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SUMMARY REPORT: IMPACT OF THE COAL ECONOMY ON WYOMING

EXECUTIVE SUMMARY

The Importance of Coal to the Wyoming
Economy Today

Coal production has been a cornerstone of the
modern Wyoming economy since the 1970’s, and
has served as Wyoming’s most stable source of tax
revenues over the past four decades. In the current
market environment, the coal industry in Wyoming
is facing significant pressure. D espite its critical
role in Wyoming, few studies have quantified the
coal industry’s impact on the statewide economy,
and those that have are significantly out of date.
This study addresses this information gap by
describing the importance of the coal sector to
Wyoming’s economy today. It documents the risks
and challenges facing the coal industry in the future
due to market conditions and regulatory
threats, and using the most recent data available,
conducts an impact analysis to determine how
these risks could affect the Wyoming economy
and state revenues through 2030. The potential
impacts of proposed carbon regulations
introduced by the Environmental Protection
Agency’s (EPA) Clean Power Plan are also
estimated, as are the potential impacts that
large-scale international coal exports could have on
Wyoming’s economy. This report concludes
with analysis of the policy choices Wyoming
faces in response to these market challenges.

Since 2008, coal production in Wyoming has
fallen by 17%, and coal markets remain depressed.
Assessment of market forces that may have caused
this decline suggests that the three most important
contributors to the decline have been:
•

Falling natural gas prices, causing
some coal to be displaced as a
generation fuel nationally

•

Slow national economic growth,
which has reduced electricity
demand and the need for
Wyoming coal

•

Growth of renewable energy
production, which has displaced
some coal-fired generation

Figure ES-1 summarizes the outlook from five
well-known energy market forecasters regarding
coal production over the next 25 years. Four of the
five forecasts suggest zero or negative growth in the
near term relative to the current national output of

WYOMING COAL ECONOMY QUICK FACTS
Coal economy
Share of gross state product (GSP):
Share of total labor income:
Share of total employment:

Coal mining only

14.0 %
9.3 %
5.9 %

State revenue directly from coal mining,
not including other activities:

11.3 %
4.7 %
1.8 %

$1.3 billion, or 11.2% of all government
revenues collected in the state

The “coal economy” includes all activity caused by the presence of coal mining,
rail-shipping and coal-fired electricity generation in Wyoming.
All figures used are for fiscal year 2012.
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Figure ES-1. Forecasts of U.S. coal production.

approximately 1 billion tons annually. Through
2040, the outlook for coal production gets
considerably weaker in several cases, particulary
those that assume more stringent carbon regulations
occur.

In addition to environmental concerns, however,
the greatest challenge in achieving such port
expansion may be the perceived weakness of
the coal market and domestic coal producers
themselves. For example, Arch Coal, Inc., a
financial backer of one of two proposed large west
coast port expansions (Millennium Bulk Terminal
in Longview, Washington) has experienced a sharp
decline in its capital value. Arch Coal holds a 38%
investment in the project. In November 2014,
Ambre Energy, Ltd., the majority backer of the
Millennium Bulk Terminal project, announced
in a regulatory filing that it was divesting its
North American coal export assets, selling them
to a Denver-based private-equity firm. Further,
Peabody Energy Corporation, owner of half of the
proposed Gateway Pacific Terminal in Bellingham,
Washington is also in weak financial condition.
Cloud Peak Energy, Inc., with an interest at both
planned terminals recently reported losses on coal
exports and divested of export mine interests.
Weakness in U.S. coal markets has left domestic
firms with limited ability to finance large-scale
investments. The general market willingness to
support such projects is also uncertain.

The Potential of Expanded International
Coal Exports from Wyoming
Coal exports to international markets provide one
possible means of protecting and expanding future
coal production in Wyoming. The primary challenge
facing a major expansion of Wyoming coal exports
to foreign destinations is a lack of port capacity
that would allow expansion of export shipments
at competitive cost. Development of such ports
has proven difficult, and has often been opposed
outside Wyoming on environmental grounds.
Concerns associated with port development primarily in Oregon and Washington - range from
local traffic congestion problems, dust and air
quality concerns, and the implication that such
exports could contribute significantly to global
climate change.
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If opposition to proposed new terminals could be
overcome and the projects financed, the impact
on the Wyoming economy could be substantial,
especially if all of the proposed terminal capacity
were accessible. Most of these potential economic
benefits would accrue to the Powder River Basin;
however, the secondary effects would be felt
throughout the state.

ESTIMATED BENEFITS OF 100
MILLION TON ANNUAL COAL
EXPORTS EXPANSION
Increase in Gross State Product:
$1.2 billion annually
Increase in jobs:
4,000+ new jobs

Threats to the Domestic Coal Market

Increase in labor income:
$345 million annually

In addition to international export scenarios, this
report analyzed the potential impact of existing
domestic market challenges. Using the U.S.
Energy Information Agency’s (EIA) Annual Energy
Outlook 2014 (AEO2014) projections, authors
assembled several Wyoming coal production
scenarios. These scenarios considered the following
influences on coal production:

Analysis of EIA coal production projections using
an impact model constructed specifically for this
study suggests that of the fundamental factors that
may decrease Wyoming coal production, rising
coal costs pose the greatest threat. For example,
using the EIA’s scenarios and assumptions, in
a worst-case scenario assuming an economy at
full employment and growing normally, coal
production in Wyoming could fall by 20% from
2012 levels by 2030. The decrease could occur due
to lower productivity growth at mines and higher
wage and capital cost growth than recent historic
norms. Based on these assumptions, employment
losses in the state would total nearly 4,800 jobs by
2030, relative to 2012 employment levels.

1. Fundamental market effects driving coal
market demand and production costs:
• Continued weak demand due to low
natural gas prices caused by recent
increases in domestic natural gas
production
• Continued weak demand due to
slower national economic growth
leading to slower electricity load
growth
• Decreases in productivity growth in
the coal mining sector, resulting in
increased coal production costs

Assuming no changes to the regulatory landscape
of 2012, EIA projections suggest low natural gas
prices and slowing economic growth present a much
smaller threat to future Wyoming coal production
than rising coal production costs. In both low gas
price and slow growth scenarios considered, coal
output levels would be between 4% and 8% greater
by 2030. While adverse market effects could result
in less output than these estimates, especially if
multiple market effects occurred simultaneously,
the analysis suggests that fundamental market
factors pose a less serious threat to Wyoming coal
production than those presented by potential
carbon regulations.

2. Regulatory changes affecting Wyoming energy
markets:
• U.S. EPA proposed Clean Power
Plan for new and existing electricitygenerating power plants1

1
The EPA Clean Power Plan is also referred to as
“111(d)” - the section number of the Clean Air Act that
the rule falls under.
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Potential Impacts of the EPA’s Clean Power
Plan Proposal

efficiency; Scenario 2 considers national scale
cooperation without energy efficiency. Similarly,
Scenario 3 considers regional level cooperation with
energy efficiency and Scenario 4 considers regional
level cooperation without energy efficiency.

The EPA’s Clean Power Plan targets carbon dioxide
emissions reductions of 30% of 2005 levels, but
places the burden of reduction unevenly among
states. In Wyoming, the proposed rules would
require a reduction in the state’s CO2 emissions
rate by 19% from 2012 levels.

To define the potential impacts of the EPA 111(d)
proposals, authors enlisted the help of Rhodium
Group, a New York-based consultancy that
shared a set of proprietary simulations developed
to estimate the impact of the EPA’s proposed
greenhouse gas (GHG) regulations on the
national economy. A comparison of the Rhodium
Group modeled scenarios corresponding to those
scenarios considered in this study for Wyoming
coal production is presented in Figure ES-2.

The EPA’s proposed 111(d) rules allow states
to determine the means of meeting mandated
emissions reductions goals. These may include
energy efficiency as a reduction mechanism, and
states may choose to design regional compliance
programs, cooperating with other states. Given the
range and uncertainty of the policy combinations
states may choose, projections of the potential
impact of the proposed regulation were performed
as four separate scenarios. Scenarios considered
include allowing energy efficiency (EE) to be used
as a compliance strategy, and the degree of state
cooperation (nationwide or regional). Scenario 1
considers national scale cooperation with energy

Regardless of how policy is implemented,
imposition of proposed 111(d) rules results in
a significant decline in projected Wyoming coal
output in all scenarios. By 2030, these declines
range from approximately 20% to 45% decreases
from 2012 production levels, depending on the
scenario.

Figure ES-2. Coal production projections across 111(d) regulatory scenarios.
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For comparison, authors show how forecasts for
various carbon taxes, a commonly considered
policy option, compare to the EPA’s 111(d) rules
using the EIA AEO2014 carbon tax scenarios. The
impact of a greenhouse gas tax of $25/ton results
in the most detrimental hypothetical outcome for
coal production, and other scenarios with a $10/
ton tax level have an impact similar to the various
111(d) scenarios modeled.

energy efficiency. Energy efficiency measures
reduce electricity demand and effectively result in
carbon reductions across the wider economy.
The 111(d) climate regulation has the potential
to drastically decrease Wyoming coal production.
Projected coal output under the most favorable
production circumstances decreases by 32% of
2012 production by 2025. Using the production
outcomes described in Figure ES-2, even in the
best case, impact modeling of the 111(d) scenario
suggests a loss of over 7,000 jobs across the state
by 2025, relative to 2012 employment. Other
scenarios analyzed exhibit continuous and greater
losses. Effects of the regulations would impact
the Powder River Basin region of Wyoming most
severely, where one in ten jobs would be eliminated.

The ways in which other states choose to implement
111(d) compliance measures have an impact
on Wyoming. In order of production outcome
from best (greatest production) to worst (least
production), the policy scenarios considered rank
as follows:
1. National cooperation with energy efficiency

Complicating the analysis of the economic impact
of the EPA’s 111(d) rule on the Wyoming economy
is the potential to use fuel-switching between coal
and natural gas as a means for the state to comply
with the regulation. Since Wyoming produces
a significant amount of natural gas, authors
accounted for potentially mitigating effects of the
natural gas sector to determine the overall impact
of the EPA’s proposed Clean Power Plan regulations
on the state.

