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Abstract 

 

Internalizing the Carbon Externality: Greenhouse Gas Mitigation’s 

Financial Impact on Electric Utilities and their Customers 

 

 

 

 

James Terence Woodward, MPAff, MA 

The University of Texas at Austin, 2010 

 

Supervisor:  Charles G. Groat 

 
Social, political, and economic trends suggest that the United States may soon 

join other United Nations Framework Convention on Climate Change (UNFCCC) 

countries in drafting substantive, national climate change policy.  After providing a brief 

overview of past and present climate action taken both nationally and internationally, this 

paper explores different economic solutions to address the externalities of fossil fuel 

emissions.  Alternatives include command-and-control regulation, a carbon tax, and a 

cap-and-trade program.  Several factors, including domestic political anti-tax sentiment, 

suggest that a cap-and-trade framework is the most promising market-based alternative to 

reduce carbon emissions within the United States’s electricity sector.  Case studies focus 

on the power generation components of four Texas utilities: Austin Energy, CPS Energy 

of San Antonio, NRG Energy, and Luminant and assess cap-and-trade’s ramifications on 

electricity prices.  Utilities would seek to pass through to customers in the form of higher 

electricity prices up to 100 percent of expenses incurred from mitigating greenhouse gas 

(GHG) emissions.  Three primary factors will determine how a given carbon dioxide cap-
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and-trade allowance price will affect the electricity price charged by utilities: the carbon 

intensity of the generation fuel mix, whether the wholesale electricity market is regulated 

or competitive, and whether greenhouse gas allowances are auctioned or grandfathered to 

covered entities.  Consumer elasticity would determine resulting demand for the higher 

priced energy.  Relatively inelastic electricity consumption could cause electricity sector 

customers to incur financial losses approximately eight times larger than producers by the 

year 2020 under a mature cap-and-trade framework.  Furthermore, evidence suggests 

market-based GHG reduction tools such as a cap-and-trade schema alone are not 

sufficient to decarbonize the electricity generation sector.  Without complementary 

regulatory policies that mandate transition to clean energy sources, cap-and-trade will 

only succeed in redistributing the opportunity cost associated with the carbon externality.  
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Introduction 

On June 26, 2009, the United States House of Representatives for the first time 

approved comprehensive federal climate legislation that included binding greenhouse gas 

(GHG) emissions reductions.  Passage of the American Clean Energy and Security 

(ACES) Act, sponsored by Representatives Henry Waxman of Connecticut and Edward 

Markey of Massachusetts, was the latest achievement of a multiyear legislative effort to 

produce substantive climate policy.  Through this act, Congress has signaled its intent to 

move forward to curb national GHG emissions.  Of all greenhouse gases considered, 

carbon dioxide (CO2), sometimes colloquially labeled “carbon,” is the most prevalent 

and most significant in terms of the global warming debate.  The consequences of such 

proposed legislation are far reaching, and evaluation of the associated economic impacts 

is critical prior to implementation.   

Constraining greenhouse gas emissions within the United States will have 

prolonged effects on numerous sectors of the economy, most notably electricity 

generation and transportation.  Climate legislation considered to date is decidedly long-

term in scope, with the American Clean Energy and Security Act and related bills 

generally mandating emission reductions that extend to the middle of the twenty-first 

century.  Stationary, high volume sources of CO2 and other greenhouse gases associated 

with fossil-fuel burning power plants largely characterize the electricity sector, which 

presently accounts for approximately 40 percent of U.S. carbon emissions.1  Present 

technology suggests that constraining these carbon emission fonts is more feasible than 

mitigating vehicle and other mobile point sources of CO2 common in the transportation 

arena.  Therefore, most legislation targets the electricity industry to achieve 75 percent of 

emission reductions during the first half of the compliance period before 2030.2  

However, numerous studies warn that such GHG reductions will significantly inflate 

electricity costs for both residential and commercial customers.  The degree of price 

                                                 
1 U.S. Energy Information Administration, U.S. Department of Energy, Emissions of Greenhouse Gases 
within the United States 2008 (Washington, D.C., December 2009), p. 2.  Online.  Available: 
ftp://ftp.eia.doe.gov/pub/oiaf/1605/cdrom/pdf/ggrpt/057308.pdf.  Accessed: December 6, 2009. 
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increase in a given region will depend on the carbon reduction schema imposed, sources 

of electricity, and the utility regulatory structure.   

After providing a brief overview of past and present climate action taken both 

nationally and internationally, this paper explores different economic solutions to address 

the externalities of fossil fuel emissions including command-and-control regulation, a 

carbon tax, and a cap-and-trade program.  Several factors, including political sentiment, 

suggest that a cap-and-trade framework is the most promising alternative.  Therefore, an 

assessment of cap-and-trade’s ramifications on electricity prices will articulate the 

competing interests of utilities and their customers.  Utilities will seek to pass through 

additional costs associated with GHG abatement to customers in the form of higher 

electricity rates.  Customer elasticity will determine what degree of electricity price 

increase is allowed before demand destruction ensues requiring electricity providers to 

internalize remaining costs.  Carbon cost burden depends on three factors: the carbon 

intensity of the fuel mix, distribution mechanism for the GHG allowances, and structure 

of the regional electricity markets.   

Following the discussion of carbon reduction policy mechanisms as they apply to 

the electricity sector, a case study featuring four utilities within the Electric Reliability 

Council of Texas (ERCOT) will provide greater insight to the financial liabilities and 

opportunities facing electricity suppliers should a binding greenhouse gas cap-and-trade 

program be implemented nationwide.  In particular, the four utilities will provide 

examples of how fossil fuel emissions will equate to additional financial costs for the 

generators if a Congressional bill similar to the ACES Act becomes law.  Observations 

made within the ERCOT market likely can be generalized for the United States as a 

whole.  Approximately 75 percent of Texans receive their power from competitive 

generators.3  Deregulated markets serve Houston and the Dallas-Fort Worth Metroplex.  

The remaining quarter of Texans continue to receive electricity from vertically integrated 

                                                                                                                                                 
2 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a CO2 
Emissions Cap (Washington, D.C.: Resources  for the Future, July 2008), 3. 
3 Federal Energy Regulatory Commission, U.S. Department of Energy, Net Generation by State by Sector.  
Online.  Available: http://www.eia.doe.gov/cneaf/electricity/epm/table1_6_b.html.  Accessed: April 13, 
2010.   
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providers.  The cities of Austin and San Antonio are the two most populous regions of the 

state that have retained their regulated, municipal utilities.4  The bifurcated nature of 

ERCOT resembles the entire U.S., where approximately one-third of the electricity 

consumed from the power grid is sold at market-based competitive prices and the 

remaining two-thirds are sold under cost of service regulation.5  This analysis concludes 

differing degrees of market competitiveness within ERCOT could well cause a disparity 

in the financial burden facing customers in different regions of the Lone Star State.  

Developers of a cap-and-trade framework will need to address issues of economic 

efficiency and equity if they intend to utilize this carbon reduction policy instrument to 

address the GHG externality within Texas and within the U.S. overall.  

                                                 
4 Electric Reliability Council of Texas (ERCOT), About ERCOT (2010).  Online.  Available: 
http://www.ercot.com/about/.  Accessed: February 7, 2010. 
5 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a CO2 
Emissions Cap, 4. 
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Chapter One: Climate Change Policy Overview 

INTERNATIONAL ACTION 
The current global trend to constrain greenhouse gas emissions has its origins 

within the United Nations Framework Convention on Climate Change (UNFCCC), an 

international environmental treaty produced at the United Nations Conference on 

Environment and Development (UNCED), held in Rio de Janeiro, Brazil in June 1992.  

Leading up to the Conference policymakers were confronted with empirical evidence 

suggesting anthropogenic activity was responsible for a steady increase in the worldwide 

levels of atmospheric carbon dioxide throughout the twentieth century.  Participants 

learned CO2’s ability to trap heat imparts a warming, greenhouse effect on the 

atmosphere and climate forecast models indicated if the rise in carbon dioxide continues 

unabated, world temperatures could increase between three and seven degrees Fahrenheit 

by the close of the twenty-first century.6  Such a temperature rise could have adverse 

effects on precipitation patterns and induce sea-level rise due to the melting of polar ice 

caps.  Although global warming critics called such projections alarmist, the UNFCCC 

initiated adoption of international regulations seeking to stabilize “greenhouse gas 

concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 

interference with the climate system.”7 

The resulting Kyoto Protocol of 1997 represented the first global accord designed 

to reduce the annual amount of greenhouse gases emitted to the atmosphere.  Through the 

Kyoto Agreement, the UNFCCC designated countries of the world as either Annex I or 

non-Annex I nations.  Annex I nations generally comprise the Organization for Economic 

Cooperation and Development (OECD) developed world (i.e., nations in Europe, North 

                                                 
6 Intergovernmental Panel on Climate Change, “Summary for Policymakers,” Climate Change 2007: The 
Physical Science Basis.  Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change (2007).  Online.  Available: http://ipcc-
wg1.ucar.edu/wg1/Report/AR4WG1_Print_SPM.pdf.  Accessed: November 6, 2009. 
7 The United Nations Framework Convention on Climate Change, Full Text of the Convention, Article 2: 
Objective (June 1992).  Online.  Available: 
http://unfccc.int/essential_background/convention/background/items/1353.php.  Accessed: November 5, 
2009. 
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America, Japan, and Australia) whereas industrializing countries in Latin America, 

Africa, and Asia constitute the bulk of non-Annex I countries.   

From its inception, the Kyoto Protocol incited controversy given the starkly 

different requirements the Accord imposed on Annex I versus non-Annex I states.  On 

average, Annex I nations were required to reduce their emissions five percent below their 

respective 1990 levels during the first commitment period (2008-2012) or face stiff 

emissions penalties.8  In contrast, non-Annex I countries only had to report their 

respective emissions.9  During the ratification process of the late 1990s, the United States 

repeatedly cited flaws in the Protocol including the lack of emissions limits placed on 

such major GHG emitters as China and India.10  Kyoto critics argued not only would the 

Accord negatively impact the economies of Annex I nations, but its failure to curtail third 

world emissions would render the treaty environmentally useless.11  As a result, when the 

agreement came into force in February 2005, thirty-six Annex I countries had signed and 

ratified the document, whereas Australia and the United States had signed but not ratified 

the Protocol.  Australia later ratified Kyoto after its Labor Party won control of the 

country’s parliament in 2007. 12   

Not deterred by U.S. reluctance to support mandated GHG reductions, the 

European Union (EU) inaugurated its emissions trading scheme (ETS) to implement its 

Kyoto commitments in early 2005.  This cap-and-trade mechanism unitizes volumes of 

anthropogenic carbon dioxide known as equivalent metric tons (i.e. tonnes) of CO2 

(tCO2e).  Covered firms are required to account for the amount of greenhouse gases 

                                                 
8 The United Nations Framework Convention on Climate Change, Kyoto Protocol Reference Manual 
(November 2008), pp. 13-14.  Online.  Available: 
http://unfccc.int/resource/docs/publications/08_unfccc_kp_ref_manual.pdf.  Accessed: December 13, 2009. 
9 The United Nations Framework Convention on Climate Change, Kyoto Protocol to the United Nations 
Framework Convention on Climate Change, Article 10 (December 1997).  Online.  Available: 
http://unfccc.int/essential_background/kyoto_protocol/items/1678.php.  Accessed: December 13, 2009. 
10 Ibid. 
11 “The Kyoto Protocol and Global Warming,” Climate Change and Global Warming Fact Sheet.  Online.  
Available: http://climatechange.110mb.com/nations-kyoto-protocol.htm.  Accessed: December 13, 2009.   
12 The United Nations Framework Convention on Climate Change, Window on Kyoto Protocol (2008).  
Online.  Available: http://unfccc.int/kyoto_protocol/items/2830.php.  Accessed: November 5, 2009. 
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emitted in a given year by furnishing an equivalent number of tCO2e or carbon credits.13  

Unfortunately, during the first year of trading the EU allocated too many emissions 

credits, effectively crashing the tradable price of carbon.14  Lessons learned from the 

European ETS endeavor will facilitate the United States should it develop its own 

greenhouse gas cap-and-trade framework.    

The limited progress achieved by Europe’s efforts under the Kyoto Protocol may 

be fleeting.  As of March 2010, significant uncertainty remains regarding the structure of 

any new international agreement to constrain greenhouse gas emissions.  The Kyoto 

Protocol is set to expire in 2012, and world leaders convened in Copenhagen, Denmark, 

in December 2009 to negotiate a successor mechanism.  Although the two weeks of 

deliberations garnered much media fanfare, the anticipated binding successor treaty to 

Kyoto did not materialize.  Industrialized and industrializing countries did reach some 

accord on OECD nations financially assisting the developing world with climate change 

adaptation.  Additionally, parties to the conference reaffirmed their agreement that all 

feasible efforts should be made to avoid anthropogenic activity from causing global 

temperatures to rise more than two degrees Celsius, which is the maximum allowable 

thermal increase before irreversible effects of climate change ensue according to the 

UNFCC.  However, hopes for any compulsory extension to Kyoto will have to wait until 

the sixteenth session of the UNFCCC convenes in Mexico City in December 2010.15   

Much has changed on the global stage since the Kyoto agreement was drafted 

twelve years ago.  While still a major carbon emitter, the United States is no longer the 

world’s largest GHG producer.  China assumed that dubious distinction in 2008, 

reigniting claims that any viable international effort to stem global warming will require 

                                                 
13 The United Nations Framework Convention on Climate Change, Registry Systems Under the Kyoto 
Protocol (2008).  Online.  Available: http://unfccc.int/kyoto_protocol/registry_systems/items/2723.php.  
Accessed: November 5, 2009. 
14 Michael Szabo, “Emissions Traders Bullish over EU Climate Proposal,” Reuters (January 23, 2008).  
Online.  Available: http://www.reuters.com/article/environmentNews/idUSL23799320080123.  Accessed: 
November 6, 2009. 
15 Linkages: Earth Negotiations Bulletin, Summary of the Copenhagen Climate Change Conference: 
December 7-19, 2009.  Online.  Available: http://www.iisd.ca/vol12/enb12459e.html.  Accessed: February 
17, 2010. 
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mandatory GHG reductions by industrializing nations.16  To complicate matters, the 

Copenhagen Conference occurred as the world economy is emerging from the severe 

2007-09 global recession.  Projections for anemic economic growth, particularly in the 

developed world, in the short term may have dissuaded political stakeholders from 

committing to the sharp carbon cuts advocated by the UNFCCC.17   

UNITED STATES REGIONAL AND NATIONAL CLIMATE FOCUS 
The U.S. stalemate over the Kyoto Protocol has essentially blocked passage of 

comprehensive, nationwide climate legislation during the first decade of the twenty-first 

century.  Certain regions of the United States, however, have moved forward to fill this 

void in the interim.  Activity in California and the Middle Atlantic and New England 

states deserves particular mention.   

To date, California leads the Union in legislative action to curtail climate change.  

In September 2006, California Governor Arnold Schwarzenegger signed into law the 

California Global Warming Solutions Act of 2006, otherwise known as AB32.  The 

Global Warming Solutions Act mandated a series of requirements that would help bring 

the State of California into near compliance with the Kyoto Protocol by 2020.  By 

December 11, 2008, the state had approved a 2020 greenhouse gas cap that would return 

state emissions to 1990 levels.18  The cap covers significant sources of carbon emissions 

focusing on the electricity and transportation sectors.  The California Air Resources 

Board (CARB), the agency founded in 1967 to regulate air quality in the state’s 

metropolitan regions,19 administers the carbon emissions program.  Cognizant that 

compliance with the global warming mitigation requirements will require time and 

technological innovation, AB32 established a twelve-year timeline to transition the 

                                                 
16 “China Passes U.S., Leads World in Power Sector Carbon Emissions,” Center for Global Development 
(August 27, 2008).  Online.  Available: http://www.cgdev.org/content/article/detail/16578/.  Accessed: 
November 14, 2009. 
17 David Adam, “Recession ‘Threatens UK Effort to Tackle Global Warming’,” The Guardian (October 12, 
2009).  Online.  Available: http://www.guardian.co.uk/environment/2009/oct/12/recession-threatens-
global-warming-measures.  Accessed: November 18, 2009.   
18 California Air Resources Board, Climate Change Scoping Plan (December 2008), p. 1.  Online.  
Available: http://www.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf.  Accessed: 
December 13, 2009. 
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state’s industries to a low-carbon economy.  CARB, in turn, released mandatory 

emissions reporting rules in 2008 requiring covered entities, such as the utilities Pacific 

Gas & Electric and Southern California Edison, to submit their annual emissions to the 

state agency beginning in 2009.20   

Contemporaneously, the California Public Utilities Commission (CPUC) and the 

California Energy Commission (CEC) undertook an eighteen-month study for CARB 

investigating how best to return the state’s emissions levels to 1990 amounts by 2020.  In 

October 2008, the joint taskforce issued its final recommendations supporting a mix of 

command-and-control and market mechanisms.21 Specifically, the State’s electricity 

sector would be included in a multi-sector GHG cap-and-trade framework starting in 

2012.22  A cap-and-trade framework, which is discussed in greater detail in Chapter Two, 

allocates a number of emissions credits to each covered entity.  One credit allows a firm 

to emit one tCO2e.  Entities are then able to trade GHG credits in an emissions market.  

Under a declining cap, utilities and other covered entities will receive fewer carbon 

credits each successive year.  Companies are expected to account for their allowance 

shortfalls by either reducing their emissions through investment in clean technology or 

purchasing additional credits from other firms that have managed to lower GHG output 

below their respective caps.23   

Beginning in 2012, 80 percent of allowances or carbon emission permits within 

the State of California would be allocated free of charge with the remaining 20 percent 

auctioned.  The percentage of credits auctioned would increase by 20 percent each 

                                                                                                                                                 
19 California Air Resources Board, A Brief History of the Air Resources Board.  Online.  Available: 
http://www.arb.ca.gov/knowzone/history.htm.  Accessed: December 13, 2009.   
20 California Air Resources Board, AB 32Fact Sheet – California Global Warming Solutions Act of 2006 
(September 25, 2006).  Online.  Available: http://www.arb.ca.gov/cc/factsheets/ab32factsheet.pdf.  
Accessed: November 11, 2009. 
21 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, (Sacramento, California, October 2008), p. 2.  
Online.  Available: http://www.energy.ca.gov/2008publications/CEC-100-2008-007/CEC-100-2008-007-
F.PDF.  Accessed: December 13, 2009. 
22 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, p. 14. 
23 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, p. 8. 
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successive year ensuring 100 percent auctioning of all allowances by 2016.24  

California’s relatively rapid transition from majority free allocation to total auctioning of 

credits is grounded in the CPUC’s and CEC’s belief an emissions allowance auction is 

the most economically efficient credit distribution mechanism.25  Chapters Two and Six 

of this thesis discuss auction and free allocation of carbon allowances and their associated 

economic implications.  California is credited with being an early combatant against 

climate change by utilizing a cap-and-trade program designed to reduce GHG emissions 

at the lowest possible cost.   

