008), web site www.eia.doe.gov/oiaf/aeo/index.html. 

Energy Information Administration / Energy Market and Economic Impacts of S. 2191, the Lieberman-Warner Climate Security Act of 2007 
 

3



 

NEMS endogenously calculates changes in energy-related CO2 emissions in the analysis cases. 
The cost of using each fossil fuel includes the costs associated with the GHG allowances needed 
to cover the emissions produced when they are used.  These adjustments influence energy 
demand and energy-related CO2 emissions.  The GHG allowance price also determines the 
reductions in projected baseline emissions of other GHGs based on assumed abatement cost 
relationships.  With emission allowance banking, NEMS solves for the time path of permit prices 
such that cumulative emissions match the cumulative emissions target without requiring 
allowance borrowing and with price escalation consistent with the average cost of capital to the 
electric power sector.  Assumptions for allowance banking are discussed in a following section. 
 
The NEMS Macroeconomic Activity Module (MAM), which is based on the Global Insight U.S. 
Model, interacts with the energy supply, demand, and conversion modules of NEMS to solve for 
an energy-economy equilibrium.  In an iterative process within NEMS, MAM reacts to changes 
in energy prices, energy consumption, and allowance revenues, solving for the effect on 
macroeconomic and industry level variables such as real gross domestic product (GDP), the 
unemployment rate, inflation, and real industrial output.   
 
Under S. 2191, the allowance obligations are imposed on an “upstream” basis for natural gas and 
petroleum and on a downstream basis on coal consumers.  This regulatory approach has 
implications for how allowance costs are reflected in the modeling of delivered energy prices: 
 

• The allowance requirement for coal-related CO2 emissions is an incremental opportunity 
cost of using coal.  For modeling purposes, we have added the allowance cost to the 
delivered price of coal to reflect the opportunity cost faced by coal consumers.  For oil 
and natural gas pricing, we assume that the allowance costs associated with the related 
CO2 emissions are passed through in the delivered prices, with some exceptions noted 
below. 

• Under Sec. 1204, allowances will be required for all GHG emissions from natural gas, 
including fugitive methane emissions associated with natural gas production and 
processing.  Therefore, an adjustment to the delivered cost of fuel was made in NEMS to 
account for the allowance cost of these natural-gas-related methane emissions, in addition 
to the adjustment for CO2 emissions from natural gas combustion. 

• Methane and nitrous oxide emissions associated with stationary and mobile fuel 
combustion would be subject to the allowance requirement.  However, the cost of these 
allowances is not reflected in the allowance cost adjustments in delivered fuel prices, as 
these emissions are not disaggregated in the model by fuel source. 

• CO2 emissions from refineries’ direct fuel combustion of petroleum-based fuels would be 
subject to the allowance requirement.  However, the incremental cost of these allowances 
is not explicitly reflected in delivered petroleum prices, as the Petroleum Market Module 
of NEMS is not structured to represent such costs explicitly. 

• Under Sec.1202, the credit for geological sequestration is available to the owner or 
operator of a facility that is subject to the allowance submission requirement.  This would 
appear to exclude CCS in power plants that use natural gas or petroleum from eligibility.  
The credit would thus only apply to coal-fired plants with CCS.  A separate bonus 
allowance incentive under Title III is provided for CCS projects, subject to emissions 
capture performance criteria and an overall program limit on allowances for this purpose.  
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The Title III credit would be available to any CCS project, including natural gas CCS.  
For this analysis, it was assumed that the natural gas and coal would be eligible for both 
the Sec. 1202 CCS credit and the Title III bonus allowances. 

 
 

Non-CO2 Emission Coverage and Abatement Assumptions 
 
To represent nonenergy-related GHG emissions abatement and increases in biogenic carbon 
sequestration, EIA applied the same methodologies and data sources described in its evaluation 
of S. 280, the Climate Stewardship and Innovation Act of 2007.4  However, the number of 
source classifications was disaggregated to better match regulatory coverage provisions under S. 
2191.  The level of detail in these baselines and any corresponding abatement supply 
assumptions are specified by the categories presented in Table 1.  Table 1 also indicates whether
the source was considered as covered or uncovered under the S. 2191 Title I cap, with a 
comparison to the corresponding assumptions under S. 1766, the Low Carbon Econo

 

my Act of 
007. 

 
Table 1: urces for S. 2191 and S. 1766 Coverage, 

ns 
      (million metric tons CO2-equivalent) 

 

2

 Classification of Non-CO2 Emissions So
Baseline, and Abatement Assumptio

 

S. 2191 Title I S. 1766
Landfills 147 Uncovered Uncovered
Coal Mining 65 Uncovered Uncovered
Natural Gas/Oil Systems 172 Covered Uncovered
Stationary/Mobile Combustion 14 Covered Uncovered
Other 208 Uncovered Uncovered
Agriculture 227 Uncovered Uncovered
Stationary and Mobile Combustion 69 Covered Uncovered
Adipic and Nitric Acid Production 14 Uncovered Covered
Other 6 Uncovered Uncovered
HFCs from HCFC-22 Production 15 Covered Covered
Other HFCs and Substitutes for Ozone-
Depleting Substances

121 Uncovered (capped 
under Title X)

Covered

Perfluorocarbons 7 Covered Covered
Sulfurhexafluoride 16 Covered Covered

Domestic Biogenic Carbon 
Sequestration

Agriculture and Forestry  - - Eligible as Offsets 
and for Sec. 3701 
Incentive Program 

Eligible under 
Incentive Program

International Allowances Multiple Emission Sources  - - Eligible as Offsets Ineligible as Offsets

2006 Emissions
Methane

Nitrous Oxide

Fluorinated Gases

Emission Source

 
Source: Energy Information Administration, Emissions of Greenhouse Gases in the United States 2006, DOE/EIA-

573(2006) (Washington, DC, November 2007), web site www.eia.doe.gov/oiaf/1605/ggrpt/index.html. 

olute 

                                                

0
 
The economic abatement potential assumed for the domestic non-CO2 gases is relatively small 
compared to the potential for domestic biosequestration and international sources (Figure 1).   
The cost and availability of international sources is highly uncertain and depends on widespread 
adoption of limits on GHGs and the establishment of global international allowance trading.  S. 
2191 limits the use of international allowances to those from countries with mandatory, abs

 
4 Energy Information Administration, Energy Market and Economic Impacts of S. 280, the Climate Stewardship and 
Innovation Act of 2007, SR/OIAF/2007-04 (Washington, DC, July 2007), web site 
www.eia.doe.gov/oiaf/servicerpt/csia/index.html. 
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caps on GHG emissions of comparable degrees of stringency and enforcement.  Countries 
without comparable allowance programs could, however, potentially supply offsets to the 
international market and free up qualifying allowances for sale to the United States.  Therefore, 
no change in assumed cost and availability of international allowances was made to represent t
strict comparability provisions for international offsets under S. 2191.   However, the iss

he 
ue of 

vailability of international offsets is addressed in a sensitivity case that excludes them. 

Figure 1:  Assumed Supply of Emissions Abatement and Offsets from Nonenergy 
Emissions Sources, 2020 
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es could be sold abroad, ultimately raising the domestic allowance price to international 
vels.   

y 
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ed 
exceed the 5-percent limit under Sec. 

701 limit is assumed to be sold on the offset market. 
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Furthermore, the possibility that the United States could be a net supplier of allowances or 
offsets internationally was not considered.  With international trading in allowances, the S. 2191 
allowanc
le
 
Under S. 2191, certified increases in biosequestration can be used as either offsets or qualif
under the Sec. 3701 incentive program, but not both.  Under Sec. 3701, up to 5 percent o
allowances are available as incentives for increases in biosequestration or reductions in 
agricultural GHG emissions.  This analysis assumes that the Sec. 3701 allowance incentives ar
exchanged for increases in biogenic sequestration.  In addition, the supply of biosequestration 
available at a given allowance price is assumed to be used first for the Sec. 3701 program bas
on the allowance price.  Any excess supply that would 
3
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Allowance Banking and Borrowing 
 
To reflect banking incentives and trading arbitrage, allowance prices escalate at a rate no higher 
than 7.4 percent per year in real terms during intervals when allowance balances are held.  This 
rate reflects the average cost of capital in the electric power sector, where a significant share of 
emissions reduction investments is expected to occur.  S. 2191 permits up to 15 percent of the 
allowance obligation to be borrowed from future allowance supplies, subject to a 10-percent 
allowance increase per year borrowed.5  The 10-percent real rate of interest would presumably 
preclude such borrowing, except in situations involving shocks or surprises that are not 
considered in this analysis.  As a result, allowances prices are estimated such that borrowing 
does not occur.   
 