2. Regional cooperation with energy efficiency
3. National cooperation without energy
efficiency
4. Regional cooperation without energy
efficiency
Including energy efficiency, regardless of the scale
of cooperation with other states, results in greater
coal production than scenarios that do not include

Figure ES-3. Combined coal and natural gas employment effects due to EPA 111(d) impacts.
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This analysis indicates that despite the 111(d)
rules stimulating Wyoming’s natural gas sector,
employment losses in the state’s coal industry are
not offset by the additional natural gas production
prompted by carbon regulation. The negative
impact to employment in Wyoming from reduced
coal production is approximately two to four
times larger than the positive employment effects
from natural gas production. Across all scenarios
analyzed, the total impact on statewide employment
ranges from a 0.3% decline in 2016 to a 3.2%
decline in 2030, relative to 2012 employment levels.
The impact of the regulations would be expected to
lead to a contraction in statewide economic activity
and employment regardless of any other offsetting
economic growth in Wyoming.

State Revenues
Authors analyzed both the effect of changes in coal
production from fundamental market risks (shown
in Figure ES-4 - adverse production cost changes,
slow economic growth, and continued low natural
gas prices) and potential 111(d) impacts on
state revenues. Of the fundamental market risk
scenarios, state revenues were highest in the case
of higher coal production costs, the worst outcome
for the wider Wyoming economy in terms of
employment and production. Conversely, state
revenues were lowest in the low coal production
costs scenario, the best outcome for the statewide
economy. Other scenarios had little impact on
state revenues.

Figure ES-4. Total coal economy tax revenue change.

The potential impacts of proposed carbon
regulations on state revenues are severe. The most
favorable outcomes for state revenues are those in
which energy efficiency is used as a compliance
strategy, as shown in Figure ES-5.

The scenario in which coal
production is highest results
in the lowest tax revenues to
Wyoming.

Because EPA’s 111(d) is anticipated to increase
demand for natural gas in electricity generation,
authors also considered the potentially offsetting
effects this could have on state revenues. Combined
coal and gas effects on state revenues are shown in
Figure ES-6. Tax revenues continue to decline in
all policy implementation scenarios, suggesting
that positive natural gas effects do not offset the
9
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Figure ES-5. Total economy tax revenue change: 111(d) scenarios.

Figure ES-6. Total energy economy tax revenue change: 111(d) scenarios.

losses in state revenue due to lower coal production
caused by 111(d). Authors also found that state
revenue is highest in the scenario worst for coal
production. Overall, proposed carbon regulations
result in a predicted decline in the state’s combined
coal and natural gas revenues of between 36% and
46% by 2030, as shown in Figure ES-6.

Wyoming may have to
choose whether to prioritize
production and employment
or its own revenues in
implementing its carbon
mitigation strategies.

Conclusions
The greatest risks Wyoming’s coal industry faces,
and by extension the greatest risks to state revenues
derived from coal production, are posed by proposed
carbon regulations.
Significant expansion of
international coal exports on the order of 100 million
tons annually may be possible with the opening of
proposed new export terminals, which would have
significant economic benefit to Wyoming.
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By 2030, the terminals would not, however, entirely
offset the potential coal production losses resulting
from carbon regulations in any of the policy
scenarios considered in this study.

The ways in which Wyoming implements policies
to meet carbon regulations will also have an impact
on state revenues. Policies that result in the highest
state revenues have the worst impacts on the coal
industry and by extension statewide production
and employment. This suggests that the state
may have to choose whether to prioritize state
production and employment or its own revenues
in implementing its carbon mitigation strategies.
More important will be whether Wyoming can
influence other states to implement carbon control
strategies least detrimental to its coal industry.

The ways in which policymakers in Wyoming and
across the nation implement strategies to meet
new carbon regulations is critical to the economic
impacts the state will experience. Greater use of
energy efficiency measures coupled with wider
cooperation among states at a national scale are
critical to minimizing the impact of the regulation
on Wyoming’s economy.
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1. WYOMING’S COAL INDUSTRY: ITS HISTORY AND IMPORTANCE IN
TODAY’S ECONOMY
CHAPTER SUMMARY

Coal production has been an important part of the Wyoming economy since the arrival of the
railroad. Coal production, peaked in this era at approximately 1.6% of national coal output in
1945. With the decline of steam technology in transportation, Wyoming coal production began
to wane, hitting a low in 1958 at 0.4% of national output. The growth of large coal-fired
electricity generation facilities in the state, beginning in 1959, however, caused coal production
to gradually expand in the years following. By 1969, coal production had almost tripled its low
eleven years earlier and Wyoming’s share of national production had doubled to 0.8%.
The 1970s saw coal production begin to increase toward the level the modern Wyoming
economy now enjoys. The opening of the Powder River Basin (PRB) from the 1970s onward,
was driven by the economies of scale offered by deposits there, falling transport costs, and
environmental regulations favoring PRB coal’s low sulfur content. Each contributed to a
massive expansion in Wyoming coal output. By 2008, output was 66 times that in 1970,
totaling 468 million tons and 40% of the nation’s coal production.
This growth has not been without recent challenges. Worker productivity has fallen from
81,000 tons per worker in 2004 to 60,000 in 2013. Over this same period real prices of
Wyoming Powder River Basin coal have been rising. Since the 2008 peak, coal production in
the state has declined by almost 17%, but still contributes significantly to the Wyoming
economy.
Few studies have documented the impact of coal on the Wyoming economy, and those that
have are over a decade old or more. New estimates are presented here to document coal’s
importance to the Wyoming economy today. Results indicate that in 2012, at a production
value of over $5 billion, coal production alone accounted for 11.3% of gross state product,
4.7% of total labor income and 1.8% of in total state employment. Coal mining alone also
accounted for almost 6,900 jobs. Consideration of the wider “coal economy” in the state, the
railroad operations used to ship coal, and coal-fired generation utilizing the state’s coal, as well
as the indirect and induced expenditures these activities create, results in the coal sector
accounting for 14% of gross state product, 9.3% of labor income and 5.3% of state employment
and over 23,000 jobs. In the coal-producing regions of the state, particularly counties in the
PRB, coal production and related activity alone accounts for over 7% of jobs, and the overall
coal economy accounts for one job in five.
Coal production also accounts for a significant portion of government revenues in Wyoming.
In 2012, direct taxation on coal production alone accounted for 11.2% of total government
revenues, or almost $1.3 billion in total revenues to the state, cities, counties, and towns. In
contrast, taxation on the activity coal stimulates added only $48.6 million to state revenues,
demonstrating how dependent revenues derived directly from coal production are to the state.
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Historic Coal Production in Wyoming: The Rail Era 1868-1958
Coal production in Wyoming has occurred since before statehood and even before the Wyoming
Territory was created. Foulke et al (2013) notes that historians have documented coal being
identified in what is now Wyoming as early as 1835. Jim Bridger used native coal to power a
forge in 1843 and coal deposits in the state were documented by the Fremont expedition, but it
was not until the coming of the transcontinental railroad in 1868 that coal was actually exploited
commercially, when the town of Carbon was founded. The Union Pacific railway needed fuel for
its locomotives and the treeless plains of Wyoming provided little timber to generate steam. To
provide the railroad a local source of fuel, railroad-owned land was leased to the Wyoming Coal
and Mining Company to allow the exploitation of resources near the town of Carbon (now a ghost
town) and further west in Rock Springs, with underground operations beginning in 1868. Demand
for Wyoming coal would be closely tied to the railroad for the next ninety years.

With the coming of the railroad, local Wyoming coal resources were exploited primarily for use
as steam locomotive fuel and also used to support local economic development, providing heat
and energy in the mines’ respective regions. Mining operations were underground, and occurred
throughout the state, including in the southeast near the towns of Carbon and later Hanna, in the
southwest beginning near Rock Springs in what was to become Sweetwater County, at Almy near
Evanston, and Diamondville in what would later become Uinta and southern Lincoln Counties.
Elsewhere in the state, coal mining began with the arrival of the Chicago, Burlington and Quincy
Railroad (CB&Q) in the Sheridan area, and at Cambria, near present-day Newcastle. The building
of rail lines by the Chicago and Northwestern Railroad and CB&Q into the central part of
Wyoming also helped develop mines near Hudson and Thermopolis. Most mines throughout the
13