On the other side of the country, ten northeastern states--Connecticut, Delaware, 

Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode 

Island, and Vermont--have elected to cap and reduce greenhouse gas emissions at least 10 

percent within their respective power sectors by 2018.  The pact now known as the 

Regional Greenhouse Gas Initiative (RGGI) took shape in 2005 when governors of seven 

of the ten states signed a memorandum of understanding establishing a market based 

solution to mitigate global warming.26  Under RGGI, utilities within the participating 

states are required to participate in a cap-and-trade program that began in September 

2008.27  RGGI guidelines dictate that utilities bid for emissions allowances in carbon 

auctions held quarterly throughout the year.  The five auctions held to date, between 

September 2008 and 2009, witnessed total revenue decline from approximately $107 

million in December 2008 to $68.5 million during the ninth month of 2009.28  However, 

RGGI supporters emphasize the regional carbon market continuing to function in the 

midst of the worldwide financial crisis and bleaker prospects for a Congressional climate 

change bill is testament to its success.   

                                                 
24 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, p. 14. 
25 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, pp. 12-13. 
26 The Regional Greenhouse Gas Initiative, History of RGGI (2008).  Online.  Available: 
http://www.rggi.org/about/history.  Accessed: November 11, 2009. 
27 Ibid. 
28 Michael McCord, “RGGI: Quietly Setting the Standard,” SeacoastOnline (September 20, 2009).  Online.  
Available: http://www.seacoastonline.com/apps/pbcs.dll/article?AID=/20090920/NEWS/909200341/-
1/NEWSMAP.  Accessed: November 13, 2009. 
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Although California’s and the Northeast’s early actions to combat potential global 

warming are admirable, the state and regional nature of AB32 and RGGI, respectfully, 

limit the ability of both programs to achieve their intended results.  The biggest hurdle to 

addressing climate change on a local level is leakage.  Leakage refers to entities, which 

are covered under an emissions cap, outsourcing operations or production beyond the 

domain of the particular climate program.29  For example, California utilities have been 

criticized for attempting to purchase electricity from coal-fired power plants in Arizona 

and Utah, beyond the confines of AB32.30  In addition, New Jersey utilities buy carbon-

intensive power from Pennsylvania,31 which is considered a RGGI observer and not 

required to participate in the cap-and-trade program.32   

Traditionally, states have enjoyed limited success trying to regulate this type of 

activity across their borders.  The Dormant Commerce Clause, deduced from the United 

States Constitution’s Commerce Clause, categorizes such cross-border activity as inter-

state commerce, which generally falls under the sole dominion of the U.S. Congress.33  A 

concerted federal approach to climate change is therefore necessary to harmonize 

different state policies.  In the case of the electricity sector, a national global warming 

policy will not have the same leakage issues as state laws since most power generation 

remains within the United States’s territorial boundaries.34   

Despite the need for a coordinated federal policy to effectively address carbon 

emissions, a reluctance to engage in any climate policy that required mandatory 

reductions in greenhouse gas emissions characterized the eight years of the Bush 

Administration.  President Bush repeatedly warned a mandatory emissions cap would 

                                                 
29 The Regional Greenhouse Gas Initiative, Potential Emissions Leakage and the Regional Greenhouse Gas 
Initiative (March 2008), p. 1.  Online.  Available: http://rggi.org/docs/20080331leakage.pdf.  Accessed: 
December 13, 2009. 
30 California Energy Commission and California Public Utilities Commission, Final Opinion and 
Recommendations on Greenhouse Gas Regulatory Strategies, p. 242. 
31 The Regional Greenhouse Gas Initiative, Potential Emissions Leakage and the Regional Greenhouse Gas 
Initiative (March 2008), p. 3. 
32 The Regional Greenhouse Gas Initiative, Program Contacts by State (2008).  Online.  Available: 
http://www.rggi.org/Program_Contacts_By_State.  Accessed: December 13, 2009. 
33 Patricia Weisselberg, Shaping the Energy Future in the American West: Can California Curb Greenhouse 
Gas Emissions from Out-of-State, Coal-Fired Power Plants Without Violating the Dormant Commerce 
Clause?,  in the LexisAcademic Online Database, 
http://www.lexisnexis.com/us/lnacademic/search/homesubmitForm.do.  Accessed: October 17, 2009. 
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impart an undue burden on the national economy.35  Instead, the executive branch 

advocated voluntary carbon reductions on behalf of industry and argued carbon intensity 

is a better metric to gauge feasible GHG reductions than direct emissions cuts.  Carbon or 

greenhouse gas intensity divides a nation’s carbon emissions by its gross domestic 

product (GDP).  On February 14, 2002, President Bush launched his Global Climate 

Change policy, “committing to reduce the greenhouse gas intensity of the U.S. economy 

up to 18 percent by 2012.”36  Lower greenhouse gas intensity suggests the country’s 

economic output is more carbon efficient but does not guarantee a decline in overall 

emissions; the carbon intensity ratio can decrease due to either a drop in emitted tCO2e 

or an increase in GDP.37 

Following relative inaction on a federal greenhouse gas emissions cap, the 

election of Barack Obama U.S. President in November 2008 signaled potential for a 

comprehensive, nationwide climate policy.  Throughout his campaign, President Obama 

indicated his support for constraining GHG emissions.38  No longer would the executive 

branch primarily function as a roadblock to Congress, which had spearheaded efforts to 

enact substantive, national climate policy during the Bush Administration.  On a national 

level, either the executive or legislative branches could lead political action to combat 

global warming.  Legal scholars argue the executive branch derives its authority from a 

recent judicial decision.  In April 2007, the U.S. Supreme Court ruled in Massachusetts v. 

EPA that the Environmental Protection Agency (EPA) has implied authority under the 

Clean Air Act (CAA) to regulate greenhouse gases as air pollutants.39  Until this historic 

decision, the CAA only applied to sulfur dioxide, nitrogen oxides, ozone, carbon 

                                                                                                                                                 
34 Hannah Wiseman, Electricity Law class lecture, September 18, 2009.   
35 The White House - President George W. Bush, President Bush Discusses Global Climate Change.  
Online.  Available: http://georgewbush-whitehouse.archives.gov/news/releases/2001/06/20010611-2.html.  
Accessed: December 13, 2009. 
36 United Nations Framework Convention on Climate Change, “Projected Greenhouse Gas Emissions,” in 
U.S. Climate Action Report 2006: Fourth National Communication of the United States of America under 
the United Nations Framework Convention on Climate Change (Washington, D.C. 2006), 60. 
37 United Nations Framework Convention on Climate Change, “Projected Greenhouse Gas Emissions,” 61. 
38 New Energy for America, Organizing for America.  Online.  Available: 
http://www.barackobama.com/issues/newenergy/index.php.  Accessed: November 13, 2009. 
39 Massachusetts et al. v. Environmental Protection Agency, 42 U.S. 7401-7671q (2007) 3, Supreme Court 
syllabus available at http://www.supremecourtus.gov/opinions/06pdf/05-1120.pdf. 
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monoxide, lead, and particulate matter.40  States, including Massachusetts and California, 

wished to impose tighter emissions standards for new motor vehicles that would limit the 

quantity of GHGs emitted into the atmosphere.41  General Motors, Ford, and other 

vehicle manufacturers opposed these state initiatives claiming such statutes could require 

the companies to develop and market state-specific automobiles.42  From a cost 

perspective, satisfying emissions requirements that varied state-by-state was untenable 

for the car companies.  Federal action on the issue was necessary.43   

Although Massachusetts v. EPA originated from disputes within the 

transportation sector, most policymakers agree the ruling could readily apply to the 

electricity industry since greenhouse gas emissions are not confined by state political 

boundaries.44  Observers within the Council on Environmental Quality suggest President 

Obama could cite Massachusetts v. EPA as justification for directing EPA Administrator 

Lisa Jackson to regulate CO2 under the 1990 Amendments to the CAA.45  In this 

instance, the EPA would promulgate a rulemaking setting a GHG national ambient air 

quality standard.  However, opponents of an EPA-CAA mechanism for addressing 

climate change suggest a high probability exists that greenhouse gas rulemakings will 

become ensnared in subsequent court battles.  Utilizing the Clean Air Act, the EPA 

would direct development of state implementation plans (SIPs) for abating CO2.  

Conceivably, states could then promulgate fifty different SIPs for carbon emissions, 

opening the door for one state taking legal action against another because of perceived 

disparity in SIP stringency.46   

                                                 
40 U.S. Congress, Section 109, Clean Air Act Amendments, 1990, 101st Congress, 2nd session (2008).  
Online.  Available: http://www.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00007409----000-.html.  
Accessed: December 13, 2009. 
41 Massachusetts et al. v. Environmental Protection Agency, 42 U.S. 7401-7671q (2007) 3. 
42 CleanMPG, Massachusetts v EPA – Court Rules 5-4 for Mass.  Online.  Available: 
http://www.cleanmpg.com/forums/showthread.php?t=4029.  Accessed: December 13, 2009. 
43 Massachusetts et al. v. Environmental Protection Agency, 42 U.S. 7401-7671q (2007) 4-5, Supreme 
Court syllabus available at http://www.supremecourtus.gov/opinions/06pdf/05-1120.pdf. 
44 Brief of Amicus Curiae Calpine Corporation in Support of Petitioners, Massachusetts et al v. 
Environmental Protection Agency (August 31, 2006), pp. 5-6.  Online.  Available: 
http://docs.nrdc.org/globalWarming/files/glo_06083101f.pdf.  Accessed: December 13, 2009. 
45 Interview with Heidi King, Desk Officer, Natural Resources and Environment Branch, Office of 
Information and Regulatory Affairs, Office of Management and Budget, Washington, D.C., August 7, 
2009. 
46 Ibid.   
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The litigation drawbacks associated with an EPA rulemaking that constrains 

carbon emissions is a primary reason why the fourteen-month-old Obama Administration 

has continued to let Congress take the lead on federal climate action.  On June 26, 2009, 

the House of Representatives narrowly passed the American Clean Energy and Security 

Act (ACES) sponsored by Representatives Henry Waxman of California and Edward 

Markey of Massachusetts by a vote of 219 to 212.47  Although both chambers of 

Congress have considered a growing number of global warming bills in recent years, 

including the Lieberman-Warner Climate Security Act in 2008,48 the ACES Act 

represented the first time either the House or Senate approved comprehensive climate and 

energy legislation.  The Act would constrain national electricity and transportation 

emissions to 97 percent of 2005 levels beginning in 2012.  The carbon cap would steadily 

decline each successive year until U.S. emissions dropped 83 percent below 2005 levels 

in 2050.49   

Like California’s AB32 cap-and-trade framework, the ACES Act would initiate a 

cap-and-trade system whose credit allocation is a hybrid auction-grandfathering 

framework.  Grandfathering is synonymous with free credit allocation among covered 

entities based upon prior years’ emissions rates or some other system of initial allowance 

dispersion.  However, unlike California’s aggressive transition to 100 percent credit 

auctioning during the first four years of its program, ACES features a more 

disproportionate, initial auction-grandfathering ratio of 15 to 85 percent.  The duration of 

time free allocation will continue varies by sector.  Approximately 30 percent of available 

credits in a given year would be allocated to the electricity sector with giveaways not 

phased out until the 2026 to 2030 time period.50   

                                                 
47 GovTrack.US – A Civic Project to Track Congress, H.R. 2454: American Clean Energy and Security Act 
of 2009.  Online.  Available: http://www.govtrack.us/congress/bill.xpd?bill=h111-2454.  Accessed: 
November 14, 2009.   
48 U.S. Congress, Senate, Lieberman-Warner Climate Security Act of 2008, Senate Bill 3036, 110th 
Congress, 2nd session (2008).  Online.  Available: http://www.govtrack.us/congress/billtext.xpd?bill=s110-
3036.  Accessed: December 13, 2009. 
49 U.S. Congress, House, American Clean Energy and Security Act of 2009, House Bill 2454, Title III, 
Subtitle A, 111th Congress, 1st session (2009).   
50 Summary of the American Clean Energy and Security Act of 2009 (Washington, D.C.: Congressional 
Research Service, June 26, 2009), Title III, Subtitle B.  Online.  Available: http://thomas.loc.gov/cgi-
bin/bdquery/z?d111:HR02454:@@@D&summ2=m&.  Accessed: November 14, 2009.   
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Following passage in the House, the U.S. Senate Environment and Public Works 

Committee took up deliberation of the Waxman-Markey bill in July 2009.  Subsequent 

revisions have yielded the Clean Energy Jobs and American Power Act,51 the Senate’s 

equivalent to the ACES Act, sponsored by Senators Barbara Boxer of California and John 

Kerry of Massachusetts.  The political dynamic of the 111th Congress suggests it may be 

more difficult to draft and pass climate policy that dictates mandatory GHG emissions 

cuts in the more conservative Senate.  In early November, Senator Max Baucus of 

Montana, an influential moderate Democrat, signaled opposition to near-term GHG cuts 

imposed by the current Kerry-Boxer climate bill.  Baucus believes the amendment’s 20-

percent reduction in carbon dioxide emissions by 2020 would impose undue negative 

economic impacts and plans to instead seek a 17-percent carbon cut in future 

legislation.52  In addition to the economic concerns expressed by Max Baucus, other 

moderate Democrats, and Republicans in the Senate, any legislative initiative to address 

global warming faces a second hurdle.   Observers believe that climate policy may prove 

to be a victim of Congress’s ambitious 2009-2010 agenda.  As of early March 2010, the 

healthcare debate continues to dominate Congress and chances appear slim the Senate 

will approve any version of Kerry-Boxer in the near term.53  From the perspective of 

advocates for a comprehensive climate policy, postponing climate deliberations past 

spring 2010 appears risky due to the partisanship that will likely develop leading up to 

next year’s mid-term elections.   

                                                 
51 U.S. Congress, Senate, Clean Energy Jobs and American Power Act of 2009, Senate Bill 1733, 111th 
Congress, 1st session (2009).  Online.  Available: 
http://kerry.senate.gov/cleanenergyjobsandamericanpower/pdf/bill.pdf.  Accessed: December 13, 2009. 
52 “Senator Baucus Says Opposes Kerry-Boxer Climate Bill,” Reuters (November 5, 2009).  Online.  
Available: http://www.reuters.com/article/environmentNews/idUSTRE5A42V220091105.  Accessed: 
November 14, 2009.   
53 Interview with Charles Groat, PhD, Director, Energy and Earth Resources Program, Jackson School of 
Geosciences, The University of Texas at Austin, Austin, Texas, November 14, 2009. 
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Chapter Two: Greenhouse Gas Reduction Alternatives 

Potential political consensus on substantive federal climate policy is largely 

dependent on how mandatory carbon reductions would be enacted.  The United States 

government has three main options for mitigating global warming by reducing 

anthropogenic greenhouse gas emissions.  Alternatives include command-and-control 

regulation, a carbon tax, a cap-and-trade system, or some combination thereof.   

COMMAND AND CONTROL 
Under a command-and-control approach, the public sector would mandate that 

specific industries, namely large electricity generators, oil refiners, and natural gas 

providers, cut GHG emissions a given percentage by a given year.  The government 

would also stipulate what technologies or methodologies covered firms would follow to 

achieve these reductions.  Indeed, there is precedent for this approach:  Command-and-

control procedural rules for the private sector characterized the federal government’s 

handling of environmental issues back in the 1970s and 1980s.  Under the 1977 Clean Air 

Act, the Environmental Protection Agency approved a specific control technology, a 

smoke stack scrubber, to reduce the levels of sulfur dioxide (SO2) emitted by 

manufacturers.54  SO2 emissions had been identified as a leading cause of acid rain, 

which was poisoning ecosystems and deteriorating building facades throughout the 

central and eastern U.S.  A command-and-control approach works when the technology 

required to correct a problem is mature and relatively inexpensive, and the SO2 scrubber 

mandate proved generally effective during its first decade of existence because initial 

sulfur dioxide reductions ascribed to the largest industrial polluters proved economical 

given the size of emission cuts realized.  However, by the end of the 1980s the high cost 

of scrubbers proved impractical for smaller factory and manufacturing outlets that had to 

comply with federal regulations in order to lower national SO2 emissions below 13.6 

million tonnes (15.1 million English tons) annually.  The CAA regulation prevented these 

                                                 
54 U.S. Congress, Best Available Technology (BAT), Section 169, Clean Air Act Amendments, 1977, 95th 
Congress, 1st session (2008).  Online.  Available: 



 16 

smaller entities from utilizing lower cost alternatives to smoke stack scrubbers to reduce 

SO2 emissions.  Critics of the 1977 CAA used this evidence to argue command and 

control specifically runs counter to the philosophy that private industry can develop more 

efficient, less expensive technological solutions to problems through creative research 

and design during the 1990 CAA reauthorization debate.  As will be discussed later in 

this chapter, adoption of a cap-and-trade mechanism to further reduce SO2 levels in 

1990, enabled a sulfur dioxide emissions decrease to approximately 2.7 million tonnes 

(3.0 million tons) annually by 2000.55   

The technology to reduce greenhouse gas emissions, in contrast, is decidedly not 

mature.  Unlike the heavier, bulkier sulfur dioxide molecules, no scrubber-type apparatus 

is commercially available to strip lighter, smaller carbon-dioxide molecules out of power 

plant or petroleum refinery emissions.  Both a carbon tax and a cap-and-trade 

methodology account for this difference by allowing for greater ingenuity regarding 

emission reductions to develop within the private sector.  The two alternatives are only 

viable, however, if the carbon intensity of a particular covered sector is known.56  Carbon 

intensity refers to the number of units of emissions required to produce one unit of 

output, such as a kilowatt-hour of electricity.  Emissions intensity varies among different 

industries as well as within certain sectors.  For example, utilities generating electricity 

from coal power plants, common in the Southeast, are much more carbon intensive 

compared to hydroelectric power stations, typical of the Pacific Northwest.   