S. 2191 calls for increasingly stringent emissions caps beyond 2030, the forecast horizon for 
NEMS.  Meeting these post-2030 caps will require significant emission reductions outside the 
electricity sector, the predominant source of early emissions reductions and increasing price 
pressure, absent significant technological breakthrough in transportation and other uses 
dependent on fossil fuels.  As a result, we assume there will be an allowance bank balance at the 
end of 2030.  To roughly estimate the magnitude of the 2030 allowance balance, trial simulations 
that accelerated the emissions targets for various post-2030 dates to 2030 were made to observe 
the variation in banking levels in the period before 2030.  Based on these trial runs, the bank 
balance assumption for 2030 was set at 5 billion metric tons.  This level of allowance banking is 
consistent with the greater difficulty complying with the post-2030 targets under continued 
growth in population and the economy, yet balanced by the technological progress likely to help 
mitigate the economic cost of abatement.  While the level of banking would also depend on other 
economic assumptions, such as the availability and cost of international offsets, the 5-billion-ton-
balance assumption was applied in all the cases analyzed. 
 
 

Appliance Efficiency and Building Codes 
 
Section 3302 of the S. 2191 allocates a portion of the allowances distributed to States to promote 
energy efficiency and mitigate the impact on low-income consumers.  To reflect the impact of 
these programs, the incremental cost of the most energy-efficient appliances in each residential 
end-use category was reduced by half.  In most cases, the relevant technologies represented the 
two most efficient options in each class.  For example, if the cost difference between the least 
and most efficient air conditioners was $1000, the cost differential was reduced to $500, in effect 
simulating a rebate for buying the more efficient appliance. 
 
Section 5201 provides incentives for meeting and strengthening building codes.  To represent 
these incentives, the residential building codes were tightened by 30 percent in 2015 and 50 
percent in 2025, relative to the building codes assumed in the Reference Case.   

                                                 
5 Section 2303 requires that the quantity of borrowed allowances to satisfy a given emission obligation be factored 
by 1.1 times the number of years after the “use year” and before the “source year” of the borrowed allowance.  The 
wording can be interpreted as allowing 1 year of borrowing without any interest imposed.  The intent is assumed to 
be, however, that a full 10-percent interest penalty on borrowed allowances is to be charged, without a free year of 
interest. 
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Allowances to Load-Serving Entities and Fossil-Fired Powerplant Owners 
 
Under Section 3401, 9 percent of allowances are distributed to electric load-serving entities 
(LSE) where the proceeds can be used to reduce the cost impact of the program or promote 
energy efficiency programs.  Under Section 3901, 1 percent of allowances are allocated to rural 
electric cooperatives for transition assistance.  In this analysis it was assumed that all of the 
allowance proceeds from this 10-percent allocation are used to reduce electricity prices by 
lowering the distribution markups. 
 
Under Section 3901, a share of allowances are allocated to fossil-fuel-fired electric powerplant 
owners, beginning with 19 percent from 2012 to 2017, then declining gradually each year to 1 
percent in 2030.  It was assumed that the impact of this free allocation depends on how the 
powerplants are regulated within each region.  For unregulated producers, the benefits of the free 
allocation of allowances are not passed on to consumers.  However, for regulated providers, 
where electricity prices are set under cost of service procedures, the cost benefits of the free 
allowances are assumed to be passed on to electricity consumers.   
 
 

Analysis Cases  
 
There is significant uncertainty regarding the potential impacts of S. 2191.  A set of five cases 
simulating the S.2191 policy were prepared, varying assumptions regarding the cost and 
availability of various technologies and compliance offset options (Table 2).  While the cases do 
not span the full range of possibilities, they provide some indication of the impact of the more 
important analytical assumptions: 
 
• The S. 2191 Core Case represents an environment where key low-emissions technologies, 

including nuclear, fossil with carbon capture and sequestration (CCS), and various 
renewables, are developed and deployed in a timeframe consistent with the emissions 
reduction requirements without encountering any major obstacles, even with rapidly growing 
use on a very large scale, and the use of offsets, both domestic and international, is not 
significantly limited by cost or regulation.   

• The S. 2191 No International Offsets Case, is similar to the S. 2191 Core Case, but 
represents an environment where the use of international offsets is severely limited by cost or 
regulation.  The regulations that will govern the use of offsets have yet to be developed and 
their availability will depend on actions taken in the United States and around the world. 

• The S. 2191 High Cost Case is also similar to the S.2191 Core Case except that the costs of 
nuclear, coal with CCS, and biomass generating technologies are assumed to be 50 percent 
higher than in the Core Case.  There is great uncertainty about the costs of these 
technologies, as well as the feasibility of introducing them rapidly on a large scale.  While 
the costs assumed in the High Cost Case are more closely aligned with recent cost estimates 
than those in the Core Case, it is unclear if the recent cost increases are a short- or long-run 
phenomenon.   The High Cost Case, which raises the cost of key low- and no carbon electric 
generation technologies, falls between the Core Case and the Limited Alternative Case 
discussed below.  
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• The S. 2191 Limited Alternatives Case represents an environment where the deployment of 
key technologies, including nuclear, fossil with CCS, and various renewables, is held to their 
Reference Case level through 2030, as are imports of liquefied natural gas (LNG).  The 
inability to increase their use of these technologies causes covered entities to turn to other 
options in response to S.2191.   

• The S. 2191 Limited/No International Case combines the assumptions from the S. 2191 
Limited Alternatives and S. 2191 No International Offset Cases. 

 
In addition to the S.2191 cases, the report also includes a case that represents S. 1766, the Low 
Carbon Economy Act of 2007.  EIA’s earlier analysis of S.17666 used a reference case with 
significantly higher projected energy use and emissions than the reference case used in this 
report, which reflects the provisions of EISA and other updates.  
 
 

                                                 
6 Energy Information Administration, Energy Market and Economic Impacts of S.1766, the Low Carbon Economy 
Act of 2007, SR/OIAF/2007-06 (Washington, DC, January 2008), web site 
www.eia.doe.gov/oiaf/servicerpt/csia/index.html. 
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Table 2:  Analysis Cases 
 

Case Name Assumptions 
Non-Policy Case 

Reference • AEO2008 Reference Case, which includes the provisions H.R. 6, the Energy 
Independence and Security Act of 2007, and assumes a continuance of other 
current laws and regulations 

• Non-CO2 emissions growth based on Environmental Protection Agency “with 
measures” and “voluntary technology adoption” cases  

Policy Cases 
S. 2191 Core Primary S. 2191 policy case.  Key assumptions include: 

• AEO2008 Reference Case assumptions  
• Cap-and-trade policy from Title I capping the emissions of Group I GHGs 

(CO2, methane, nitrous oxide, sulfur hexafluoride, and perfluorocarbons) and 
Group II gases (hydrofluorocarbons) emitted from Hydrochlorofluorocarbon 
production). 

• Key low-emissions technologies, including nuclear and coal with carbon 
capture and sequestration (CCS), are developed and deployed in a timeframe 
consistent with the emissions reduction requirements without encountering any 
major obstacles, even with rapidly growing use on a very large scale.  

