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1. Introduction 
 
The quantity and cost of pollution emissions should be considered in any analysis of generation 
resource alternatives. As the dominant source of electricity in the U.S., fossil fuel-fired power 
plants generate comparatively large amounts of pollution compared with other generation 
technologies, such as renewable sources. 1 Because power plants are stationary, they are more 
easily regulated and monitored than small, mobile sources. Thus, pollution-emitting plants are 
often the object of regulations to reduce air pollution levels.  
 
Pollution has negative effects on human health and the environment, a key component of the cost 
burden imposed on society, often called social costs.  Rather than merely prescribing pollution 
controls, regulation of pollutants often seeks to attach economic significance to them so that 
emitters must factor these social costs into their operating decisions.2  Generation owners incur 
tangible direct costs of compliance (e.g., the capital and operating costs of pollution control 
technology; reduced net plant output due to pollution controls; emissions allowance expense3; 
transaction costs), but they also face certain risks associated with pollution control regulation 
(e.g., fines for non-compliance, uncertainty about future standards). When offered a choice for 
how to comply with emission standards, generators must weigh the risk and costs of different 
options—including switching to generation technologies that generate less or no air pollution—
to be competitive.  
 
This section considers the economic impacts and projected market prices of five pollutants 
typically emitted by fossil fuel-fired power plants: Oxides of Nitrogen (NOx), Particulate matter 
(PM), Sulfur Dioxide (SO2), Mercury (Hg), and Carbon dioxide (CO2).4  Particulate matter (PM) 
is further divided into coarse (PM10), fine (PM2.5), and ultrafine particulates (UFP).  Through 
chemical reactions, these pollutants can form Ozone (O3), which is therefore also a concern for 
the power generation sector.  For purposes of discussing why these pollutants were selected for 
coverage in this report, they are divided into the Criteria Air Pollutants (and precursors to criteria 
air pollutants), Mercury, and Greenhouse gases.  
 
In addition to producing few or no emissions, renewable resources may provide value by 
creating tradable renewable energy credits (RECs).  Many states in the West have established 
renewable portfolio standards (RPS) that require load serving entities to ensure that renewable 
generation makes up a certain portion of their total resource mix.  RECs are a means of tracking 
and accounting for renewable generation for compliance with renewable portfolio standards, and 
thus have a market value and can create additional revenues for their owners.  The amount of 
value created by RECs for any one renewable facility will depend upon many factors, including 

                                                 
1 Coal, natural gas, and petroleum accounted for about 70% of net electricity generation in the U.S. in 2003. EIA. 
See http://www.eia.doe.gov/neic/infosheets/electricgeneration.htm. 
2 One example of such a measure is the tradable allowance system established for sulfur emission under the Clean 
Air Act Amendments of 1990. (See section 3.1, Acid Rain Program.) 
3 An emissions allowance is a legal and transferable right to emit a quantity of emissions (e.g., pound, ton). Sources 
are required to use allowances to cover the actual amounts emitted during the compliance period (month, year). 
Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen Palmer, and Russel Toth (Resources for the Future). 
Economics of Pollution Trading for SO2 and NOx. May 2005. 
4 http://www.eia.doe.gov/cneaf/pubs_html/rea/feature1.html 
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the type of renewable generation, the RPS target in any given year, the availability of other 
renewable resources to meet the RPS target, and the ability to trade RECs within and across state 
borders.  Section 5 of this Appendix provides a discussion of how the renewable options under 
consideration in this study might provide additional value from the generation and sales of 
RECs. 
 

1.1. Criteria Air Pollutants 
 
EPA regulates six of these pollutants, including CO, Lead (Pb), Nitrogen Dioxide (NO2), O3 
(which is controlled in part through NOx regulations), PM, and SO2, under the National Ambient 
Air Quality Standards (NAAQS) established by the 1970 Clean Air Act (CAA).  EPA developed 
health-based criteria to form the basis of specific ambient standards (primary NAAQS) for these 
six ‘criteria air pollutants.’ Secondary standards were developed based on protection of property 
and the environment.  
 
Table 1 shows the effects of pollutant exposure on human health, as well as damage to property, 
natural resources, and ecosystems. 

Table 1. Health and Environmental Effects of Criteria Air Pollutants.  
Pollutant Human Health Effects Environmental Effects 
SO2 Exposure to SO2 has been associated 

with premature death and respiratory 
illness. It may aggravate existing heart 
disease and asthma. In addition, SO2 
can undergo chemical reactions in the 
air to form PM, another criteria 
pollutant. 

SO2 is a component of acid rain, which damages forests 
and crops, changes the makeup of soil, and makes lakes 
and streams acidic and unsuitable for fish. Continued 
exposure to acid rain changes the natural variety of 
plants and animals in an ecosystem and accelerates the 
decay of building materials and paints. SO2 is a 
precursor to PM and also a component of regional 
haze, which reduces visibility in urban areas and in 
national parks. 

NOx NOx exposure can cause or worsen 
respiratory disease such as emphysema 
and bronchitis, and can aggravate 
existing heart disease. It is associated 
with premature death. NOx can also 
form PM (see below). 

NOx also contributes to acid rain, is a component of 
regional haze, and forms ozone when it reacts with 
volatile organic compounds (see O3). NOx is also a 
precursor to fine particulates. NOx affects water 
quality, leading to oxygen depletion and declines in 
aquatic life. 

O3  Ozone irritates lung airways, 
aggravates existing asthma, and can 
cause permanent damage with repeated 
exposure. Even at very low levels, 
ground-level ozone triggers reduced 
lung capacity and increased 
susceptibility to respiratory illnesses 
like pneumonia and bronchitis. 

Ground-level ozone interferes with the ability of plants 
to produce and store food, which makes them more 
susceptible to disease, insects, other pollutants, and 
harsh weather. It damages the leaves of trees and other 
plants and reduces crop and forest yields. O3 is a 
component of regional haze. 

PM Exposure to particulate matter is 
associated with bronchitis and asthma, 
decreased lung function, heart disease, 
and premature death. 

PM is the major cause of regional haze. It also makes 
lakes and streams acidic, changes the nutrient balance 
in coastal waters and large river basins, depletes the 
nutrients in soil, damages sensitive forests and farm 
crops, affects the diversity of ecosystems; and can 
damage stone and other materials. 

CO CO exposure reduces oxygen delivery CO contributes to the formation of smog—ground-
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Pollutant Human Health Effects Environmental Effects 
to the body's organs (like the heart and 
brain). Effects are most serious for 
those with heart disease. It may lead to 
development of vision problems, 
reduced ability to work or learn, 
reduced manual dexterity, and 
difficulty performing complex tasks. 

level ozone (see O3). 

Pb Lead exposure can damage the nervous 
system, kidneys, liver, and reproductive 
system; it may also lead to 
osteoporosis, high blood pressure, heart 
disease and anemia. At high levels, it 
causes seizures, mental retardation, and 
behavioral disorders. Fetuses and 
young children are particularly 
vulnerable, even at low levels. 

Lead has similar effects on wild and domestic animals 
as it does on people. It slows vegetation growth and 
can cause reproductive damage, blood and neurological 
changes in some aquatic life.  

Source: U.S. EPA. Six Common Air Pollutants. See http://www.epa.gov/air/urbanair/. 

The CAA requires EPA to reevaluate NAAQS standards every five years.5  EPA draws on peer-
reviewed, scientific studies of the health and environmental effects of exposure, ensuring that 
standards more-or-less reflect current or recent scientific developments. Studies continue to 
indicate that the damages that these pollutants cause to human health and/or the environment are 
significant and serious.6  Historical experience suggests that future environmental requirements 
will be even more stringent than they are today.7 
 
Criteria air pollutants continue to be common in the U.S. Although EPA has been regulating 
criteria air pollutants since 1970, many urban areas are still classified as non-attainment for at 
least one criteria air pollutant. About 90 million Americans live in non-attainment areas. EPA 
has responded with tighter or different regulatory mechanisms, for example the NOx SIP Call in 
1998. Unable to comply with ozone standards, a number of states have pushed EPA to regulate 
interstate pollution that contributes to their non-attainment status.  Given the continued pressure 
states and the public put on EPA, it is unlikely that the NAAQS will be loosened—or even 
remain at current levels—over the period covered by this analysis. 
 
The criteria pollutants of primary concern for coal-fired plants include SO2 and PM.  Likewise, 
coal plants emit NOx (a precursor to another criteria pollutant, O3) in significant quantities. Air 
quality issues tend to differ between the western and eastern parts of the country, with emphasis 
on SO2 in the west and on NOx in the east, due to its contribution to widespread non-attainment 
of the NAAQS for ozone. Differing concerns about the environmental impact of SO2 and NOx 

                                                 
5 While EPA’s analysis and assessment are frequently contested by stakeholders, the regulatory mechanisms 
embodied in the NAAQS (including the process of evaluation and revision to the standards) have withstood 
litigation. These legal precedents suggest that the regulatory framework is fairly well-established. 
6 See, e.g., Northeast States for Coordinated Air Use Management (NESCAUM). Mercury Emissions from Coal-
Fired Power Plants: The Case for Regulatory Action, Oct., 2003. 
http://bronze.nescaum.org/airtopics/mercury/rpt031104mercury.pdf.   
7 Bolinger, Mark and Ryan Wiser. Balancing Cost and Risk: the Treatment of Renewable Energy in Western Utility 
Resource Plans. Ernest Orlando Lawrence Berkeley National Laboratory (LBNL-58450). August 2005. p. viii. 
http://eetd.lbl.gov/EA/EMP/rplan-pubs.html. 
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on either side of the Rockies are reflected in recent policy developments (e.g., the Clean Air 
Interstate Rule only applies to the eastern states.) See section 3.1.8   
 
Of the criteria air pollutants, this report focuses on SO2, because it is likely the most 
economically significant to a generator in the West. NOx is also considered, mainly for its role in 
the creation of regional haze. (See Regional Haze, section 3.1.)  Although we report qualitative 
considerations, a lack of active markets and data for O3 CO, and particulates prevent thorough 
quantitative analysis.  Because fossil-fired electric power plants emit only trace amounts of Pb,9 
we do not focus on it here.  