CARBON TAX 
A carbon tax is an excise or unit tax that assesses a cost per tCO2e to control 

GHG output.  Occasionally, the term Pigouvian tax is used as a descriptor since this unit 

cost is levied to compensate for the negative externalities (i.e., air pollution) associated 

                                                                                                                                                 
http://www.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00007479----000-.html.  Accessed: 
December 13, 2009. 
55 Richard A. Kerr, “Acid Rain Control: Success on the Cheap,” Science, vol. 282, no. 5391 (November 6, 
1998): 1024.  Online.  Available: http://www.sciencemag.org/cgi/content/full/282/5391/1024?ck=ck.  
Accessed: November 6, 2009. 
56 Ole Fauchald, Environmental Taxes and Trade Discrimination (London: Kluwer Law International, 
1998), 30-1. 



 17 

with industrial activity.57  If this excise tax is relatively modest, industrial producers will 

elect to pay the additional fee and continue business as usual.  Generally, however, GHG 

covered entities will not internalize this cost increase but pass the cost on to the firms’ 

customers in the form of higher prices.  Consumers must then decide whether or not to 

purchase the item at this higher price.  The change in demand for a good based upon the 

good’s change in price refers to customer elasticity.  Individuals who scale back 

consumption to offset a product’s increased cost are said to be elastic, whereas 

purchasing habits largely unaffected by the varying price of a good are characteristic of 

inelastic customers.  The more inelastic an industry’s consumer base, the less a carbon 

price hike will negatively impact sales, and the less firms will work to lower their 

associated GHG output at that particular carbon tax price.  Covered entities will instead 

funnel up to 100 percent of the added cost through to customers.  Emission reductions 

will finally occur when the assessed price per ton of carbon dioxide rises to a threshold 

high enough to effectively curtail demand for the given good.  At this juncture it is more 

economical for covered sector entities to invest in clean technology and reduce their 

associated carbon output.58  Continuing the practice of simply passing through all of the 

carbon cost would result in those firms permanently losing market share in the given 

sector.  Further discussion of customer elasticity in Chapter Five will show electricity 

demand to be quite inelastic.  Utilities will be cognizant of this fact when strategizing 

how best to deal with GHG costs.   

Given the challenges presented by inelasticity of demand, an emissions tax must 

be high enough to encourage covered sector entities to invest in clean technology 

development that will reduce long-term emissions.  However, critics maintain the fee 

must also be low enough so as not to impose too large of a financial burden or shock to 

the affected industry in the short term.59  This assertion proved to be a key criticism of 

                                                 
57 C. Hepburn, “Regulating by Prices, Quantities, or Both: An Update and an Overview,” Oxford Review of 
Economic Policy, vol. 22, no. 2 (2006), pp. 226-227.  Online.  Available: 
http://www.economics.ox.ac.uk/members/cameron.hepburn/Hepburn%20(2006,%20Oxrep)%20Regulation
%20by%20P%20or%20Q.pdf.  Accessed: December 13, 2009.   
58 Christina Harper, Climate Change and Tax Policy, in the LexisAcademic Online Database,  
http://www.lexisnexis.com/us/lnacademic/search/homesubmitForm.do.  Accessed: October 17, 2009. 
59 Interview with Carey King, Center for International Energy and Environmental Policy (CIEEP), The 
University of Texas at Austin, Austin, Texas, November 5, 2009. 
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Kyoto and likely will help frame the context of current climate discussions given the 

2007-09 global economic recession.60  However, the revenue generating nature of a 

carbon tax is one appealing characteristic that could lessen such negative economic 

impacts.61  Fees collected by the government can be allocated to those private sectors 

most burdened by a transition to a clean energy economy.  Utilities, mining, and 

petrochemical producers are some of the likely beneficiaries of this hypothetical double 

dividend.  The degree of assistance a given industry would receive, however, constitutes 

an important question requiring resolution prior to potential tax implementation.   

The idea of an emissions tax is not a recent development.  In January 1991, the 

Scandinavian country of Sweden implemented a carbon tax or eco-tax on both residential 

and industrial use of oil, coal, natural gas, liquefied petroleum natural gas, petrol, and 

aviation fuel for domestic travel.62  Initially the Swedish government assessed a $100 

U.S. dollar price per ton of CO2-equivalent, later raising the tonnage price to $150 in 

1997.63  The Swedish populace, accustomed to relatively high taxation and concerned 

with the dire repercussions of significant Arctic warming due to climate change, 

generally accepted the emissions charge with little protest.  Swedish industry proved to 

be more vocal in opposition, claiming the financial tax liability would cause Swedish 

goods to rise in price and be less competitive in overseas markets.  As a result, for much 

of the 1990s, Swedish commercial entities only paid 25 to 50 percent of the tax and some 

industries, such as mining and paper production, were exempted completely.64  Crediting 

the Swedish eco-tax with an explicit emissions reduction quantity is difficult due to 

contemporaneous advancements in energy efficiency, which help to make energy 

consumption less energy intensive.  However, a 1997 Swedish Ministry of the 

                                                 
60 Ibid.   
61 David Morris, “Green Taxes,” Institute for Local Self-Reliance (1994).  Online.  Available: 
http://www.ilsr.org/ecotax/greentax.html.  Accessed: October 17, 2009. 
62 Gareth Osborn and Tom Tietenberg, “Can Eco-taxation be Effective in Reducing Carbon Emissions?,” 
Colby Economics Department.  Online.  Available: http://www.colby.edu/personal/t/thtieten/eco-
taxation.htm.  Accessed: November 9, 2009. 
63 Ibid.   
64 Ibid. 
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Environment report indicated the eco-tax would have removed 20 to 25 percent more 

emissions by the year 2000, compared to a business-as-usual scenario.65   

The Swedish carbon tax case study may have little application to the United 

States, where the most substantial hurdle to domestic eco-tax implementation is the anti-

tax cultural bias.66  Within the United States, residential customers and industry alike are 

generally opposed to tax increases, and politicians may be loathe to levy such a fee for 

fear of retribution come the next election.  However, some economists believe a carbon 

tax or something akin to an emissions excise fee may be the best vehicle to regulate GHG 

output in certain sectors, namely transportation.  Petroleum refiners could utilize one of 

the advantages of a carbon tax, its point of compliance flexibility.  An emissions tax 

could be levied upstream, at the point of fuel generation, or downstream, at the 

combustion stage.  A downstream carbon tax would function similarly to existing federal 

and state gas taxes used to replenish highway trust funds.  In this case, the carbon tax 

could minimize administrative costs associated with developing a new tax collection 

procedure.     

Of the three carbon reduction alternatives discussed, a carbon tax is the most 

simplistic.  Once the regulating body approves an excise price, that fee is levied on 

relevant sectors.  Carbon reductions follow due to a combination of demand destruction, 

buyers reducing consumption of a given good due to the product’s higher carbon-content-

affected price, and clean technology implementation, which includes lower GHG-

intensive production techniques like electricity generation from solar and wind.67   

CARBON CAP AND TRADE 
A properly executed greenhouse gas cap-and-trade system can achieve similar 

results as a carbon tax without the anti-tax criticism, which alone makes this the most 

politically viable option for widespread U.S. implementation.  Instead of using a carbon 

price to restrict the quantity of greenhouse gases emitted, a physical cap is imposed on 

the total annual CO2-equivalent output from covered sectors.  Initially, this GHG limit 

                                                 
65 Ibid. 
66 Christina Harper, Climate Change and Tax Policy. 
67 Ole Fauchald, Environmental Taxes and Trade Discrimination. 
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would probably be set high and steadily lowered over time to facilitate a transition to less 

carbon intensive production.  Like the carbon tax, affected companies would be free to 

follow the least expensive strategy to comply with government standards.68   

By restricting the allowable quantity of GHG output, a cap-and-trade framework 

creates a shadow price for carbon emissions, which is the quantity a firm is willing to pay 

for a government issued credit that allows the company to emit one additional metric ton 

of carbon dioxide.  In theory, the carbon shadow price should equal the carbon tax 

tonnage price.  The government would distribute the total number of credits for a given 

year using two methods: grandfathering and auctioning.  Grandfathering allocates carbon 

credits free of charge to point source emitters based upon some historical benchmark.  

Companies could receive allowances based upon their past emissions, population served, 

share of the sector market they constitute, etc.  Covered entities submit baselines, 

emissions from a single or multi-year reference period, to regulators to determine the 

percentage of the given sector’s GHG output for which each firm is responsible.  The 

public sector agency holding the credits then distributes allowances proportionally to the 

said companies.  Credits allocated free of charge reduce a company’s financial 

compliance burden.69  In contrast, the auctioning method requires covered entities to bid 

on carbon credits.  Ideally, the minimum carbon allowance price equals the maximum 

cost a company would spend on efficiency retrofits, clean technology, or some other 

procedure to reduce its emissions by one tCO2e.70  While auctioning does increase GHG 

compliance costs for covered sectors, this distribution method generates revenue 

analogous to a carbon tax.  Auction proceeds can be returned to covered entities in such a 

manner as to assist sectors particularly burdened by their emissions reduction obligation.  

Additionally, this climate revenue can fund a number of different climate assistance 
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programs not specific to covered industries, such as public works projects designed to 

protect coastal regions from rising sea levels attributed to climate change.   

Initial review suggests the grandfathering method is preferable to auctioning since 

the former technique achieves the same reduction in GHG output with an apparently 

lower financial burden imposed on covered sector entities and their customers.  However, 

closer inspection suggests this inference is only half true.  An allowance has an 

associated opportunity cost whether or not a given company pays for that carbon credit.  

In a mature market, a carbon credit’s opportunity cost equals the cost of technology 

investment to abate an additional metric ton of carbon dioxide from escaping into the 

atmosphere.  The opportunity cost equivalence of a carbon allowance mirrors the logic 

used to set the carbon auction price.  Therefore, a carbon credit has the same value for a 

firm whether the entity purchased this right to emit at auction or received the authority 

free of charge.  From an economic perspective, companies can charge their customers for 

the value of CO2 allowances even if the firms did not pay a fee for the certificates.  

Subsequent discussion of the electricity sector under a hypothetical cap-and-trade regime 

will show the nature of the marketplace dictates whether or not the opportunity cost can 

be charged to customers.  Assuming pass-through opportunity costs are legitimate, 

grandfathering or auctioning all credits realizes the same cost burden for the consumer.  

However, opportunity cost pass through of grandfathered carbon credits constitutes a 

revenue stream for covered entities.   

Supporters of cap and trade argue the tradable nature of carbon credits makes this 

the most economical of the three greenhouse gas reduction alternatives discussed.  

Whether or not the government auctions or grandfathers a given year’s carbon credits, 

those allowances can in turn be traded among both covered and non-covered entities 

within the private sector.  As the GHG cap declines in future years, mandating deeper 

emissions reductions, the added cost of mitigating a larger tCO2e quantity will cause the 

opportunity cost of a carbon allowance to rise.   

Once distributed, the European Union emissions trading scheme, and other 

existing cap-and-trade programs, allow both covered and non-covered firms to trade 

carbon credits in secondary markets.  Increasing the number of entities able to trade 
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carbon through a secondary market will help lower the going tCO2e allowance price.71  

For example, if five utility companies must each spend $30 to reduce their associated 

GHG emissions by one tCO2e, the going carbon credit price would be approximately 

$30, assuming only those covered entities could trade allowances.  However, if a non-

covered firm only needs to spend $25 to lessen its carbon emissions by one tCO2e, the 

going credit price would decline to approximately $25 if the non-covered entity were 

allowed into the carbon market.  For example, certain big-box retailers have recently 

begun installing solar panels atop their roofs to harvest solar energy.  Clean electricity 

generated from solar power can diminish electricity consumption from other fossil fuel 

sources, including coal power plants.  If cap-and-trade regulations allow, the carbon 

equivalent of the offset electricity originating from coal combustion can be unitized into 

carbon credits.  Utilities, petroleum refiners, or other covered entities can purchase from 

the retailer the rights to these prevented emissions.   

Complementing their purported cost savings, cap-and-trade programs have also 

proven effective in the United States when applied to other environmental problems.  

Figure 1 illustrates that during the last fifteen years the Environmental Protection Agency 

has successfully employed a cap-and-trade approach to reduce atmospheric sulfur dioxide 

levels in the central and eastern United States to a level tolerated by most ecosystems.  As 

was previously discussed, SO2 is the critical reagent in acid rain, which the EPA had 

been unable to adequately ameliorate using a command-and-control approach through the 

late 1980s.  Title IV of the 1990 Amendments to the Clean Air Act created the Acid Rain 

Trading Program to lower annual SO2 emissions below 9.1 million tonnes (10.0 million 

English tons).72  The following emissions quantities are reported using the convention 

metric tons (English tons).  During Phase I, between 1995 and 1999, an initial national 

target of 10.9 million tonnes SO2 (12.0 million) was set by capping the emissions of the 

263 electricity generation units releasing the largest per capita volume of sulfur dioxide 

to 2.5 pounds SO2 per million British thermal units (Btu) of heat input.73  Coal-fired 
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power plants comprised the majority of these covered entities.  Phase II of the program, 

which commenced in 2000, expanded the list of covered entities to include essentially all 

fossil-fuel electricity generation facilities.  The goal of Phase II was to reduce collective 

SO2 emissions to 8.2 million tonnes SO2 (9.0 million), roughly half the annual U.S. SO2 

volume during the early 1980s.  By 2000, the 2.7 million-tonne (3.0 million) annual 

emissions were approximately 67 percent below the 8.2 million-tonne (9.0 million) target 

level.74  The EPA, as program administrator, distributed tradable allowances that gave 

covered entities the right to emit one English ton of sulfur dioxide.  Approximately 97.2 

percent of allowances were grandfathered according to each electricity generation 

facility’s average annual heat input during the 1985-87 baseline period.  The remaining 

2.8 percent of SO2 credits were auctioned with revenues returned to owners of existing 

units on a pro rata basis.  The auction component provided available allowances to new 

generating units.75   

 

Figure 1: U.S. Sulfur Dioxide Emission Levels 1985-199876 

                                                 
74 Ibid. 
75 A. Denny Ellerman, Paul L. Joskow, and David Harrison, Jr., Emissions Trading in the U.S.: Experience, 
Lessons, and Considerations for Greenhouse Gases, 12. 
76 Richard Kerr, “Acid Rain Control: Success on the Cheap.” 
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This cap-and-trade exercise garnered praise from economists and environmental 

groups prior to its official 1995 start date.  SO2 trading among covered entities, which 

developed in tandem with the public-private emissions grandfathering and auctioning, 

largely explained an almost 2.7 million tonne (3 million ton) drop in sulfur dioxide 

emissions between 1994 and 1995.  In 1995 dollars, the projected abatement cost of the 

cap-and-trade program between 1995 and 2007 totaled $14.88 billion dollars.  This sum 

is approximately $20.05 billion or 57 percent less than the estimated $35.93 billion dollar 

cost of obtaining similar results without an SO2 trading component.77  Caution should be 

exercised, however, when determining how an SO2 cap-and-trade strategy impacted 

electricity prices over the same thirteen year period.  Stating a simple percentage increase 

in utility rates fails to separate the effects of SO2 reduction from other contemporaneous 

causations of rate increases.  For example, during the 1990s, coal power plants in the 

eastern United States largely switched to low sulfur coal.  Subsequent analysis suggests 

this fuel switch may have occurred even if there were no sulfur dioxide regulation.  

Plentiful low sulfur coal mined in Wyoming’s Powder River Basin became affordable for 

eastern destinations after the Staggers Act deregulated freight railroads in 1980.78  Had 

the availability of a low-sulfur fuel alternative not existed, any acid rain solution, 

including a cap-and-trade framework, would have likely carried a higher financial cost.  

Subsequent discussion of a hypothetical, national U.S. carbon cap-and-trade program 

addresses the multiple variables that factor into electricity price assessments.    

Chapters Three through Five explain how a potential federal cap-and-trade 

program designed to reduce greenhouse gas emissions could financially impact the 

electricity sector.  Four utilities operating within the Electric Reliability Council of Texas 

market command particular attention and suggest electricity customers not suppliers will 

likely bear most of the cost burden associated with internalizing the climate change 

externality, at least in the short term.   

                                                 
77 Ellerman et al., Markets for Clean Air: The U.S. Acid Rain Program (Cambridge, UK: Cambridge 
University Press, 2000). 
78 Joseph Wholey, Harry Hatry, and Kathryn Newcomer, ed., Handbook of Practical Program Evaluation 
(San Francisco: Jossey-Bass, 1994), 478. 
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Chapter Three: Overview of the Texas Electricity Market 

 The North American Electric Reliability Corporation (NERC) oversees the 

electricity grid serving the United States, Canada, and the northern portion of Baja 

California, Mexico.  NERC’s mission is to ensure the reliability of the bulk power system 

by issuing standards to which regional entities that manage the electric grid within 

different geographic regions must comply.79  Figure 2 illustrates the physical U.S. electric 

grid is divided into three main entities among which there are relatively few connections: 

the Eastern Interconnection, the Western Interconnection, and the Electric Reliability 

Council of Texas (ERCOT).   