state exploited local higher quality bituminous coal sources wherever possible, as lower quality
sub-bituminous coal closer to the surface was deemed less attractive by the railways and other
energy users. Coal mining helped regional development in each of the areas as mines opened,
however, the boom and bust cycle that has become familiar to the state was also perpetuated by
these activities as many of the settlements developed around these mines were company towns,
and their success or failure depended entirely on the state of the coal industry.
During the late nineteenth century and early twentieth century Wyoming’s coal production steadily
increased, following national trends. Wyoming’s share of total national coal output increased from
under 1.0% through the 1880s and peaked in 1901 at 1.7% as annual output in the state achieved
a 4.4 million ton total. For the first two decades of the 1900s Wyoming’s national share of total
coal output remained approximately 1.5% while the industry in the state grew, with annual
production peaking in 1920 at over 9.6 million tons. Due to a confluence of factors, including the
conversion of the Navy to petroleum-powered ships, the beginning of the diesel era in railroading,
and greater use of heating oil in homes, national coal production plateaued by the 1920s, and
declined in the 1930s due to the economic conditions of the Great Depression, before experiencing
a brief resurgence during World War II.
Employment in coal-mining was similarly affected, peaking at more than 8,000 in the early 1920s
before declining to levels nearer 4,000 until the end of WWII. During the Second World War,
Wyoming coal production briefly spiked, achieving a (then) record of over 9.8 million tons of
output in 1945, but after the war, coal production in the state declined again quickly, and in 1954
Wyoming’s share of national output fell below 1% and annual production fell below 3 million tons
for the first time since 1899. In that same year employment in Wyoming coal mining fell below
2,000 workers.
This decline closely tracked the conversion of national railroad operations to diesel power. In 1958
Wyoming coal production hit its twentieth century low, with annual output of 1.6 million tons
mined, lower than any year since 1889. By the end of the 1950s the Rail Era of Wyoming coal
production had ended.
The Transition Era: 1959-1969
Employment in the coal mining sector continued to decline, falling from 587 workers in 1958 to
an historical low of 327 workers in 1965. During this period of decline, mining in many of
Wyoming’s traditional regions ended; however, a new demand for coal in the state was to emerge
in the form of electricity generation.
In 1959, the first modern, large coal-fired generation plant opened in Wyoming; the 114 MW Dave
Johnston Generation Station near Glenrock. Originally supplied by coal from an adjacent minesite, coal production in Wyoming from this date onward became dependent on the growing demand
for electricity. Transportation demand had ended and the use for coal to provide heating in homes
and industry would suffer the same fate; however, the growing demand for electricity would more
than offset any losses. In 1961, the Dave Johnston plant’s generation capacity was doubled. By
the end of 1964 it had doubled again.
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In 1963 the 163 MW Naughton plant opened near Kemmerer, exploiting locally produced coal.
This plant was expanded by a further 218 MW in 1968. As electricity generation in the state
produced by coal expanded, so too did coal production, expanding from 2 million tons per year in
1960 to over 3.8 million in 1968. Employment in coal-mining also began to increase by the end
of the 1960s, and in 1969 stood at 448 jobs. As Wyoming’s coal resources began to be appreciated
for their potential to power the electricity sector, the second major era of Wyoming coal production
began, the Energy Era.
Wyoming Coal Production since 1970: The Energy Era
Wyoming coal production saw a resurgence in the late 1960s for several reasons. The most
important was the growth of coal-fired electricity generation within the state. Throughout the
1960s coal-fired generation in Wyoming was fueled by new mine-mouth operations. The growth
of Wyoming coal production since the 1970s reflects three additional underlying forces, and these
factors are responsible for Wyoming becoming the nation’s largest coal-producing. The first was
the closure of traditional underground coal mining operations and the growth of lower-cost surface
mining, a process that began decades earlier. This greatly reduced production costs and opened
economies of scale to Wyoming mining, allowing mines to grow to an entirely new scale in the
Powder River Basin. The second major change occurred in 1980 with the Staggers Rail Act, which
eliminated railroad freight rate regulation and greatly reduced transport costs between states. The
third major market force that stimulated production increases in Wyoming was the advent of more
stringent Federal regulation on sulfur dioxide (SO2) emissions. Together these three forces;
continually declining mining costs; falling transport rates; and increasing environmental
regulations stimulated demand and were responsible for the eventual extent of the Wyoming coal
industry today, especially in the PRB.
State demand for coal to fuel generation continued unabated in the 1970s. In 1971, Naughton Unit
3 was commissioned, adding 326 MW of generation capacity and greatly increasing local coal
demand. In 1972, Dave Johnston Unit 4 opened, adding 360 MW of additional generation. The
largest plant to be built in Wyoming, the Jim Bridger Station, opened in stages and by 1979 had
added an additional 2,300 MW of generation to the capacity in the state. Wyodak Station, opening
in 1978, and at 362 MW, was the first large plant to utilize PRB coal for fuel.
The same production cost characteristics that made Wyoming coal attractive within the state also
began to create interest outside the state during these years. This interest would eventually
dominate the demand for Wyoming coal and by the 1970s more coal would be produced in
Wyoming for export out of the state than for use within it. Sub-bituminous deposits close to the
surface in the PRB with seams 50 to 70 feet thick offered very low production costs and economies
of scale, allowing larger and larger surface mines to develop with lower and lower production
costs. A common joke in the PRB referred to the idea that all you needed to mine coal in the area
was a 3-iron golf club. In 1972, the Belle Ayr Mine opened near Gillette, the first surface mine not
associated with a local power plant, and Wyoming coal exports, shipped by rail from the PRB
began in earnest to power plants in Midwestern states.

15

The following year the Arab Oil Embargo resulted in the first energy crisis in the United States,
and led to a new focus on non-oil based fuel sources. Wyoming’s abundant and low cost PRB coal
provided a practical answer to this need. During the 1970s, Wyoming coal production increased
tenfold, from 7.2 million tons per in 1970 to 72 million tons, accounting for over 9% of national
coal output, by 1979. In that same year the nuclear accident at Three Mile Island in Pennsylvania
led to the end of expansion in the nuclear power industry and an even greater focus on inexpensive
Wyoming coal as the solution to generating electricity cheaply and dependably.
Inexpensive to mine, the potential extent of Wyoming PRB coal exports was initially challenged
because it’s lower energy (BTU value) and higher moisture content. These characteristics and the
distance of Wyoming mines from major markets offset some of the cost advantages attributed to
PRB coal and resulted in limited exports to other states. As the 1980s went on; however, continuing
productivity improvements and deregulation of railroad rates began to drive increases in demand
for Wyoming coal in more distant states, encouraging additional production growth. It would be
the Federal government; however, that would confer the final advantage needed for PRB coal use
to become widespread and allow the region to become the largest producer of coal in the United
States.
The Clean Air Act of 1970 initially led to the first restrictions of sulfur dioxide (SO2), a by-product
of coal combustion, on newly built generation facilities. Initial attempts to reduce SO2 emissions
around the country involved the deployment of taller smokestacks – meant to disperse sulfur
dioxide in lower concentrations over larger areas. In some locales, plants also sought to substitute
lower sulfur-content coals in their fuel mix to reduce emissions. PRB coal, despite its lower energy
content and higher moisture, also has a very low sulfur content. The new regulations and PRB
coal’s falling price due to continuing cost improvements resulted in additional demand.
Title IV of the Clean Air Act amendments of 1990 greatly expanded SO2 control in the United
States by regulating such emissions from most plants across the country, not just new ones or those
deemed to create local emissions problems. Creating a national cap and trade market in SO2, plants
in the United States would collectively have to reduce sulfur-based emissions, eventually to half
of the levels emitted in 1980. Compliance would require plants to install expensive emissions
control equipment, burn lower sulfur-content coal, or pay other plants to do both. The net result
was a significant increase in demand for the low-sulfur coal produced in the PRB.
As shown in Figures 1 and 1a, the combination of the opening of low-production cost, surfacemined coal deposits in the PRB; falling railroad shipping rates; the increase in coal generation
demand; and greater regulation regarding power plant sulfur emissions, led to a substantial
increase in the production of Wyoming-mined coal, and in Wyoming’s share of national coal
production.1 By the end of the 1980s, coal output in Wyoming had reached 172 million tons per
year, and supplied almost 18% of the nation’s total coal output. By the end of the 1990s this
production had effectively doubled, rising to 338 million tons and almost a 31% national
production share. The price effects alone driving this growth are described in Figure 2. Peak prices
1

Ellerman et al (2000) and Gerking and Hamilton (2008) results suggest that coal costs and other factors such as
deregulation had a greater effect on the expansion of coal production in the Powder River Basin than did
environmental regulation, but that all were important.

16

occurred in the 1970s during the oil-crisis years. Since then, factoring in inflation rates, real prices
of coal produced in the state dropped by over four times between 1980 and 1999, a direct reflection
of the productivity gains in the state. During that same period, production also more than tripled.
Production continued to increase into the second decade of the 2000s with Wyoming’s share of
coal production exceeding 40% nationally by 2012.

Figure 1: Historic Wyoming and National Coal
Production
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Source: United States Geological Survey (USGS) data.
The effect of the emergence of PRB coal production on Wyoming’s economy proved
transformational. It allowed the state to weather a severe bust in oil prices that began in the mid1980s by providing a major new economic sector in the state, expanded employment, high paying
jobs and a significant new source of state revenues. These benefits have continued to the present
day.
In the future, cost increases and carbon regulation could threaten Wyoming’s coal output, and
Wyoming’s coal economy. Presented later in this report are estimates of the potential effects such
changes could have on Wyoming’s coal industry and the potential impact plans like the EPA’s
recently announced Clean Power Plan could have on the state economy.
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Figure 1a: Wyoming Coal Production: 1970 - 2013
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Source: United States Geological Survey (USGS) data.

Performance of Wyoming’s Present-Day Coal Industry:
Wyoming coal production peaked at more than 466 million tons in 2008. This level of production
was more than 66 times the state’s coal production in 1970 (7 million tons). Between 1970 and
2008, Wyoming coal production increased at an average rate of more than 12% per year due to the
competitive advantages of PRB coal. In 2012, 97% of Wyoming’s coal production occurred in
the PRB in the northeastern corner of the state while 3% occurred in the Uinta Basin in the
southwest corner of the state.
Since 2008, however, Wyoming coal production has declined by 78 million tons (as of the end of
2012). This represents a 17% decline in production over the last five years. Much of this decrease
was due to a combination of relatively low natural gas prices, reduced electricity demand due to
the recession, problems with rail transportation, and concerns with increased government
regulations. Between 2008 and 2012 average rail freight rates paid for shipped coal also increased
in real (inflation adjusted) terms by over 30%.2 For 2014, the Energy Information Administration
estimates that January through July coal production for Wyoming decreased by 1.1 million tons
(-0.5%) from 2013 levels.

2

Data comes from the EIA Coal Transportation Rates to the Electric Power Sector (2014).
http://www.eia.gov/coal/transportationrates/
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Source: Wyoming Department of Revenue
Since 1999, Wyoming has experienced a steady increase in coal prices, peaking at $14.34 per ton
in 2012. This represents a doubling of coal prices in real terms in 13 years. Following the recent
peak in 2012, Wyoming coal prices have declined by 8% in real terms averaging $13.21 through
September of 2013.

Source: State Inspector of Mines of Wyoming and Wyoming Department of Revenue
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Multiplying the coal production data shown in Figure 1a and the coal price data shown in Figure
2 indicates the total value of production for Wyoming coal shown in Figure 3. After approximately
20 years of relatively constant value of production in real terms using 2012 dollars, ranging from
approximately $2 to $3 billion, from 2002 through 2011 the value of Wyoming coal production
nearly doubled, rising from $3.1 billion in 2002 to $5.9 billion in 2011. Since 2011, the total value
of production for Wyoming coal has fallen by $796.8 million (-13%) due to the combination of
declining production and price in recent years.
Impacts of coal production on the Wyoming Economy
Between 1970 and 1980 Wyoming coal employment increased from 621 jobs to more than 6,000
jobs, peaking at 5.3% of total employment in the state, as shown in Figure 4. Coal employment
then declined to between 4,000 and 5,000 jobs from 1986 through 2000, falling to 1.7% of total
state employment by the end of the 1990s despite the fact that Wyoming coal production during
this period increased by 256%. Since 2000, Wyoming coal employment has increased from less
than 4,500 jobs in 2000 to over 7,000 jobs in 2011, and now accounts for almost 2.5% of total state
employment. Much of this growth in employment was due to increased production as shown in
Figures 1 and 1a. Some of this growth, however, was also due to declining efficiency as tons of
coal produced per worker declined from 81,000 tons per job in 2004 to 60,000 tons per job in 2013,
requiring more labor to produce the same amount of coal.