1.2. Mercury 
 
The health and environmental effects of exposure to mercury are frequently in the news. These 
effects, including neurological and developmental impairment to both humans and other animals, 
are severe and widely documented. As early as 1998, EPA reported to Congress that mercury is 
the Hazardous Air Pollutant (HAP) with the greatest concern for public health. Public awareness 
remains heightened due to recent and serious state and local advisories about contaminated water 
bodies and fish populations unsafe for consumption. 

Table 2. Health and Environmental Effects of Mercury. 
Human Health Effects Environmental Effects 
Mercury, at high levels, may damage the brain, 
heart, kidneys, lungs, and immune system of 
people of all ages. Methylmercury may harm 
the developing nervous system of unborn 
babies and young children. 

Mercury exposure may cause mortality, reduced 
fertility, slower growth and development, and 
abnormal behavior. Fish, fish-eating animals, 
and predators higher up the food chain are at 
risk for higher exposure. 

Source: http://www.epa.gov/mercury/about.htm. 

Concerns about the effects of mercury on public and environmental health prompted EPA’s 
recent rulemaking on mercury emissions from electric steam generating units.  In 2000, the EPA 
issued a determination that generation plants should be regulated under Section 112 of the CAA, 
which would require application of a Maximum Achievable Control Technology (MACT) 
standard. Despite the MACT determination, EPA issued two final rules this year: one delisted 
mercury as a pollutant that was “appropriate and necessary” to regulate under Section 112, and 
the other promulgated regulation of mercury under Section 111 of the Clean Air Act, which 
allows for a cap and trade regulatory mechanism. Numerous environmental interest groups, 
attorneys general, politicians, and others decried EPA’s decision and immediately challenged it 
in court. Regulators, legislators, and the public may hear about this high-profile decision for 
some time to come. 
 
A large portion of mercury emissions are attributed to electricity generation. Coal-fired utility 
boilers account for 41% of U.S. anthropogenic emissions.10  Hg is a major emissions concern for 

                                                 
8 PacifiCorp 2004 IRP, Appendix A, p. 19. 
9 http://www.eia.doe.gov/cneaf/pubs_html/rea/feature1.html 
10 Northeast States for Coordinated Air Use Management (NESCAUM). Mercury Emissions from Coal-Fired Power 
Plants: The Case for Regulatory Action, Oct., 2003. 
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coal-fired plants.  Given the current state of scientific knowledge, these stationary sources are an 
essential and practical target for regulation.11 

1.3. Greenhouse Gases  
 
The earth’s climate is partially determined by concentrations of greenhouse gases in the 
atmosphere.  International scientific consensus, expressed in Third Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC), is that climate is changing due to 
anthropogenic emissions of greenhouse gases. While uncertainty remains about the magnitude of 
these effects, there is widespread consensus that continued greenhouse gas emissions will have 
serious consequences for socio-economic systems, human health and the environment.12 

Table 3. Health and Environmental Effects of Greenhouse Gases. 
Human Health Effects Environmental Effects 
Nitrous oxide, a greenhouse 
gas, also has direct effects on 
human health (see NOx, 
Table 1). Exposure to CO2 is 
not associated with direct 
effects on human health. 
However, humans will be 
indirectly affected by climate 
change through changes in 
ranges of disease, water-
borne pathogens, water 
quality, and air quality. 

Changes in regional climate will disrupt many physical, biological, social, 
and economic systems. There are preliminary indications that these 
systems have already been affected.  
• Global mean surface temperatures are projected to increase by 1.4–

5.8 °C by 2100. 
• Snow cover and ice extent, both polar and in glaciers, have 

decreased. The arctic is warming almost twice as fast as the rest of 
the world.  

• Mean sea levels are expected to rise by 9–88 cm by 2100. 
• Rainfall patterns will change. 
• Variability of the climate will increase, resulting in greater threat of 

extreme weather events including maximum temperatures, 
precipitation events, drying and drought, cyclone intensity, and 
precipitation intensities.  

• Climate change will affect food availability and quality. 
Source: Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy 
Economics, Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the 
Wrong Carbon Value. 

These facts have made greenhouse gas emissions the focus of much policymaking on various 
scales, from local to international. 13 International markets for carbon allowances are operational 
and have experienced steady growth in trading volumes.14,15 Regional carbon markets, including 
                                                 
11 PacifiCorp 2004 IRP, Appendix A, p. 19. 
12  In 2001 the IPCC issued its Third Assessment Report. The Report states that the earth’s climate will change more 
rapidly than previously expected, and that most of the warming observed over the last 50 years is attributable to 
human activities. Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse 
Energy Economics, Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is 
the Wrong Carbon Value. 
13 For example, in June, 2005, the U.S. Conference of Mayors voted unanimously to support the Climate Protection 
Agreement sponsored by Seattle Mayor Greg Nickels.  The agreement adopts the Kyoto Protocol’s goal of reducing 
GHG emissions 7% below 1990 levels by 2012. “U.S. Mayors Endorse Nickels’ Climate Protection Agreement” 
June 13, 2005. http://www.seattle.gov/news/detail.asp?ID=5260&Dept=40. 
14 The principal anthropogenic greenhouse gases include carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O); hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) are also greenhouse 
gases. A carbon allowance on the international market, expressed in terms of tons of CO2 equivalent, will be 
categorized by emissions-reduction methodology and may include any of these gases. The Chicago Climate 
Exchange trades reductions in any of the following: CO2; CH4; N2O; HFCs; PFCs; and SF6. 
http://www.chicagoclimatex.com/about/program.html 
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the Regional Greenhouse Gas Initiative (RGGI), are developing in the U.S.  While the U.S. has 
yet to address global warming on a national scale, there are many indications that carbon 
regulation is inevitable. In June of 2005, the U.S. Senate passed a resolution on global warming 
calling for a "national program of mandatory, market-based limits and incentives on greenhouse 
gases."16 
 
Investors are increasingly demanding that U.S. businesses incorporate carbon costs and 
opportunities into their business plans.17 A 2002 report from the investment community 
identifies climate change as a potential multi-billion dollar risk to some U.S. businesses and 
industries. Given its continued growth in emissions, the electric sector is likely to be a prime 
target of future greenhouse gas regulation. Moreover, electric utilities face large risks from 
climate policy, which is likely to have important consequences for power generation costs, fuel 
choices, wholesale power prices and the profitability of utilities. Even under conservative 
scenarios, additional costs could exceed 10% of 2002 earnings.18  
 
Although not currently regulated under federal law, the risk of carbon regulation in the U.S. is 
significant over the 20-year horizon considered in this analysis.19 Moreover, the risk of future 
carbon regulations dominates regulatory compliance risk from other pollutants, even assuming a 
modest cost per ton of CO2. Future carbon regulations represent a growing concern for coal-fired 
plants, which could see a $10/MWh increase in the cost of coal power as a result.20,21 
 

1.4. Organization of This Appendix 
The next section, Section 2, discusses the economic significance of emissions. Section 3 
describes current and future regulations that allow for emissions trading or will otherwise impact 
allowance clearing prices in the southwest. Section 4 sets forth methodology for determining 
emissions trading values, as incorporated into each of the technology options examined in this 
study. Section 5 examines the value of renewable energy credits. 

                                                                                                                                                             
15 Despite not being launched until 2005, the Emissions Trading Scheme saw carbon trading as early as 2003 and 
has experienced growth up to the present.   Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and 
Bruce Biewald. Synapse Energy Economics, Inc., September 30, 2005, Considering Climate Change in Electric 
Resource Planning: Zero is the Wrong Carbon Value. 
16 Eilperin, Juliet. “Senators Struggle to Act on Global Warming.” Washington Post. Friday, July 22, 2005; Page 
A03. http://www.washingtonpost.com/wp-dyn/content/article/2005/07/21/AR2005072102235.html 
17 Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy Economics, 
Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the Wrong Carbon 
Value. 
18 Ibid.  
19 Bolinger, Mark and Ryan Wiser. Balancing Cost and Risk: the Treatment of Renewable Energy in Western Utility 
Resource Plans. Ernest Orlando Lawrence Berkeley National Laboratory (LBNL-58450). August 2005. p. viii. 
http://eetd.lbl.gov/EA/EMP/rplan-pubs.html. Also see PacifiCorp 2004 IRP, Appendix A, p. 19. 
20 Ibid., p. 19. 
21 Based upon the US EPA’s eGRID data for the year 2000, the CO2 emissions coefficient (in short tons of CO2 per 
MMBTU) are 0.1026 for coal, 0.0604 for natural gas, and 0.0798 for oil combustion. “Review of PSI Energy 
Environmental Compliance Plan Filing: Testimony of Bruce E. Biewald, prepared on behalf of the Citizens Action 
Coalition of Indiana and Environmental Council.” Synapse Energy Economics, Inc.  Cause No. 42622. March 17, 
2005. See http://www.synapse-energy.com/publications.htm#mony. 
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2. Economic significance of pollutants 
2.1. Risk 

The health and environmental effects of exposure to pollutants, described in the previous section, 
will impose costs on society. Through regulation, these social costs may be partially or wholly 
incorporated into the production costs of the polluter. An unregulated pollutant will incur a cost 
to society but not to the producer of the pollution. However, presently uncontrolled emissions 
have the potential to be regulated in the future and therefore represent risk. Regulation or 
legislation can shift an unpriced externality into a priced one, creating tangible costs and 
opportunities. A generator must consider, even anticipate, the possibility of new or changing 
regulations to be competitive over the long term.  
 
Environmental regulations are generally revised to reflect scientific developments in pollution 
release, dispersal, ambient transformation, population exposure, and epidemiological effects. 
Regulation may occur on a number of scales, as health problems vary in terms of the 
characteristics of populations affected, geographical scope, and other factors.  Regulations are 
overseen by governmental bodies with varied jurisdictions, and under authority of many different 
laws and statutes that often arise in response to the specific effects of each pollutant.  

2.2. Regulatory Mechanisms 
Pollution can be subject to numerous regulatory mechanisms, including ambient standards, 
restrictions on release, or a combination of the two. Ambient standards set a limit for the 
concentrations of a pollutant in the air in a specific area. For example, under Title I of the CAA, 
EPA sets ambient air quality standards for criteria pollutants. States implement the standards 
through State Implementation Plans (SIPs), and Tribes that elect to participate in programs 
submit Tribal Implementation Plans (TIPs).  In turn, the state may use a different regulatory 
mechanism to achieve compliance with federal ambient standards,22 or to achieve state-mandated 
pollution reductions above and beyond those required by federal law (see Section 3 below for 
further discussion of regulations on different levels of government).  
 