 

Figure 2: Interconnections Comprising the U.S. Electricity Grid80 

                                                 
79 North American Electric Reliability Corporation, About NERC.  Online.  Available: 
http://www.nerc.com/page.php?cid=1|9|119.  Accessed: February 22, 2010. 
80 North American Electric Reliability Corporation, NERC Interconnections (Color).  Online.  Available: 
http://www.nerc.com/fileUploads/File/AboutNERC/maps/NERC_Interconnections_color.jpg.  Accessed: 
February 22, 2010.   
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ROLE OF THE ELECTRIC RELIABILITY COUNCIL OF TEXAS 
The State of Texas is unique among the fifty states in that the majority of Texans 

are served by an electricity grid autonomous from the rest of the country.  ERCOT 

oversees the Texas grid in several very important ways.  ERCOT manages the flow of 

electric power to 22 million Texas customers, which comprises 75 percent of the state’s 

land area and 85 percent of Texas’s electric load.  Figure 3 shows that ERCOT serves all 

major metropolitan areas within the Lone Star State, with the exception of El Paso in the 

far west.  As previously mentioned, NERC works with regional entities to manage the 

grid.  Multiple regional entities comprise the larger Eastern and Western 

Interconnections.  However, ERCOT also functions as Texas’s own independent system 

operator (ISO), dispatching electricity from over 550 generation units and directing that 

power over 40,000 miles of transmission lines.  The ERCOT ISO services a wide variety 

of members including consumers, rural electric cooperatives, independent generators, 

independent power marketers, retail electric providers, investor-owned utilities involved 

with transmission and distribution of electricity, and vertically integrated municipal-

owned electric utilities.81   

                                                 
81 Electric Reliability Council of Texas, ERCOT Company Profile.  Online.  Available: 
http://www.ercot.com/about/profile/.  Accessed: February 22, 2010.   
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Figure 3: Texas Cities Served by ERCOT82 

 During the gradual build out of the U.S. grid in the early twentieth century, 

electricity providers became regarded as natural monopolies where one entity could most 

efficiently and economically generate, transmit, and distribute electricity to a certain 

geographic region.  Until the mid-1990s electricity generation, transmission, and 

distribution were regulated throughout the United States.  The trend toward allowing 

competition within electricity markets began with Congress passing the Public Utility 

Regulatory Policies Act of 1978 (PURPA).  PURPA was part of the federal government’s 

response to the energy crises of the 1970s.  The Act sought to promote alternative and 

                                                 
82 Electric Reliability Council of Texas, ERCOT Maps.  Online.  Available: 
http://www.ercot.com/content/news/mediakit/maps/ERCOT_Region_map.jpg.  Accessed: February 22, 
2010.   



 28 

renewable electricity production by creating a class of independent generators, who could 

sell power to vertically integrated utilities at rates corresponding to the utilities’ avoided 

costs of production.  PURPA’s legacy proved to be an altering of the economic 

perspective that electricity generation was a natural monopoly.  Technology innovation 

enabled development of power plants, particularly natural gas units, which had the 

potential to undercut from a cost perspective the older generation base of vertically 

integrated utilities.  Fourteen years later, Congress approved the Energy Policy Act of 

1992, which precipitated electricity market restructuring by separating wholesale 

electricity generation from power transmission and distribution, which are still 

considered natural monopolies.83   

Under the supervision of the Federal Energy Regulatory Commission (FERC), 

states were allowed to draft their own timetables for deregulation of wholesale electricity 

generation.  Texas proved to be one of the early movers.  Texas Senate Bill (SB) 7 called 

for the “functional unbundling” of vertically integrated utilities by September 1, 2001.  

Functional unbundling effectively required utilities to sell off their generation assets 

creating separate generation and transmission-distribution (T&D) companies.  SB 7 also 

created a class of retail electric providers (REPs), who would be responsible for matching 

residential and commercial electricity customers with generators of their choice.  

However, SB 7 only required investor owned utilities (IOUs) to functionally unbundle.  

The Texas Legislature allowed the governing boards of municipal utilities and rural 

electric cooperatives to decide whether or not they would offer customer choice.  As a 

result, the majority of Lone Star municipal and cooperative power providers elected not 

to participate in the restructuring of the early 2000s.84  As of 2010, the Texas wholesale 

electricity market is bifurcated.  Competition characterizes power generation in such 

metropolitan areas as Houston and Dallas-Fort Worth while the cities of Austin and San 

Antonio retain their vertically integrated municipal utilities.  ERCOT manages the 

financial settlement of electricity supplier offers and customer bids within the 

                                                 
83 David Spence, “Energy Regulation: Evolution of Legal Rights,” Energy Law class lecture, January 26, 
2009.   
84 David Spence, “Texas Retail Restructuring,” Energy Law class lecture, April 20, 2009. 
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competitive wholesale bulk power market.85  In contrast, electricity rates within Austin 

and San Antonio remain calculated according to a cost of service approach undertaken by 

the respective regulated entity.   

National greenhouse gas reduction regulation in the form of a cap-and-trade 

framework has the potential to economically impact electricity suppliers and their 

customers differently depending on whether a given region’s bulk power market is 

regulated or competitive.  Electricity market structure could impart disparate carbon pass-

through costs to customers if a large percentage of greenhouse gas allowances in a cap-

and-trade program are grandfathered or allocated free of charge.86  Additionally, the 

carbon intensity of a particular supplier’s electricity generation fuel mix will largely 

determine the utility’s financial liability should carbon be constrained and priced.  The 

electricity generation profiles of four Texas utilities are examined to develop an 

understanding of the magnitude of carbon costs and the methodology electricity suppliers 

would employ to pass these financial burdens onto the consumer in the form of higher 

prices.  Austin Energy and CPS Energy servicing Austin and San Antonio, respectively, 

represent the regulated utilities of interest.  Analogously, NRG and Luminant will serve 

as examples of suppliers operating in competitive regions.  Numerical analysis will 

emphasize how climate change cap-and-trade regulation will influence the electricity 

generation operations of the four utilities.  Treatment of pass-through costs is less 

transparent, particularly in competitive markets.  Therefore, a policy discussion will 

primarily articulate how GHG reduction pass-through costs will impact the end user.   

TEXAS ELECTRICITY GENERATION STATEWIDE 
 Texas has a wealth of energy reserves both from an electricity and transportation 

standpoint.  Although Texas’s oil production is in decline, Texas continues to lead the 

U.S. in both crude oil production and refining capacity.  However, petroleum is almost 

exclusively used to power the transportation sector and has little influence upon the 

                                                 
85 Electric Reliability Council of Texas, ERCOT Company Profile.  Online.  Available: 
http://www.ercot.com/about/profile/.  Accessed: February 22, 2010.   
86 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 15. 
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electricity industry.87  Figures 4 and 5 summarize electricity generation by source within 

the Lone Star State between 2000 and 2007.  Characteristics surrounding electricity 

generation during the first decade of the twenty-first century are particularly insightful as 

the restructuring of Texas’s wholesale and retail power markets occurred during this 

timeframe.  Over this eight-year period, Figure 4 illustrates total Texas generation 

gradually increased from 372 million to 401 million megawatt-hours (MWh).  Year-to-

year declines in generation observed between 2000-01 and 2002-03 roughly correspond 

to the post-“Dot Com” recession and associated bear market of 2002 and 2003, 

respectively.  Despite non-hydroelectric renewable sources averaging a robust year-to-

year growth rate of 68.7 percent, primarily driven by additional wind production coming 

online, Figure 5 underscores that fossil fuel generation only slightly decreased from 

supplying 89.2 percent to 86.8 percent of overall power production between 2000 and 

2007, respectively.88   

                                                 
87 U.S. Energy Information Administration, State Energy Profiles: Texas.  Online.  Available: 
http://tonto.eia.doe.gov/state/state_energy_profiles.cfm?sid=TX.  Accessed: February 24, 2010.   
88 U.S. Energy Information Administration, Texas Electricity Profile, Table 5 – Electric Power Industry 
Generation by Primary Energy Source, 1990-2007.  Online.  Available: 
http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept05tx.xls.  Accessed: February 24, 2010.   
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Figure 4: Texas Electricity Generation by Source, 2000-2007 (MWh)89 

 

 

Figure 5: Texas Electricity Generation by Source, 2000-2007 (%)90 
                                                 
89 Adapted from U.S. Energy Information Administration, Texas Electricity Profile, Table 5 – Electric 
Power Industry Generation by Primary Energy Source, 1990-2007.  Accessed: February 24, 2010. 
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 Transitioning from electricity generation to electricity emissions, Figure 6 reveals 

that despite increasing awareness of the environmental ramifications of electricity 

generation during the first decade of the twenty-first century, carbon dioxide emissions 

from power production have essentially remained constant in Texas.  At first glance, the 

drop of approximately 9 million tCO2e between 2000 and 2001 may appear significant.  

However, GHG emissions in 2000 are anomalously high given total carbon dioxide 

emissions from electricity generation averaged between 250 and 255 million tCO2e 

during the late 1990s.  Excluding the year 2000, emissions from power generation within 

Texas have actually increased from 253 million to 255 million tCO2e, or approximately 

0.75 percent, between 2001 and 2007.91  Emissions flatlining suggests population and 

economic growth within the Lone Star State have essentially offset any emissions 

reductions associated with advancements in power plant efficiency.   

Climate change literature has cited one possible emissions-reduction alternative 

within the electricity industry is switching from more to less carbon intensive source 

fuels, namely from coal to natural gas.92  However, information obtained from the U.S. 

Energy Information Administration (EIA) to date suggests Texas electricity suppliers 

have not voluntarily followed this trend.  In 2000, Figure 7 illustrates coal and natural gas 

use accounted for approximately 55.2 percent and 43.4 percent of carbon emissions, 

respectively.  By 2007, the difference in percentage contributions had widened with coal 

accounting for 59.0 percent and natural gas responsible for only 40.3 percent.93   

                                                                                                                                                 
90 Ibid. 
91 U.S. Energy Information Administration, Texas Electricity Profile, Table 7 – Electric Power Industry 
Emissions Estimates, 1990-2007.  Online.  Available: 
http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept07tx.xls.  Accessed: February 24, 2010. 
92 Intergovernmental Panel on Climate Change, “Fuel Switching, Including the Use of Waste Materials,” 
Climate Change 2007: Mitigation of Climate Change.  Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change (2007).  Online.  Available: 
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch7s7-3-3.html.  Accessed: February 24, 2010. 
93 U.S. Energy Information Administration, Texas Electricity Profile, Table 7 – Electric Power Industry 
Emissions Estimates, 1990-2007.  Accessed: February 24, 2010. 
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Figure 6: Texas Electricity Generation Emissions by Source, 2000-2007 (million tCO2e) 

 

 

Figure 7: Texas Electricity Generation Emissions by Source, 2000-2007 (%) 
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EIA statistics suggest the decade that witnessed electricity restructuring in Texas 

saw essentially no change in the carbon intensity of the state’s electricity grid.  This 

observation does not weave a strong relationship between the goals of competitive power 

markets and those of environmental regulation.  However, price signals drive investment 

in restructured markets.94  At approximately $0.05 per kilowatt-hour (kWh), coal still 

boasts the price to beat for electricity generation.95   

After exploring electricity generation in Texas on the state level, electricity 

generation characteristics of four utilities, two operating under regulated cost of 

wholesale generation and two functioning in a competitive wholesale market, are 

considered.  Subsequent discussion will help frame how electricity providers in regulated 

and competitive wholesale electricity markets may fare under proposed greenhouse gas 

cap-and-trade regulation.   

AUSTIN ENERGY 
 Austin Energy (AE) services the City of Austin, Travis County, and a small 

portion of Williamson County in Central Texas.  Austin Energy is the electricity provider 

for approximately 900,000 residents and has 388,000 customers, which makes AE the 

ninth largest municipal electric utility in the U.S.  Austin Energy claims its regulated 

provider status has enabled the utility to engage in a wide variety of energy efficiency 

and renewable energy programs including the nation’s first and largest green building 

initiative and a GreenChoice program that allows customers to pay higher rates to receive 

power from renewable energy sources, namely wind.96   

 Austin Energy’s current owned asset generation includes two natural gas power 

plants: the Decker Creek Power Station constructed between 1967 and 1978 in Northeast 

Austin and the newer Sand Hill Energy Center, a combined cycle facility, constructed 

                                                 
94 Interview with Ross Baldick, Department of Electrical and Computer Engineering, The University of 
Texas at Austin, Austin, Texas, February 23, 2010. 
95 U.S. Energy Information Administration, Texas Electricity Profile, Table 6 – Electric Power Delivered 
Fuel Prices and Quality for Coal, Petroleum, Natural Gas, 1990-2007.  Online.  Available: 
http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept06tx.xls.  Accessed: February 24, 2010. 
96 Austin Energy, Austin Energy Company Profile.  Online.  Available: 
http://www.austinenergy.com/About%20Us/Company%20Profile/index.htm.  Accessed: February 22, 
2010.   
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between 2001 and 2004 in Dell Valle, Texas.  AE also has part ownership (36-percent 

stake) in the coal-fired Fayette Power Project built between 1979 and 1980 in La Grange, 

Texas.  The utility’s owned nuclear generation is derived from a 16-percent stake in the 

South Texas Project constructed between 1988 and 1989 in Bay City, Texas.97  Although 

technically not still in operation, AE’s Holly Street natural gas plant built in 1974 is also 

included in the municipal’s electricity generation portfolio for this study because this 

facility was in operation in 2005.  Climate change legislation currently being considered 

by Congress, namely the ACES Act and the Kerry-Boxer discussion draft, identify 2005 

as the baseline emissions year.98  Holly Street would influence AE’s electricity 

generation carbon intensity for emissions reporting purposes.  For purposes of this 

analysis, Austin Energy has a generation capacity just below 3,500 megawatts (MW) of 

electricity.99   

CPS ENERGY 
 Approximately eighty miles south of Texas’s capital city of Austin lies San 

Antonio, the seventh largest city in the country with a population of approximately 1.33 

million as of 2007.100  The San Antonio Metropolitan Area’s electricity needs are served 

by CPS Energy, the nation’s largest municipally owned, regulated energy utility.  CPS 

Energy serves approximately 707,000 customers over a 1,566-square mile area of Bexar 

County and portions of Atascosa, Bandera, Comal, Guadalupe, Medina, Wilson, and 

Kendall Counties in south central Texas.101  CPS emphasizes electricity affordability and 

energy efficiency over environmentally conscious power production citing the municipal 

provider offers on average the lowest monthly residential electricity bills of the nation’s 

top ten cities.  Consuming approximately 1,000 kWh of electricity per month in fiscal 

                                                 
97 Austin Energy, Austin Energy Power Plants.  Online.  Available: 
http://www.austinenergy.com/About%20Us/Company%20Profile/powerPlants.htm.  Accessed: February 
22, 2010. 
98 Summary of the American Clean Energy and Security Act of 2009, Title III, Subtitle B.   
99 U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Online.  Available: 
http://cfpub.epa.gov/egridweb/view.cfm.  Accessed: November 5, 2009.   
100 U.S. Census Bureau, Top Fifty Cities in the U.S. by Population and Rank.  Online.  Available: 
http://www.census.gov.  Accessed: February 25, 2010.   
101 CPS Energy, Who We Are.  Online.  Available: 
http://www.cpsenergy.com/About_CPS_Energy/Who_We_Are/index.asp.  Accessed: February 25, 2010.   
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year 2009, San Antonio residents would owe on average $151.44, which is 20.4 percent 

less expensive than customers’ payments in the ninth ranked city, Los Angeles at $182.38 

per month, and 117.0 percent less expensive than ratepayers in the highest priced city, 

New York at $328.59 per month.102   

 Although CPS Energy does not stress climate change stewardship from a 

marketing perspective, the utility’s owned generation assets collectively have relatively 

low carbon intensity by Texas standards.  The reason for this characteristic is CPS is 

highly invested in nuclear power.  As of 2005, the municipal owned eight plants.  Of 

these facilities, two are coal plants (J.K. Spruce and J.T. Deely) and five are natural gas 

units (Arthur Von Rosenberg, Leon Creek, O.W. Sommers, V.H. Braunig, and W.B. 

Tuttle).103  Additionally CPS Energy has a 40-percent stake in the South Texas Project 

nuclear facility.  Providing over 2,400 MW, the South Texas Project accounts for one-

third of CPS Energy’s overall generation capacity of approximately 7,200 MW.104  CPS’s 

relatively high investment in nuclear may influence the utility’s actions going forward 

should carbon become constrained within the electricity sector.   

NRG ENERGY 
 Switching to generators operating within the competitive wholesale Texas 

electricity market, NRG is a global energy provider founded in 1989 with total U.S. 

generation capacity of 22,925 MW, 605 MW in Australia, and 475 MW in Germany.  Of 

NRG’s North American holdings, as of 2005 roughly 60 percent or 16,500 MW of the 

supplier’s generation assets were located in the Lone Star State.105  Prior to electricity 

restructuring, the majority of NRG’s Texas assets were operated by Houston Power and 

Light, the integrated investor-owned utility (IOU) that had been responsible for 

generating, transmitting, and distributing power to the greater Houston metropolitan 

                                                 
102 CPS Energy, Residential Electric Bill – Comparison of the Ten Largest Cities.  Online.  Available: 
http://www.cpsenergy.com/About_CPS_Energy/Who_We_Are/Financial_Information/cities_comparison.a
sp.  Accessed: February 25, 2010.   
103 U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: November 5, 
2009. 
104 CPS Energy, Who We Are.  Online.  Accessed: February 26, 2010. 
105 NRG Energy, NRG Energy Overview.  Online.  Available: 
http://www.nrgenergy.com/pdf/Overview.pdf.  Accessed: February 26, 2010.   
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region.  Eight of NRG’s nine assets are located in the Houston-Bay City-Brazoria region 

of southeast Texas.106   

 NRG is more focused in natural gas and coal generation of electricity than the two 

regulated municipals considered.  As of 2005, six of NRG Energy’s nine generating 

assets were natural gas fired (Cedar Bayou, Greens Bayou, P.H. Robinson, Sam Bertron, 

San Jacinto, and T.H. Wharton) accounting for approximately 8,000 MW or 48 percent of 

the company’s production capacity in Texas.  The coal facilities Limestone and W.A. 

Parish together provide about 5,800 MW or 35 percent of NRG’s Texas capacity.  Along 

with Austin Energy and CPS Energy, NRG is the third stakeholder in the South Texas 

Project nuclear facility with 44 percent ownership.  NRG’s South Texas Project 

generation equals 2,700 MW or 16 percent of the supplier’s capacity in the Lone Star 

State.107   

Since 2005, NRG has begun commercial operation of three wind farms in West 

Texas.  Sherbino commenced electricity production in Pecos County, Texas in 2008 

having a capacity of 75 MW.108  Elbow Creek opened in Howard County, Texas in 2009 

with 120 MW of capacity.109  Langford Wind Farm came online near San Angelo, Texas 

in late 2009 with 150 MW of capacity.110  These three wind facilities are not included in 

subsequent analysis for NRG because they came online after the 2005 baseline year and 

collectively account for a very small fraction of the generator’s overall Texas capacity, 

only about two percent.   