Source: State Inspector of Mines of Wyoming
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This period of declining productivity also corresponds to the period when real prices of Wyoming
coal began to rise. Both observations suggest greater costs associated with increased overburden
experienced in mining PRB coal as operations reached deeper into the ground and began to exploit
lower quality deposits. Still, Wyoming coal mines remain very competitive. As noted by
Considine (2013), PRB coal mines averaged 40.0 tons of coal per employee per hour while other
producers in the U.S. averaged 4.4 tons per employee per hour. After peaking in 2010, coal
employment declined by 488 jobs (-7%) as production fell. Even with this decrease, the Bureau
of Labor Statistics estimates that total wages and salaries for Wyoming coal mining employment
in 2013 were $550 million (excluding benefits). This represents average annual earnings per job
for coal mining of $82,654 which is nearly twice the state average ($44,977).
State and Local Government Revenue Impact

Total Revenue 2012:
$1,263,851,007

Source: Wyoming Department of Revenue
Coal production is an important source of government revenue for Wyoming and in 2012 it is
estimated that coal production generated nearly $1.3 billion in revenue for state and local
governments. The largest sources of revenue were Severance Taxes (23.5%), Federal Mineral
Royalties (23.0%), and Ad Valorem Taxes on Production (20.3%). Combined, these three revenue
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sources represented two-thirds of total state and local tax revenue from coal. Following these three
revenue sources, Abandoned Mine Lands (AML) distributions and Coal Lease Bonus Payments
each accounted for more than 11 % of total coal revenue. The remainder of the $1.3 billion
represented State Rents & Royalties from coal production on state lands (5.0%), Sales & Use Taxes
associated with coal production (2.5%), and Ad Valorem Taxes on Property associated with coal
mine facilities (2.3%). Overall, the $1.26 billion in revenues collected from coal production
represented 11.2% of the state’s total revenues collected in 2012.

Source: Various State Agency Reports
Figure 6 summarizes the distribution of Wyoming State & Local Government revenue from coal
for 2012. More than one-half of the total revenue went to fund various aspects of state government.
Coal revenues to state government flow to numerous accounts and agencies including: General
Fund, Budget Reserve Account, Permanent Mineral Trust Fund, Water Development, Highway
Fund, LUST, Legislative Royalty Impact Assistance Account, DEQ, State Engineer, and
Wyoming Wildlife and Natural Resource Trust Fund. The largest sources of coal revenue for state
government in 2012 were Severance Taxes, Federal Mineral Royalties, and Abandoned Mine
Lands Distributions.
A significant share of coal revenues is also used to support education in the State. Education
received about one-third of coal revenues with the remaining 9% going to local government. Coal
revenues were used to fund all aspects of education in Wyoming including K-12, Community
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Colleges, and the University of Wyoming, supporting both operations and capital construction.
The largest sources of coal revenue for education were Ad Valorem Taxes on Production, Coal
Lease Bonus Payments, and Federal Mineral Royalties.
The remainder of coal revenues supports all aspects of local government in Wyoming. Cities,
towns, county governments and special districts all received funds from coal revenues for both
operations and capital construction. The largest sources of coal revenue for local governments
were Ad Valorem Taxes on Production and Sales and Use Tax revenues.
Trends in State and Local Government Revenue
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Figure 7: Wyoming Government revenues from Coal
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The trend in Wyoming State and local government revenue from coal followed total coal revenues
shown in Figure 3, trending upward from 2003 to 2009, increasing from $534 million in 2003 to
nearly $1.2 billion in 2009.3 Since then coal revenue has fluctuated between $1.0 billion and $1.2
billion; exceeding $1.2 billion in 2012. Much of this variability is due to fluctuations in
Abandoned Mine Lands Distributions and Coal Lease Bonus Revenues. Beginning in 2008, the
AML funds to Wyoming included “Prior Balance Replacement Funds”. These were past revenues
collected under the AML program that were supposed to be returned to the states but were not. In
2006 an agreement was reached in Congress to return these payments to the states in seven
installments between 2008 and 2014. As a result Wyoming’s AML payments increased from by
3

Most Wyoming government revenues are based on the previous year production level thus revenue trends lag
production revenue trends by approximately one year.
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$82.5 million per year from 2008 through 2012. However, in 2012 Congress capped AML
payments per state at $15 million per year which reduced the 2013 AML payment for Wyoming
to $14.2 million after sequestration.
Federal coal lease bonuses have also fluctuated over time ranging from a low of $47 million in
2004, 2010, and 2011 to a high of $237 million in 2013. The large increase in 2013 coal revenues
was the result of annual coal lease bonus payments from contracts for 1.3 billion tons of mineable
coal sold by the BLM in 2012, in addition to coal lease bonus payments from previous contract
sales. Coal lease bonus payments last for five years after the sale of the lease thus high lease
payments are expected through 2017. A lack of sales in 2013 and 2014; however, coupled with a
low inventory in Federal lands available for lease in the future suggests that these funds will decline
for the rest of the decade, especially if current weak conditions in coal markets persist. Detailed
production and state revenue data used in Figures 1a through Figure 7 is found in Appendix 2.
Estimating the Importance of Coal production on Wyoming’s Economy
Despite the fact that the coal industry is critical to Wyoming, few studies have been attempted to
quantify the impact on the statewide economy of the industry, and those that have are significantly
out of date. Given the lack of current knowledge regarding the quantitative importance of the coal
industry to the modern Wyoming economy, this study addresses this information gap by estimating
the importance of the coal sector to Wyoming’s economy today. This is accomplished by first
reviewing the few previous studies available, then presenting estimates that quantify the current
relationships between the coal industry and wider economic outcomes in Wyoming.
The earliest analysis of this set of economic relationships was conducted by Borden, Fletcher, and
Taylor (1994), who estimated the economic impact of coal mining on the economy of Wyoming
in 1991 using an economic impact model created at the University of Wyoming. The analysis
collected primary data from mines across the state building a 12 sector input-output model. Based
upon 1991 production of 194 million tons of coal, the authors estimated that coal mining generated
almost $462 million in personal income directly and indirectly. The industry also generated
approximately 18,600 jobs. These contributions represented approximately 5% and 7% of personal
income and employment respectively. The authors also estimated that coal mining produced over
$262 million in taxes and federal mineral royalties to the state. In this analysis tax revenues were
only those direct revenues accrued to the State of Wyoming and did not include tax revenues
generated from indirect impacts from coal mining thus actual tax revenues generated from coal
mining were higher than those listed in the report.
Two more recent studies of the regional social and economic effects of coal mining in the Powder
River Basin have been undertaken for the Bureau of Land Management (BLM) in support of coal
lease and other BLM management activities on federal lands. These reports assess the economic
and social effects of coal mining in the PRB region alone, however, and do not estimate the impact
of the industry statewide. The first, conducted in 2005 by ENSR Corporation and
Sammons/Dutton LLC (2005), catalogued an inventory of effects and trends in the counties located
in the PRB during the expansion of coal mining activities since the 1970s. The 2005 report was
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updated in 2013 by AECOM (2013), who conducted a technical study assessing existing
conditions and projected future cumulative impacts associated with energy-related reasonably
foreseeable development (RFD) in the Wyoming PRB and, for specific resources, the Montana
PRB.
The AECOM analysis was based on two RFD scenarios. From a production level of 428 million
tons per year (mmty) in 2010 within the Wyoming portion of the PRB, output was projected to
increase to 473 mmty by 2030 under the lower production scenario, and to 630 mmty under the
higher production scenario. The authors used an updated REMI™ model for their analysis,
calibrated to be representative of two economic regions: the first consisting of Campbell County
alone, and the second composed of the Wyoming counties that border Campbell County and that
are economically linked to it (Converse, Crook, Johnson, Sheridan, and Weston). Outcome
estimates suggested that under the low production scenario increased coal production would create
over 3,500 jobs in Campbell County alone and over 10,000 in total in the region between 2010 and
2030, while under the high production outcome estimates rose to over 5,700 and 12,700 jobs
respectively. Estimated employment impacts included direct mining; indirect mining service and
support; and induced jobs due to the
increased economic activity in the
Wyoming Coal Economy Quick Facts
area. Other studies of the coal
industry and related impacts not
The Value of the Wyoming Coal Economy to the State in
directly relevant to this report are
2012:
found
in
Appendix
A2
accompanying this report.
Coal Economy Coal Mining only
Current Impact Estimates of the
Coal Economy on Wyoming

Share of Gross State Product:

14.0%

11.3%

Share of Total Labor income:

9.3%

4.7%

Identifying the importance of coal
Share of Total Employment:
5.9%
1.8%
on the Wyoming economy,
including revenue at the state level,
Revenue directly from coal mining, not including other
activities: $1.3 billion, or 11.2% of all government revenues
and regional impacts is a difficult
collected in the state for fiscal year 2012.
task. The following describes new
estimates computed for this report
that define the impact of the coal sector, and the wider “coal economy”, which includes the impact
of the coal-fired electricity generation sector, the railroad sector involved in coal-hauling as well
as coal mining for our reference year (2012). Impacts are described for the state as a whole and
then with respect to its two coal producing regions encompassing the PRB in the northeast, and
the western Wyoming coal-basins in the southwest.
Impact modeling used a modified version of IMPLANTM, a commercially available regional
modeling software, specifically customized by the authors using state-specific data to more
accurately reflect conditions in Wyoming.4 We first define the economic impact of coal
4

IMPLAN is an input-output economic model that uses data to determine the relationships between sectors, both
the economic activity in sectors indirectly related to the sector in question, and the associated activity induced in
sectors not directly related to the activity in that sector. Indirect activities support production in a sector, for example
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production, that is, the direct activity of mining, and also associated indirect activity created by
mining firm expenditures in the state, as well as the induced economic activity caused by the
household expenditures in the state related directly and indirectly to the mining activity. We then
define the impact to the state of the “coal economy” – the total direct, indirect and induced effects
from mining, railroad and coal-fired generation activity.