Release-based regulation seeks to limit the amount of emissions from a specific source. Costs 
may include mitigation technologies, incremental costs for cleaner-burning fuel, or alternately, 
penalties incurred for non-compliance.23  Technology-driven regulations, a type of release-based 
regulation, designate criteria for defining sources that are subject to the rule and establish an 
abatement technology for that class of sources.  By design, technology-driven regulations must 
change over time to keep up with innovation in emissions control.  Technology driven 
regulations are often contrasted with risk based regulations, because the former does not 
generally promote innovation, whereas the latter provides incentives for polluters to find new 
                                                 
22 Release-based regulation is often the means for a state to comply with federal ambient standards. For example, to 
allow economic growth in localities in violation of ambient standards, the 1977 CAAA added a provision for 
release-based emissions offsets. Offsets allow new sources to pay existing sources to reduce emissions, such that the 
overall quantity of emissions in the locality does not increase (see NAAQS in section 3.1). Burtraw, Dallas, David 
A. Evans, Alan Krupnick, Karen Palmer, and Russel Toth (Resources for the Future). Economics of Pollution 
Trading for SO2 and NOx. May 2005. p. 4. 
23 Regulations that use technology-driven standards include Maximum Available Control Technology (MACT), Best 
Available Control Technology (BACT), New Source Review (NSR), and Best Available Retrofit Technology 
(BART). 
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ways to reduce emissions. Risk-based regulations require that total emissions must go down to a 
defined level or reduce emissions by a specific amount.24  
 
An emission limit places a threshold on the amount of emissions from a source but allows the 
producer to determine the most economical way to achieve that reduction (i.e., it is risk-based).25 
There is no economic motivation for the producer to reduce emissions below the emissions limit. 
 
Under cap and trade regulation, each unit of emission, or allowance, has monetary value. 
Emissions choices are tied to economics both above and below the cap, because an emitter must 
buy allowances if the emitter uses more than it is allocated or has banked, or it can collect 
revenue by selling allowances if he emits less than the cap. Emissions falling into this category 
include: sulfur dioxide (SO2) under Title IV of the Clean Air Act (U.S. EPA); mercury under the 
Clean Air Mercury Rule; NOx under the SIP Call; and CO2 pursuant to the Kyoto Protocol and 
RGGI, if enacted.  

3. Regulations by Pollutant 
 
Air emissions are generally regulated under both federal and state law and, in some instances, 
tribal law. EPA oversees implementation of the CAA, although Nevada (like most states) has 
authority to administer the federal laws within their borders.26 A polluter may be subject to 
regulations at different levels, and federal and state laws can overlap with each other. Federally-
recognized tribes, such as the Navajo Nation, generally have the option of implementing U.S. air 
pollution regulations. Tribes do not face federally-mandated planning or compliance deadlines in 
the absence of a legally binding agreement with the U.S. EPA.27  
 

3.1. Multi-Pollutant Regulations 

Acid Rain Program 

Sulfur Dioxide (SO2) 
 
Title IV of the 1990 Clean Air Act Amendments established a cap and trade program for SO2 
allowances, allocated to electricity-generating facilities based on heat input over a historical base 
period (1985-1987). Known as the Acid Rain program, Title IV allowed sources to “bank” 
unused allowances for future use. Over the first phase of implementation, which began in 1995, 
                                                 
24 For example, New Source Review standards are technology-based.  NAAQS are an example of risk-based 
regulation. NAAQS and New Source Review are discussed in section 3.1.   
25 The Prevention of Significant Deterioration program, which applies to sources in NAAQS attainment areas, 
incorporates limits on emissions increases. See section 3.1. 
26 The Nevada Bureau of Air Pollution Control (BAPC) has jurisdiction over all fossil fuel-fired units that generate 
steam for electrical production, even in Washoe and Clark counties. http://ndep.nv.gov/bapc/index.htm. 
27 The Director of the Navajo Nation Environmental Protection Agency can set “air quality standards, emissions 
limitations and standards of performance for prevention, control and abatement of air pollution in the Navajo 
Nation. In prescribing regulations, the Director shall give consideration to but shall not be limited to the relevant 
factors prescribed by the Clean Air Act and the regulations hereunder, except that the regulations prescribed by the 
Director shall be at least as stringent as those promulgated under the Clean Air Act.” Navajo Nation Environmental 
Policy Act § 1103. 
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generators have built up allowances.  As of 2000, Phase II capped total emissions at 8.95 million 
tons. EPA expects that generators will draw on and deplete banked allowances by 2010.28 
 
Mohave units 1 & 2 are allocated 26,437 and 26,336 SO2 allowances, respectively, through 
2009. Thereafter, unit 1 is allocated 26,165, and unit 2 is allocated 26,059.29  The Mohave plant 
has had more allowances allocated to it than it used in past years. For instance, through March 1, 
2004, it transferred 6407 allowances (2003 vintage) from unit 1 and 6014 from unit 2. These 
allowances will provide a stream of future revenue, discussed further in section 4.4. 

Oxides of Nitrogen (NOx) 
 
In addition to the SO2 cap and trade program, Title IV of the CAAA required reductions in the 
NOx emission rates of two groups of coal-fired boilers.30 Although technology-based, the limits 
were applied on an average, company-wide basis, therefore allowing compliance flexibility 
within a firm. Title I required states to implement additional NOx and volatile organic 
compounds (VOC) regulations on large point sources in ozone non-attainment areas. The Title I 
requirements went into effect sooner and generally allowed less flexibility.  
 
Title I of the 1990 CAAA also responded to ozone non-attainment in areas significantly affected 
by upwind emissions by establishing the Ozone Transport Commission (OTC) in the eastern US. 
Out of the OTC came the NOx Budget Program, a trading program that began in 1999 and 
featured a unified market, state-level budgets and state-determined allowance allocations to 
individual sources.31 NOx policy further evolved from the NOx Budget Program to the NOx SIP 
call. The SIP Call took the form of an opt-in regional cap and trade program, or alternatively a 
command-and-control mechanism with state-determined limits for individual sources. Effective 
May of 2004, the NOx SIP call is expected to reduce national emissions by 22% from a baseline 
level.32 Most recently, NOx regulations have come under CAIR (described below). But while 
regional cap and trade systems have been implemented in the East, no such mechanism currently 
exists in the West, other than on a local basis (see RECLAIM, below).  
 
Although it seems unlikely that NOx will be a major regulatory concern in the west for the near 
term, nitrogen deposition is a significant problem for forested areas such as the Colorado Front 
Range and San Gabriel, Klamath, and San Bernadino Mountains and is expected to get worse.33 

                                                 
28 Phase I applied to specific units, the 110 dirtiest coal-fired electricity generators. Phase II expanded affected units 
to include all other coal-fired electricity-generating facilities over 25 MW in capacity, as well as smaller units 
burning high-sulfur fuel. Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen Palmer, and Russel Toth 
(Resources for the Future). Economics of Pollution Trading for SO2 and NOx. May 2005. p. 8. 
29 EPA ATS – Allowances Held Report. See http://www.epa.gov/airmarkets/tracking/ats/allheld.html. 
30 Group 1 consists of dry bottom wall fired & T-fired boilers. Group 2 includes cell burners, cyclones, wet bottoms, 
vertically fired boilers. 
31 Allocation rules set by individual states are described in Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen 
Palmer, and Russell Toth. RFF. Economics of Pollution Trading for SO2 and NOx. May 2005, p. 30-33. 
32 Ibid., p. 36.  
33 http://www.fs.fed.us/psw/topics/air_quality/cl/meetings/ppt/07_haeuber_sandiford_epa_cl.ppt#294,9,Nitrogen 
Deposition in the High Elevation West 
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Regional Haze 
 
Regional haze is the impairment in visibility that results from ambient pollutants, emitted from 
numerous sources over a large geographic area. The solid or liquid particles that contribute to 
regional haze include PM2.5, SO2, NOx, and ozone.  
 
The 1977 CAAA established a goal to reduce visibility impairment due to regional haze in Class 
I areas, including national parks and wilderness areas. Pursuing progress towards this goal, 
Congress created the Grand Canyon Visibility Transport Commission (GCVTC) in 1991 to 
advise the U.S. EPA on protecting the visual air quality in 16 Class I areas on the Colorado 
Plateau.34  In 1996, GCVTC issued a report recommending strategies for addressing regional 
haze in this region.  
 
The 1999 Regional Haze rule marked a change in EPA’s approach, expanding coverage of the 
rule to all states, not just those with Class I areas within their borders. In addition, it required 
states to establish emission reduction targets and strategies for protecting visibility in Class I 
areas. On September 29, 2000, the Western Regional Air Partnership (WRAP) appended 
GCVTC’s 1996 report in order to place the GCVTC recommendations within the framework of 
the national Regional Haze rule. The Annex to the GCVTC report contains a set of 
recommended regional emissions milestones that address emissions of SO2 between 2003 and 
2018.  
 
Under 40 CFR 51.309, the nine western Transport Region States (Arizona, California, Colorado, 
Idaho, Nevada, New Mexico, Oregon, Utah, and Wyoming), and eligible Tribes within that 
geographic area, were given the option of implementing regional plans based on the 
recommendations made in the WRAP Annex.  WRAP members developed a model compliance 
plan, establishing regional SO2 emissions milestones and a SO2 backstop cap and trade program 
for states choosing to participate.35 Five states—Arizona, New Mexico, Oregon, Utah and 
Wyoming—opted in.36 Arizona’s SIP, submitted on December 23, 2003, addresses reasonable 
progress at the Class I areas on the Colorado Plateau from year-end 2003 through year-end 
2018.37 The State of Arizona determined that NOx and PM strategies were not needed at the time 
that its SIP was submitted to the EPA, but it committed to revise its SIP in 2008 if the state 
determines that emission control strategies are needed. 
 