• Bonus credit incentives for CCS 
• Nonenergy GHG abatement supply, as a function of allowance costs, derived 

from information provided by the Environmental Protection Agency 
• The Title X cap–and-trade program for other Group II GHGs 

(hydrofluorocarbons) is not represented 
No International Offsets S. 2191 Core Case with the compliance option from international offsets assumed to 

be unavailable 
S. 2191 High Cost S. 2191 Core Case with assumed higher costs for key electricity generating 

technologies: 
• CCS, nuclear and biomass plant costs 50 percent higher than in S. 2191 Core 

Case 
S. 2191 Limited 
Alternatives 

S. 2191 Core Case with assumed limits on several carbon reduction technologies for 
electric power generation and limits on LNG imports: 
• CCS not available by 2030 
• Nuclear and biomass power plant additions limited to AEO2008 Reference Case 

level  
• LNG imports limited to AEO2008 Reference Case level 

S. 2191 Limited 
Alternatives / No 
International 

Combines the assumptions in the Limited Alternatives and No International Offsets 
Cases 

S. 1766 Update Updated evaluation of S. 1766, the Low Carbon Economy Act of 2007, recently 
evaluated by EIA under AEO2007 Reference Case assumptions. Key assumptions 
include: 
• AEO2008 Reference Case assumptions  
• S. 1766 cap and trade policy 
• S. 1766 bonus credit incentives for CCS 
• S. 1766 technology accelerator payment (TAP) price, which establishes a limit 

on the allowance price, growing at 5 percent per year in real dollars 
• Nonenergy GHG abatement supply, as a function of allowance costs, derived 

from information provided by the Environmental Protection Agency 
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2.  Results 
 
This section presents the results of the analysis, focusing on the effects of S. 2191 in the Core 
Case.  The results of additional cases that vary technology cost and availability assumptions are 
also discussed where relevant, along with some comparisons to the S. 1766 Update Case.  The 
impacts on GHG emissions, energy markets, and the economy are presented in turn.  Table 3 
compares the projections in the AEO2008 Reference Case to the projections in the five S. 2191 
cases and the S. 1766 Update.  A full set of tables for all cases is available on the EIA web site.  
 
 

Greenhouse Gas Emissions and Allowance Prices 
 
Under the S. 2191 Title I cap-and-trade program, GHG emission levels are governed by the 
quantity of allowances issued each year, the availability and limits on offsets, and the economics 
of banking allowances for future use.  As discussed in Chapter 1, an underlying assumption is 
that the ability to sell or bank allowances for the future will promote a gradual escalation in 
allowance prices.  The allowance prices and levels of emissions banking are estimated in concert 
such that covered emissions, less allowed offsets, meet the allowance caps over a period of time.   
 
Figure 2 compares projections of the S. 2191 covered emissions under Title I in the Reference 
Case and the S. 2191 Core Case, relative to the emissions cap.  Because entities can meet up to 
15 percent of the allowance obligation with domestic offsets and 15 percent from international 
offsets, the graph also depicts the projected offsets purchased, along with the covered emissions 
net of offsets for comparison to the cap.   
 
Figure 2:  Covered GHG Emissions and Offset Usage in the Reference and S. 2191 Core 

Cases, 2006-2030 
 (million metric tons CO2-equivalent) 
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Source:  National Energy Modeling System runs AEO2008.D030208F and S2191.D031708A. 



 

Table 3:  Summary Emissions and Energy Market Results 
                (million metric tons CO2-equivalent, except as noted) 

Core High Cost Limited 
Alter-

natives

No Inter-
national 
Offsets

Limited /    
No Inter-
national

Core High Cost Limited 
Alter-

natives

No Inter-
national 
Offsets

Limited /   
No Inter-
national

Greenhouse gas emissions
  Energy-related carbon dioxide 5890 6384 5587 5548 5520 5005 4777 6009 6851 4020 4573 4786 3821 4319 5038
  Other covered emissions1 292 331 303 299 299 299 287 276 381 347 336 336 336 336 437
     Total covered emissions 6182 6715 5890 5848 5819 5304 5064 6285 7232 4368 4909 5122 4157 4656 5475
  Total greenhouse gas emissions 7014 7729 6770 6716 6679 6167 5910 7224 8441 5429 5968 6179 5217 5709 6441
Emissions reduction from Reference case
  Energy-related carbon dioxide  - -  - - 797 836 864 1379 1607 375  - - 2831 2278 2066 3030 2532 1813
      Carbon capture and storage  - -  - - 147 85 0 144 0 182  - - 386 325 0 226 0 1258
  Other covered emissions  - -  - - 28 32 33 32 44 61  - - 34 44 44 44 44 88
  Nonenergy carbon dioxide  - -  - - 2 3 4 4 7 1  - - 4 6 7 5 12 2
  Offset Credits
     Noncovered emissions  - -  - - 132 142 149 146 160 67  - - 144 144 144 144 144 97
     International allowances  - -  - - 739 739 737 0 0 0  - - 577 579 581 0 0 0
     Biogenic carbon sequestration2  - -  - - 148 282 385 339 578 128  - - 435 437 435 436 435 479
  Biogenic carbon sequestration, Sec. 3701  - -  - - 246 246 246 246 246  - -  - - 193 193 193 193 193  - -
     Total (including carbon sequestration)  - -  - - 2092 2280 2417 2147 2643 633  - - 4217 3682 3470 3853 3359 2479
Compliance summary
  Allowances issued (cap)  - -  - - 4924 4924 4924 4924 4924 6189  - - 3860 3860 3860 3860 3860 4818
  Covered emissions, less offset credits 1, 2 6182 6715 4872 4685 4548 4818 4325 6218 7232 3212 3749 3963 3578 4077 5378
     Net allowance bank change  - -  - - 52 239 376 106 599 (28)  - - 648 111 (103) 282 (217) (560)
  Allowance bank balance  - -  - - 336 2587 2914 106 2926 1476  - - 5027 4896 4974 5028 4876 (808)
Allowance price (2006 dollars per metric ton 
CO2-equivalent)  - - 0 30 38 44 42 76 13 0 61 78 91 85 156 26
Delivered energy prices (2006 dollars per unit 
indicated)
  Motor gasoline, transport (per gallon) 2.63 2.36 2.58 2.63 2.66 2.65 2.84 2.45 2.45 2.86 2.95 3.05 3.01 3.46 2.63
  Jet fuel (per gallon) 2.00 1.79 2.05 2.13 2.19 2.16 2.49 1.90 2.07 2.62 2.74 2.88 2.81 3.48 2.30
  Diesel (per gallon) 2.71 2.50 2.78 2.86 2.91 2.88 3.15 2.61 2.68 3.20 3.32 3.45 3.39 4.00 2.93
  Natural gas (per thousand cubic feet)
     Residential 13.80 11.74 13.41 14.19 14.96 14.07 17.55 12.17 13.30 16.77 18.68 20.60 18.59 24.91 13.99
     Electric power 7.07 6.11 7.52 8.30 9.04 8.06 11.68 6.53 7.13 9.95 11.75 13.95 11.64 18.24 7.74
  Coal, electric power sector (per million Btu) 1.69 1.72 4.49 5.24 5.83 5.51 8.81 2.93 1.78 7.21 8.91 10.07 9.40 16.11 4.23
  Electricity (cents per kilowatthour) 8.91 8.61 9.06 9.54 9.90 9.28 10.93 8.75 8.85 9.82 11.82 12.66 9.75 14.52 9.51
Energy consumption (quadrillion Btu)
  Liquid fuels 40.1 42.2 41.3 41.1 41.0 40.7 40.6 41.7 44.0 42.0 41.8 41.9 41.5 40.9 42.9
  Natural gas 22.3 24.0 22.4 23.2 24.2 22.2 26.6 22.9 23.4 19.4 22.6 26.2 19.8 27.9 20.1
  Coal 22.5 25.9 20.6 19.2 17.6 15.0 8.7 24.9 29.9 7.8 11.4 8.1 4.1 3.3 26.7
  Nuclear power 8.2 9.1 10.2 9.2 9.1 12.7 9.1 9.6 9.6 30.0 15.2 9.6 31.7 9.6 12.8
  Renewable/Other 6.5 9.7 13.4 14.2 14.0 15.8 17.5 10.3 11.2 14.2 19.1 21.7 15.7 23.0 11.6
     Total 99.5 110.8 107.9 107.0 105.9 106.4 102.4 109.4 118.0 113.4 110.1 107.5 112.8 104.7 114.1
  Purchased electricity 12.5 14.5 14.2 14.1 14.0 14.1 13.7 14.5 16.1 15.3 14.9 14.7 15.3 14.2 15.8
Electricity generation (billion kilowatthours)
  Petroleum 85 76 49 51 49 44 48 51 82 39 45 47 38 49 43
  Natural gas 806 833 761 901 1094 760 1516 768 741 427 897 1558 530 1794 390
  Coal 1988 2357 1890 1754 1606 1373 766 2296 2838 703 1066 703 307 224 2784
  Nuclear power 787 868 979 886 868 1220 868 919 917 2877 1460 917 3036 917 1228
  Renewable 385 588 918 953 882 1136 1198 652 657 920 1347 1527 1052 1618 708
     Total 4051 4723 4595 4544 4500 4534 4396 4686 5235 4966 4816 4753 4964 4602 5153