LUMINANT 
 The last competitive generator considered in this study is Luminant, a subsidiary 

of Energy Future Holdings (EFH), formerly known as TXU Corporation.  While NRG’s 

                                                 
106 NRG Energy, NRG Locations.  Online.  Available: http://maps.nrgenergy.com/.  Accessed: February 
26, 2010.   
107 U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: November 5, 
2009. 
108 NRG Energy, Sherbino Wind Farm.  Online.  Available: http://maps.nrgenergy.com/.  Accessed: 
February 26, 2010. 
109 NRG Energy, Elbow Creek Wind Farm.  Online.  Available: http://maps.nrgenergy.com/.  Accessed: 
February 26, 2010. 
110 NRG Energy, Langford Wind Farm.  Online.  Available: http://maps.nrgenergy.com/.  Accessed: 
February 26, 2010. 
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assets are primarily located in and around Houston, Luminant’s generation is 

concentrated in the Dallas-Fort Worth Metroplex as TXU was the integrated IOU serving 

the area prior to restructuring.111  Of the four utilities discussed, Luminant has the largest 

generation portfolio with a total capacity of approximately 17,800 MW in northeast and 

north central Texas.112   

 In addition to owning the largest generation of the suppliers considered, Luminant 

is the most fossil-fuel dependent of the four utilities.  Eleven of the company’s sixteen 

plants operating in 2005 were natural-gas fired (DeCordova, Graham, Lake Creek, Lake 

Hubbard, Morgan Creek, Permian Basin, Stryker Creek, Tradinghouse, Trinidad, 

Sweetwater, and Valley) comprising approximately 9,200 MW or 52 percent of the 

generator’s capacity.  Coal accounts for the second largest percentage of electricity 

production with Big Brown, Martin Lake, Monticello, and Sandow contributing about 

6,100 MW or 34.5 percent of capacity.  Luminant also has nuclear assets though the 

provider is not invested in the South Texas Project.  Luminant is the sole owner and 

operator of Comanche Peak Nuclear Power Plant, which at 2,400 MW equates to roughly 

14 percent of Luminant’s overall operating capacity.113   

COMPARATIVE STATISTICS OF GENERATORS 
 The Environmental Protection Agency’s eGRID database was used extensively to 

assess the electricity production and environmental characteristics of Austin Energy, CPS 

Energy, NRG, and Luminant.  This EPA tool allows the user to investigate a utility’s 

generation by individual power plant.  Queries conducted for 2005 resulted in annual net 

generation in megawatt-hours, annual carbon dioxide emissions in English tons, and 

annual methane (CH4) emissions in pounds for each power plant.  A simple summation 

by electricity generation facility yielded the total power generation by each of the four 

operators in 2005.  Figure 8 illustrates the regulated providers Austin Energy and CPS 

                                                 
111 Luminant, History of Luminant 1878 – Present: Power Texas.  Online.  Available: 
http://www.luminant.com/about/Lum_History.pdf.  Accessed: February 26, 2010.   
112 Luminant, Plants and Mines.  Online.  Available: http://www.luminant.com/plants/default.aspx.  
Accessed: February 26, 2010.   
113 U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: November 5, 
2009. 
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Energy, producing 10.4 million MWh and 22.4 million MWh, respectively, operate at 

decidedly smaller scales than NRG and Luminant accounting for 46.8 and 67.9 million 

MWh of production, respectively.   

 

Figure 8: 2005 Total Electricity Generation by Provider114 

 Austin Energy, CPS, NRG, and Luminant rank from smallest to largest in terms 

of net electricity generation.  Figures 9 and 10 illustrate this order also applies when 

considering the total annual greenhouse gas emissions and carbon intensity of each 

generator, respectively.  In addition to carbon dioxide, this study considered methane as a 

relevant GHG pollutant produced by each utility.  Only natural gas and coal generation 

facilities contributed to GHG emissions.  Unit for unit, a natural gas plant on average 

emits 51,000 times more CO2 than CH4 and a coal plant generates about 88,000 times 

more CO2 than CH4.  However, methane is a significantly more potent greenhouse gas 

                                                 
114 Adapted from U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: 
November 5, 2009. 
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than carbon dioxide, with one unit of CH4 possessing a global warming potential of 

approximately 25 units of CO2.115  Combined greenhouse gas emissions (i.e. 

contributions from both CO2 and CH4) for each utility are converted to equivalent metric 

tons of CO2 (tCO2e) employing the following equation: 

 

tCO2e = (tons CO2) x (0.90718474 tonne / ton) + (lbs CH4) x (1 ton / 2000 lbs) x 
(0.90718474 tonne / ton) x (25 tonne CO2 / 1 tonne CH4) 

 

 

Figure 9: 2005 Total GHG Emissions by Provider116 

                                                 
115 Piers Forster and Venkatachalam Ramaswamy, “Changes in Atmospheric Constituents and in Radiative 
Forcing,” in Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the 
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge, UK and New 
York: Cambridge University Press, 2007), p. 212.   
116 Adapted from U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: 
November 5, 2009. 
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Figure 10: 2005 Carbon Intensity by Provider117 

 Figure 9 shows Austin Energy, CPS, NRG, and Luminant emit 5.49 million 

tCO2e, 13.2 million tCO2e, 34.4 million tCO2e, and 52.2 million tCO2e, respectively.  

The carbon intensities of the four utilities’ generation fuel mixes depicted in Figure 10 

are more telling.  Austin Energy, CPS, NRG, and Luminant have associated GHG 

intensities of 0.526, 0.589, 0.734, and 0.768 tCO2e / MWh, respectively.  Overall, 

electricity generation in the regulated Texas wholesale market appears cleaner or less 

carbon intensive than power production in Texas’s competitive market.  This 

environmental disparity between regulated and deregulated regions has implications for 

how these four electricity providers would react to a greenhouse gas cap-and-trade 

framework.   

Chapter Four will consider each of the four generators’ power production 

forecasts assuming business-as-usual (BAU) conditions continue to characterize the 

electricity industry in the coming decade.  BAU implies utilities would continue 

operations not taking into account more stringent environmental regulation.  The 

economic impacts of potential federal climate change legislation will then overlay these 
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electricity generation projections to estimate the financial carbon liability Texas 

generators could face under a BAU scenario between 2010 and 2019.   

                                                                                                                                                 
117 Adapted from U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: 
November 5, 2009. 
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Chapter Four: Electricity Generation of Utilities under Federal Cap-
and-Trade Regulation 

 The second decade of the twenty-first century will likely prove pivotal for the 

United States from a climate change perspective.  The Waxman-Markey ACES Act 

passed by the House of Representatives and Kerry-Boxer discussion draft currently on 

hold in the Senate tentatively chart 2012 as the year mandatory greenhouse-gas cap-and-

trade regulations would go into effect.  Numerous studies have assumed a mature, 

functioning U.S. carbon market by 2020, less than ten years away.  Addressing the wide 

gulf between today’s political reality and the scientific-economic prognosticators, who 

assume a mature domestic GHG market by 2020, is beyond the scope of this thesis.  If a 

cap-and-trade framework were to become reality for the electricity sector, more stringent 

environmental standards would bear economic implications for utilities.  The Electric 

Reliability Council of Texas publishes a long-term hourly peak demand and energy 

forecast annually that projects electricity demand within the Lone Star State over the next 

decade based upon economic and population drivers.  ERCOT’s forecast will be applied 

to Austin Energy, CPS Energy, NRG Energy, and Luminant to estimate each of the four 

generators’ load demand between 2010 and 2019.  Provisions of the American Clean 

Energy and Security Act, namely anticipated 2012-2019 annual emissions reductions and 

the implicit cost of carbon, will then be applied to gauge what additional financial 

liability each of the utilities will face because of climate change mitigation.   

ERCOT’S 2010-TO-2019 ELECTRICITY DEMAND FORECAST 
The most recent planning document released by ERCOT is its 2009 Long-Term 

Hourly Peak Demand and Energy Forecast published in May 2009.  ERCOT’s 2009 

report was the first to model the long-term impacts of the 2007-2009 global recession.  

Compared to the 2008 ten-year forecast (2008-2018), the 2009 projections are lower 

during the first four years (2009-2012) before roughly tracking with the previous 

forecast’s estimates in years 2013 through 2018.  Traditionally, compared to other states 

in the Union, Texas has been late to fall into recession but also late to economically 
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recover.118  For this reason, overall U.S. recovery anticipated during the second half of 

2010 may not manifest itself in Texas until early 2011 resulting in a stagnation of real per 

capita personal income, gross domestic product, and selected employment statistics 

including Texas non-farm employment and total employment during the first couple 

years of the 2010s.119   

 Table 1 summarizes the 2009 Long-Term Forecast Model (LTFM) for the entire 

ERCOT region.  Years 2002 through 2008 contain actual observed usage data, which 

calibrated the LTFM.  Next to the electricity usage, given in megawatt-hours, a year-to-

year percentage change illustrates annual growth trends in Texas’s energy consumption.  

During the entire eighteen years of actual and forecast electricity consumption, only 2009 

registered a year-to-year decline of -0.07%, denoting the recent recession.  Average 

annual growth in electricity demand within the ERCOT region between 2010 and 2019 is 

estimated at 2.04 percent, reflecting more robust expansion later in the decade 

compensating for anemic growth in 2010.   

                                                 
118 Sherri Greenberg, “Economic Cycles within the Public Sector,” Public Financial Management class 
lecture, February 11, 2009.   
119 Electric Reliability Council of Texas, 2009 ERCOT Planning Long-Term Hourly Peak Demand and 
Energy Forecast (Austin, Texas, May 2009), p. 3.   
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Table 1: Actual and Forecast Electricity Generation within ERCOT, 2002-2019 120 

Year 
Actual/Forecast Generation 
(MWh) 

Year-to-Year 
Change 

2002 280,772,959   
2003 284,983,916 1.50% 
2004 289,140,984 1.46% 
2005 299,253,971 3.50% 
2006 305,740,287 2.17% 
2007 307,800,947 0.67% 
2008 312,437,873 1.51% 
2009 312,232,038 -0.07% 
2010 315,064,738 0.91% 
2011 322,498,252 2.36% 
2012 332,936,113 3.24% 
2013 341,949,514 2.71% 
2014 348,795,556 2.00% 
2015 355,679,122 1.97% 
2016 362,834,886 2.01% 
2017 369,590,447 1.86% 
2018 376,037,309 1.74% 
2019 382,006,828 1.59% 

 
 
The annual percentage changes in demand recorded in Table 1 are then applied to the 

2005 generation statistics for Austin Energy, CPS, NRG, and Luminant provided by EPA 

eGRID.  Table 2 assumes the ERCOT-wide percentage changes in electricity demand 

correspond to the year-to-year load fluctuation each utility experiences.  For example, the 

0.07-percent reduction in ERCOT electricity demand between 2008 and 2009 indicates 

the 2009 load demands for Austin Energy, CPS, NRG, and Luminant are all 0.07-percent 

less than the generators’ 2008 figures.   

 The respective greenhouse gas intensities calculated for the four utilities and 

illustrated in Figure 10 at the end of Chapter Three are multiplied by Table 2’s yearly 

generation demands to yield total annual operator GHG emissions through 2019 given in 

                                                 
120 Adapted from Electric Reliability Council of Texas, 2009 ERCOT Planning Long-Term Hourly Peak 
Demand and Energy Forecast, p. 24. 
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Table 3.  Simplifying assumptions were required to calculate each utility’s annual carbon 

footprint associated with its electricity generation.  Most importantly, the 2005 carbon 

intensity of each generator’s fuel mix was held constant through 2019.  This scenario 

ignores potential emissions reductions due to improvements in plant efficiency and any 

fuel-switching or clean technology investment measures likely fostered by imminent 

climate change regulation.   

Table 2: Operator Total Annual Net Generation, 2005-2019 (MWh)121 122 

Year Austin Energy CPS Energy NRG Energy Luminant 
2005 10,436,370 22,374,227 46,812,902 67,929,983 
2006 10,662,578 22,859,188 47,827,569 69,402,362 
2007 10,734,443 23,013,256 48,149,922 69,870,127 
2008 10,896,154 23,359,944 48,875,286 70,922,699 
2009 10,888,975 23,344,554 48,843,087 70,875,975 
2010 10,987,765 23,556,346 49,286,212 71,518,992 
2011 11,247,006 24,112,125 50,449,051 73,206,383 
2012 11,611,022 24,892,529 52,081,867 75,575,754 
2013 11,925,361 25,566,431 53,491,851 77,621,776 
2014 12,164,114 26,078,287 54,562,792 79,175,812 
2015 12,404,176 26,592,949 55,639,602 80,738,366 
2016 12,653,731 27,127,961 56,758,992 82,362,709 
2017 12,889,329 27,633,052 57,815,778 83,896,206 
2018 13,114,160 28,115,063 58,824,274 85,359,629 
2019 13,322,345 28,561,384 59,758,098 86,714,697 

 

                                                 
121 Adapted from U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: 
November 5, 2009. 
122 Adapted from Electric Reliability Council of Texas, 2009 ERCOT Planning Long-Term Hourly Peak 
Demand and Energy Forecast, p. 24. 
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Table 3: Operator Total Annual GHG Emissions, 2005-2019 (tCO2e)123 124 

Year Austin Energy CPS Energy NRG Energy Luminant 
2005 5,494,732 13,170,925 34,380,375 52,192,194 
2006 5,613,830 13,456,404 35,125,568 53,323,457 
2007 5,651,667 13,547,099 35,362,311 53,682,852 
2008 5,736,808 13,751,182 35,895,034 54,491,568 
2009 5,733,028 13,742,123 35,871,386 54,455,669 
2010 5,785,041 13,866,797 36,196,826 54,949,713 
2011 5,921,530 14,193,965 37,050,840 56,246,175 
2012 6,113,185 14,653,361 38,250,014 58,066,618 
2013 6,278,684 15,050,064 39,285,536 59,638,625 
2014 6,404,387 15,351,376 40,072,057 60,832,627 
2015 6,530,779 15,654,339 40,862,889 62,033,174 
2016 6,662,169 15,969,282 41,684,993 63,281,194 
2017 6,786,211 16,266,611 42,461,118 64,459,416 
2018 6,904,584 16,550,354 43,201,779 65,583,798 
2019 7,014,193 16,813,088 43,887,599 66,624,928 

 
 Figures 11 and 12 illustrate the tabular results for Austin Energy, CPS, NRG, and 

Luminant depicting relatively gradual but steady growth in electricity generation and 

GHG emissions, respectively.  Tables 2 and 3 as well as Figures 11 and 12 characterize 

the utilities’ BAU operations in the absence of any substantive carbon regulation.   

 The American Clean Energy and Security Act is used for the constrained GHG 

electricity emissions scenario because the ACES Act represents the only climate change 

legislation passed by either house of Congress to date.   

                                                 
123 Adapted from U.S. Environmental Protection Agency, “Clean Energy eGRIDweb” database.  Accessed: 
November 5, 2009. 
124 Adapted from Electric Reliability Council of Texas, 2009 ERCOT Planning Long-Term Hourly Peak 
Demand and Energy Forecast, p. 24. 
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Figure 11: Operator Total Annual Electricity Generation, 2005-2019 (million MWh) 

 

 

Figure 12: Operator Total Annual GHG Emissions, 2005-2019 (million tCO2e) 

AMERICAN CLEAN ENERGY AND SECURITY ACT CARBON REGULATION 
 The overarching objectives of The American Clean Energy and Security Act of 

2009, House of Representatives Bill 2454, are to establish an economy wide greenhouse 
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gas cap-and-trade program while creating incentives and standards for clean energy and 

energy efficiency.  Detailed analysis of the bill, conducted by the U.S. Environmental 

Protection Agency in June 2009, casts doubt upon the “economy wide” nature of the cap-

and-trade framework outlined in the legislation.  In its economic analysis, EPA states, 

“electric power supply and use, and [carbon] offsets represent the largest sources of 

emissions abatement.”125  Carbon constrained electricity prices could permeate the rest of 

the economy due to generators passing on the elevated costs of power production to 

industrial, commercial, and residential users.  However, currently a lack of clarity exists 

how a cap-and-trade framework would explicitly govern sectors other than electricity, 

namely transportation.   

 The ACES Act carbon cap goes into effect in 2012 and steadily declines each 

successive year through 2050.  As previously indicated, 2005 represents the emissions 

baseline year.  By 2020, electricity sector GHG emissions are to be 17 percent below 

their 2005 levels.  The bill mandates an 83-percent reduction in carbon emissions 

compared to 2005 by 2050.126  Closer inspection indicates these emissions reductions 

equate to a 2.2-percent GHG cut for a given year compared to the previous annum.  

Linear interpolation yields Table 4, which gives the percentage of 2005 baseline 

emissions allowed within the electricity sector during each year of the first decade of 

compliance.   

                                                 
125 U.S. Environmental Protection Agency, EPA Analysis of The American Clean Energy and Security Act 
of 2009 H.R. 2454 in the 111th Congress (June 23, 2009), p. 3.  Online.  Available: 
http://www.epa.gov/climatechange/economics/pdfs/HR2454_Analysis.pdf.  Accessed: February 28, 2010.   
126 U.S. Environmental Protection Agency, EPA Analysis of The American Clean Energy and Security Act 
of 2009 H.R. 2454 in the 111th Congress (June 23, 2009), p. 6.  Accessed: February 28, 2010.   
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Table 4: Percentage of 2005 Baseline Emissions Allowed within Electricity Sector, 2012-
2019 127 

Year Percentage of 2005 Baseline Emissions 

2012 97.0% 

2013 94.8% 

2014 92.7% 

2015 90.5% 

2016 88.3% 

2017 86.2% 

2018 84.0% 

2019 81.8% 

 
Assuming this legislation becomes law and implemented in 2012, realistically 

electricity providers will not make uniform GHG emissions reductions nationwide.  This 

fact is why the trade component of any cap-and-trade system represents a cost-savings 

measure.  Certain covered entities will be in a better position to reduce carbon emissions 

below their allotted caps.  Other firms less able to decarbonize their operations will pay 

the market rate for these excess allowances.  However, to establish a benchmark where 

utilities can determine if they fall above or below their allotted carbon credit quota, it is 

                                                 
127 Yearly cuts imposed by The American Clean Energy and Security Act, H.R. 2454.   
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useful to apply the electricity sector-wide emissions caps to each electricity generator.  

For example, a 17-percent reduction in 2005 emissions can be achieved by the power 

industry in 2020 if each electricity supplier’s carbon emissions are 83 percent of its 2005 

level.  This instance is referred to as the “no-trade scenario.”   

Table 5 lists the greenhouse-gas emissions levels Austin Energy, CPS Energy, 

NRG Energy, and Luminant could not exceed in order to satisfy the ACES mandates.  