Table 4. Regional Haze Milestones. 
Year Base regional SO2 

milestone (tons) 

2003 682,000  
2004 682,000  
                                                 
34 http://www.wrapair.org/WRAP/reports/GCVTCFinal.PDF 
35 Wilson, James H. Jr., Manish Salhotra, and Erica J. Laich.  Historic and Future SO2 Emissions Analysis – 9 State 
Western Region. http://www.epa.gov/ttn/chief/conference/ei10/poster/wilson.pdf.  Accessed Sep 23, 2005. Last 
modified Apr 21 2001. 
36 http://www.wrapair.org/309/index.html  
37 Arizona Department of Environmental Quality Air Quality Division. December 23, 2003. Regional Haze State 
Implementation Plan for the State Of Arizona. http://www.azdeq.gov/environ/air/haze/download/2sip.pdf. 
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2005 682,000  
2006 682,000  
2007 682,000  
2008 680,333  
2009 678,667  
2010 677,000  
2011 677,000  
2012 677,000  
2013 659,667  
2014 642,333  
2015 625,000  
2016 625,000  
2017 625,000  
2018 480,000  
2019 forward, 
until replaced by 
an approved SIP 

480,000  

 
Until the program has been triggered and source compliance is required, the State of Arizona 
submits annual emissions reports to the WRAP and all participating states and tribes. First 
submitted in September 2004, the report documents actual SO2 emissions for all stationary 
sources subject to the Milestone Inventory requirements.38 
 

Table 5. State-by-State Comparison of 1990 and 2000 Stationary Source SO2 Emissions in 
the 9 GCVTC Transport Region States (tons per year) 
States 1990 2000 
Arizona 185,398 99,133 
California 52,832 38,501 
Colorado 95,534 99,161 
Idaho 24,652 27,763 
Nevada 52,775 53,943 
New Mexico 177,994 117,344 
Oregon 17,705 23,362 
Utah 85,567 38,521 
Wyoming 136,318 124,110 
Totals 828,775 621,838 
 
Although a participant in WRAP, Nevada chose not to implement the Section 309 plan. 
Consequently, it must draft and implement a SIP under 40 CFR 51.308 individually.  Nevada 
plans to have a draft implementation plan by late 2006, stakeholder feedback through the middle 
of 2008, and a final SIP to EPA by December of 2008.39  Under section 51.308(e), a state must 
either require BART on qualifying sources, or implement an emission trading program or other 
alternative measure that will achieve greater reasonable progress than would be achieved by 
                                                 
38 Ibid. 
39 http://ndep.nv.gov/baqp/stakeholders%203_05/AoH_IWG.ppt#260,26,Slide 26 
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implementation of BART at qualifying sources.  This provision appears to leave the door open 
for Nevada to implement a state-level emissions cap and trade program as a part of its long-term 
strategy.40  An emission trading program or alternative measure program adopted in lieu of 
BART must be fully implemented within the period of the first long-term strategy or by 2018. In 
addition,  
 

• The program must, as a minimum, include all the sources in the region subject to 
BART.41  

• The reductions in emissions required of BART sources must be surplus to other Federal 
requirements as of the baseline date of the SIP, that is, the date of the emissions 
inventories on which the SIP relies (51.308(e)(2)(iv)). 

• The regional trading program may include sources not subject to BART such as area and 
mobile sources as well as major stationary sources that are not BART-eligible sources. 

 
While Nevada has the option of implementing a state-level cap and trade program, it is not likely 
to do so. The benefits of participating in the regional cap and trade program are potentially much 
greater than a state-level one. A single-state market for those credits may be more volatile and 
possibly produce higher prices than in the multi-state Section 309 region, as sources in Nevada 
will have fewer options for trading. 
 
Hypothetically, SCE could have emissions credits to sell if Mohave is shut down, depending on 
how Nevada chooses to structure its compliance plan.  Under the Regional Haze rule, states must 
identify major stationary sources of air pollution that are eligible for best available retrofit 
technology (BART).42  WRAP identified the Mohave Generating Station as BART-eligible.  
BART is likely to be required for the facility, pursuant to a study by EPA that found SO2 
emissions from the Mohave Generating Station are transported to the Grand Canyon, and that 
“no other single source is likely to have as great an impact on visibility in the Park.”43  
 
The Navajo Nation has also participated in WRAP. It has not elected to submit a Section 308 or 
309 plan at present, and is not required to do so under the deadlines set for U.S. states. 
 
Regional haze is comprised of pollutants, including PM2.5, its precursors (SO2, NOx), and other 
pollution (e.g., ozone), that are controlled under other regulations.  Implementation of 
regulations under the Regional Haze rule could put downward pressure on the price of 
allowances regulated under other programs (e.g., Acid Rain) by increasing the number of 
allowances on the market. Similarly, changes to other air regulations, such as the Ozone and 
PM2.5 NAAQS, will have a benefit on regional haze. Conversely, a market created by Nevada to 
                                                 
40 WESTAR Regional Haze SIP Workgroup, for the Western Regional Air Partnership. Regional Haze State 
Implementation Plan Templates. Jun 29, 2001. Appendix A: Section-by-Section 308 Templates. 
http://www.westar.org/RHSIP/Final%20Documents/308%20templates.doc 
41 The one exception to this applies to sources that have previously installed BART-level controls, and the emissions 
limitations are federally enforceable. A state can allow these sources the option of not participating in the trading 
program. WESTAR Regional Haze SIP Workgroup, for the Western Regional Air Partnership. Regional Haze State 
Implementation Plan Templates. Jun 29, 2001. (51.308(e)(2)(ii)). Appendix A: Section-by-Section 308 Templates. 
http://www.westar.org/RHSIP/Final%20Documents/308%20templates.doc 
42 http://www.wrapair.org/forums/ssjf/documents/bart/Executive_Summary.pdf 
43 U.S. EPA. Final Project MOHAVE Report Fact Sheet. May, 2004. 
http://www.epa.gov/region09/air/mohave/mofact.html, accessed May 31, 2005. 
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comply with the Regional Haze rule would certainty interact with other local, regional, and 
national markets. If other programs (aside from Regional Haze) impose more stringent standards 
on even some of the Nevada sources, the clearing prices in a regional haze market could go 
down.   

NAAQS 
EPA established NAAQS for CO, Pb, NO2, O3 (which is regulated in part through limits on NOx 
emissions), PM10, PM2.5, and SO2. Strictly speaking, the NAAQS are ambient standards. While 
not changing the spirit of the law, amendments to the CAA in 1977 increased flexibility by 
allowing limited trading through emission offsets—also called emission reduction credits 
(ERCs)—to prevent ambient standards from stunting local economic growth.44 Under this 
provision, an increase in a qualified criteria air pollutant can be offset with a reduction of the 
pollutant from some other stack at the same plant, from another plant owned by the same 
company, or from sources owned by some other company in the area.  Existing major permitted 
facilities in non-attainment regions create ERCs by permanently curtailing of operations, 
voluntarily controlling emissions above and beyond what is required, or shutting down.  The 
value of an ERC is unique to each county, and offset trading is largely bilateral, intermittent, and 
not standardized,45 as is necessary to be traded on an open market. Because of the lack of 
availability of these data, we did not quantify the value of offsets.46   
 
NAAQS impose a cost on individual firms for emitting various pollutants.  To the extent that 
states impose limits or technological standards on individual units to comply with NAAQS, they 
affect the value of emissions allowances. Emissions sources must comply with local standards, 
reflecting the area’s attainment status under the NAAQS, in addition to cap and trade program 
requirements.47  This ceiling would lessen the potential for sources in a highly-polluted area to 
further degrade air quality by buying allowances from an area with good air quality. 
 

                                                 
44. Dallas Burtraw, David A. Evans, Alan Krupnick, Karen Palmer, and Russell Toth. RFF. Economics of Pollution 
Trading for SO2 and NOx. May 2005, p. 4-5. 
45 http://www.evomarkets.com/emissions/ 
46 Although offsets for CO and Pb could potentially have some value, we do not estimate them here for this reason.  
47 Dallas Burtraw, David A. Evans, Alan Krupnick, Karen Palmer, and Russell Toth. RFF. Economics of Pollution 
Trading for SO2 and NOx. May 2005, p. 12. 
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Table 6. NAAQS Thresholds and Classifications.48 
Criteria 
Pollutant 

Standard (not to exceed) Laughlin, NV 
Status 

Black Mesa, AZ/ 
Navajo Nation 

Status 
SO2  Primary: 0.03 ppm (80 µg/m3), annual arithmetic 

mean 
0.14 ppm (365 µg/m3), 24-hr level 

Secondary:  0.50 ppm (1300 µg/m3), 3-hr level 

Attainment Attainment 

NO2  0.053 ppm (100 µg/m3), annual arithmetic mean Attainment Attainment 
O3  Subpart 1:  4th-highest daily max. 8-hr average measured 

ozone level in a region over a 3-yr period  
Attainment49 Attainment 

PM10  150 µg/m3, 24-hr average concentration 
50 µg/m3, annual arithmetic mean concentration 

Non-
attainment: 
Serious 

Attainment 

PM2.5 65 µg/m3 24-hr average concentration  
15.0 µg/m3 annual arithmetic mean concentration 

Attainment/ 
unclassifiable 

Attainment 

Source: EPA. Currently Designated Nonattainment Areas for All Criteria Pollutants, As of April 11, 2005. Accessed 
Sept. 13, 2005. http://www.epa.gov/oar/oaqps/greenbk/ancl.html. 

The locations currently under consideration for the IGCC technology option are Black Mesa, AZ 
or Laughlin, NV (Clark County). Black Mesa, under the jurisdiction of the Navajo Nation, is in 
attainment for all criteria pollutants. This status is unlikely to change in the near term.50 Both 
Arizona and Nevada are subject to NAAQS. The Navajo Nation can participate in this program 
by submitting a list of attainment, nonattainment, and unclassifiable areas to the Administrator of 
the U.S. EPA, as well as a Tribal Implementation Plan for the implementation, maintenance and 
enforcement of NAAQS and visible air quality.51 
 
The NGCC option, as is studied in this report, is located on the existing Laughlin, NV coal plant 
site. Where Clark County does not have attainment status with federal NAAQS, the possibility of 
ERCs having value exists. Clark County has non-attainment status for PM10 NAAQS.  The 
subsection of Clark County containing Laughlin is currently in attainment with SO2, NO2, PM2.5, 
and O3. Loss of attainment status for any of these NAAQS is unlikely to spur a market for offset 
credits, given the small number of emitters in the area and continued efforts to comply with other 
environmental regulations. Depending on prevailing winds and other factors, Mohave’s 
compliance with Acid Rain, Regional Haze, and CAMR may help reduce the County’s total 
ambient levels of SO2, NOx, and PM2.5. 