Source: NEMS runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A

S. 1766 
Update

 1 Sources included in other covered emissions under S. 2191 Title I differ from those under S. 1766.  Under S. 1766, all of the fluorinated gases and nitrous oxide from nitric and adipic acid are covered.
 2 Under S. 2191, registered increases in biogenic carbon sequestration can qualify as an offset.  Under S. 1766, an allowance incentive encourages this sequestration but it does not count as an offset. 

  - - :  Not Applicable

2006 2020 2030

Refer-
ence

S. 2191 Cases
S. 1766 
Update

Refer-
ence

S. 2191 Cases
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As indicated in Figure 3, covered emissions net of offsets are projected to be below the gradually 
declining cap, causing a bank of allowances to accumulate through 2030.  Because the modeling 
horizon ends in 2030, a sizable allowance bank balance in 2030 is assumed to be amassed in 
anticipation of the increasing allowances prices that would likely occur under declining post-
2030 caps, given continued population and economic growth.  As a result, cumulative emissions 
net of offsets through 2030 are projected to be about 5 billion metric tons lower than actually 
required by the allowance caps over that period.   
 
The 15-percent limit on international offsets becomes binding in the S. 2191 Core Case in 2016, 
while the domestic limit is first reached in 2025.  Because the emission caps are declining, the 
absolute quantity of offsets also declines over time, once the percentage limits becomes binding. 
 
The projected allowance prices and compliance results depend on the assumed availability of 
international offsets and the cost and availability of low carbon energy sources.  Projected 
emissions in the Reference Case and the five S. 2191 cases vary, as depicted in Figure 3.  The 
various compliance paths across these cases reflect different patterns of allowance bank 
accumulation (Figure 4), along with the estimated allowance price trajectories that shape the 
compliance response (Figure 5).   
 
Figure 3:  Covered Emissions Net of Offsets for the Reference and S. 2191 Cases 
      (million metric tons CO2-equivalent) 

3000

3500

4000

4500

5000

5500

6000

6500

7000

7500

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Reference
S. 2191 Core
High Cost
Limited Alternatives
No International Offsets
Limited / No International
GHG Emissions Cap

 
 
Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A. 
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Figure 4:  End-of-Year Allowance Bank Balance in the S. 2191 Cases, 2012 to 2030 
     (million metric tons CO2-equivalent) 
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Source:   National Energy Modeling System runs S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, S2191NOINT.D032508A, 
and S2191BIVNOI.D033108A 
 
 
Figure 5:  Allowance Prices in the S. 2191 Cases and the S. 1766 Update Case 
     (2006 dollars per metric ton CO2-equivalent) 
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Source:  National Energy Modeling System runs S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, S2191NOINT.D032508A, 
S2191BIVNOI.D033108A, and S1766_08.D031508A. 
 
As shown in Figure 4, there is a relatively low level of allowance bank accumulation in the first 
10 years of the allowance program in the S. 2191 Core case, and the allowances banked in any 
single year over that period account for less than 5 percent of the yearly cap.  After 2022, the 
allowance banking escalates as low-carbon emissions sources in the electric power sector 
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emerge, inducing a build-up of allowance balances in anticipation of the increasingly stringent 
post-2030 emission targets.  As shown in Figure 5, projected allowance prices in the S. 2191 
Core case are $17 in 2012 (2006 dollars) and rise at the assumed 7.4-percent rate to $61 in 

12030.     

 
d 

estic and international offsets are reached 2 to 4 years earlier than in the S. 2191 Core 
ase.  

al 

 
e 

y on such borrowing and the 15-percent borrowing limit are 
ssumed to preclude this option.   

ces are driven to the highest levels among the cases considered, $51 in 
012 and $156 in 2030.   

 
Allowance and Offset Prices 

 
ed 

g in 2016 for international offsets and in 2025 for domestic offsets in 
e S. 2191 Core Case.  

 

                                                

 
In the S. 2191 High Cost and S. 2191 Limited Alternatives Cases, where carbon mitigation
options are more costly or unavailable through 2030, allowance prices are driven up, an
considerably more allowance banking takes place in the first 10 years of the program.  
Allowance prices in 2030 are $78 in the S. 2191 High Cost Case and $91 in the S. 2191 Limited 
Alternatives Case.  The higher allowance price levels accelerate the use of offsets, and the limits 
on dom
C
 
The allowance price path from 2012 through 2019 in the S. 2191 No International Offsets case 
departs from the growing price trajectory seen in the other S. 2191 cases. Without internation
offsets, allowance prices are driven higher initially, compared to the S. 2191 Core case.  For 
example, the allowance price in 2012 is $48 in the No International Offsets case, compared to 
$17 in the Core case.  The allowance price rises to levels necessary to meet the emissions cap in 
2012 through fuel-switching and early investment in efficiency and carbon-neutral technologies.  
Meeting the gradually declining caps over the next few years is achieved without any significant
allowance price increases.  While an outlook for steady or falling allowance prices could creat
an incentive to borrow allowances against future obligations, as permitted under S. 2191, the 
effective 10-percent interest penalt
a
 
In the S. 2191 Limited Alternatives/No International Case, where compliance options are most 
limited, the allowances pri
2
 

 
The independent limits on domestic and international offsets will influence their pricing relative 
to allowance prices (Figure 6).  When neither offset limit is binding, the prices in the two offset 
markets would be expected to clear at the same price as in the allowance market.  When the use
of either domestic or international offsets reaches the maximum, competition to supply a fix
quantity of offsets will tend to drive down the offset price below the allowance price.  This 
situation occurs beginnin
th

 
1 Each allowance represents one metric ton of CO2-equivalent emissions.  A price for an allowance is expressed in 
2006 dollars per metric ton of CO2-equivalent emissions. 
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Figure 6:  Allowance and Offset Prices in the S. 2191 Core Case 
      (2006 dollars per metric ton CO2-equivalent) 
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Source:  NEMS run S. 2191.D031708A. 
 
 

Emissions Impacts by Source and Sector 
 
The allowance program and other incentives under S. 2191 are expected to result in substantial 
covered emissions reductions in energy-related CO2 and other GHG emissions.  Under the offset 
provisions, emission reductions from non-covered entities also occur, along with increases in 
biogenic carbon sequestration from domestic forestry and agriculture and credited decreases in 
emissions abroad.  Under Section 3701, an allowance distribution program provides a 
supplementary incentive for agricultural and forestry emissions reductions and sequestration.  As 
seen in Figure 7, S. 2191 Core Case, the emissions reductions from CO2 account for less than 
half of the total compliance response in the first 10 years of the program, when lower cost offsets 
and non-CO2 abatement opportunities predominate.  The CO2 share of compliance measures 
increases over time with more stringent reduction requirements and with greater turnover of 
electric power plants, energy-using equipment, vehicles, and appliances.  This growing 
contribution of CO2 reductions occurs in the other policy cases as well, but the degree of 
response and the relative share of offsets used in the compliance response differ among the cases.    
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Figure 7:  GHG Emissions Reductions in the S. 2191 Core, S. 2191 No International 
Offsets, and the S. 2191 Limited/No International Cases 

      (million metric tons CO2-equivalent) 
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Energy Information Administration / Energy Market and Economic Impacts of S. 2191, the Lieberman-Warner Climate Security Act of 2007 
 

17



 

As indicated in Figures 8 and 9, most of the energy-related CO2 emissions reductions occur in 
the electricity sector, with less than 20 percent of direct emissions occurring in the buildings, 
industrial, and transportation sectors in all the cases examined.2  The electricity sector reductions 
stem from the use of more efficient, less carbon-intensive sources of generation.  This results 
from a variety of factors, particularly the industry’s current dependence on coal, the availability 
and economics of technologies to switch from coal to less carbon-intensive energy sources, and 
the comparative economics of fuel switching in other sectors.  A relatively small share of the 
electricity-related CO2 emissions reductions results from reduced electricity demand. 
 