Table 6 subtracts the utilities’ emissions quotas from their forecast emissions levels 

associated with BAU operations originally reported in Table 3.  Table 6’s positive entries 

indicate the four electricity generators in question are forecast to exceed their ACES caps 

by significant margins starting in the first year of compliance, 2012.  Figures 13 through 

16 graph the allowance shortfalls for Austin Energy, CPS, NRG, and Luminant, 

respectively.  In each year of interest, approximately one order of magnitude separates 

the degree Austin Energy and Luminant exceed their respective caps.  Under BAU 

operations that do not account for more stringent environmental regulation, Table 6 and 

Figures 13 through 16 imply these four Texas utilities would be net purchasers of carbon 

credits.   
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Table 5: ACES Act Emissions Quotas for Four Texas Utilities, 2012-2019 (tCO2e) 

Year Austin Energy CPS Energy NRG Energy Luminant 

2012 5,329,890 12,775,797 33,348,964 50,626,428 

2013 5,210,838 12,490,427 32,604,056 49,495,597 

2014 5,091,785 12,205,057 31,859,148 48,364,766 

2015 4,972,733 11,919,687 31,114,240 47,233,935 

2016 4,853,680 11,634,317 30,369,332 46,103,105 

2017 4,734,628 11,348,947 29,624,423 44,972,274 

2018 4,615,575 11,063,577 28,879,515 43,841,443 

2019 4,496,522 10,778,207 28,134,607 42,710,612 
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Table 6: Amount Four Texas Utilities BAU Emissions Exceed ACES Quotas, 2012-2019 
(tCO2e) 

Year Austin Energy CPS Energy NRG Energy Luminant 

2012 783,294 1,877,564 4,901,050 7,440,190 

2013 1,067,846 2,559,637 6,681,480 10,143,028 

2014 1,312,602 3,146,318 8,212,909 12,467,861 

2015 1,558,046 3,734,652 9,748,649 14,799,239 

2016 1,808,489 4,334,965 11,315,661 17,178,090 

2017 2,051,583 4,917,664 12,836,695 19,487,142 

2018 2,289,009 5,486,777 14,322,263 21,742,356 

2019 2,517,671 6,034,881 15,752,991 23,914,317 
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Figure 13: Austin Energy BAU Emissions and ACES Cap, 2012-2019 

 

 

Figure 14: CPS Energy BAU Emissions and ACES Cap, 2012-2019 
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Figure 15: NRG Energy BAU Emissions and ACES Cap, 2012-2019 

 

 

Figure 16: Luminant BAU Emissions and ACES Cap, 2012-2019 
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Deepening emissions cuts imply electric utilities and other covered entities will 

need to employ farther reaching, costlier measures to remove increasingly large quantities 

of CO2 from their supply chains.  The EPA assumes companies will target the “lowest 

hanging fruit” early in the compliance period by implementing measures, which will give 

the firms a positive return on their investments relatively quickly.  Fuel switching from 

coal to natural gas is regarded as a relatively inexpensive measure.  Once these options 

have been exercised, the cost to utilities to further decarbonize their electricity stacks will 

rise as covered entities invest in wind, solar, nuclear, and other clean generation sources 

possessing greater associated sunken costs.  The EPA states, “the marginal cost of GHG 

abatement is equal to the allowance price.”128  Therefore, the price to prevent one metric 

ton of CO2-equivalent from escaping into the atmosphere starts low and exponentially 

rises throughout the compliance period.  The carbon allowance price for a given year 

equals the price utilities will employ to monetize GHG emissions associated with their 

electricity production.   

 The EPA used two economy wide models: the Applied Dynamic Analysis of the 

Global Economy Model (ADAGE) and the Intertemporal General Equilibrium Model 

(IGEM) to forecast the carbon allowance price between 2012 and 2050.  Table 7 lists 

calculated tCO2e prices over the thirty-eight year period in 2005 dollars.  Figure 17 

illustrates the carbon allowance price by year is modeled by the quartic equation,  

 

2005 $ / tCO2e = (1.97x10-5)*Year4 – (1.60x10-1)*Year3 + (4.84x102)*Year2 – 
(6.54x105)*Year + 3.31x108 

 
This quartic regression model can be used to calculate carbon allowance prices per year 

during the first decade a GHG cap-and-trade model would be in effect.  Table 8 applies 

the polynomial model to estimate carbon allowance prices during the 2012-2019 

timeframe.  Assuming each covered entity would need to “pay” for its excess greenhouse 

gas emissions through either clean technology investment or purchasing additional 

allowances on the carbon market, firms can approximate their “carbon liability” by 

                                                 
128 U.S. Environmental Protection Agency, EPA Analysis of The American Clean Energy and Security Act 
of 2009 H.R. 2454 in the 111th Congress (June 23, 2009), p. 12.  Accessed: February 28, 2010. 
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multiplying their excess emissions by the forecast per tonnage carbon price for the given 

year.  The GHG prices listed in Table 8 multiplied by the excess emissions provided in 

Table 6 equal the annual greenhouse gas costs incurred by the four utilities of interest, 

given in Table 9.   

Table 7: GHG Allowance Price Driven by ACES Act CO2 Cuts, 2012-2050129 

Year Price per tCO2e (2005 $) 

2012 $12  

2015 $13 

2020 $16 

2030 $26 

2040 $42 

2050 $69 

 

                                                 
129 U.S. Environmental Protection Agency, EPA Analysis of The American Clean Energy and Security Act 
of 2009 H.R. 2454 in the 111th Congress (June 23, 2009), p. 12.  Accessed: February 28, 2010. 
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Figure 17: ACES Act Carbon Allowance Price by Year, 2012-2050 

 

Table 8: Interpolated GHG Prices during First Decade of ACES Act Implementation, 
2012-2019 

Year Price per tCO2e (2005 $) Year Price per tCO2e (2005 $) 

2012 $12.0 2016 $13.5 

2013 $12.3 2017 $14.0 

2014 $12.6 2018 $14.6 

2015 $13.0 2019 $15.3 
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Table 9: Annual Provider GHG Liability under ACES Act assuming BAU Operations 

Year Austin Energy CPS Energy NRG Energy Luminant 

2012 $9,418,582 $22,576,430 $58,931,787 $89,463,224 

2013 $13,102,596 $31,407,047 $81,982,555 $124,456,157 

2014 $16,534,999 $39,634,548 $103,458,993 $157,059,129 

2015 $20,254,600 $48,550,467 $126,732,427 $192,390,087 

2016 $24,367,433 $58,408,967 $152,466,300 $231,456,189 

2017 $28,751,952 $68,918,701 $179,900,107 $273,102,930 

2018 $33,460,554 $80,205,265 $209,361,690 $317,827,998 

2019 $38,471,821 $92,217,318 $240,717,035 $365,427,952 

 
 Figure 18 illustrates how the annual carbon liabilities of the four electricity 

generators escalate during the decade of the 2010s assuming none of the utilities 

significantly alter their operations to better conform to more stringent environmental 

regulation.  The uniform price model implies the carbon financial liabilities for Austin 

Energy, CPS Energy, NRG Energy, and Luminant all increase by 308.5 percent between 

2012 and 2019.  However, such an escalation in carbon cost liability has different 

ramifications for each utility’s operating budget.  Table 10 reports the most recent 

available operating revenues for Austin Energy (fiscal year ending September 30, 
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2008),130 CPS Energy (January 31, 2009),131 NRG Energy (December 31, 2009),132 and 

Luminant (December 31, 2008).133  The operating revenues were relatively 

straightforward to obtain for Austin Energy and CPS given the municipal utilities are 

owned by Austin and San Antonio, respectively, and their revenue statements are part of 

the cities’ comprehensive annual financial reports (CAFRs).  As private companies, 

comparable revenues for NRG and Luminant required additional manipulation.  NRG’s 

annual income statement comprised revenues for all the firm’s generation assets 

worldwide.  The Table 10 revenue entry for NRG estimates Texas operating revenues by 

multiplying the company’s global revenues ($8.952 billion134) by 68.7 percent,135 the 

proportion of the firm’s worldwide generation assets located within the Lone Star State.  

Luminant revenues are actually those of Energy Future Holdings, where EFH is 

Luminant’s parent company.  However, since Luminant is the electricity generating arm 

of EFH, EFH revenue is linked to Luminant’s operations.136   

The right two columns of Table 10 illustrate the percentage of utility operating 

revenue the generators’ ACES Act carbon liability would represent in 2012 and 2019.  

One cannot distinguish competitive generators as being any more vulnerable than their 

regulated counterparts, or vice versa.  Greenhouse gas costs comprise the smallest 

percentages of Austin Energy’s operating revenue while carbon liability constitutes the 

largest fraction of CPS Energy’s revenue.  Both NRG Energy and Luminant fall between 

Austin Energy and CPS in terms of the relative size of their carbon liabilities.  

                                                 
130 City of Austin, Proprietary Funds: Statement of Revenues, Expenses, and Changes in Fund Net Assets 
for the Fiscal Year Ended September 30, 2008, p. 28.  Online.  Available: 
http://www.ci.austin.tx.us/controller/downloads/cafr2008.pdf.  Accessed: March 1, 2010.   
131 CPS Energy, City of San Antonio, Summary of Revenues, Expenses, and Changes in Fund Net Assets 
for the Fiscal Year Ended January 31, 2009, p. 5.  Online.  Available: 
http://www.cpsenergy.com/files/EOY_Audited_Financials_FY2009.pdf.  Accessed: March 1, 2010.   
132 NRG Energy, NRG Fundamentals – 2009 Annual Income Statement.  Online.  Available: 
http://phx.corporate-ir.net/phoenix.zhtml?c=121544&p=irol-fundIncomeA.  Accessed: March 1, 2010.   
133 Energy Future Holdings, Texas Competitive Electric Holdings Company Statements of Consolidated 
Income (Loss), p. 8.  Online.  Available: 
http://www.energyfutureholdings.com/pdf/Texas_Competitive_Electric_Holdings_Company_LLC_Decem
ber_31_2008%20Financials.pdf.  Accessed: March 1, 2010.   
134 NRG Energy, NRG Fundamentals – 2009 Annual Income Statement.   
135 NRG Energy, NRG Energy Generation Assets.  Online.  Available: 
http://www.nrgenergy.com/pdf/Projectlist.pdf.  Accessed: March 1, 2010.   
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Progressing from 2012 through 2019, the escalating costs associated with excess carbon 

emissions are apparent for all four electric utilities.  Although the financial consequences 

of excess carbon emissions initially account for less than 1.2 percent of any generator’s 

annual revenue, within seven years these costs have nearly quadrupled in value.  In the 

case of CPS Energy, greenhouse gas costs are approaching 5.0 percent of San Antonio’s 

municipal utility revenues by the end of the current decade.   

Beyond 2019, steadily declining emissions caps equate to only higher priced 

carbon allowances.  In order to avoid potentially significant revenue drains associated 

with stricter environmental regulation imposed by the American Clean Energy and 

Security Act, the four utilities in question will likely assess alternatives for carbon cost 

containment before federal regulation, akin to ACES, goes into effect.  Chapter Five 

explores options available to the electricity generators that range from simply passing 

through additional climate change costs to end users to investing in substantially cleaner 

electricity generation technologies.   

 

Figure 18: Annual Provider GHG Financial Liability under ACES Act, 2012-2019 
                                                                                                                                                 
136 Luminant, History of Luminant – 2008 Powering Texas, p. 8.  Online.  Available: 
http://www.luminant.com/about/Lum_History.pdf.  Accessed: March 1, 2010.   
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Table 10: Carbon Financial Liability as a Percentage of Utility Operating Revenue 

Utility 2008-09 Operating Revenue Carbon Liability Percentage of Revenue 

    2012 2019 

Austin Energy $1,217,735,000137 0.77% 3.16% 

CPS Energy $1,899,457,000138 1.19% 4.85% 

NRG Energy $6,150,024,000139 0.96% 3.91% 

Luminant $9,787,000,000140 0.91% 3.73% 

 

                                                 
137 City of Austin, Proprietary Funds: Statement of Revenues, Expenses, and Changes in Fund Net Assets 
for the Fiscal Year Ended September 30, 2008.  Accessed: March 1, 2010. 
138 CPS Energy, City of San Antonio, Summary of Revenues, Expenses, and Changes in Fund Net Assets 
for the Fiscal Year Ended January 31, 2009.  Accessed: March 1, 2010. 
139 NRG Energy, NRG Fundamentals – 2009 Annual Income Statement.  Accessed: March 1, 2010. 
140 Energy Future Holdings, Texas Competitive Electric Holdings Company Statements of Consolidated 
Income (Loss).  Accessed: March 1, 2010. 



 63 

Chapter Five: Carbon Cost Mitigation Alternatives Available to Texas 
Utilities 

 Given the prospect of the federal government implementing climate change 

regulation in the coming decade, Chapter Four articulated the cost liability facing Texas 

utilities should greenhouse gas emissions become constrained.  Both regulated and 

competitive electricity generators could implement various alternatives to offset such 

climate change costs.  Options available to providers range from simply passing through 

additional carbon costs to end users to investing in substantially cleaner electricity 

generation technologies.  This chapter’s policy discussion suggests carbon “accounting” 

techniques may well comprise utilities’ initial efforts at addressing the climate 

externality.  The prospect of larger magnitude carbon costs in the long term (i.e. beyond 

2020) may compel energy companies to engage in comprehensive “climate-friendly” 

electricity production that accounts for a significant piece of the utilities’ generation 

portfolios.  However, economic analyses suggest greenhouse gas allowance prices 

precipitated by an emissions cap similar to that outlined in the ACES Act, will not spur 

widespread conversion to clean electricity during the 2010s.     

UTILITIES’ ABILITY TO PASS THROUGH CARBON COSTS TO END USERS 
 Prior to and during the early stages of a federal government imposed greenhouse 

gas cap-and-trade program, the likelihood electricity generators would simply pass 

through the additional cost associated with purchasing additional carbon allowances is 

high.  This observation is independent of the exact point of emissions compliance within 

the electricity generation, transmission, and distribution supply chain.  There is 

considerable uncertainty whether decarbonization of electricity generation operations 

would accompany such cost pass-through practices.  Final legislation may direct the 

Environmental Protection Agency, Federal Energy Regulatory Commission, or some 

other regulating body to directly issue generators emissions allowances.  Other climate 

bill drafts instead allocate credits further downstream, generally at the point of electricity 

distribution, which would necessitate generators purchasing credits from distribution 

companies.  Subsequent discussion will explain why the point of compliance matters in 
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terms of generators realizing revenue associated with allocated carbon credits.  Either 

way, electricity generators will incur a cost or financial penalty for carbon emissions 

exceeding their allotted climate caps.  The nature of supply and demand within the 

electricity sector will facilitate electricity producers shifting the majority of the carbon 

constraint cost burden onto the customer.   

 As discussed in Chapter Two, consumer elasticity, e, will determine to what 

degree electricity generators will be able to pass through added costs associated with 

constraining GHG emissions in the fuel mix.  Customer demand that does not appreciably 

change with price fluctuation is said to be relatively inelastic (i.e. e < 1).  In most 

electricity markets today, the price elasticity of demand is lower than 1.  The few 

economic studies investigating electricity customer elasticities have concluded electricity 

demand is decidedly inelastic because nearly all retail residential customers and most 

commercial customers cannot react to the real-time, wholesale prices associated with 

their power consumption.   

Part of the problem is technology related.  Nearly all residential users continue to 

have electricity meters that only register power consumption on a monthly basis 

preventing any significant customer demand response.  Small scale pilot projects are 

beginning to replace traditional meters with real-time, net meters that theoretically will 

allow customers to monitor and scale back energy usage during peak demand hours.  

However, to date these real-time or “smart” meters have largely not lived up to their 

accolades.  Widespread smart meter installations by utility Pacific Gas & Electric 

(PG&E) in Bakersfield, California have exposed customers to higher real-time prices.  

But PG&E failed to provide residents with in-home electricity monitors necessary to 

enable customers to curtail their power usage during peak demand intervals.141   

California consumers were exposed to higher, real-time wholesale prices but not provided 

with the technological means to react to price spikes by curtailing consumption.  Smart 

meters are only one component of a system that must function in its entirety to afford 

customers demand response capability.  Moreover, customers being able to react to 
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wholesale market prices may not significantly increase their demand elasticities.  Many 

industrial customers are currently able to purchase electricity directly from the wholesale 

market and elasticities for ERCOT industrial customers have been reported at 

approximately 10-3 or smaller.142   

 Assuming inelastic customer demand prevails within the ERCOT restructured 

market and in regions still serviced by regulated municipal utilities, few financial 

disincentives exist why electricity generators would not pass along the added cost of 

carbon controls to customers.  The price of natural gas as a driver of Texas electricity 

prices serves as a valuable analog.  Figure 19 below overlays the price of natural gas 

($/MMbtu) as a red line on the average all-in price for electricity ($/MWh) within the 

ERCOT wholesale market between the years 2003 and 2008.   The “all-in price” of 

electricity is the combination of three components: balancing energy, ancillary service 

capacity (i.e. reserves required in case demand temporarily exceeds supply from 

traditional power sources), and uplift charges (fees ERCOT assesses to wholesale market 

participants to pay for congestion management and other activities).  It is readily apparent 

that balancing energy, or the actual cost of generating electricity from the fuel mix, 

accounts for the majority (i.e. greater than 90 percent) of the all-in electricity price.  

Referring back to Figure 5, natural gas is the predominant fuel generation source within 

Texas leading coal by roughly a 50-to-37 percent split.  Furthermore, natural gas is on the 

margin within ERCOT because the NG fuel price is more expensive than base-load coal.  