Figure 8: Coal Economy Addition to Gross State Product (2012)
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Our estimates of the impact the coal economy has to the wider state economy are presented in
Figures 8 and 9 for output and employment. They are also summarized in more detailed impact
tables in the Appendix. Overall, Wyoming’s gross state product, that is, the total value of
production or economic activity produced in Wyoming, was $41.8 billion in 2012. Of this, the
direct contribution of coal mining to state product was $4.0 billion in 2012, or 9.6% of the state’s
entire value of production. Including all computed indirect and induced production created by coalmining activity only increases the impact of coal mining to 11.3% or $4.7 billion of the state’s
gross state product.
Computation of the total impact of the coal economy on gross state product requires adding to the
impact of coal mined and shipped to locations outside the state, the impacts of coal related railroad
and generation sectors. Including the value added in Wyoming of railroad activity and it’s induced
and induced activity increases, the share of total state product rises to 12.5% ($5.2 billion).
Including the impact created by coal-fired generation, the total share of gross state product due to
the coal economy rises to 14%, or $5.9 billion. These contributions are shown in the Figure 8.
supply and maintenance activities related to a production sector and are related to firm expenditures. Induced
economic activity is not directly related to production and instead describes household expenditures its payroll may
induce, for example the food consumption by firm employees in a sector at nearby restaurants or their grocery
purchases. This activity is purchased and produced within the state with the revenue from the production sector
considered.
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Figure 9: Coal-related Employment (2012)
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With respect to employment, the effects of the coal economy are smaller on the state than output,
in part because of the very high productivity in coal mining and associated activities, but still very
significant. Of the 393,348 jobs in Wyoming in 2012, there were 6,902 direct jobs (1.8%) created
from coal mining operations.5 Mining created an additional 9,138 indirect and induced jobs.
Overall, the total impact of coal mining in the state was to create 16,040 jobs or 4.1% of total state
employment. Including the associated rail and electricity generation sectors related to coal, the
total direct, indirect and induced jobs estimated to be created by the total coal economy rises to
23,145 jobs or 5.9% of total state employment. The contributions to employment in Wyoming for
the coal mining, railroad and generation sectors are shown in Figure 9.
The coal economy not only adds significantly to the state’s total employment, it also creates highpaying jobs. The estimated total share of labor income in the state created just by coal mining was
7.0% or $1.4 billion. Including labor incomes from rail transport, electricity generation and the
indirect and induced employment these sectors are estimated to create, the share of total state labor
income associated with coal activity in the state rises to 9.5%. The average income in coal mining,
railroading, or generation paid over $100,000 including benefits, and was $80,617 across all jobs
5

Note that employment in this type of modeling refers to the total number of jobs created in a sector or an economy
over a year, regardless of their length. It also includes farm jobs that may not be included in more traditional census
estimates of employment. Census estimates of employment (for example, 290,857 for Wyoming in December 2012)
are computed on the basis of how many people are working at a point in time, not the number of jobs in total created
in an economy over a year. The methodology used here results in higher numbers than those used in the census as
it includes farm jobs, allows for people to hold multiple jobs simultaneously and allows jobs to last less than a year.
For example, if four jobs lasting less than a year were created and one person worked all of them throughout the
year, a census estimate would compute this as one person employed, whereas the methodology here would consider
that four jobs created.
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created in the wider coal economy. The average wage per job in the State in 2012 was $45,243
(BEA 2014). The relative average incomes (including benefits) created by coal mining, railroading
and generation are shown in Figure 10.

Figure 10: Coal Economy Average 2012 Earnings Per Job
(including benefits)
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Overall, the impact of the coal economy on the state in 2012, the total impacts from coal mining,
industries closely associated with coal mining (rail transport a coal-fired electricity generation)
and the indirect and induced production caused by these activities accounted for a significant
portion of the state’s total economic activity. The coal economy generated approximately one
seventh of total output, almost one tenth of total labor income in the state, and one seventeenth of
total Wyoming employment.
Regionally, the coal economy is even more important to local economies. In the PRB, including
Campbell, Sheridan, Johnson, Converse, Weston, Crook, Niobrara and Platte counties, coal mining
alone produced 388. million tons of coal, accounted for 5,989 jobs (7.1% of regional employment),
generated $4.3 billion in gross state product and was responsible for generating $820 million in
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The Importance of the Coal in Wyoming’s Producing Regions

Coal Production

Powder River Basin Region

Uinta Basin Region

388.4 million tons

13.1 Million tons

Coal Mining Only

Coal Economy

Coal Mining Only

Coal Economy

Contribution to
Gross State
Product*

$4.3 billion

$5.1 billion

$256 million

$506 million

Employment*

12,340

17,252

1,617

2,739

$155 million

$242 million

Total State Labor
$1.1 billion
$1.5 billion
Income*
* Includes direct, indirect and induced effects



Powder River Basin Region includes Campbell, Sheridan, Johnson, Weston, Niobrara, Crooke,
Converse and Platte Counties.
Uinta Basin Region includes Uinta, Carbon, Sweetwater and Lincoln Counties.

labor income. Collectively, the wider coal economy including direct, indirect and induced activity
in the PRB region contributed $5.1 billion to Wyoming’s gross state product, created $1.5 billion
in labor income and resulted in 17,252 jobs or more than one job in five in the region in 2012.
In southwest Wyoming where coal mining occurs in the Uinta Basin in Sweetwater, Uinta, Carbon
and Lincoln counties, while the coal economy is much smaller than that in the PRB, it is still
significant. For the 13.1 million tons of coal mined in the region, the coal mining sector alone
contributed $256 million to gross state product, created $124 million in labor income and was
responsible for 909 jobs (1.4% of the region’s total jobs in 2012). The coal economy in the area is
responsible for $506 million in value added, $243 million in labor income and creates 2,739 jobs,
or 4.3% of the total jobs in the region. The regional impacts are summarized in the table above and
described in greater detail in the Appendix.
Impact of the Wider Coal Economy on State Revenues
Consideration of the wider coal economy also affects the estimated state revenues caused by the
coal sector in the state; however, the impact is not nearly as large as the overall economic impact
consideration of generation and railroad hauling in addition to coal mining causes. As shown
above, consideration of the wider coal economy statewide increased the value of coal activity from
11.3% of gross state product to 14% of gross state product, an increase of 19% beyond that of coal
production alone.
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While direct coal production alone generates almost $1.3 billion in state revenues across eight
revenue categories as shown previously in Figure 5, the wider coal economy adds relatively little
to the state’s revenues in comparison. Of the eight categories direct coal production activity
contributes to in Figure 5, wider economic activity in the state contributes to just two: sales and
use taxes and Ad Valorem Property taxes, which contribute relatively more to local government
revenues and relatively less to overall state revenues.
Using the impact model results developed here, and a state revenue model developed to estimate
impact effects on total state revenues for this study, the estimated additional revenue created by
the wider coal economy above and beyond that derived from only direct coal production is $48.6
million. This implies that including the wider coal economy increases state revenues only 3.8%
beyond that due to coal production effects alone.
To those unfamiliar with Wyoming’s tax system, this may seem surprising. The wider coal
economy, while increasing the total economic value of the coal sector of Wyoming by over 19%,
increases total tax revenues by much less. Wyoming’s tax system is very dependent on energy
extraction for the majority of its revenues. Those revenues derived from other economic activity
are comparatively small. With respect to state revenues, the most important impacts occur when
energy production revenues change. If, for example, a general decline in the state’s economic
activity were to occur due to a decline in coal production, the Wyoming tax system makes it
possible that tax revenues could still increase. This is because state tax revenues derived from
energy activity are determined by the total value of energy production, not the wider economic
activity such production creates.
This effect, which we term “tax revenue elasticity” could occur if for example, an increase in price
caused a proportional decrease in coal output that was less than the price change. This would result
in an increase in total production revenues from coal despite the reduced economic activity in the
coal sector. If demand for Wyoming coal exhibits this inelasticity of demand, coal production
revenues will increase for price increases even if coal production falls due to the higher prices. By
extension, since coal tax revenues are derived from taxable coal production revenues, state
revenues will increase also despite the fact that economic activity in the state could decline. This
fact will be important for future results presented in this report and can create a situation in which
what is in the interest of the state from a revenue perspective is actually not in the wider general
economy’s interest.