 

Comparison of GHG Emissions in the S. 2191 and S. 1766 Cases  
 
The covered emissions and allowance caps under Title 1 of S. 2191 and S. 1766 are compared in 
Figure 10, relative to the emissions in the AEO2008 Reference Case.  Because the categories of 
emissions that are covered differ slightly in the two bills, the covered emissions for the 
Reference Case are presented under each.  The caps under S. 1766 in the first few years are 
actually slightly above the Reference Case emissions.  Since S. 1766 was introduced, EIA 
released its AEO2008, with revised Reference Case projections of CO2 emissions.  The 
AEO2008 Reference Case assumes lower economic growth and higher energy prices than in the 
AEO2007 Reference Case, and also accounts for the emission reduction impacts of EISA.   As a 
result, meeting the S. 1766 cap requires lower emission reductions from the AEO2008 Reference 
Case compared to the AEO2007 Reference Case.  Emissions in the AEO2008 Reference Case 
would be in compliance with the S. 1766 caps from 2012 to 2017, after taking into account 
allowance banking.  On a cumulative basis from 2012 to 2030, compliance with the S. 1766 cap 
would require reductions (or offsets) from the AEO2008 Reference Case emissions of 16 billion 
metric tons CO2 equivalent, while compliance with S. 2191 requires a cumulative reduction of 37 
billion metric tons CO2 equivalent.  
 

                                                 
2 In Figures 9 and 10, all emissions from purchased electricity are shown in the electricity sector.  Some of the emissions changes 
between cases reflect different levels of electricity usage in addition to direct emissions from generation. 

Energy Information Administration / Energy Market and Economic Impacts of S. 2191, the Lieberman-Warner Climate Security Act of 2007 
 

18



 

Figure 8:  Energy-Related CO2 Emissions by Sector 
       (million metric tons) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
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Figure 9:  Energy-Related CO2 Emission Reductions from Reference Case 
        (million metric tons) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
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Figure 10:  Covered Greenhouse Gas Emissions Net of Offsets in the S. 2191 Core and 

S. 1766 Update Cases Compared to the Reference Case 
        (million metric tons CO2-equivalent) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S. 2191.D031708A, and S1766_08.D031508A. 
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Energy Market Impacts 
 
Energy consumers are expected to face higher costs of using energy as a result of the S. 2191 
allowance program.  The cost of the allowances requirements imposed on fuel suppliers will tend 
to be passed on to consumers through higher petroleum and natural gas prices.  Coal consumers, 
directly responsible for submitting allowances for their coal-related CO2 emissions, will incur 
higher cost of using coal, reflecting the cost of the associated allowance requirements.   
Electricity generators will also pass their higher fuel costs, as well as their higher incremental 
capital cost, to their customers, partially offset by the S. 2191 provisions that distribute 
allowances to reduce economic impacts.  Table 2, presented earlier, summarizes the projected 
impacts on the delivered cost of energy under S. 2191.  Detailed sets of projection tables on 
energy production, consumption, and prices for each case accompany the presentation of this 
report on EIA’s web site.3 
 
The impacts of S. 2191 on energy prices are closely linked to the allowance price, so the energy 
prices are significantly greater when key compliance options such as international offsets, 
nuclear power, and CCS are assumed to be unavailable or more costly, driving up the allowance 
prices.  For example, projected prices for motor gasoline in 2030 are $2.46 per gallon (2006 
dollars) in the Reference Case, $2.86 per gallon in the S. 2191 Core Case, and $3.46 in the 
Limited Alternatives/No International Case.  Average electricity prices, net of the mitigating 
effect from allowance distribution incentives, range from 8.9 cents per kilowatthour in the 
Reference Case to 9.8 cents in the S. 2191 Core Case and 14.5 cents in the Limited 
Alternatives/No International Case.  Under S. 2191, average annual household energy bills, 
excluding transportation costs, are between $30 and $325 higher in 2020 and $76 and $723 in 
2030.  
 
Energy-related emissions will be influenced by both the higher energy costs from the allowance 
program, as well as the S. 2191 incentives that promote energy efficiency and low-carbon fuel 
sources.  Overall, the use of fossil fuels generally decreases relative to the Reference Case, while 
the use of renewable energy sources and nuclear power increases (Figure 11).  As discussed 
earlier, the greatest impacts from the higher energy costs occur in the electricity sector, with 
reductions in the use of coal and increases in nuclear and renewable fuels, relative to the 
Reference Case in most cases.  The impacts tend to grow over time as the caps become more 
stringent and the allowance price increase.  In the S. 2191 Core, the S. 2191 High Cost, and the 
S. 2191 No International Offsets Cases, total natural gas consumption is lower than in  the 
Reference Case over the 2012 to 2030 period.  In the Limited Alternatives and Limited 
Alternatives/No International Cases, where compliance options are assumed to be limited, 
projected natural gas use exceeds the Reference Case and nuclear power remains at the 
Reference Case level.   
 

                                                 
3 See www.eia.doe.gov/oiaf/service_rpts.htm. 
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Figure 11:  Total Energy Consumption by Source  
        (quadrillion Btu) 
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Electricity Sector Emissions, Generation, and Prices 
 
The provisions of S. 2191 alter electric power projections by favoring low-carbon technologies 
such as coal plants that sequester CO2, renewable facilities, and nuclear power.  The impact of 
CCS technology is also affected by the provisions that provide multiple allowances to these 
plants for each ton of CO2 sequestered.  In several analyses of proposals to reduce greenhouse 
gas emissions, EIA has found that the electric power sector would first turn to increased use of 
nuclear and renewable fuels, before coal power plants with CCS.  However, the bonus 
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allowances provided for CCS in S. 2191 improve its relative economics, though nuclear and 
renewable fuels still play a larger role.  The shifts in the generation mix lead to lower CO2 
emissions from the electricity sector, higher electricity prices, and lower electricity demand than 
in the Reference Case.  The higher electricity prices are due to the higher capital costs of cleaner, 
more efficient technologies and the costs of holding allowances, both of which are partially 
offset by lower fuel expenditures.   

Emissions  
 
In the Reference Case, which assumes no policy to reduce GHG emissions, power sector CO2 
emissions are projected to increase 26 percent between 2006 and 2030 as the industry increases 
its use of fossil fuels, particularly coal (Figure 12). In the S. 2191 cases, power sector CO2 
emissions are expected to be 26 percent to 52 percent below the Reference Case level in 2020 
and 60 percent to 92 percent below the Reference Case level in 2030. In the S. 2191 Core Case 
and S. 2191 No International Offsets Case, the power sector greatly reduces the use of fossil 
fuels and lowers emissions by 85 to 90 percent between 2006 and 2030. In the S. 2191 High Cost 
and S. 2191 Limited Alternatives Cases the nuclear, renewable, and sequestration technologies 
are assumed less economic or unavailable, and emissions in the power sector are not reduced as 
significantly, but still fall by 50 to 60 percent over the forecast.   
 
Figure 12:  Electric Power Sector Carbon Dioxide Emissions  
                   (million metric tons) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 

Capacity and Generation  
 
In the Reference Case, coal plants without CCS meet a large share of new capacity requirements 
through 2030 (Figure 13).  Absent regulations limiting GHG emissions, coal plants tend to be the 
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most economical option for meeting continuous, or baseload, demand.  New natural gas plants 
are also added in the Reference Case, but tend to be more economical for meeting intermittent 
loads. Most of the renewable capacity added in the Reference Case is in response to State 
renewable portfolio standards.  
 