                                                 
48 Both Laughlin, NV and Black Mesa, AZ are in attainment of CO NAAQS, defined as 9 ppm 8-hr non-overlapping 
average. Clark County’s non-attainment status (serious) for CO applies to Las Vegas Valley, Hydrographic Area 
212. Serious status indicates that an area has a design value of 16.5 ppm and above.  The standard for Pb is 1.5 
µg/m3, quarterly average. Both areas are in attainment for Pb. The standard for Pb is 1.5 µg/m3, quarterly average. 
A change in Pb NAAQS status seems highly improbable, given that only two areas in the U.S. have non-attainment 
status. 
49  That portion of Clark County that lies in hydrographic areas 164A, 164B, 165, 166, 167, 212, 213, 214, 216, 217, 
and 218 (Las Vegas) but excluding the Moapa River Indian Reservation and the Fort Mojave Indian Reservation is 
in non-attainment for 8-hr ozone (subpart 1). 
50 Personal communication with Colleen McKaughan, U.S. EPA, Region 9. Nov. 10, 2005. 
51 Navajo Nation Environmental Policy Act. N.N.C. § 1111-1112. 
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Anticipated changes to NAAQS 
 
NAAQS standards are based on health and environmental effects of exposure. The EPA is 
required to reevaluate these standards every five years to reflect changes in scientific 
knowledge.52  

Sulfur Dioxide (SO2) 
 
The standards for SO2 were last affirmed in 1996.53  We do not anticipate additional rules in the 
short term for SO2.  Aside from indirect effects from exposure to PM, the body of knowledge on 
health and environmental effects of direct SO2 emissions has not changed substantially in recent 
years.  In addition, states and counties will put pressure on sources to keep SO2 emissions down 
to preserve PM2.5 NAAQS attainment or achieve PM10 attainment. Implementation of other rules, 
such as CAIR and Regional Haze, could alleviate some of the most chronic air quality problems 
associated with SO2 and reduce the possibility that more long-term health or environmental 
effects would come to light. These factors could preempt the need for tightened SO2 NAAQS.  

Nitrogen Dioxide (NO2)54 
 
As with SO2, if impending regulations succeed in lowering levels of ambient NO2, policy will 
have less need to respond. We do not anticipate changes to the NO2 NAAQS for non-attainment 
areas in the short term.  

Ozone (O3) 
 
In 1971, EPA established the first ozone NAAQS—a 1-hour standard for ambient 
concentrations. EPA repromulgated the ozone NAAQS in 1997, adopting an 8-hour average 
standard in addition to the 1-hour standard.  The most recent Air Quality Criteria Document 
(AQCD) for ozone, assessing up-to-date information on ozone air quality, exposure, and health 
and ecological effects, was released in January 2002.55 The attainment date for Subpart 1 is June 
2009.56  In 2005, the 1-hour standard expires, and the review process starts over.  We expect that 
the standard will not be revised; however, a criteria document, due in February of 2006, should 
provide a stronger indication.   

                                                 
52 This report does not quantify the value of CO and Pb and therefore excludes these criteria pollutants from this 
discussion. 
53 
http://www.state.nj.us/dep/cleanair/powerpoint/Kelly%20Status%20of%20Air%20Quality%20Standards.ppt#261,16
, Slide 16 
54 While direct NO2 is less of a concern for power plants, NO2 is formed from NO, which is created during 
combustion. Stationary fuel combustion sources, such as electric utility and industrial boilers, are major NO 
emissions sources.  http://www.epa.gov/oar/oaqps/greenbk/o3co.html#Nitrogen%20Dioxide. 
55 http://www.epa.gov/sab/02project/proj02-06.htm 
56 8-Hour Ozone Areas Listed by Category/Classification, As of April 11, 2005. 
http://www.epa.gov/oar/oaqps/greenbk/gnc.html 
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Coarse Particulates (PM10)   
 
The NAAQS for PM were most recently revised in July 1997. A new review of the PM NAAQS 
is underway.  The Clean Air Scientific Advisory Committee (CASAC) reviewed the revised, 
draft Staff PM Paper in Winter 2002.57  

Fine Particulates (PM2.5)    
 
As required by the Clean Air Act, EPA reviews NAAQS standards every five years. EPA is 
currently reviewing standards, and the Administrator will issue the official standard by October, 
2006.  In all likelihood, the standards will be tightened. Clark County may not be affected, 
however, as Las Vegas58 was within the strictest parameters considered.59  The Navajo Nation is 
in attainment for the PM2.5 NAAQS. 

Ultra-fine Particulates (UFP) 
 
Ultra-fine particulates are a subset of PM2.5 smaller than 0.1 micrometer in diameter. Although 
they are not currently regulated as a class, scientific evidence is mounting that these particles 
pose serious health threats and need to be addressed apart from coarser ones. Motor vehicle 
emissions are perceived as the primary source of UFPs, especially in urban areas and along 
highly used traffic routes. Nonetheless, the issue is of particular concern to the electric 
generating sector, because all fossil-fuel power plants, whether fired by coal, oil, or natural gas, 
emit UFPs. Combustion of natural gas—commonly perceived as clean-burning, and often 
favored in policy—results in high UFP emissions.  Equally problematic, a study in East Germany 
indicates that optimized combustion processes may have caused an increase in UFP 
concentrations while simultaneously effecting an overall decrease in PM2.5 mass concentration.60 
More research is needed in monitoring ambient concentrations and chemical composition of the 
particles, developing dispersion and formation models, and further exploring health effects, 
before policy will respond. However, attention to this issue will increase, and a regulatory 
paradigm shift cannot be ruled out over the long term.  
 
  

                                                 
57 http://www.epa.gov/sab/02project/proj02-02.htm 
58 Las Vegas is the closest Metropolitan Area considered in OAQPS Staff’s Review of the National Ambient Air 
Quality Standards for Particulate Matter: Policy Assessment of Scientific and Technical Information. It is also in 
Clark County, but it is 95 miles away from Laughlin. 
59 EPA is considering a 15 µg/m3 annual standard with a revised 24-hour standard between 35 and 25 µg/m3. 
Alternately, it is considering a 14 to 12 µg/m3 annual standard with a revised 24-hour standard between 30 and 40 
µg/m3, or a 12 µg/m3 annual average, combined with 30 µg/m3 in any 24 hours. The maximum PM2.5 3-year annual 
mean at any of the five testing sites in the Las Vegas-Paradise-Pahrump, NV metropolitan area was 11 µg/m3.  The 
24 hour data show a maximum average difference (90th percentile) between the readings at any two sites in this MA 
to be 17.6 µg/m3. This suggests that Las Vegas may also pass the standard.  
60 During a six-year investigation into UFPs in the former East Germany, researchers collected ambient air quality 
data on particulate matter and correlated the findings to the modernization of combustion technology in coal-fired 
industry and power generation, automobiles, and home heating. The findings indicate that while the overall mass 
concentration of fine particles decreased, the UFP concentrations increased. Optimized combustion processes may 
have led to an increase in UFP concentrations from direct emissions as well as diminished coagulation of particles 
(larger particles may not penetrate as deeply into the lungs). See http://enhs.umn.edu/5103/particles/character.html. 
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CAIR (Clean Air Interstate Rule) 
 
In March, 2005, EPA finalized the Clean Air Interstate Rule (CAIR). This rule places additional 
restrictions on the SO2 and NOx emissions of 28 eastern states and the District of Columbia, to 
reduce their contributions to PM2.5 and 8-hour ozone non-attainment in downwind areas. Under 
CAIR, states can achieve the required emissions reductions by either requiring power plants to 
participate in an interstate cap and trade system, or meeting individual state air emission limits 
through state-defined measures.61  The final rule requires states to amend and submit their SIPs 
by September of 2006. Limits on emissions go into effect in two stages. Phase I of CAIR NOx 
programs begins in 2009; Phase I for SO2 starts in 2010. Phase II for both SO2 and NOx 
commences in 2015. The CAIR rule will eventually replace the requirements of the OTC NOx 
Budget Program and the NOx SIP Call.  
 
Figure 1 shows the states covered by CAIR and their designations as “ozone and particles,” 
“ozone only” or “particles only.”  “Ozone only” states are subject to CAIR’s seasonal NOx 
emission standard but not the annual NOx or SO2 standards.62  “Particles only” states must 
comply with both the annual NOx and SO2 standards. 
 
Figure 1. CAIR States and Designations. 

 
 

 
 
 
Although the final rule applies only to eastern states, EPA has indicated that it may propose to 
extend CAIR to the West at some future point and even conducted an analysis of NOx controls 
under this scenario. However, NOx is less of a concern in western states. Moreover, to comply 
                                                 
61 http://yosemite.epa.gov/opa/admpress.nsf/d9bf8d9315e942578525701c005e573c/ 
5af79c40e7ba7f2685256ffe00642ad3!OpenDocument 
62 EPA. Technical Support Document for the Clean Air Interstate Rule Notice of Final Rulemaking: Regional and 
State SO2 and NOx Emissions Budgets. March 2005. Available at 
http://www.epa.gov/interstateairquality/pdfs/finaltech06.pdf  
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with CAMR (see below) some power plants will rely on emissions controls that have ancillary 
NOx and SO2 reduction benefits. For these reasons, there may not be need to subject the western 
states to CAIR regulations. Tightening or modifying an existing program, such as the Regional 
Haze rule, is more likely, and may have more support from stakeholders.63 
 
CAIR is currently under litigation, with lawsuits raised from both environmental groups and 
power companies.64  If implemented, CAIR will certainly affect the national SO2 market. As 
opportunities for low-cost emissions controls decrease in the eastern U.S., sources there may find 
it more cost-effective to buy allowances for compliance with the Acid Rain program on the 
national market. The increase in demand will push up the price of national SO2 allowances. 