30

2. UNDERSTANDING THE WYOMING COAL MARKET
CHAPTER SUMMARY

Wyoming coal producers face significant challenges today. These include eroded costcompetitiveness in domestic markets as natural gas prices remain low and weak electricity
demand has existed since the recession of 2008-09. Increases in production costs have also
occurred as mined PRB deposits become deeper, requiring greater over-burden to be removed.
More recently, rail congestion issues caused by increased oil shipments from the Bakken
Formation in North Dakota has undermined the ability of Wyoming coal to get to market,
reducing coal production and delivery.
The competitive advantage Wyoming coal has enjoyed in the past with respect to sulfur control
is also being eroded by new regulations. These new control standards threaten to undermine
PRB coal’s historic low-sulfur benefits. Further, potential new carbon standards have led to
uncertainty in the generation industry with respect to the construction of new coal-fired power
plants, and have potentially accelerated the retirement of existing facilities. Additionally,
greater renewable generation capacity has also undermined the demand for Wyoming coal,
driven by state-imposed renewable portfolio standards; by carbon emissions targets favoring
renewables; and by renewables’ improving cost competitiveness.
International exports present a potential means for Wyoming to expand its markets, however,
the building of new port access necessary to take advantage of these potential opportunities is
uncertain due to environmental and local concerns, concerns regarding potential carbon
emission regulations being implemented in overseas markets; and the poor financial condition
of the domestic coal industry today. Should export growth occur; however, the impact on the
state would be significant. For a 100 million ton per year increase in coal exports from
Wyoming (the approximate amount of new port capacity being considered in Washington and
Canada), analysis performed for this report indicate that almost 5,000 new jobs would be
created statewide, and gross state product would increase by $1.3 billion, or 2.9%. Within the
PRB region alone, employment would be estimated to increase by over 4,000 jobs and add over
$345 million to regional labor incomes.
Given these challenges, future projections of Wyoming coal production vary by forecaster, but
they appear to converge on common themes. Most optimistic projections suggest coal
production will remain flat with only a minority of forecasters suggesting significant market
production increases in the coming two decades. Downside risks suggest that in extreme
circumstances, coal production could decline by as much as 50 percent or more. In addition to
potential new regulations and limited access to foreign markets, domestic coal market outcomes
will be determined by the extent to which coal production and electricity generation can remain
cost-competitive, and this will depend on future natural gas prices; electricity demand growth;
and on production costs of Wyoming coal remaining low. How the industry rises to these
challenges and how the potential for new technology like carbon capture improvements might
affect the future, remains unknown.
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Introduction
Wyoming coal producers currently face some rather formidable domestic and international
challenges. How coal companies weather these challenges will in large measure determine the
course of future Wyoming production and the impacts on local economies.
The first challenge involves competing with abundant and relatively inexpensive supplies of
natural gas from many shale gas plays in North America. From fears of growing shortages and
rising imports in 2007, the United States is now the world’s largest producer of natural gas and
will likely begin exporting liquefied natural gas in the years ahead. Moreover, many large firms
have announced plans to invest billions of dollars in new industrial capacity to use this natural gas
to produce petrochemicals and even liquid petroleum fuels. How shale gas producers respond to
these rising industrial uses for natural gas will largely determine the future course of natural gas
prices and, in turn, coal production and prices.
Another significant challenge in the decades ahead involves the development of new technologies
to further reduce emissions from coal-fired power generation. While coal-fired electric power
generators have dramatically reduced their emissions of criteria air pollutants, such as (SO2) and
nitrous oxides (NOX) over the past 20 years, even more stringent emissions standards are being
implemented over the next few years for these pollutants. New standards have been implemented
for emissions containing toxic materials such as mercury and other acid gases, and there are
standards proposed to limit emissions of carbon dioxide (CO2) from fossil-fuel based electric
power generators. As a result, a large number of coal-fired power plants will be retired in the years
ahead, perhaps at an accelerated pace depending upon the final scope and stringency of these
policies.
Adding to the pressure regulations have created is new competition in the coal market. Highly
efficient longwall mining has dramatically cut production costs in the Illinois Basin. In addition,
new Mercury and Air Toxics Standards (MATS) have required significant improvements in
emission reduction equipment to be installed at many plants and these new installations have
undermined the need to burn PRB coal to take advantage of its low-sulfur content. Competitors
such as Illinois Basin coals have higher heat and lower moisture contents relative to PRB coal and
the combination of lower production costs; better fuel characteristics; reduced shipping costs; and
the reduced need for low-sulfur fuels has allowed these challengers to gain advantages in some
Midwestern, Mid-Atlantic and Southeastern markets.
These difficulties in domestic markets have motivated U.S. coal companies to seek markets
abroad. While total U.S. exports rose from 2009 through 2012, they remain a small share of world
coal export trade and, in fact, have declined over the past year. Moreover, exports of coal from
Wyoming to foreign markets are down more than 50% from 2007.6 Current installed export
capacity in the U.S. and Canada is estimated at 125 million tons per year and the bulk of such
6

Declining exports to Canadian markets have also undermined Wyoming coal exports in the past five years. For
example, the closure of the largest coal-fired generating station in North America, the 3,964MW Nanticoke Station
in southern Ontario has reduced Wyoming PRB exports by as much as 8 million tons per year.
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capacity is currently contracted and being utilized. In order for substantial increases in coal exports
to occur, new capacity must be built by expanding existing facilities or new greenfield sites. Efforts
to expand port capacity on the West Coast have been hampered by environmental opposition and
concerns regarding rail congestion. There are a number of potential sites for new export capacity
along the west coast of North America and the Gulf Coast region. In order for such capacity to be
built, political and environmental hurdles will have to be overcome and there is a question as to
the economic viability of exports given the competition for market demand.
The objective of this section is to assess the factors affecting these domestic and international
markets for coal and to evaluate how these forces would affect future Wyoming coal shipments.
The discussion will begin with a high level analysis of the factors affecting electricity demand, the
nature of competition between primary sources of energy in electric power generation, and recent
trends in coal export markets. The section ends with an analysis of forecasts of coal shipments and
prices produced by the U.S. Energy Information Administration and private consulting companies.
Electricity Demand
Wyoming coal is used to produce electricity across the United States; hence, the demand for
electricity is a key factor determining Wyoming coal shipments. While competition from natural
gas and environmental regulations are contributing to lower Wyoming coal shipments, lower
electricity consumption is also partially responsible. Indeed, as the analysis below illustrates,
electricity consumption in recent years seems to have hit an inflection point with prospects of
either stagnant or very slow future growth in electricity use much more likely than would have
been thought even a few years ago.
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Figure 1: U.S. Electricity Consumption, 1949-2013
33

Total

A time series plot of electricity consumption is presented in Figure 1. Total final consumption of
electricity has declined over 72 billion kilowatt hours (kWh) from 2007 to 2013. Residential use
declined by 1.1 billion Kwh while commercial use increased 1.2 billion kWh. Industrial
consumption declined 73.1 billion Kwh over this period. Indeed, as Figure 1 illustrates, industrial
electricity use has been declining since the late 1990s. The closure of many large industrial plants
during the early years of this century contributed to this decline, along with significant
improvements in energy efficiency. Higher electricity prices and lower economic growth,
however, are also at work.
While rising electricity prices from the late 1990s through 2008 may have contributed to the
lackluster electricity demand growth, real electricity prices in most areas of the U.S. have actually
been declining over most of the period (see Figure 2).
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Figure 2: Real Electricity Prices, 1960-2013
Another contributing factor to falling electricity use is slower economic growth. The correlation
coefficient between the percentage changes in real gross domestic product and electricity
consumption is 0.68, indicating a rather strong relationship so slower economic growth translates
to lower electricity demand growth, as shown in Figure 3. Additionally, electricity growth that at
one time outpaced economic growth, now lags it.
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Figure 3: Changes in Economic Growth and Electricity Use, 1950-2013
Another factor contributing to slower electricity demand growth is technological change that
results in greater energy efficiency, which was identified above as a factor affecting the industrial
use of electricity. One summary measure of these improvements is the electricity intensity of use,
defined as the quantity of electricity used to produce a dollar of real gross domestic product. The
electricity intensity of use was increasing from 1949 until the early 1970s and has been declining
ever since, with an acceleration of the decline since 2008 (see Figure 4).
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Overall, the demand for electricity has been declining in recent years primarily due to slower
economic growth and improvements in energy efficiency. Even if all other factors affecting coal
demand were held constant, such as the price of natural gas and environmental regulations,
Wyoming coal shipments would still be lower due to the reduced consumption of electricity.
The Demand for Coal in Electric Power Generation
The electric power sector has gone through transitions during which major changes in the sources
of generation have occurred. It appears that another shift may be underway. Trends in the net
generation of electricity by source from all sectors, including privately held utilities, public
utilities, and independent power producers are displayed in Figure 5. During the 1970s, petroleum
was the second largest source of electric power generation in the U.S. only to be eclipsed by
nuclear and hydroelectric power from the 1970s into the 1980s. After declining throughout much
of the 1970s due to federal law prohibiting the construction of new gas-fired power plants, natural
gas use recovered sharply during the early 1990s after this legislation was repealed. Natural gas is
now the second leading source of electric power in the United States. Coal has been and remains
the largest source of primary energy for electric power generation since 1949.
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Figure 5: Net Electricity Generation by Source for All Sectors, 1949-2013
Electric power output from coal, however, peaked in 2007 at slightly over 2,000 million megawatt
hours (MWh). From 2007 to 2013 though, net electricity generation from coal is down 430 million
MWh. Over the same period, net electricity generation from natural gas increased 216 million
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MWh, slightly more than half of the decline in coal generation, while wind and solar net generation
increased by 148 million megawatt hours (Figure 6).

Figure 6: Changes Net Electricity Generation, 2013-2007
Much of this switch from coal to natural gas seems to be associated with falling prices for natural
gas relative to coal. In Figure 7, the shares of coal and natural gas in total net generation of
electricity are displayed alongside the ratio of natural gas to coal prices from January 2007 through
May 2014.
Natural gas prices were more than five times higher than the coal prices on a heat equivalent basis
during 2008 but reached near parity with coal prices during the spring of 2012. As a result, the
coal and natural gas shares of total net generation almost converged in April 2012 with coal at
33%, down from 50% during late 2007, and natural gas use at 32% from less than 20% early in
the sample period. The simple correlation coefficients between the natural gas to coal cost ratio
and the coal and natural gas generation shares are 0.79 and -0.67 respectively. Even though natural
gas prices spiked during early 2014, they have since declined and, as a result, so has the coal
generation share (see Figure 6).
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Figure 7: Changes Net Electricity Generation, 2013-2007
Since the nadir of natural gas prices during early 2012, coal has won back market share but remains
substantially below levels of 2007-2008. Despite a doubling of relative natural gas costs since
April 2012, coal’s generation share has rebounded to 39%, but remains substantially below the
peak of 48% average market share during 2007 and 2008. This suggests that the coal share of total
net electricity generation may not return to previous levels.
Domestic Coal Markets
The above trends in electricity demand and generation have had major impacts on U.S. coal
markets, leading to reduced coal consumption and production. Roughly 92% of total U.S. coal
consumption is used to produce electricity. Industrial consumption for combined heat and power
and other uses constitutes about 5%. Metallurgical coal used to produce coke for steel production
constitutes another 2% of total consumption. The remaining fraction occurs in the residential and
commercial sector.
From 2008 to 2013, consumption of coal for power generation declined 17.5%; coke coal use fell
2.7%; industrial coal use dropped 20.3%; and residential and commercial coal use dropped 44.4%.
Overall, coal consumption in the U.S. fell 82.3 million short tons from 1.13 billion ton in 2008 to
925.1 tons in 2013 (see Figure 8). Domestic coal consumption has not declined for such a
sustained period since the 1950s.
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Figure 8: U.S. Coal Consumption, 2013-2007
U.S. coal production has dropped in line with consumption, although the magnitude of production
cuts have been tempered by rising net exports of coal, which are discussed below. Coal production
peaked at 1.172 billion tons in 2008 and averaged 984 million tons during 2013 (see Figure 9).
Even though coal consumption increased 4% during 2013, production declined 3.2% because coal
users were drawing down coal inventories. Production appears to have stabilized during 2014
showing no change from the first six months of 2014 compared with the same period in 2013.