Figure 13:  Cumulative Electricity Generating Capacity Additions 
                   (gigawatts) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 
 
Under S. 2191, new coal builds without CCS are almost eliminated. There is also a dramatic 
increase in power plant retirements, with almost two-thirds of existing coal plants projected to 
retire by 2030 in the S. 2191 Core Case and many of the retiring plants must be replaced by new 
capacity to meet demand. To meet this demand, most cases build a mix of coal with CCS, 
nuclear, and renewable technologies, primarily wind and biomass. The bonus credits provided to 
CCS under S. 2191 make coal with CCS economic, with 34 to 64 gigawatts (GW) of additions 
projected by 2030 across the S. 2191 cases that allow CCS builds. The Reference Case projects 
17 GW of new nuclear capacity by 2030, but under S. 2191, nuclear builds by 2030 range from 
88 GW to 286 GW, when allowed to grow. Renewable capacity also grows significantly, 
representing between 21 percent and 61 percent of all new capacity by 2030 across the S. 2191 
cases.  Note that the additions of new coal plants with CCS is much larger under the provisions 
of S. 1766 because the bonus allowances for CCS are not limited to a certain share of allowances 
as they are under S. 2191. 
 
When technologies with CCS, nuclear, and biomass are constrained to Reference Case levels, the 
addition of new natural gas capacity grows significantly, with additions more than double that of 
the Reference Case by 2030.  However, in the S. 2191 Core Case, natural gas additions are 
below those in the Reference Case, as CCS is not as economic on combined-cycle plants as coal, 
and other non-fossil technologies are built instead of natural-gas-fired plants without CCS. 
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Changes in electricity generation are consistent with capacity choices and are influenced by the 
GHG allowance price (Figures 14 and 15). In the Reference Case, coal generation grows to 2,838 
billion kilowatthours in 2030, an increase of 43 percent over 2006 levels, providing 54 percent of 
total electricity needs. In the S. 2191 cases, coal generation drops significantly, contributing less 
than one-quarter of total electricity generation in all cases, with the S. 2191 Limited 
Alternatives/No International Case seeing the biggest decline to just 5 percent of total electricity 
from coal in 2030.  Although new coal capacity with CCS is added in most cases, the generation 
from these new plants is more than offset by reductions from the retirement of existing coal 
capacity. In the S. 2191 High Cost and S. 2191 Limited Alternatives Cases, coal generation is 
above that in the Core Case, but still much lower than the Reference Case. In those cases, the 
higher costs or limited availability of key non-fossil technologies result in fewer coal retirements 
than in the S. 2191 Core Case. However, this results in higher CO2 emissions in these cases.  
 
Nuclear generation follows the capacity additions, growing most significantly in the S. 2191 
Core and S. 2191 No International Cases.  In the Reference Case, nuclear generation grows by 
17 percent between 2006 and 2030, reaching 917 billion kilowatthours and providing 18 percent 
of total generation. In the S. 2191 Core Case, nuclear grows to 2,877 billion kilowatthours in 
2030, more than triple the Reference Case level. If nuclear costs are higher than expected, then 
new nuclear is still projected, but at lower levels. The S. 2191 High Cost Case projects nuclear 
generation will be almost 60 percent higher than in the Reference Case in 2030.  
 
In most cases, natural gas generation goes down under the provisions of S. 2191.  In the 
Reference Case, natural gas generation drops 8 percent by 2030, relative to 2006 levels, and in 
the S. 2191 Core Case natural gas generation is 47 percent below current levels. However, in the 
S. 2191 Limited Alternatives Case, natural gas generation more than doubles from the Reference 
Case level by 2030, due to the limited availability of new plants with CCS, as well as new 
nuclear and biomass capacity.  This case demonstrates the importance of the development and 
deployment of key low-carbon generating technologies like nuclear, renewables, and fossil with 
CCS in a timeframe consistent with the emission reduction requirements of S. 2191.  Without 
them, allowance prices would be higher and greater demands would be placed on natural gas 
markets. 
 
Renewable generation is dramatically higher under the provisions of S. 2191, growing between 
40 percent and 146 percent above generation in the Reference Case in 2030.  The vast majority 
of the increase is from wind generation, followed by biomass generation.  Through 2020, some 
of the increase in biomass generation is through increased co-firing at coal plants, but after 2020 
the co-firing output begins to decline and is below the Reference Case level by 2030 in all but 
the S. 2191 High Cost Case.  Initially co-firing is an economic way to reduce CO2 emissions 
without investing in new capacity, but as the allowance price increases over the forecast, the 
economics shift to favor less CO2-intensive generation.  In the S. 2191 Limited Alternatives 
Case, biomass supplies are limited so that no increase in either dedicated plants or co-firing is 
possible relative to the reference case. In this case, other renewable types such as solar and 
offshore wind are built. 
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Figure 14:  Generation by Fuel in Alternative Cases in 2020 
                   (billion kilowatthours) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 
 
Figure 15:  Generation by Fuel in Alternative Cases in 2030 
                   (billion kilowatthours) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 
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Price and Demand  
 
S. 2191 is expected to lead to higher electricity prices and lower electricity demand, with much 
greater impacts in the High Cost and Limited Alternatives Cases.  In the S. 2191 Core Case, 
electricity prices reach 9.1 cents per kilowatthour in 2020 and 9.8 cents in 2030 (Figure 16).  
These prices are 5 percent and 11 percent higher, respectively, than the prices in the Reference 
case.  The largest increase is seen in the S. 2191 Limited Alternatives/No International case, 
where electricity prices reach 14.5 cents per kilowatthour in 2030. This is due to both the higher 
allowance price and the higher costs of the technologies available to build. 
 
Figure 16:  Electricity Prices 
         (2006 cents per kilowatthours) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 
 
The allocation of allowances to load serving entities in S. 2191 does limit the impact on 
electricity prices slightly.  EIA assumes the value of these allowances would be passed on to 
consumers through a reduced distribution price.  The impact of this provision is to reduce 
average distribution prices by around one-half cent per kilowatthour.  
Total consumer expenditures for electricity in the S. 2191 Core Case are $126 billion higher than 
in the Reference Case over the 24-year projection period.4  This added expenditure is a 3-percent 
increase in consumers’ total electricity costs.  The higher prices stem from suppliers’ increased 
capital and fixed costs together with costs of holding allowances.  These higher costs are 
partially offset by lower quantities of fossil fuel purchased and less generation.   
 

                                                 
4 Costs accumulated from 2005 through 2030. All dollar values are 2006 dollars.  Accumulated costs are discounted 
to 2005 using a 7-percent discount rate per guidance from Office of Management and Budget Circular A-94.   
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The higher electricity prices, which are 11 to 64 percent higher by 2030, and programs to 
stimulate more efficient electricity use under S. 2191 are projected to result in a damping of 
electricity demand by 5 to 11 percent in 2030.  The impact on electricity demand in the S. 2191 
Core Case is mostly due to the demand-side efficiency programs in S. 2191, while the higher 
electricity prices are more important in the cases with higher allowance prices.  Projected total 
sales in the Reference Case increase to 4,972 billion kilowatthours in 2030, a 30-percent increase 
from 2006.  The S. 2191 Core Case results in a 2030 aggregate demand of 4,731 billion 
kilowatthours, 5 percent below the Reference Case level.   
 
Regional electricity prices vary for many reasons including the demand characteristics, the mix 
of generating sources used, the availability and delivered prices of different resources and  fuels, 
the regulatory regime, and the local costs of construction (Figures 17 and 18).  Generally the 
largest changes in prices caused by the provisions of S. 2191 would be expected in regions that 
are most reliant on coal and regions where electricity prices are set competitively, so that the 
incremental costs of allowances reflected in fuel pricing will flow directly through to consumers.  
In regions with cost of service regulation, average electricity prices are moderated by the pass-
through of allowance values from fossil plant owners who receive a share of allowances for free.  
S. 2191 also allocates a fixed 9 percent of allowances to load-serving entities that would also 
help moderate the average electricity bills in both regulated and unregulated regions. 
 