New Source Review (NSR) 
 
To ensure attainment of national ambient air quality standards, the 1977 CAAA established the 
New Source Review (NSR) program.  NSR is a permitting program for major new or 
substantially modified air pollution sources. This program covers criteria air pollutants (but not 
hazardous air pollutants, including Hg) in non-attainment areas.  Sources are required under the 
NSR program to meet a stringent technology-based standard, the Lowest Achievable Emission 
Rate (LAER). 
 
Increasing enforcement and tightening of NSR rules could have an effect on total emissions and 
the supply of allowances.  Faced with NSR rules, owners of facilities needing substantial 
modification can install emissions-control equipment.  Owners can also retire them, if the cost of 
emissions controls is high enough to make the plant uneconomic to run.  In both of these 
scenarios, total emissions would likely go down.  Alternately, facility owners may decide to put 
off modifications to circumvent the rule.  If owners neglect maintenance of the facility and the 
efficiency of the plant declines as a result, emissions per unit of electricity output could increase. 
A NSR enforcement initiative, begun under the Clinton administration but more recently losing 
momentum, has the potential to effect emissions reductions; however, it is unclear whether 
reductions have been realized because individual cases can be caught up in litigation for years.65  
 
Areas that meet the NAAQS standard (such as Clark County) are regulated under the Prevention 
of Significant Deterioration (PSD) program.66 Attainment areas are regulated using the BACT 
standard.67 Under PSD regulations, any Major Stationary Source is subject to the most stringent 
of the federal regulations in 40 CFR Part 60, the state's SIP Call, or that source's permit. 40 CFR 
Section 52.21 (PSD) clearly defines Mohave as a Major Stationary Source because it has the 

                                                 
63 WRAP intends to develop regional and state approaches that can be implemented in the next round of regional 
haze plans, which are due to EPA by December 2007, to address EPA’s concerns.  2004 Annual Report. Western 
Governors’ Association. p. 12. http://www.westgov.org/annrpt04.pdf. 
64 Darren Samuelsohn. “Industry files 12 lawsuits against EPA's CAIR rule.” Greenwire. July 12, 2005. 
http://www.eenews.net/Greenwire/include/print.php?single=07120501. See also “N.C. groups challenge CAIR.” 
Argus Air Daily. Vol. 12, 131.  July 11, 2005, p. 1. 
65 Industry advocates argue that EPA shifted to a more stringent interpretation of the NSR rules regarding power 
plant maintenance and replacement projects, which previously did not trigger NSR. PacifiCorp 2004 IRP, Appendix 
A, p. 20. 
66 http://netl.doe.gov/coal/E&WR/nox/regs.html 
67 http://netl.doe.gov/coal/E&WR/nox/regs.html 
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potential to emit more than 100 tons of pollutants per year and uses more than 250 BTUs of heat 
input per hour. 
  
EPA is considering revising NOx PSD regulations. It proposed three mechanisms: increment-
based approach, cap and trade in lieu of the increment-based approach, and a state planning 
approach. The cap and trade approach would create a market for NOx credits.  The other two 
approaches would affect the price of NOx credits, provided that Mohave is eligible to trade in 
another NOx allowance market (e.g., a potential Regional Haze market).68 WRAP proposed that 
EPA allow mitigation to concurrently satisfy PSD and Regional Haze requirements.69   
 

RECLAIM (Southern California) 
 
The Regional Clean Air Incentives Market (RECLAIM) program started in 1994.70 
Geographically, RECLAIM covers the South Coast Air Basin in California.71 RECLAIM trading 
credits (RTCs) cover SO2 & NOx, and Emission Reduction Credits (ERCs) exist for PM10, NOx, 
and SOx.72 Allowances allocated under the RECLAIM program must be used in the compliance 
year in which they are allocated. This design feature contributed to low levels of trading and low 
prices in early years.73  Trading has become more active but prices more volatile, owing to the 
large number of small sources, tight emissions caps, and substantial regional load growth,74 with 
no set-asides for new sources.75 
 
Responding to a 30-fold increase in the price of NOx RTCs during the California Energy Crisis, 
the South Coast Air Quality Management District (SCAQMD) rescinded generators’ ability to 
participate in the program. This change increased volatility and reduced liquidity in the market, 
although a requirement for compliance plans leveled prices at around $1.00/lb, close to the pre-
crisis average. On January 7, 2005, SCAQMD lowered the NOx cap and approved participation 
by large electricity generators on a limited basis.76 This move will increase liquidity. 
 
The Mohave Generating Station is currently subject to the national SO2 cap and trade program 
(Acid Rain). For SO2, we focus on Acid Rain credit prices because they will be valid and 
tradable wherever an alternative power source is located. Moreover, it is unlikely that RECLAIM 
will have a material effect on allowance prices for the nation-wide Acid Rain program.  
 
Although the geographic scope is limited, RECLAIM has a fairly active market for NOx RTCs 
that can inform an exploratory analysis of willingness-to-pay to offset emissions, given 

                                                 
68 See docket IS OAR-2004-0013 
69 WRAP, June 6, 2005 comments to EPA in case # OAR-2004-0013 
70 http://www.epa.gov/airmarkets/trading/basics/index.html 
71 This basin includes portions of Los Angeles, Riverside and San Bernardino counties and all of Orange County. 
Within Riverside County, the AQMD also has jurisdiction over the Salton Sea Air Basin and a portion of the 
Mojave Desert Air Basin. http://www.aqmd.gov/map/MapAQMD1.pdf 
72 ERCs also exist for Volatile Organic Compounds (VOC) and CO. 
73 Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen Palmer, and Russel Toth (Resources for the Future). 
Economics of Pollution Trading for SO2 and NOx. May 2005. p. 29. 
74 http://www.evomarkets.com/emissions/ 
75 “RECLAIM: 2004 credits decline” Argus Air Daily. Vol 12, 160, August 19, 2005. p. 4. 
76 Unger, Samantha. “Back to the Future for RECLAIM.” Evolution Markets Executive Brief. Jan. 10, 2005. 
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expectations about future fuel prices and regulations. RECLAIM’s applicability to Nevada or 
Arizona is limited, however. If Nevada implemented a cap and trade program for NOx (either to 
comply with the Regional Haze rule or revised PSD rules for NOx), it would likely feature less 
stringent emissions limits and greater trading flexibility than RECLAIM allows; thus, RTC 
prices could be much higher than the price of emissions allowances under the hypothetical 
program in Nevada.  

3.2. Regulations of Individual Pollutants  

Mercury (Hg)  

Clean Air Mercury Rule 
 
EPA issued the final Clean Air Mercury Rule (CAMR) on March 15, 2005, establishing the first 
limit on mercury air emissions by power plants. CAMR sets “standards of performance” limiting 
mercury emissions from new and existing coal-fired power plants and creates a market-based 
cap-and-trade program that will reduce nationwide utility emissions of mercury in two distinct 
phases. Effective in 2010, the first phase cap is 38 tons. During Phase I, emissions will be 
reduced by taking advantage of “co-benefit” reductions—that is, mercury reductions achieved by 
reducing sulfur dioxide (SO2) and nitrogen oxides (NOx) emissions under CAIR. In the second 
phase, due in 2018, coal-fired power plants will be subject to a cap of 15 tons.   
 
Under CAMR, states have the discretion to participate in the federal cap-and-trade program or to 
meet the required reductions through other options, including facility-based limits and trading 
restricted to inside of state borders. Because allowance banking is permitted, Hg emissions will 
probably not reach the level of the cap until the late 2020s at the earliest.   
 
CAMR would allow states to allocate emission allowances among the point sources according to 
their own methodology. Nevada’s budget is 0.285 tons through 2017, & 0.112 tons after 2018. 
At present, it is not clear how Nevada will allocate its budget among sources. The Navajo Nation 
has a state trading budget of 0.601 tons per year, to cover two major coal-fired power plants, 
Four Corners and Navajo Generating Station. Arizona is allocated 0.454 tons per year.77  
 
On May 31, 2005, EPA received petitions for reconsideration of the mercury rule, maintaining 
that EPA should not have decided to delist this pollutant.  Instead, the petitions seek coverage of 
Hg by the maximum achievable control technology (MACT) standard.  In response to these 
requests, EPA decided to initiate a reconsideration process on June 24, 2005. EPA will not stay 
the rule pending the reconsideration process.78  Observers of are confident that this review will 
not result in any changes to the final rule.  
 
Although it is likely that CAMR, not MACT, will be imposed, which regulatory model is 
adopted over the long term depends in part on whether hotspots of mercury develop.  While there 
is strong scientific evidence that exposure is hazardous to human health, how mercury will be 
dispersed under a cap and trade mechanism is unclear. Economic logic suggests that hotspots 
should not occur, because the dirtiest facilities are likely to have the lowest emission control 
                                                 
77 Title 40 § 60.4140 
78 http://www.epa.gov/mercury/control_emissions/decision.htm#June 
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costs. However, mercury has non-uniform dispersion properties that may call for additional 
limits.79  

Carbon Dioxide (CO2)  
 
A regional carbon market, the Regional Greenhouse Gas Initiative (RGGI), is in development in 
the Northeast U.S.80  The RGGI Staff Working Group is currently finalizing its 
recommendations to RGGI Agency Heads, and Agency Heads are meeting next week in hopes of 
finalizing a Memorandum of Understanding and Model Rule.  Following that agreement, states 
would initiate legislative and/or agency proceedings as necessary.  Despite much serious 
negotiation, the Agency Heads are likely to reach agreement and move on to the state 
proceedings.  The outcome of the state proceedings is far from certain, however, especially if 
legislatures get involved.  In addition to serving as a model process for other states or coalitions 
of states, if implemented, RGGI could lead the way for federal legislation and provide valuable 
data on costs of CO2 reductions in the U.S. 
 
On the other side of the country, the Governors of Washington, Oregon, and California 
expressed interest in establishing carbon policy through the West Coast Governor’s Climate 
Change Initiative, one of the leading state-level efforts on global warming in the country.  In 
November 2004, the Governors approved a series of detailed recommendations to reduce global 
warming pollution.81  While this initiative is not very far along, it holds promise by recognizing 
that global warming will have serious adverse consequences on the economy, health and 
environment of the West Coast states; that states must act individually and regionally to reduce 
greenhouse gas emissions; and that the region can achieve economic benefits from lower 
dependence on imported fossil fuels and greater investments in clean energy technologies.  
  