Not surprisingly, the volatility of natural gas commodity prices correlates with Lone Star 

electricity prices.  According to the Public Utility Commission of Texas,  

 
Short-term events, such as tight capacity and congestion costs can be additional 
factors that influence electricity prices, but natural gas prices are the key factor 
that influences the level [of] wholesale electricity prices.143   

                                                                                                                                                 
141 “CPUC Responds to PG&E Customer Concerns about Smart Meter Installations in Bakersfield,” 
California Public Utilities Commission, October 14, 2009 (press release).  Online.  Available: 
http://docs.cpuc.ca.gov/PUBLISHED/NEWS_RELEASE/108374.htm.  Accessed: March 3, 2010.   
142 Jay Zarnikau and Ian Hallett, “Aggregate Industrial Energy Consumer Response to Wholesale Prices in 
the Restructured Texas Electricity Market,” Energy Economics 30 (2008): 1798-1808.   
143 Public Utility Commission of Texas, Report to the 81st Texas Legislature: Scope of Competition in 
Electric Markets in Texas (Austin, Texas, January 2009), p. 48. 
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Figure 19: Average All-in Price for Electricity in ERCOT and Natural Gas Price, 2003-
2008144 

The particular years of interest in Figure 19 are 2005 and 2008.  In 2005 and 

2008, the natural gas price fluctuated between $6 and $11.50 per MMbtu (a 92–percent 

spread) and $6 and $13 per MMbtu (a 112-percent spread), respectively.  These 

variations in natural gas price corresponded with fluctuations in the all-in electricity price 

between $60 and $115 per MWh (a 92-percent spread) and $65 and $125 per MWh (also 

a 92-percent spread) in 2005 and 2008, respectively.   

What effect did these wide swings in natural gas prices have on the observed 

retail price of electricity for commercial and residential customers?  Between the 

wholesale and retail level additional charges, namely for transmission and distribution, 

factor into the end-user electricity price.  However, following the restructuring of the 

majority of the ERCOT market in 2001, the methodology for how generation, 

transmission, distribution, and retail specifically determine the price customers pay is not 

transparent.  The transmission and distribution (T&D) components of electricity remain 

regulated throughout the state but both the generation and retail aspects of power are now 

                                                 
144 Ibid.   
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competitive for 75-percent of Texans.145  For customers serviced by NRG Energy and 

Luminant generation, the exact way generation and retail costs affect price is proprietary 

and beyond the scope of this thesis.  However, parallels can be drawn among the 

increases in natural gas, wholesale electric, and retail customer prices over the past 

decade.  Figure 20 illustrates trends in the average monthly price paid by consumers for a 

kilowatt-hour of electricity between 2002 and 2008.  While Figure 19 shows that natural 

gas and all-in wholesale electricity prices roughly doubled in 2005 and 2008 before 

returning to $6.50/MMbtu and $60/MWh levels,146 respectively, Figure 20 emphasizes 

that retail service offers nearly doubled over the entire six-year period, increasing from 

around $0.0850/kWh in 2002 to approximately $0.15/kWh in 2008, a 76-percent 

increase.147  Collectively interpreting Figures 19 and 20 suggests electricity generators 

forced customers to absorb the majority of additional electricity costs in the form of 

sustained, higher prices during the first decade of the twenty-first century.  Unlike natural 

gas commodity and wholesale electricity prices, which cycled up and down, retail rates 

generally did not fall significantly after rising.  Furthermore, once again referencing 

Figure 5, no significant trend developed within Texas’s overall fuel generation mix to 

alter the source makeup of electricity.  Between 2000 and 2007, coal and natural gas 

continued to account for just under 90 percent of Lone Star power generation.   

                                                 
145 Federal Energy Regulatory Commission, U.S. Department of Energy, Net Generation by State by 
Sector.  Accessed: April 13, 2010.   
146 Public Utility Commission of Texas, Report to the 81st Texas Legislature: Scope of Competition in 
Electric Markets in Texas (Austin, Texas, January 2009), p. 48. 
147 Public Utility Commission of Texas, Report to the 81st Texas Legislature: Scope of Competition in 
Electric Markets in Texas (Austin, Texas, January 2009), p. 53. 
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Figure 20: Average Monthly Retail Service Offers in Competitive ERCOT Markets, 
2002-2008148 

The significant increase in natural gas prices through 2008 both resulted in a 

corresponding rise in all-in wholesale electricity prices and drove a proportional increase 

in retail power prices during the same period.  Generators managed to successfully shift 

the cost burden from supplier to consumer but did not take steps to significantly alter 

their fuel mixes in an effort to insulate themselves from further fluctuations in the natural 

gas price.  In competitive electricity markets, which comprise the majority of ERCOT, 

costs will dictate utility behavior.  Chapter Four indicated by 2020 federal climate change 

regulation similar to the ACES Act will inflict additional costs on generators 

approximately equal to 3 to 5 percent of 2008-09 operating revenues.  Carbon costs of 

this magnitude are decidedly less than the financial impacts of doubling the natural gas 

commodity price.  Therefore, greenhouse gas allowance prices remaining below $16 per 

tCO2e will likely have no appreciable effect on utilities’ operations.  Without additional 

                                                 
148 Ibid.   
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regulatory constraints, such a low carbon credit price will not spur Texas generators to 

decarbonize their electricity portfolios.   

CAP-AND-TRADE PRICE SIGNALS REQUIRED TO DECARBONIZE ERCOT FUEL MIX 
Economic analyses conducted by the U.S. EPA and other agencies indicate a cap-

and-trade framework will initiate an implicit greenhouse gas allowance price less than 

$20 per tCO2e during the first decade such a system is in place.  Previous discussion has 

indicated this price signal is woefully inadequate to spur significant decarbonization of 

current electricity fuel mixes within ERCOT and other markets.  The cost burden 

imposed by an ACES Act cap-and-trade system is small enough that electricity 

generators could simply purchase the number of additional credits to account for the 

difference between their allotted emissions caps and their business-as-usual pollution 

levels.  Without regulation to the contrary, generators could then pass this added carbon 

cost onto their customers in the form of inflated electricity prices.  Under this scenario, 

generators in essence would sidestep the principal outcome a cap-and-trade system seeks 

to establish: electricity generators paying for their GHG emissions.  Generators would 

simply funnel the carbon cost onto power consumers, who would have little choice but to 

pay higher prices given the highly inelastic nature of electricity demand.   

If a carbon tonnage price of $20 is insufficient to decarbonize the electricity fuel 

mixes of the four generators discussed, what is the requisite price to instigate such a 

trend?  To answer this question, one must clarify what it means to decarbonize electricity 

generation.  Since this discussion emphasizes price signals, the methodology that reduces 

GHG emissions at lowest cost while still ensuring electricity generation reliability and 

security is the preferred alternative.  Fuel switching from GHG intensive generation 

sources, such as coal, to less carbon intensive options, such as natural gas, warrants 

further discussion.  Significant investment in renewables other than wind is not addressed 

due to difficulties inherent in bringing said technology to commercial scale.  While 

electricity generation from wind in states like Texas has proven sizable, the intermittent 

nature of this generation and inherent transmission congestion problems currently prevent 
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wind from accounting for more than 15 to 20 percent of a generator’s portfolio.149  While 

nuclear power is considered clean in terms of GHG emissions and has demonstrated its 

ability to provide the majority of electricity generation in nations like France, which is 

more than 70-percent reliant on uranium for its electricity demands, nuclear fusion is not 

considered a viable alternative in the short term either.  Although much talk has 

surrounded the prospect of reinstating a nuclear power plant building program within the 

U.S., considerable regulatory uncertainty remains over the permitting of new nuclear 

generation facilities.150   

Figure 5 illustrates natural gas and coal combustion currently account for 

approximately 50 and 37 percent of electricity generation within ERCOT, respectively.  

Additional fuel switching from coal to natural gas will occur if operating costs, namely 

fuel costs, of the two generation sources are approximately equivalent.  Fuel costs are 

based upon a fuel heat rate, which is generally measured in dollars per British thermal 

unit (Btu).  Data obtained through the Energy Information Administration and provided 

in Table 11 indicate the electricity price of natural gas is more than five times larger than 

the prices associated with two varieties of coal commonly used for power combustion 

within Texas: subbituminous and lignite coal.  Lignite is the less expensive of the two 

coal varieties used for power generation within ERCOT.  While lignite is strip mined 

locally within the Lone Star State, subbituminous coal must be railroaded into the state 

from Wyoming’s Powder River Basin, located 1,200 miles to the northwest.  Wyoming-

to-Texas railroad transport costs constitute 60 to 75 percent of what Texas utilities pay 

for subbituminous coal.151 152 153 154 

                                                 
149 Hannah Wiseman, “Incorporation of Renewables into Electricity Generation,” Electricity Law class 
lecture, September 25, 2009. 
150 David Spence, “Nuclear Power,” Energy Law class lecture, February 16, 2009.   
151 U.S. Energy Information Administration, 2005 Annual Natural Gas Prices.  Online.  Available: 
http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_dcu_nus_a.htm.  Accessed: October 10, 2009.   
152 U.S. Energy Information Administration, Table A4: Approximate Heat Content of Natural Gas, 1949 – 
2008.  Online.  Available: http://www.eia.doe.gov/emeu/aer/txt/ptb1304.html.  Accessed: October 10, 
2009. 
153 U.S. Energy Information Administration, Table 33: Average Sale Price of U.S. Coal by State and 
Disposition.  Online.  Available: http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html.  Accessed: April 
13, 2010.   
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Table 11: Electricity Generation Fuel Prices155 156 157 158 

Fuel 2005 $ / MMBTU 

Natural gas 8.24 

Coal (Subbituminous) 1.49 

Coal (Lignite) 0.871 

 
While fuel costs of coal are decidedly less than natural gas, coal’s considerably 

greater carbon intensity indicates more GHG emissions will be released for every 

kilowatt-hour of electricity generated from coal than from natural gas.  Carbon emissions 

and delivered fuel costs are inversely related within ERCOT, given more expensive 

Powder River subbituminous coal is marginally cleaner than the locally available lignite 

variety.  If these emissions are constrained and implicitly priced under an ACES Act cap-

and-trade regime, the additional carbon cost can be summed with the fuel costs to achieve 

an approximate operating cost associated with each type of power generation.  Figures 21 

through 24 illustrate the electricity cost curves associated with the four utilities described 

in Chapters Three and Four: Austin Energy, CPS Energy, NRG Energy, and Luminant.  

Each of the horizontal line segments comprising each curve represents the generation 

capacity and marginal operating costs (i.e. fuel and carbon costs) of a generation asset of 

the particular utility.  Pricing GHG emissions at $20 per tCO2e sets nuclear generation, 

                                                                                                                                                 
154 U.S. Energy Information Administration, Table 2.09: Coal Transport Cost Ratios.  Online.  Available: 
http://www.eia.doe.gov/cneaf/coal/page/trans/ratesntrends.html.  Accessed: April 13, 2010.   
155 Adapted from Energy Information Administration, 2005 Annual Natural Gas Prices.  Accessed: 
October 10, 2009. 
156 Adapted from Energy Information Administration, Table A4: Approximate Heat Content of Natural 
Gas, 1949 – 2008.  Accessed: October 10, 2009. 
157 Adapted from Energy Information Administration, Table A5: Approximate Heat Content of Coal and 
Coke Coal, 1949 - 2008.  Accessed: October 10, 2009. 
158 Adapted from Energy Information Administration, Table 33: Average Sale Price of U.S. Coal by State 
and Disposition.  Accessed: April 13, 2010. 
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namely the South Texas Project for Austin Energy, CPS, and NRG and Comanche Peak 

for Luminant, as the least expensive base load at $18 per MWh due to the lack of GHG 

emissions.  Coal generation comes in between $25 and $40 per MWh but remains 

decidedly less expensive than natural gas generation, which is at least $68 per MWh.   

 

Figure 21: Austin Energy Electricity Generation Cost Curve assuming a $20 per Tonnage 
Carbon Price 
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Figure 22: CPS Energy Electricity Generation Cost Curve assuming a $20 per Tonnage 
Carbon Price 

 

 

Figure 23: NRG Energy Electricity Generation Cost Curve assuming a $20 per Tonnage 
Carbon Price 
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Figure 24: Luminant Electricity Generation Cost Curve assuming a $20 per Tonnage 
Carbon Price 

Breakeven analysis reveals the carbon price must equal approximately $60 per 

tCO2e to allow the operating costs of natural gas units to begin to undercut those of coal.  

Figures 25 through 28 reflect that even at such a high GHG allowance price, coal 

generation by and large still remains more affordable than natural gas.  Figure 26 

illustrates CPS Energy is the only one of the four utilities considered, which owns an 

efficient enough natural gas unit, Arthur Von Rosenberg, whose 550 MW of natural gas 

fired capacity costs $83.03 per MWh, just less than J.T. Deely’s 932 MW of 

subbituminous coal fired capacity costing $83.72 per MWh.  Austin Energy’s, NRG’s, 

and Luminant’s supply cost curves continue to dispatch nuclear generation, lignite coal, 

subbituminous coal, and natural gas in that sequential order.   

The hypothetical nature of this scenario cannot be stressed enough.  According to 

EPA’s economy wide models, carbon tonnage prices should not reach $60 per tCO2e 
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until 2047.  For an ACES cap-and-trade induced GHG allowance price to alone spur 

widespread fuel switching from coal to natural gas, carbon credit prices would need to 

exceed levels not forecast until midcentury.  Furthermore, customer electricity demands 

in excess of 1,000 MW for Austin Energy and greater than 2,500 MW for CPS, NRG, 

and Luminant triggering wholesale marginal prices in excess of $70 per MWh would 

precipitate customer price shock at least in the short to intermediate term (i.e. 2012 to 

2019 timeframe).   

Chapters Four and Five have emphasized fuel mix as the primary factor that 

would determine an electric utility’s financial liability under an ACES Act cap-and-trade 

framework.  However, a generator’s electricity portfolio is just one of three factors that 

collectively will determine the cost burden.  Initial allocation of greenhouse gas 

allowances under a cap-and-trade system along with electricity market structure will 

interact with fuel mix carbon intensity to determine the climate change cost burden for 

utilities and their customers.  Chapter Six presents a policy discussion of the economic 

consequences of initial credit allocation and market structure on a national level.   

 

Figure 25: Austin Energy Electricity Generation Cost Curve assuming a $60 per Tonnage 
Carbon Price 
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Figure 26: CPS Energy Electricity Generation Cost Curve assuming a $60 per Tonnage 
Carbon Price 

 

 

Figure 27: NRG Energy Electricity Generation Cost Curve assuming a $60 per Tonnage 
Carbon Price 
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Figure 28: Luminant Electricity Generation Cost Curve assuming a $60 per Tonnage 
Carbon Price  
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Chapter Six: Initial Credit Allocation and Electricity Market Structure 
Impacts on Cap-and-Trade Cost Burden 

 Three primary factors will determine how a given carbon dioxide cap-and-trade 

allowance price will affect the electricity price charged by utilities: the carbon intensity 

of the generation fuel mix, whether greenhouse gas allowances are auctioned or 

grandfathered to covered entities, and whether the electricity market is regulated or 

deregulated.  The case study of the four ERCOT utilities in Chapters Three through Five 

primarily assessed an electric utility’s financial liability under a GHG cap-and-trade 

framework based upon the carbon intensity of the supplier’s fuel mix.  However, 

concentrating on fuel mix only partially explains how the cost burden associated with 

carbon constraints will be apportioned to utilities, and more importantly their customers.   

Congress has yet to agree upon whether a cap-and-trade system will be applied to 

reduce GHG emissions within the electricity sector, let alone decide on the final details of 

such a framework.  This reality increases the difficulty of estimating actual cost 

breakdowns manifested by initial credit allocation or market competitiveness.  However, 

the following policy discussion underscores these two factors will have definite climate 

change financial implications.   

INITIAL ALLOWANCE ALLOCATION UNDER A GREENHOUSE GAS CAP-AND-TRADE 
FRAMEWORK 

Price increases dependent on the electricity fuel generation profile are relatively 

straightforward compared to the effects of the auction-grandfathering breakdown of GHG 

allowances and the competitiveness of the given electricity market.  The initial discussion 

of a cap-and-trade framework indicated carbon allowances possess an opportunity cost 

whether these credits are auctioned or grandfathered to covered entities.  Under a 

properly functioning cap-and-trade program, a greenhouse gas allowance equals the cost 

expended to mitigate or prevent one metric ton of CO2 equivalent from escaping into the 

atmosphere.  If the sulfur dioxide acid rain trading program detailed in Chapter Two is 

any indication, electricity providers would likely pass on to their customers as much as 
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100 percent of the greenhouse gas allowance opportunity cost.159  Chapter Five’s 

discussion of inelastic customer demand for electricity also supports this assertion.160  

This tendency for utilities to channel the carbon emission opportunity cost on to the 

consumer, whether or not the electricity providers actually have to purchase allowances, 

suggests an auction framework would be more efficient than a grandfathering schema.  A 

carbon auction would transfer the opportunity cost revenue of greenhouse gas allowances 

from electricity providers to the federal government.  The public sector administrator of 

the carbon auction, likely the EPA, could then reallocate the revenue, generated from 

selling the emissions allowances, back to the customer in the form of rebates.  In this 

manner, a carbon wealth transfer would take place between the utilities and their 

customers with the government acting as an intermediary.  Annual auction revenue 

estimates range between $130-370 billion by 2015, equivalent to approximately $1,600 – 

4,900 per family of four.161  Customers would use the greenhouse gas rebates to help 

offset the higher costs of energy due to electricity generators now reflecting the price of 

carbon in their rate schedules.  Figure 29 illustrates the three party interaction generated 

by a correctly functioning auction.   

 

                                                 
159 Ellerman et al., Markets for Clean Air: The U.S. Acid Rain Program. 
160 Jay Zarnikau and Ian Hallett, “Aggregate Industrial Energy Consumer Response to Wholesale Prices in 
the Restructured Texas Electricity Market.” 
161 Sergey Paltsev et al, “Assessment of U.S. Cap-and-Trade Proposals,” MIT Joint Program on the Science 
and Policy of Global Change, no. 146 (April 2007).  
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Figure 29: Greenhouse Gas Emissions Auction Revenue Transfer 

Refinements to this auction framework can increase the speed at which the 

electricity sector attains specific climate goals.  For example, emissions rebates issued by 

the Environmental Protection Agency could require commercial and/or residential 

customers to implement energy efficiency measures, such as increasing the insulation in 

homes and businesses or switching from incandescent to compact fluorescent lighting.  