As shown in Figure 20, all regions are expected to see prices increases in most of the S. 2191 
cases.  Competitively priced regions such as the Electric Reliability Council of Texas, the Mid-
Atlantic Area Council, New York, and New England see especially large increases in the S. 2191 
cases where alternatives are limited, because the high costs of allowances in those cases are 
passed directly through to consumers as higher marginal generating costs.  In contrast, cost-of-
service based regions with little reliance on coal, such as California, see much smaller price 
increases.  In the S. 2191 Core Case, where all generating alternatives are available at the costs 
consistent with those of a few years ago, a couple of regions could have fairly small price 
increases or even small price declines in the later years relative to the Reference Case, because 
the stimulus to build nuclear and renewables drives their costs down over time. 
 
 

Coal Market Impacts 
 
Because coal has the highest carbon content of any of the key fossil fuels, the cost of using coal 
when a GHG cap–and-trade program is imposed increases dramatically (Figures 19 and 20).  For 
example, in 2020 the cost of using coal in a plant that does not have CCS equipment is between 
161 percent and 413 greater than in the Reference Case.  By 2030 the increase in coal costs to a 
plant without CCS equipment is even larger, ranging from 305 percent to 804 percent greater 
than in the Reference Case.  The vast majority of this cost increase is due to the need to hold 
allowances to cover the CO2 emissions that will be generated when the coal is used to produce 
electricity.  The underlying delivered price of coal without the allowance costs is actually lower 
in the S. 2191 cases because of the reduced consumption of coal. 
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Figure 17:  Electricity Regions in the National Energy Modeling System 
 

 
 
Figure 18:  2030 Electricity Prices 
         (2006 cents per kilowatthours) 
 

0

5

10

15

20

25

30

ECAR

ERCOT
MAAC

MAIN
MAPP NY NE FL

SERC
SPP

NWP RA CA

Reference S. 2191 Core S. 2191 High Cost

S. 2191 Limited Alternatives S. 2191 No International S. 2191 Limited / No International

 
 
Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.d033108A and S1766_08.D031508A. 
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Figure 19:  2020 Coal Costs to Electricity Generators 
        (2006 dollars per million Btu) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A and S2191BIVNOI.D033108A. 
 
Figure 20:  2030 Coal Costs to Electricity Generators 
         (2006 dollars per million Btu) 
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Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A and S2191BIVNOI.D033108A. 
 
Coal production volumes (in tons) are projected to be 64 to 89 percent lower in the alternative 
cases in 2030 compared to the Reference Case.  The production levels in 2030 across the cases 
are consistent with the low national coal production levels last seen in the first quarter of the 20th 
century.  For example, in the S. 2191 Core Case, the total coal production of 414 million tons is 
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just 28 percent of coal production projected in the Reference Case in 2030 and 36 percent of 
2006 coal production. The largest decline in coal production in 2020 and 2030 occurs in the S. 
2191 Limited Alternatives/No International Case which has the highest allowance costs.  
 
Lower coal consumption in the S. 2191 cases disproportionately affects western coal producers, 
because they are expected to meet most of the growth in coal demand in the Reference Case.  In 
the Reference Case, 567 million tons of western coal is projected from the highly productive 
large surface mines of Wyoming’s Powder River basin in 2030.  In the S. 2191 cases, this same 
region is projected to supply between 8 and 77 million tons of coal in 2030. 
 
 

Economic Impacts 
 
Implementing the S. 2191 GHG allowance program will affect the economy through two key 
mechanisms.  First, the cost of using energy, particularly fossil fuels and electricity, will be 
increased by the requirement to lower total emissions and submit allowances for any ongoing 
emissions.  Second, the auctioning of allowances together with the free distribution of 
allowances to non-emitting sources will generate revenue that will be spent on programs 
designed to help businesses and consumers reduce their emissions or ameliorate the impacts 
associated with higher energy prices.5  However, as the share of allowances auctioned and the 
price of allowances grow over time in the S. 2191 cases, the revenue to the government that 
could be redistributed also grows, while the economy slows.  Without other changes, a full rebate 
of these funds would cause the Federal deficit to increase above baseline levels.  In all of the 
cases in this analysis, it is assumed that the amount of money rebated is limited to the level that 
maintains the Federal deficit at the baseline level.  

Allowance Revenues 
 
Allowance revenue for redistribution is generated by the direct auctioning of allowances by the 
Federal government and the sale of allowances freely allocated to non-emitting companies, 
States, and other government programs.  The total cumulative allowance revenue collected for 
redistribution over the next 22 years ranges from $2.8 trillion (nominal) in the S. 2191 Core Case 
to $7.6 trillion in the Limited Alternatives/No International Case (Figure 21). Figure 22 shows 
how the overall allowance related revenues, including those that are grandfathered to covered 
sources, are distributed throughout the macroeconomy. 

Impacts on Energy and Aggregate Prices 
 
Rising energy costs influence the aggregate economy through their effect on prices and energy 
expenditures.  Figure 23 shows the percentage changes in both the consumer and producer 
indices for energy prices in the S. 2191 cases.  Figure 24 highlights the All-Urban Consumer 
Price Index (CPI), a measure of aggregate consumer prices in the economy.  The CPI for energy, 
a summary measure of energy prices facing households at the retail level, increases by 
                                                 
5 The revenues described here include those created by the direct auctioning of allowances together with the free 
allocation of allowances to noncovered recipients.  These noncovered recipients, including States and Indian tribes, 
are assumed to sell the allowances to covered entities generating revenue for their use. 
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approximately 18 percent above the Reference Case level by 2030 in the S. 2191 Core Case.  
Industrial energy prices increase 10 percentage points more, at 29 percent above Reference Case 
levels since S. 2191 provides incentives to keep consumer energy prices lower.  Except for the 
cases restricting international offsets, energy prices rise rather gradually over the forecast 
horizon, unlike the pattern of energy prices in recent history (Figure 25).  If measured from 2008 
energy prices, it takes 22 years in the S. 2191 Core Case to reach the same percentage change 
that current energy prices have increased from 2003 to 2008. 
 
 Figure 21:  Carbon Allowance Revenues Redistributed to Economy 
         (billion nominal dollars) 
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Source:  National Energy Modeling System runs S2191d031708a; S2191BIVd031608a; S2191HCd031708a; S2191NOINTL.D032508a , 
S2191BIVNOI033108a relative to results in runs AEO2008d030208f. 
 
 

Energy Information Administration / Energy Market and Economic Impacts of S. 2191, the Lieberman-Warner Climate Security Act of 2007 
 

32



 

Figure 22:  Shares of Grandfathered and Redistributed Allowance Revenue 
                   (percent) 
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Source:  Energy Information Administration, Office of Integrated Analysis and Forecasting. 
 
Figure 23:  Consumer and Producer Energy Prices 
        (percent change from Reference Case) 
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Source:  National Energy Modeling System runs S2191d031708a; S2191BIVd031608a; S2191HCd031708a; S2191NOINTL.D032508a , 
S2191BIVNOI033108a relative to results in runs AEO2008d030208f. 
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Figure 24:  Consumer Prices, Percent Change from Reference Case 
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Source:  National Energy Modeling System runs S2191d031708a; S2191BIVd031608a; S2191HCd031708a; S2191NOINTL.D032508a, 
S2191BIVNOI033108a relative to results in runs AEO2008d030208f. 
 
 
Figure 25:  Energy Price Change, Recent History Versus the S. 2191 Core Case 
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If commercialization of low-carbon generating technologies or availability of offsets becomes 
more difficult, then the increase in energy prices more than doubles that of the S. 2191 Core 
Case.  In the Limited Alternatives/No International case, consumer energy prices increase as 
much as 62 percent and industrial energy prices by 100 percent above Reference Case levels, 
with overall consumer prices rising by 10 percent above the Reference Case in 2030.  
 