On the state level, the California PUC recently required investor owned utilities (IOUs) to factor 
a carbon cost adder, from $8 to 25 per ton of CO2, into investment decisions for all new fossil-
fuel fired power plants.82  IOUs are required to justify their choice of cost, from $8 to 25 per ton 

                                                 
79 Hotspots are spikes in pollution levels at specific locations and/or during specific time periods. These could occur 
if a small number of facilities purchase a large portion of allowances, or if prevailing winds carry and deposit 
emissions in specific areas. Evidence on the creation of new hotspots, or change in existing hotspots, as a result of 
SO2 and NOx trading programs is ambiguous. Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen Palmer, and 
Russel Toth (Resources for the Future). Economics of Pollution Trading for SO2 and NOx. May 2005. p. 11, 14, 37, 
46. 
80 Currently, nine states—Connecticut, Delaware, Maine, Massachusetts, New Hampshire, New Jersey, New York, 
Rhode Island and Vermont—are participating in RGGI. In addition, Maryland, the District of Columbia , 
Pennsylvania, the Eastern Canadian Provinces and New Brunswick are observers in the process. 
http://www.rggi.org/states.htm 
81 These include: 1. Establishing new targets for improvement in performance by state fleets; 2. Collaborating on the 
purchase of hybrid vehicles; 3. Developing a plan for deploying electrification technologies at truck stops; 4. 
Implementing strategies and incentives to increase retail energy sales from renewable resources by one percent or 
more annually in each state through 2015; 5. Establishing a cost-effective efficiency threshold for all products sold 
on the West Coast; 6. Incorporating aggressive energy efficiency measures into state building energy codes, and 7. 
Organizing a conference in 2005 to inform policymakers and the public of climate change research concerning the 
West Coast states. 
82Johnston, Lucy, Amy Roschelle,Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy Economics, 
Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the Wrong Carbon 
Value.” 
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of CO2.  It is not clear whether this applies to power sources located outside of California 
borders. A similar carbon planning requirement is in effect in Oregon.83  New Mexico Governor 
Bill Richardson signed an Executive Order in June, 2005, setting the state’s targets at achieving 
2000 emissions levels by 2012, 10% below 2000 levels by 2020, and a 75% reduction below 
2000 emission levels by 2050.   
 
Arizona is also taking steps towards responding to climate change, creating an advisory group to 
inventory and recommend policies to reduce greenhouse gas emissions in the state by July, 
2006.84  Technical work groups provide technical analysis and policy options for consideration 
by the advisory group. The Arizona Department of Environmental Quality is coordinating the 
stakeholder process, with facilitation and technical support provided by the non-profit Center for 
Climate Strategies.  The workgroups created by the advisory group are in the process of 
prioritizing design variables for evaluating which of many policy options will receive further 
study.85 Other states have taken similar steps,86 including the California Public Utilities 
Commission’s June, 2005 “Policy Statement on Greenhouse Gas Performance Standards.” This 
policy statement follows the groundbreaking initiative by the governor’s office seeking to reduce 
California’s greenhouse gas emissions to 1990 levels by 2020.  Nevada does not show signs of 
following suit with a state-level greenhouse gas emissions policy at present.87 
 
Although ratification of the Kyoto Protocol by the U.S. is doubtful, national-level regulation 
seems more and more likely. A 2004 study showed that 60% of power-generating companies 
participating in the survey believed that Congress would enact mandatory carbon limits within a 
10-year horizon.88  In Electric Power, Investors, and Climate Change: A Call to Action, a diverse 
group of experts from the power sector, environmental and consumer groups, and the investment 
community agreed that greenhouse gas emissions (GHG), including CO2, will be regulated in the 
U.S.; the only remaining issue is when and how. Participants also agreed that regulation of 
greenhouse gases poses significant financial risks and opportunities for the electric sector.89  A 
                                                 
83 Since 1993, the Oregon Public Utilities Commission mandated that regulated electric utility IRPs include analysis 
of a range of carbon costs, from $10 to $40 (in 1990 dollars) per ton of CO2. “State and Local Net Greenhouse Gas 
Emissions Reduction Programs: Oregon Carbon Adder.” http://www.pewclimate.org/states.cfm?ID=57 
84 The advisory group has many regulatory and policy variants to consider, including mitigation options in all 
sectors and for all greenhouse gases; voluntary and mandatory approaches for unilateral and multi-state actions; and 
actions to cover future time periods of 2010, 2020 and a third period, to be determined. The advisory group will also 
consider policy overlap with air quality, energy, land use, and economic development. Role of the Arizona Climate 
Change Advisory Group at http://www.azclimatechange.us/background-ccagrole.cfm.  See also “Arizona addresses 
global warming” Argus Air Daily. Vol. 12, 131.  July 7/11, 2005, p. 5 and Executive Order 2005-02: Climate 
Change Advisory Group. http://www.governor.state.az.us/eo/2005_02.pdf.  
85 Personal communication, Kurt Maurer, Arizona Dept. of Environmental Quality, 10/28/2005. 
86 Amending several air pollution control rules, New Jersey recently adopted regulations classifying carbon dioxide 
as an air contaminant. “Codey Takes Crucial Step to Combat Global Warming” October 18, 2005. See 
http://www.state.nj.us/cgi-bin/governor/njnewsline/view_article.pl?id=2779. 
87 In the late 1990s, Nevada and Utah, like many states, saw bills urging Congress and the President not to ratify the 
Kyoto Protocol. http://yosemite.epa.gov/oar/globalwarming.nsf/content/ActionsStateLegislativeInitiatives.html#NV  
88 19 companies participated, representing 29% of power generation in the U.S. in 2003. Bolinger, Mark and Ryan 
Wiser. Balancing Cost and Risk: the Treatment of Renewable Energy in Western Utility Resource Plans. Ernest 
Orlando Lawrence Berkeley National Laboratory (LBNL-58450). August 2005. p. viii. 
http://eetd.lbl.gov/EA/EMP/rplan-pubs.html. 
89Johnston, Lucy, Amy Roschelle,Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy Economics, 
Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the Wrong Carbon 
Value. 
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group of investors recently called on 43 investor-owned utilities to conduct climate risk analyses 
as common practice and disclose how they are preparing for future regulations of GHGs within a 
year.90 
 
Indeed, Congress is paying increasing attention to the threat of global warming. A bill that would 
create a cap & trade system for greenhouse gas emissions, co-sponsored by Senators McCain 
(AZ) and Lieberman (CT), failed to pass the Senate,91 but other initiatives followed quickly on 
its heels. The most recent movement towards regulating carbon dioxide in the U.S. saw the 
passage of the non-binding resolution passed by the Senate agreeing that mandatory caps would 
be needed at some point in the future.  As a part of the Energy Policy Act, Congress passed an 
amendment proposed by Sen. Hagel (R-NE) that authorizes voluntary measures for control of 
greenhouse gases.  
 
Binding federal legislation will almost certainly take the form of a cap and trade system. 
Questions and conflicts regarding rulemaking details could, however, delay final implementation 
of climate change policy. For example, a cap and trade regime would almost certainly give rise 
to debate about allowance allocation and baseline levels. 
 

3.3. Regulations Applicable to the Sites Studied in this Report  
 
  Laughlin, Nevada Black Mesa, Arizona 
Regulation Pollutant Currently in 

Force in Area  
Area in 
Attainment?  

Currently in 
Force in Area 

Area in 
Attainment? 

SO2 Yes N/A Yes N/A Acid Rain 
Program NOx Yes N/A Yes N/A 
Regional 
Haze 

Multiple TBD N/A Yes N/A 

SO2  Yes Yes Yes Yes 
NO2  Yes Yes Yes Yes 
O3 Yes Yes Yes Yes 
PM10 Yes No (serious) Yes Yes 
PM2.5  Yes Yes 

(unclassifiable) 
Yes Yes 

CO Yes Yes Yes Yes 

NAAQS 

Pb Yes Yes Yes Yes 
CAIR Multiple No N/A No N/A 
NSR Multiple Yes N/A Yes N/A 
RECLAIM Multiple No N/A No N/A 
CAMR Mercury No N/A No N/A 
Climate 
Protection 

CO2  No N/A No N/A 

 
                                                 
90 “Investors ask emitters to disclose risks.” Argus Air Daily. Vol. 12, 131.  July 11, 2005, p. 5.  
91 The Climate Stewardship Act, originally introduced in 2003, was reintroduced in June 2005 but failed to pass with 
a vote of 38-60.  
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4. Emissions Valuation  
4.1. Control technologies 

 
If polluters face different costs associated with their various opportunities to reduce emissions, 
cap and trade regulation can produce lower net compliance costs than technology-driven 
regulation or fixed emissions limits will. With cap and trade regulations, polluters with relatively 
low-cost abatement options have the incentive to install control technology, so that they can earn 
revenue from the sale of the emissions allowances created by that reduction. A polluter facing 
relatively high costs to reduce emissions can buy allowances as long as the cost of those 
allowances is lower than the levelized cost of installing pollution controls. If the market for 
emissions credits is competitive, the price of an allowance reflects the cost to abate an additional 
unit of emissions—i.e., the marginal cost of abatement.  
 
The cost of emissions controls varies widely, depending on the type of emissions being 
controlled and the level of removal required, as well as the plant’s configuration, operations, fuel 
mix, age, and the ambient characteristics under which it operates. Even for the same type of 
technology, control costs depend on whether the plant can accommodate mass-produced bolt-on 
units or requires structural changes.  
 