Consumers would need to furnish proof of a substantive reduction in energy usage in 

order to qualify for the rebates.  The associated reduction in electricity consumption 

would equate to demand destruction for the utilities.  Customers effectively increase their 

elasticity of demand by taking steps to weatherize buildings and consume energy more 

efficiently.  A more elastic demand for electricity suggests utilities would be unable to 

sufficiently recover carbon costs by simply pricing emission reductions into rate 

schedules.  Increasing customer elasticity may help mitigate the potentially detrimental 
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generator pass-through cost behavior outlined in Chapter Five.  Such a scenario could be 

the incentive greenhouse gas intensive electricity generators need to invest in cleaner 

technology, such as fuel switching from coal to natural gas, or to support fundamental 

changes to electricity pricing, such as energy decoupling.  Energy decoupling essentially 

separates utility revenues from the amount of electricity the company sells.  A number of 

electricity providers, including California’s Pacific Gas and Electric (PG&E), credit 

energy decoupling with holding per capita electricity consumption constant while still 

ensuring the utilities a reasonable rate of return.162   

If emissions allowances were grandfathered at no charge to utility companies, 

these entities could pass on the opportunity cost of the credits to their customers in the 

form of more expensive rate schedules.  The prospect exists for electricity generators to 

actually benefit from windfall profits during the early years of a cap-and-trade program 

when the national emissions cap is relatively high and the cost of carbon abatement 

commensurately low.  Allowing grandfathering would induce rent-seeking behavior on 

behalf of covered entities.  Electricity utilities would likely spend money to influence an 

administrative process that distributes allowances for free.163  Energy producers would 

attempt to seek compensation for these lobbying efforts through potential rate increases.  

Allowance grandfathering would encourage utilities to engage in politicking and other 

activities not directly tied to energy production.  Recovering these rent-seeking costs 

through rate hikes would further exacerbate the disparity between customer electricity 

prices and the marginal cost (MC) or expense necessary to generate an additional 

kilowatt-hour of electricity.164  Allowing grandfathering appears to promote greater 

market inefficiency compared to an auction framework.   

A boon to generators, grandfathering allowances would likely leave electricity 

customers worse off.  Prices in a mature carbon auction should reflect the per tonnage 

opportunity cost of a GHG credit.  If generator pass-through of carbon opportunity costs 

                                                 
162 California Public Utilities Commission, California’s Decoupling Policy (2008).  Online.  Available: 
http://www.cpuc.ca.gov.  Accessed: October 22, 2009.  
163 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 2. 
164 Interview with Carey King, Center for International Energy and Environmental Policy (CIEEP), The 
University of Texas at Austin, Austin, Texas, October 13, 2009. 
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is permissible, such costs would be comparable under either an auction or free-allocation 

regime.  However, grandfathering would not provide government with the revenue 

stream necessary to afford customers electricity rebates.  No fiscally neutral mechanism 

would exist for the public sector to partially shield consumers from elevated, carbon 

constrained electricity prices.  The next section indicates this “worst case scenario” for 

the customer has a greater likelihood of occurring in competitive rather than traditionally 

regulated electricity markets.   

ELECTRICITY MARKET COMPETITIVENESS UNDER A GREENHOUSE GAS CAP-AND-
TRADE FRAMEWORK 

Electricity market competitiveness is the third variable affecting utility pass-

through behavior to customers under a mandatory, national cap-and-trade framework.  It 

is important to clarify that the effects of fuel generation mix, the auction-grandfathering 

breakdown of how greenhouse gas allowances are distributed, and energy provider 

regulation or deregulation would not each independently influence electricity price.  

Instead, pronounced interaction effects likely exist among these factors.  Figure 30 

illustrates within the United States, electricity markets are either regulated or deregulated.  

Approximately two-thirds of the electricity consumed from the national power grid is 

sold by monopolistic providers.165  Austin Energy and CPS Energy are two such 

vertically integrated municipal utilities.  State government agencies determine what 

prices these investor owned, publicly owned, or cooperative utilities can charge local 

distribution companies (LDCs) for electricity on the wholesale market.  LDCs, which are 

regulated throughout the United States, are the entities that directly provide customers 

with power.  Regulators consider consumer equity but also afford utilities a reasonable 

rate of return, generally 10 to 15 percent, when determining electricity rates.  In contrast, 

deregulated markets, which characterize operations in New England, the Middle Atlantic, 

                                                 
165 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 8. 
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Great Lakes regions, and most of Texas, allow electricity providers to compete on the 

wholesale level.166 

 

Figure 30: Regulated and Deregulated Electricity Markets167 

Within this patchwork of regulated and deregulated markets, the Waxman-

Markey ACES Act and Kerry-Boxer Clean Energy Jobs & American Power Act both 

target the upstream electricity sector as the emissions point of compliance.  “Upstream” is 

where wholesale electricity providers combust coal, natural gas, or petroleum to generate 

electricity and GHG emissions as a byproduct.  These generators would need to furnish 

                                                 
166 U.S. Energy Information Administration, Electric Power Industry Restructuring Fact Sheet (2008).  
Online.  Available: http://www.eia.doe.gov/cneaf/electricity/page/fact_sheets/restructuring.html.  Accessed: 
October 11, 2009. 
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either auctioned or grandfathered permits to account for their pollution.  If the GHG 

credits were grandfathered to generators under this upstream allocation scenario, prices 

facing the customer would differ significantly between regulated and deregulated 

wholesale electricity markets.  Consumers likely would not financially benefit if credits 

were allocated free of charge at the wholesale level in deregulated markets because these 

allowances are a scarce commodity.  Competitive utilities could charge the LDCs, and 

indirectly residential and commercial customers, for this opportunity cost and transfer the 

revenue into dividends for their shareholders.  In contrast, customers would realize the 

benefit of carbon credits allocated free of charge to regulated utilities at the wholesale 

level.  Regulators would not allow grandfathered allowances to add to the cost basis for 

utility cost recovery since the regulated suppliers did not pay for these credits.168   

It is important to recognize the opportunity cost of carbon allowances discussed 

here is in addition to the pass-through behavior of utilities detailed in Chapter Five.  

Chapter Five indicated both regulated and competitive utilities would have incentive to 

funnel through to their customers the cost of purchasing additional credits to cover their 

excess emissions above their allotted GHG caps.  If competitive generators like NRG 

Energy and Luminant are able to pass on the opportunity cost of GHG allowances 

received free of charge, these entities would essentially receive windfall profits 

associated with the emissions levels denoted by the yellow X’s for NRG and Luminant in 

Figures 15 and 16, respectively.  These pricing differences underscore a significant 

disparity between customers benefiting from free allocation in regulated markets (i.e. 

Austin Energy and CPS Energy) compared to deregulated NRG and Luminant customers 

paying higher rates.   

 

                                                                                                                                                 
167 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 8. 
168 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 6. 
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Table 12: Change in Retail Electricity Price by Region and Allocation Method in 2020 
(2004 $ / MWh)169 

 

 
A 2008 electricity customer compensation study conducted by Resources for the 

Future (RFF) modeled retail price increases anticipated for regulated and deregulated 

energy markets should carbon allowances be auctioned or grandfathered under a national 

cap-and-trade program.  Table 12 illustrates the results of the investigation.  If a cap-and-

trade program were inaugurated between 2012 and 2015, this new carbon market would 

likely require several years to stabilize.  The study assumed the framework would mature 

by 2020.  Overall, the auction mechanism achieved greater pricing uniformity with 

regulated rates approximately $0.0024 per kWh lower than competitive markets.  The 

study attributed this relatively minor price difference to deregulated markets on average 

generating more carbon intensive electricity.  Figure 10 illustrates the carbon intensities 

of Austin Energy’s, CPS Energy’s, NRG Energy’s, and Luminant’s generation portfolios 

support this generalization.   

As anticipated, greater pricing disparity occurred under a grandfathering scenario.  

Regulated regions actually experienced a price decline of $0.001 per kWh compared to 

non-capped rates in the model, which can be interpreted as rates under a cap-and-trade 

regime insignificantly different from unconstrained carbon prices.  The study assumed 

the government issued carbon rebates to customers with no energy efficiency or 

consumption reduction contingencies.  Note these rebates did increase public sector debt 

due to the lack of a revenue stream generated from free credit allocation.  In contrast, 

                                                 
169 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 16. 
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deregulated markets experience a $0.00990 per kWh price increase.  Energy demand 

destruction explains why the grandfathered rate hike actually exceeds the increase 

modeled under a 100 percent auction environment.  Higher competitive energy prices 

discourage consumption, albeit to a minor degree given inelastic customer electricity 

demand.  Negative feedback occurs when deregulated utilities must charge even higher 

rates to recover the emission allowance opportunity cost from a smaller amount of 

electricity demanded.170   

The above analysis concludes an auction schema would largely preserve customer 

equity between regulated and competitive wholesale electricity markets.  However, 

political factors suggest grandfathering would serve as the primary distribution method 

during the early stages of a U.S. cap-and-trade program, despite evidence to the contrary 

indicating a greenhouse gas credit auction would constitute a more efficient allocation of 

resources.  Various industries, including the electricity sector, will need to undergo a 

fundamental change in operations to successfully compete in a low-carbon economy, and 

prevailing sentiment perceives allowance auctioning as further increasing the financial 

burden on covered sector entities already asked to invest in energy efficiency measures 

and clean technology.171   

Chapters Three through Six have discussed the impact electricity generation fuel 

mix, initial carbon allowance allocation, and wholesale market structure will have on the 

elevated prices customers will have to pay for electricity should federal legislation 

constrain greenhouse gas emissions.  The final chapter discusses policy mechanisms that 

can be employed to foster equitable pricing of the climate change externality should a 

cap-and-trade framework relying heavily on credit grandfathering apply to the power 

sector.   

                                                 
170 Anthony Paul, Dallas Burtraw, and Karen Palmer, Compensation for Electricity Consumers Under a 
CO2 Emissions Cap, 15. 
171 United States Climate Action Partnership, A Call for Action: Consensus Principles and 
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Chapter Seven: Resolution of Customer Pricing Disparities under a 
Greenhouse Gas Cap-and-Trade Program 

If grandfathering were selected as the cap-and-trade distribution method of 

choice, policymakers would need to reconcile customer pricing disparities between 

regulated and competitive wholesale electricity markets.  One possible solution 

referenced in the Kerry-Boxer Clean Energy Jobs and American Power Act indicates 

allocating GHG credits to local distribution companies, the retail entities that deliver 

electricity to customers.172  Virtually 100 percent of LDC retailers are regulated within 

the United States,173 so regulated versus competitive market distinctions are not an issue.  

Local distribution companies would essentially serve as a cost buffer for customers.  To 

cover their GHG emissions, both regulated and competitive wholesale electricity 

providers would need to purchase allowances held by the LDCs.  A de-facto auction 

arrangement could develop among the distribution companies and electricity generators 

to ensure credits are transferred at the appropriate opportunity cost.  The allowance value 

of carbon credits earned by the LDCs should help offset the higher carbon compliance 

prices passed downstream by wholesale electricity providers.  Since LDCs are regulated 

nationwide, regulators would require the distribution companies pass along this climate 

revenue to customers in the form of electricity rebates.  Essentially government rebates 

for higher, carbon constrained electricity prices would pass to consumers via LDCs.  

Load distribution companies, functioning as intermediaries when pricing carbon into 

electricity rates, preserve symmetry in customer utility rates on a regional basis.174 

Under the LDC allocation scenario outlined in Kerry-Boxer, the Environmental 

Protection Agency, or another government administrator, would apportion emission 

credits free of charge to load distribution companies utilizing one of three load-based 

allocation (LBA) scenarios: population, consumption / sales, or emissions.  The current 
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version of Kerry-Boxer allocates half of the allowances to LDCs based upon 

consumption, with the remainder determined by historical emissions.175   

Table 13 summarizes electricity price fluctuations under all three methods in 2020 

as forecast by Resources for the Future.  LBA based on population would allot 

allowances in proportion to market population.  The most recent U.S. Census would 

likely serve as a population benchmark for a given region.  Resources for the Future 

maintains that electricity prices would remain essentially unchanged in regulated markets 

while electricity increases by $0.00180 per kWh in competitive markets.  Densely 

populated regions like California could witness significant price reductions up to $0.0085 

per kWh under this option.  Alternatively, LBA could be proportional to prior electricity 

consumption within each market.  Market symmetry would weaken somewhat, as 

residents in regulated regions would benefit from $0.00060 per kWh price reductions, 

while customers in competitive zones would on average pay $0.0027 more per kWh of 

electricity.  Lastly, previous emission quantities generated by each electricity market 

could dictate allocation of allowances.  The scenario would particularly favor those 

energy generation portfolios possessing larger fossil-fuel percentages.  Nationally, 

regulated regions could expect a $0.00070 per kWh rate reduction while deregulated 

markets could once again anticipate a rate hike of approximately $0.0026 per kWh.  

However, regional disparities factor quite prominently into LBA by emissions.  Both 

California and the Northeast, represented by RGGI, which generate relatively low 

carbon-intensive electricity, would receive a dearth of allowances.  The Golden State and 

New England could expect to face rate hikes of $0.0029 and $0.0053 per kWh, 

respectively.  In contrast, coal intensive regions in the Southeast and Intermountain West 

enable these markets to enjoy price reductions.   

The Plains region, within which ERCOT is included, would experience moderate 

price increases of $0.0023 per kWh under the population scenario and slightly lower 

price hikes of $0.0015 per kWh if prior consumption dictated credit allocation.  The 

Plains states’ reliance upon fossil fuels indicates they would fare best under an emissions 
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baseline approach, which would equate to no significant net pricing change for Plains 

customers.176  While useful, such price modeling is too granular to make definitive 

projections about how the ERCOT market would fare under cap and trade.  While 

ERCOT is the largest market within the Plains region, the area’s wide geographic 

expanse stretching from Mexico northward to Canada incorporates numerous other 

population centers with noticeably different generation portfolios.   

Table 13: Change in Retail Electricity Price in 2020 by Region According to Load-Based 
Allocation Method (2004 $ / MWh)177 

 

Though allocation of greenhouse gas allowances to load distribution companies 

helps to ameliorate regulated and competitive customer electricity price iniquities, this 

alternative is not without its disadvantages.  Most importantly, LDC grandfathering 

through one of the three LBA scenarios is essentially a consumer subsidy.  By mitigating 

electricity price inflation, this framework essentially deters customers from conserving as 

much energy as they would otherwise if businesses and homeowners faced the true cost 
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of carbon priced into electricity rates.  Efficient use of electricity and general energy 

conservation are important objectives of most national global warming policies currently 

under consideration.  Obviously the credit allocation framework agreed upon should not 

undermine these goals.  Enforcing sound climate stewardship while not unduly restricting 

economic growth will prove to be a delicate balancing act going forward.   
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Conclusion 

Analysis suggests customers will bear the largest burden of higher, carbon-

induced energy prices no matter how a greenhouse-gas reduction program, likely 

incorporating a cap-and-trade component, is administered within the United States.  The 

primary drivers of electricity consumption, namely heating and air conditioning, would 

likely continue to dictate business and homeowner actions even when individuals are 

faced with dramatically higher electricity bills.  For this reason, relatively inelastic 

electricity demand could cause electricity sector consumers to incur financial losses 

approximately eight times larger than producers by the year 2020 under a mature cap-

and-trade framework.178  Utilities would simply act as conduits, funneling higher carbon 

prices directly to customers while investing comparatively little in clean technology and 

other steps critical to capping and reducing carbon emissions.179  Furthermore, the 

heaviest financial burden may fall upon those least able to handle higher prices.  Low-

income households tend to spend a larger share of their income on goods that are both 

energy-intensive and carbon-intensive when compared to their higher income neighbors.  

Therefore, higher fuel prices will likely have a regressive effect on households, 

demanding a greater percentage of household income from working-class families than 

from wealthy families.180   

Market driven environmental regulation has limited ability to force clean 

technology innovation on behalf of electric utilities.  As the Austin Energy, CPS Energy, 

NRG Energy, and Luminant case studies illustrated, even a credible long-run cap-and-

trade system will likely provide insufficient incentives for investment in technology 

development.  Market based climate change mitigation alternatives do not address certain 

well-known factors that discourage such clean energy investment.  These factors 

represent market failures inherent in the public good nature of knowledge that comes 
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from research and development efforts.181  The temptation to free ride off the clean 

technology discoveries of a competitor dissuade covered sector entities from investing 

time and resources critical to transition to a low-carbon economy.  Moreover, in the long 

term, uncertainty exists among power providers with respect to whether governments will 

continue to enforce current penalty and incentive policies.  Electric utilities will only 

invest in expensive capital improvements if they are confident those incentives will 

remain when the new technology is commercially available in the future.  Reluctance to 

invest in clean coal technology utilizing carbon capture and sequestration (CCS) is a 

prime example of this hesitation on the part of utilities.  Most estimates do not have CCS 

becoming commercially available until approximately 2025.182  Federal and state 

governments may need to draft incentives that last decades instead of years to 

successfully persuade utilities to embark on such capital-intensive projects.   

If climate change urgency suggests U.S. policymakers should act swiftly, how 

does the government balance short-term “climate shock” to the consumer-driven 

economy against the long-term consequences of a “do nothing” approach.  Possible 

recommendations include investigating what constitutes fair and reasonable electricity 

rates for the customer.  If regulators mandate that utilities undertake pricing transparency, 

the covered entities would need to provide consumers the percentage of the total 

electricity price hike specifically due to carbon management.  Given the potential 

negative public relations fallout that could ensue, such requirements might dissuade 

competitive wholesale suppliers from passing on the full opportunity cost of carbon if the 

entities received those allowances at no charge.  Government regulators could also act on 

behalf of customers by mandating that utilities internalize a percentage of the carbon 
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price increase if the power suppliers are found to simply be passing on greenhouse gas 

costs to customers and not sufficiently investing in new, clean technology to reduce 

emissions.   

Over the course of the first decade of the twenty-first century, the climate change 

debate has increasingly shifted from arguing the existence of global warming to 

evaluating methods to mitigate greenhouse gas emissions.  This paper has attempted to 

underscore the complexity of the problem.  Command-and-control, carbon tax, and cap-

and-trade strategies all have their advantages and drawbacks.  A greenhouse gas cap-and-

trade framework may likely prevail in the United States due to its reliance on market 

principles to determine the most efficient cost for carbon emission reduction.  However, 

limitations to this greenhouse gas reduction policy mechanism highlighted in this thesis 

emphasize a carbon cap-and-trade program should only constitute one element of a 

comprehensive, systematic approach to internalizing the climate change externality.  Cap 

and trade has succeeded in mitigating past environmental problems, such as sulfur-

dioxide induced acid rain.  However, never before have nation states attempted to address 

an environmental crisis approaching the magnitude of global warming.  Further detailed 

analysis will prove critical in assessing how such a cap-and-trade framework will affect 

its varied stakeholders.  The interaction between electric utilities and their customers 

under a carbon constrained regime constitutes one important piece of this puzzle.   
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