Figure 9: U.S. Coal Production, 1950-2014
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Prior to 2011, Wyoming coal production generally fared better than production from the rest of
the U.S. During 2011, however, Wyoming coal production declined 0.9% while production in the
rest of the U.S. increased 2.4%. Moreover, during 2012 Wyoming coal production sank 8.5% while
production outside the state declined 6.4%. The fact that Wyoming coal is declining faster than
coal production outside the state suggests the competitive challenge Wyoming coal faces by
shipping relatively lower heat content coal and competing with the oil and gas industry for limited
railroad capacity.
Over the past two years rail congestion has been a significant problem as coal capacity in the midwest has competed with oil-traffic from Bakken originating oil in and near North Dakota, seasonal
grain traffic, greater goods shipments as the US economic recovery after the recession of 2008-09
has quickened, and weather related delays, especially in the winter of 2013-14. Traffic congestion
in 2013-14 was reported as the worst since 2002 (WSJ, Nov 14, 2014), affecting not only coal
shipments but also threatening agricultural profits as elevator prices plummeted due to congestion.
Figure 11 shows, that in 2014, though traffic volume has increased in other commodities, coal
shipments have remained flat. While this is in part due to a flat demand for coal, it is also apparently
due to congestion problems on some railways.
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Figure 11: US Rail Traffic Increases in 2014
More recently, problems with the ability to ship coal by rail to Midwestern markets have resulted
in operating issues at some U.S. utilities. In September 2014, Minnesota Power temporarily shut
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down two coal-fired power plants to conserve coal supply at other plants as inventories dwindled.
They also reported that shortages of power due to these delivery difficulties had cost the company
$24 million since December 2013 (WSJ, November 23, 2014). Other utilities have indicated that
low coal inventories could result in operating problems in the coming winter, especially if the
weather is especially harsh. Problems have appeared to be greatest on the Burlington Northern
Santa Fe Railway (BNSF). Xcel Energy has noted that plants served by that railroad have less than
30 days of coal inventory on hand while those served by the Union Pacific Railroad have adequate
supplies. Peabody Energy, the largest operator of coal mines in the Powder River Basin blamed
rail capacity for a decline in shipments of 2% in the third quarter of 2014 (WSJ, November 23,
2014). Problems on the railroads with respect to coal shipments have become so difficult,
especially on the BNSF, that coal companies, power plant operators, and other shippers requested
the Surface Transportation Board impose orders on the railroad to improve service in October
2014.

Figure 10: Changes in Wyoming and U.S. Coal Production, 2012-2012
Competitiveness of Wyoming Coal
Despite challenges with respect to the electricity generation industry and more recently transport
problems, Wyoming enjoys several comparative advantages in coal production arising from
economies of scale in production and transportation. The very thick coal seams of the PRB
coalfield that produces virtually all of Wyoming’s coal, combined with the application of advanced
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mining technology, results in very large scale mines that enjoy significant economies of scale in
which unit production costs fall with higher output.
Another important factor is economies of scale in the transportation of coal. Roughly half of the
delivered cost of coal to electricity producers is transportation. Historically, deregulation of
railroads and investments in rail cars and tracks played a key role in reducing transportation costs
for delivering PRB coal. Another important factor contributing to higher coal output in Wyoming
involves environmental regulations. The Clean Air Act Amendments of 1990 mandated significant
reductions in emissions of SO2 from energy consuming facilities, such as electric power plants.
Considine and Larson (2006) show how electricity providers achieved these emission control
standards by substituting low-sulfur PRB coal for higher sulfur fuels, such as eastern coal and
residual fuel oil.
The economies of scale in Wyoming coal production result in significantly higher labor
productivity compared with other producing regions. Figure 12 plots the labor productivity of coal
producers in Wyoming, in the PRB, and outside the region. Labor productivity among PRB
producers is on average nine times greater than other U.S. coal producers. PRB mines averaged 40
tons of coal mined per employee per hour while other producers averaged 4.4 tons per hour.

Figure 12: Labor Productivity of Various Coal Producers, 1985-2011
The average annual growth in labor productivity in Wyoming between 1985 and 2007 was 3.9%
per annum, while the same measure in other regions was 1.9% per year. Although both productivity
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growth rates are impressive, the higher growth rate in Wyoming may reflect differences in labor
incentive structures, workplace rules, and technology adoption.
Another key factor contributing to PRB coal competitiveness is an efficient rail transportation
network. In 1980, the U.S. Congress passed the Staggers Rail Act that deregulated the railroad
industry. Prior to passage, rail rates were linked to tariffs regulated by the Interstate Commerce
Commission. After passage, railroads could charge their own tariffs and began to compete for
business by setting competitive rates. After the early to mid-1980s, average rates for coal
transportation declined steadily. In Figure 13 regional coal transportation rates are reported from
1979 to 2010 for coal shipped from Appalachia, Illinois, and the PRB. Coal transportation rates
for PRB coal declined 45% from 1979 to 2010 while rates increased 30% and 54% respectively
for coal shipped from Appalachia and Illinois (see Figure 13). Recent increases in PRB freight
rates; however, have undermined PRB cost-competitiveness.
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Figure 13: Coal Transportation Rail Rates by Region, 1979-2012
Higher productivity and lower transportation costs contributed to a trend of declining real prices
for coal in the U.S. from the late 1970s through the first few years of this century, see Considine
(2013). Prices for bituminous and sub-bituminous coal are plotted in Figure 14 from 1979 to 2011.
Wyoming coal is primarily sub-bituminous coal so prices for this grade reflects trends in PRB coal
prices. The first notable feature of this time series plot is the wide differential between prices for
bituminous and sub-bituminous coal. These price differentials are consistent with a competitive
market in which prices reflect productivity and cost differences between regions. Early in the
sample, sub-bituminous coal prices were about 40% of prices for bituminous grades. Towards the
end of the period, prices for sub-bituminous grades were only 27% of bituminous prices. This price
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discount for PRB coal also reflects to some extent, the lower heat value of this coal. These trends
are also consistent with the productivity trends discussed above in which the PRB region became
relatively more productive over time.

Figure 14: Real Prices for Coal by Grade, 1979-2011
These differences in prices between coal grades affected the relative composition of shipments
over time. As Figure 15 illustrates, bituminous coal shipments were substantially higher than subbituminous coal shipments until 2001. By 2006, sub-bituminous shipments were just 4 tons less
than bituminous coal deliveries and by 2010 they exceeded bituminous shipments. These
adjustments in part reflected fuel use decisions by electricity producers in response to delivered
cost and environmental regulations.
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Figure 15: Coal Shipments by Grade, 1969-2011
Sub-bituminous coal from Wyoming has substantially lower sulfur content with about 0.4% sulfur
by weight as opposed to 1.5% for bituminous coals. The rising share of PRB coal played an
important role in reducing U.S. emissions of SO2 from 1995 to 2010. From their peak of 13.5
million tons in 1997, SO2 emissions dropped to 5.4 million tons in 2010 (see Figure 15). Emissions
per unit of electricity generated from fossil fuels also declined, which reflects in part switching to
PRB coal and natural gas.

Figure 16: Sulfur Dioxide and Nitrogen Oxide Emissions from Power Plants
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As of 2012, the cumulative advantages enjoyed by PRB coal mined in Wyoming have resulted in
the fuel being used in 34 states. Figure 17 describes the relative shipments of Wyoming coal by
state. Use by state reflects the importance of production and transport costs, with nearby
Midwestern states consuming the greatest shares of coal shipments from Wyoming. Overall, the
outcomes shown in the figure are possible because the combined cost of production and shipping
still allows PRB coal to be a competitive choice for utility operators despite the distance of
Wyoming from many markets. This broad utilization also reflects the importance of pollution
control costs and the advantages Wyoming coal provides in this regard, as states in the upper
Midwest, which are prone to prevailing winds affecting acid rail deposition in the northeast, are
also significant users of PRB coal.
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Figure 17: Composition of Wyoming Coal Shipments, 2012
Coal Export Markets
With the prospects of inexpensive and abundant supplies of natural gas and more stringent
environmental regulations, several U.S. coal companies are looking abroad for new markets.
Globally, coal provided the largest contribution of incremental energy consumption in the world
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over the past decade (see Figure 18), supplying the world with more than 1.4 billion tons of
additional oil equivalent energy compared with 742 million tons of oil equivalent from natural gas.
The third largest contributor was oil with 544 million tons. New hydroelectric supplies were the
fourth largest source of growth followed by renewable power sources, such as wind and solar, with
218 million tons of oil equivalent. Nuclear power’s contribution actually decreased during from
2003 to 2013 (see Figure 18).

Figure 18: Average Incremental Changes in World Energy Consumption
From 2003 to 2013, total world energy consumption increased 28% or 2,786 million tons of oil
equivalent, which equates to nearly 56 million barrels of oil per day. During 2013, the world
consumed slightly over 84 million barrels of oil per day, so the growth in total world energy
consumption over the past ten years would have required a two-thirds increase in the world oil
industry if all of that new energy demand were met by oil, which is clearly not possible.
What filled the gap? Coal. Globally, coal provided 45% of the growth in world energy
consumption since 2003 (see Figure 19). With oil and natural gas, fossil fuels supplied 86% of
world energy demand growth. Other renewable energy supplied 7% of demand growth over the
past decade, while hydroelectric power supplied the remainder. Nuclear power actually declined
2% over the period.
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Figure 19: Sources of World Energy Consumption Growth
Growth in coal consumption was in part supplied with an expansion in world coal trade. Total
world coal exports rose 69% from 835.1 million tons in 2003 to 1.41 billion tons in 2013. The top
ten coal exporters, displayed in Figure 20, accounted for 97.6% of total world coal exports in 2012.
Indonesia and Australia are the dominant coal exporters with 422 and 332 million tons
respectively, which together account for 58% of world coal exports. The United States is in third
place with 116 million tons of exports. Russia, Columbia, and South Africa are also significant
exporters. Most of these exports are shipped to Europe and Asia.