The pollutants addressed in this analysis frequently come from the same processes, such as fossil 
fuel combustion. In addition, some post-combustion controls will reduce more than one 
pollutant. A 1999 study by EPA found that pollution control strategies to reduce emissions of 
nitrogen oxides, sulfur dioxide, carbon dioxide, and mercury are highly inter-related, and that the 
costs of control strategies are highly interdependent.92 For example, wet flue gas desulfurization 
(FGD) units effectively capture SO2, PM, and oxidized mercury. Over time, technological 
improvements will reduce the cost of compliance. Emissions trading programs may spur 
generators to search for low-cost ways to reduce emissions, beyond what would occur in the 
absence of the program.93 
 
Fuel switching will also reduce emissions of more than one pollutant, e.g., from oil or coal to 
natural gas, or from any fossil fuel to a renewable source. The economics of fuel-switching can 
have a large impact on allowance prices. For example, over much of the 1990s, actual Acid Rain 
allowance prices were well below levels forecasted by EPA. A 2000 study found that generators’ 
ability to burn low-sulfur coal to comply with the Acid Rain program accounted for roughly 80% 
of the difference between actual SO2 allowance prices and forecast levels. Technological change 
only accounted for 20% of the difference.94   
 
Technologies and resource options to reduce emissions of one pollutant (e.g., efficiency, 
renewables, as well as fuel switching) can significantly reduce emissions of others.  The addition 
                                                 
92Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy Economics, 
Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the Wrong Carbon 
Value.  
93 For example, implementation of cap and trade under the Acid Rain program was accompanied by increases in 
scrubber efficiency and reliability, thus lowering costs.  Burtraw, Dallas, David A. Evans, Alan Krupnick, Karen 
Palmer, and Russell Toth. Economics of Pollution Trading for SO2 and NOx. RFF. May 2005. p. 17, 23. 
94 Ibid., p. 17. 
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of clean generating technologies will change the capacity factors for existing units.  In addition, 
control costs can add significantly to the forward-going costs of operating existing units, 
potentially decreasing operations of these units and increasing the supply of allowances across 
the board.  For all of these reasons, issues of compliance with regulations dealing with the 
criteria pollutants, Hg, and CO2 are highly interconnected.  
 

4.2. Historical, current, and forward allowance prices 
 
For emissions that have been actively traded for long periods of time, market data can provide a 
valuable tool for projecting future allowance prices. Market participants and brokers assess the 
opportunity cost of holding onto allowances, taking into account regulatory risk, projected 
compliance costs, and fuel price forecasts, when bidding into the allowance market. However, 
participants may assess risks differently. Regulatory uncertainty (new or changing programs) 
could lead to volatile market prices for allowances. Conversely, well-established programs may 
produce more stable prices.95  
 
The market for emissions allowances is subject to considerable volatility and price risk. 
Unexpected plant outages and high summer temperatures can cause sudden and dramatic 
increases in NOx allowance prices. Changes in fuel prices will also reduce price stability, in spite 
of how mature the cap and trade program is. For example, the market for SO2 allowances has 
experienced highly volatile prices recently. Likewise, “overinvestment” in reduction measures by 
affected utilities can cause significant reductions in allowance prices, although the change in 
price will probably be less dramatic than weather-related volatility.  
 
All of the pollutants considered in this analysis can result from fossil-fuel combustion. In 
addition, some pollutants (e.g., PM) can be formed when other pollutants undergo chemical 
reactions in the air (e.g., SO2, NOx).  Because the formation of the different pollutants is often 
related, the behavior of the markets for those emissions will be correlated. For example, an 
increase in coal-fired generation will tend to drive up the prices of all emissions associated with 
coal combustion (including Hg, CO2, SO2). Likewise, anything that increases the supply of 
allowances for one pollutant (e.g., Hg, due to stricter regulations) can dampen prices for another 
commodity (SO2) if both emissions are commonly controlled with the same technology.  In this 
case, the total cost of allowances for the concomitantly-controlled emissions (both Hg and SO2) 
will go up.  
 
Regulations can have a disproportionate effect on the operating costs of plants burning certain 
fuels.  If stringent enough, or if the emissions are very expensive to control, these regulations 
could affect plant operations. Potentially, regulations could result in reduced operations, 
mothballing, and shutdowns of plants.  For example, implementation of CO2 regulations would 
tend to drive down the price at the margin for tons of SO2, NOx, and Hg 96, because the cost of 
                                                 
95 Mary Jo Krolewski and Andrew S. Mingst. Clean Air Markets Division, Office of Atmospheric Programs, U.S. 
EPA, Washington, D.C. ICAC Forum 2000. Recent NOx Reduction Efforts: An Overview. p. 9. (\\Server\Lib-
Docs\Emissions\NOx\nox-options.pdf) 
96 Models of SO2, NOx, and Hg prices that do not include CO2 regulation in the analysis could overstate prices. As 
long as the probability of CO2 regulations is greater than zero, then the risk-adjusted price of these emissions is 
lower.  
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renewable technologies would decrease dramatically relative to fossil-fired ones. Net 
displacement of existing fossil-fired generation will free up allowances for sale on the market, 
driving prices down.  
 
The value of an emission allowance reflects many factors, including the timeframe, penalty for 
non-compliance, and other regulatory parameters as they impact the entire set of possible buyers; 
growth in emissions by the source and by other sources in the area; season; the wide range of 
other existing and potential regulations on that pollutant, its precursors, or the secondary 
pollutants that arise from it; and the cost of emissions controls, which varies on a plant-by-plant 
basis. While the value of an allowance will be determined by these factors, available data do not 
always reflect these locational differences, especially when the location of the emissions 
reduction (the origin of the allowance) is not covered by liquid markets.  
 
This section provides the historical, current, and forward allowance prices for each pollutant. 
Historical prices are provided as context only, to show consistency with past market behavior 
and regulatory changes. Historical prices are not intended as forward looking statements in and 
of themselves. 

4.3. Price Projections 
 
Environmental regulators routinely model the costs of policies when considering rules to set 
limits on emissions.  For the electric power industry, modeling usually takes into account some 
of the factors that affect the price of allowances, including projected fuel prices, increase in 
electricity demand, and the cost of control. These models require simplification of the many 
variables and massive amounts of data that determine prices, including the cost of retrofitting 
existing units, transaction and compliance costs, regulatory barriers or incentives to trade, future 
changes in policy, and many others. For each pollutant, this section will discuss the models 
employed by regulators, intervenors in regulatory or legal proceedings, and in utility resource 
plans, as well as the assumptions that shape the results of model runs.  
 

4.4. Markets for Emissions by Pollutant 

Carbon Dioxide (CO2) and Carbon 

Control technologies 
The cost of CO2 emissions abatement is broken down into three parts: capture, transport, and 
storage (sequestration).  Capture can occur pre- and post-combustion.  The captured CO2 is then 
transported by pipeline or some other mechanism to depleted oil or gas fields, saline reservoirs, 
or another facility for sequestration.  CO2-capture technologies have only been applied to boilers 
at small scales.  In addition to the type of capture technology, costs are based on application in 
other settings but will vary based on plant efficiency, plant lifetime, capacity factor, the quality 
of fuel, among others.  Given these uncertainties, a Carnegie Mellon study estimates IGCC 
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capture, transport, and storage at about $27/short ton CO2, versus $53 for NGCC applications.97  
See section 8 of the report for more information about the costs of CO2 sequestration. 
 
It is important to note, however, that capture and storage systems demand energy input and 
increase the energy input per unit of output.  The Carnegie Mellon case study estimates that 
IGCC applications would require 16% additional energy per MWh, while NGCC would require 
18% more.98  Likewise, emissions of other pollutants—including SO2, NOx, and NH3—per 
MWh increase relative to a plant without capture and storage systems. 
 
Allowance prices 

Historical price trends  
Implementation of the Kyoto Protocol moved forward with great progress in recent years. 
Countries in the European Union (EU) are now trading carbon in the first international emissions 
market, the EU Emissions Trading Scheme (ETS), which officially launched on January 1, 2005. 
This market, however, has been going strong since before that time – Shell and Nuon entered the 
first trade on the ETS in February 2003. Traded volumes in the EU ETS totaled approximately 
600,000 tons of CO2 in 2003, with prices ranging from about 5-13 euros per ton CO2. Most of 
these trades were on a forward basis with payment on delivery. Trading volumes have increased 
steadily throughout 2004 and totaled approximately 8 million tons CO2 in that year.99   
 
Eight exchanges and 11 brokerages are planning to take active roles in the acceleration of the 
carbon market. One financial index for EU allowances (EUA) is called the Carbon Market Index. 
Figure 2 shows Carbon Market Index data as of January 27, 2005.  For most of 2004, carbon 
trades have ranged between 6.75 to just over 13 euros per ton CO2, equivalent to approximately 
$8–17 US.  
  

                                                 
97 Costs given in terms of metric tons were converted to short tons using this factor: 1 metric ton = 1.102 short tons 
(or, 1 short ton = 0.907 metric tons). There are 12 g of carbon in 44 g of carbon dioxide. 
98 Rubin, Edward S. April 12, 2005. “Costs and Impacts of CO2 Capture at Power Plants.” Presentation to the MIT 
Laboratory for Energy and the Environment, Cambridge, MA.  
99 “What determines the Price of Carbon,” Carbon Market Analyst, Point Carbon, October 14, 2004. 
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Figure 2. EU Allowance Prices, June 2003 to January 2005 (€/ton-CO2) 

  
Source: Johnston, Lucy, Amy Roschelle, Ezra Hausman, Anna Sommer and Bruce Biewald. Synapse Energy 
Economics, Inc., September 30, 2005, Considering Climate Change in Electric Resource Planning: Zero is the 
Wrong Carbon Value. 

Current prices 
 
Trading volume in carbon OTC markets has experienced significant growth, with 14 to 16 
million EUAs traded monthly as of the beginning of this year.  While the number of active 
participants in the markets is growing at a slow pace, brokers expect large numbers of companies 
to become active in the near term.100  A number of policy details are now in place, including the 
initiation of the Emissions Trading Scheme, approval of many member states’ National 
Allocation Plans, and approval of baseline methodologies for Clean Development Mechanism 
projects.  The increased regulatory certainty has led to growth in trading.  Aside from regulatory 
certainty, the main drivers of EUA prices include oil and gas prices, power prices, and weather 
data.  As shown in figure 3, EUA prices for current vintage allowances (2005) are in the range of 
23 to 24 euros, up considerably from prices of 7 to 9 euros at the start of the year.101    
 

                                                 
100 “Monthly Market Update: Greenhouse Gas Markets” Evolution Markets LLC. April 2005. 
http://www.evomarkets.com/assets/mmu/mmu_ghg_apr_05.pdf, accessed Oct. 6, 2005. 
101 EU Markets on 10/05/2005. Evomarkets.com.  See also “Monthly Market Update: Greenhouse Gas Markets” 
Evolution Markets LLC. April 2005. http://www.evomarkets.com/assets/mmu/mmu_ghg_apr_05.pdf, accessed Oct. 
6, 2005. 