Ultimately, the consumer sees higher prices directly through final prices paid for energy-related 
goods and services and higher prices for other goods and services using energy as an input.  If 
the cost increases cannot be passed on to consumers, labor and capital stock may be reallocated.  
Figure 24 shows that increase in consumer prices range between 3 percent above Reference Case 
levels in the S. 2191 Core Case by 2030, and 4.2, 4.6, 5.8, and 10.1 percent in the No 
International Offset, High Cost, Limited Alternatives, and Limited Alternatives/No International 
Cases, respectively.  

Real GDP and Consumption Impacts 
 
The higher delivered energy prices lower real output for the economy.  They reduce energy 
consumption, but also indirectly reduce real consumer spending for other goods and services due 
to lower purchasing power.  The lower aggregate demand for goods and services results in lower 
real GDP relative to the Reference Case (Figure 26 and Table 4).  Relative to the Reference 
Case, real GDP in 2030 is $163 (0.8 percent) lower in the Limited Alternatives/No International 
Case and $27 billion (0.1 percent) lower in the No International Offsets Case.  In the S. 2191 
Core Case, real GDP is 59 billion (0.3 percent) lower in 2030.  Over the entire forecast period, 
the cumulative present value GDP loss reaches $444 billion in 2000 dollars (0.2 percent) in the 
S. 2191 Core Case.  The Limited Alternatives/No International Case shows the largest real 
discounted GDP loss between 2009 and 2030, reaching $1.3 trillion (0.6 percent). 
 
While real GDP is a measure of what the economy produces, the composition of GDP may 
change considerably between the major components:  consumption, investment, government, and 
net exports.  Consumer expenditures, one indicator of consumers’ welfare, show larger relative 
losses compared to GDP.  Figure 27 depicts consumption impacts over time and the cumulative 
discounted percent change in consumption over the 2009 to 2030 period compared to the 
Reference Case.  The cumulative losses of real consumption are between $558 billion (0.4 
percent) in the S. 2191 Core Case and $1.4 trillion (0.6 percent) in the Limited Alternatives/No 
International Case.  By 2030, real consumption losses reach $68 billion (0.5 percent) in the S. 
2191 Core Case.  The Limited Alternatives/No International Case shows the highest 
consumption loss, reaching $149 billion (1.1 percent) in 2030. 
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Figure 26:  Real GDP Impacts, Change from Reference Case 
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Figure 27:  Real Consumption, Change from Reference Case 
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Table 4.  Macroeconomic Impacts of S. 2191 Cases and S. 1766 Update Cases Relative to 
the Reference Case  

     (billion 2000 dollars, except where noted) 
S. 2191 Cases  

No 
International 

Offsets 

Limited 
Alternatives 

No 
International 

S1766 Update Core High Cost Limited 
Alternatives 

Cumulative Real Impacts 2009-2030 (Present Value using 4 Percent Discount Rate) 

GDP 
Change (444) (729) (912) (546) (1,306) (66) 
Percent Change -0.2% -0.3% -0.4% -0.2% -0.6% -0.03% 
Consumption 
Change (558) (785) (946) (780) (1,422) (145) 
Percent Change -0.3% -0.5% -0.6% -0.5% -0.9% -0.1% 
Industrial Shipments (excludes services) 
Change (1,340) (1,723) (2,031) (2,430) (3,684) (722) 
Percent Change -1.3% -1.7% -2.0% -2.4% -3.6% -0.7% 
Nominal Revenue 
collected  2012-
2030a 

2,851 3,650 4,282 4,416 7,659 987 

2020 Impacts (not discounted) 

GDP 
Change (43) (63) (76) (64) (141) (11) 
Percent Change -0.3% -0.4% -0.5% -0.4% -0.9% -0.1% 
Consumption 
Change (47) (65) (78) (65) (137) (14) 
Percent Change -0.4% -0.6% -0.7% -0.6% -1.2% -0.1% 
Industrial Shipments (excludes services) 
Change (100) (130) (153) (197) (306) (55) 
Percent Change -1.4% -1.8% -2.1% -2.8% -4.3% -0.8% 
Nominal Revenue 
collecteda 113 144 168 158 300 45 

2030 Impacts (not discounted) 
GDP 
Change (59) (120) (136) (27) (163) (12) 
Percent Change -0.3% -0.6% -0.7% -0.1% -0.8% -0.1% 
Consumption 
Change (68) (109) (121) (58) (149) (16) 
Percent Change -0.5% -0.8% -0.9% -0.4% -1.1% -0.1% 
Industrial Shipments (excludes services) 
Change (233) (313) (354) (319) (589) (139) 
Percent Change -2.9% -3.9% -4.4% -4.0% -7.4% -1.7% 
Nominal Revenue 
collecteda 326 419 492 455 881 117 
 

a Includes revenues from allowance auctions and revenues generated by the resale of allowances distributed to non-emitters.  These values are not 
discounted. 
Note:  All changes shown are relative to the Reference Case. 
Source:  National Energy Modeling System runs AEO2008.D030208F, S2191.D031708A, S2191HC.D031708A, S2191BIV.D031608A, 
S2191NOINT.D032508A, S2191BIVNOI.D033108A, and S1766_08.D031508A. 
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Industrial Impacts 
 
Industrial energy prices increase more than consumer energy prices since 11 percent of the 
allowance revenue received by industry is aimed at ameliorating energy price impacts for 
consumers, 9 percent to electricity load-serving entities and 2 percent to natural gas distributors.  
As a result, industrial impacts show substantial losses.  As energy prices increase, the energy-
intensive sectors, including food, paper, bulk chemicals, petroleum refining, glass, cement, steel 
and aluminum, show greater losses compared to the rest of the industrial sectors, reaching 3.6 
percent below the Reference Case by 2030 in the S. 2191 Core Case, and 5.0, 5.3, 6.4 and 10.2 
percent in the No International Offsets, High Cost, Limited Alternatives, and Limited 
Alternatives/No International Cases, respectively.  Figure 28 highlights manufacturing 
industries’ impacts across the S. 2191 cases, separately showing the energy-intensive and non-
energy-intensive manufacturing industrial sectors. 
 
Figure 29 shows industrial sector (all non-service industries) and employment impacts for the S. 
2191 Core, Limited Alternatives, No International Offsets, High Cost, and Limited 
Alternatives/No International Cases.  In the S. 2191 Core Case, industrial output is down by 2.9 
percent compared to the Reference Case in 2030 as higher prices and lower demand leads 
industrial output to fall.  Manufacturing employment changes mirror industrial impacts.   
 
Figure 28:  Manufacturing Industrial Impacts, Percent Change from Reference Case 
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Source:  National Energy Modeling System runs S2191d031708a; S2191BIVd031608a; S2191HCd031708a; S2191NOINTL.D032508a, 
S2191BIVNOI033108a relative to results in runs AEO2008d030208f. 
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Figure 29:  Impacts on Industrial Value of Shipments and Manufacturing Employment 
        (percent change from Reference Case) 
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Uncertainty 
 
All long-term projections engender considerable uncertainty.  It is particularly difficult to foresee 
how existing technologies might evolve or what new technologies might emerge as market 
conditions change, particularly when those changes are fairly dramatic.  Under S. 2191, this 
analysis finds energy providers, particularly electricity producers, will increasingly rely on 
technologies that currently play a relatively small role or have not been built in the United States 
in many years.  Sensitivity analyses suggest that the economic impacts can change significantly 
under alternative assumptions regarding the cost and availability of new technologies and the 
availability of offsets.   
 
This analysis suggests that increasing the use of coal with CCS, nuclear, and renewable power is 
an economical compliance strategy, with coal with CCS capacity being driven by the bonus 
allowances provided in S. 2191.  However, concerns about the time that it will take to 
commercialize this technology and its cost and performance characteristics add considerable 
uncertainty in this analysis.  For nuclear, concerns about siting, waste disposal, and project risk 
could deter nuclear development.  Similarly, there are questions about the potential development 
of a large-scale biopower industry.  For example, a significantly increased mandate or 
breakthrough in the use of biofuels in the transportation sector could reduce the availability of 
biomass for electricity generation.  With all three of these generating options, the industry will be 
relying on technologies about which there is considerable uncertainty.   
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