Figure 20: Top Ten Coal Exporting Nations
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Most U.S. exports are metallurgical grade coal also known as coking coal used to make coke for
iron-making in the steel industry. The U.S. exported 70 million tons of metallurgical grade coal
during 2011 and 2012, up considerably from 37 million tons during 2009 (see Figure 21). The
world steel industry has consumed over 700 million tons of coking coal in recent years.
Wyoming does not produce metallurgical grade coal. U.S. exports of steam coal used in electric
power generation increased from 22 million tons in 2009 to 56 million tons in 2012 but then
dropped to 52 million tons during 2013 due to lower export demand and lower coal export prices
(see Figure 20). Also included in Figure 19 are exports of petroleum coke, which is produced by
petroleum refineries and used primarily as a fuel in electric power and cement production. Prior
to 2011 petroleum coke exports from the U.S. often exceeded steam coal exports. Coal exports
declined during 2013 in part due to lower coal export prices (see Figure 22).

Figure 21: U.S. Coal and Petroleum Coke Exports, 2002-2012
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Figure 22: U.S. Coal Export Prices, 2002-2012
Most of the growth in steam coal exports from the U.S. has come from an increase in demand from
Europe and to a lesser extent Asia (see Figure 23). U.S. exports of steam coal to Europe were over
32 million tons, comprising 58 percent of total U.S. steam coal exports during 2012 (see Figure
24). The Asia Pacific region bought 12.4 million tons or 18 percent of total U.S. steam coal exports
during 2012. Much of this was from the PRB, however, it is estimated that only approximately 3
million tons originated in Wyoming.

Figure 23: U.S. Coal Exports by region, 2002-2012
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Figure 24: Steam Coal Exports from Wyoming & Rest of USA, 2002-2012
Given the size of the international coal market and the highly competitive costs of PRB coal
production, Wyoming has the potential to export significantly greater amounts of PRB coal.
Despite this promise, however, Wyoming coal producers have yet to achieve significant access to
world markets. Moreover, over the past ten years, exports of coal from Wyoming to international
destinations have declined while coal exports from other regions of the United States surged. These
divergent trends reflect the absence of metallurgical coal production in Wyoming and the relatively
high costs of getting Wyoming coal to ports for shipment overseas. Wyoming lacks clear pathways
to ship coal to export markets. In particular, there is a lack of incremental export capacity, and rail
access to new locations would require new rail infrastructure should such facilities be built.
Typically, the Wyoming coal that is exported is currently shipped to Canada by rail, where it is
then shipped via Canadian ports to Asia.
One of the key obstacles in making higher coal exports from Wyoming a reality is environmental
opposition to port expansions in the Pacific Northwest. Currently there are two large port facilities
proposed to ship approximately 100 million tons of Wyoming coal annually, one located in
Longview and the other at Cherry Point in the state of Washington. The Longview site proposed
by Millennium Bulk Terminals would eventually have capacity to ship 44 million tons per year by
2018 barring delays. The Gateway Pacific Terminal proposal at Cherry Point would have an annual
coal shipping capacity of 48 million tons and could also be open by the end of the decade. Several
smaller expansions have also been proposed in Oregon and Canada to allow additional access to
Asian markets for Wyoming coal. Even if half of this proposed west-coast capacity were to be
built, and with additional export capacity in the Gulf Coast region and in Canada, coal exports
could help offset potential declines in domestic coal shipments to Wyoming’s traditional markets.
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Opposition to the two large proposed west-coast port facilities falls across three broad areas of
complaint. The first is the local disruption and congestion the coal trains could create, since it is
estimated that as many as 20 slow-moving trains over a mile long would be required to serve each
site per day. Such rail traffic could drastically affect street traffic in affected communities along
rail routes as they caused delays at level crossings. The second category of complaint comes from
residents along the rail routes that would be used to serve the ports regarding potential coal-dust
problems coming from the trains in transit and during the unloading process. The third thrust of
opposition comes from concerns regarding climate change effects the burning of exported coal
could create. Controversially, the State of Washington has required the potential impact of
greenhouse gas emissions caused by shipping operations and end-use consumption of exported
coal be documented in the state environmental impact studies necessary to support the proposed
port expansions. The effect all these concerns will have on the final decision to permit additional
port facilities in the northwest is still unknown.7 The uncertainty of future port expansions and
permitting decisions was further emphasized in August 2014 when the State of Oregon declined a
permit for an expansion at the Port of Morrow where a 12 million ton per year coal to barge transshipment site was proposed to ship Wyoming coal to Asian markets. Developers of the proposal
and the State of Wyoming have appealed this decision.
Outlook for Wyoming Coal
As the above discussion suggests, there are a number of market and regulatory forces that have
been acting to reduce shipments of coal from Wyoming. The price of natural gas appears to be a
very important factor to consider in forming expectations of future Wyoming coal production.
Perhaps even more important are environmental regulations.
Potential Regulatory Impacts
There are several regulations under various stages of implementation that, if implemented, will
significantly raise the cost of using coal to generate electricity in the United States, see Maunder
(2012). These complex and overlapping regulations are summarized in Table 1. For instance, the
Cross-State Air Pollution Rule (CSAPR) targets reductions in SO2 & NOX and the Utility
Maximum Achievable Control Technology standards, while targeting hazardous air pollutants,
require reductions in SO2 even greater than the targets under CSAPR according to Glaser (2012).
The regional haze regulations for western states have a similar problem. Regulations on coal ash,
cooling water, and other coal combustion residuals have also been proposed.
The EPA’s Clean Power Plant CO2 emissions proposals under sections 111(b) and 111(d),
discussed elsewhere in this report, would require significant reductions in CO2 output through
either reduced use of coal or the installation of CO2 capture technology. New coal-fired power
plants would have to meet an output-based standard of 1,100 lbs. CO2 per megawatt hour of
electricity generated under the 111(b) proposed rules. Utilizing current operating technology, the
7

The uncertainty of port expansion and permitting decisions was underlined in August 2014 when the State of
Oregon declined a permit for an expansion at the Port of Morrow where a 12 million ton per year coal to barge
transshipment site proposed, allowing Wyoming coal access to Asian markets. Developers of the proposal and the
State of Wyoming have appealed this decision.
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most advanced coal plants emit roughly 70-80% more than this standard while older plants exceed
100% of this level. If new-plant rules are implemented, this standard alone would prohibit the
construction of new coal-fired coal generation capacity in the United States without carbon capture
utilization and storage (CCUS) technology, and at current costs this would make the construction
of such plants extremely cost-prohibitive. The 111(d) portion of the plan would also require
emissions from existing plants to be sharply curtailed, as they call for nationwide existing plant
emissions to be cut by 30 percent from 2005 levels. State limits, however, would depend on how
states choose to implement the proposed 111(d) rules. Overall, these proposed rules could result
in a significant reduction in the use of coal in generation across the country by the early 2020s.
Table 1: Proposed and Pending Environmental Regulations Affecting Coal Use
Regulation
Cross-State Air Pollution Rule (CSAPR) for
Eastern USA

Pollutant

Status

SO2 & NOX

Rules adopted. Overturned on
appeal. Petitions for rehearing
pending.

SO2 & NOX

Rules adopted, but on hold
pending final judicial action and
litigation.

SO2 & NOX

Affirmed on appeal. PM2.5
proposed, not yet final. Ozone
not yet proposed.

Regional Haze for Western USA

Ambient air quality standards

Utility Maximum Achievable Control Hazardous air
Rules adopted. Rules come into
Technology (UMACT) also referred to as pollutants
effect in 2015-2016.
MATS
Solid Waste

316(b) cooling water intake structures

Coal Ash

Thermal
Emissions

Rules
2014.

proposed

December

Rules proposed

CO2
GHG endangerment finding

Rules adopted. Affirmed on
appeal. Petitions for rehearing
pending.

111(b) and 111(d): GHG new source CO2
performance standards (NSPS) for power
plants and existing/modified source limits

Rule proposed but not yet final
for new, modified and existing
(not modified) power plants.
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Pending regulations on blasting at coalmines and emissions during coal mining could also
significantly raise costs of coal production as noted by Witham (2012). Such a change in
production costs, especially combined with other regulatory changes could seriously undermine
the cost-competitiveness of Wyoming PRB coal and therefore its demand. Table 1 summarizes
the some of the proposed regulations that could affect coal-fired generation in the future.
Furthermore, already adopted MATS (also referred to as UMACT) standards to reduce mercury
and other hazardous pollutant output from plants requires the installation of additional scrubbing
facilities often used for SO2 and NOx, eliminating the advantages of using Wyoming PRB coal.
The rule is already anticipated to cause a significant retirement in coal-fired power plants, which
may or may not reduce depending on the analysis considered.8
The broad reach of these regulations is creating a great deal of uncertainty and a reluctance by
electric power producers to operate coal power plants, much less invest in new ones. For example,
the compliance deadline created under MATS could result in investments being made to comply
before CO2 proposals can be finalized, potentially creating stranded assets when new and existing
source performance standards for greenhouse gas emissions are defined.9 Avoiding the possibility
of investment in plants that later have to be shut down due to other rules appears to have resulted
in announced plus expected coal-fired power plant retirements increasing in excess of the levels
estimated when MATS was originally being proposed. Projected reductions in coal-fired capacity
due to MATS and proposed EPA CO2 rules range from 50 to 75 gigawatts (GW), with some
estimates as high as 100 GW.10
In a shifting policy environment, forecasting future coal production is very difficult. Nonetheless,
several organizations have produced forecasts of U.S. coal production that are summarized in
Figure 25. The U.S. Energy Information Administration forecasts are widely followed. The EIA
2014 reference case forecast shows essentially stable production out to the year 2040. This
reference case, however, assumes current laws and regulations remain in effect over the forecast
horizon.
While three of the other forecasts project reductions in future U.S. coal production, INFORUM
forecasts production rising from 1.016 billion tons in 2012 to over 1.2 billion tons by 2025 and
eventually past 1.4 million tons by 2040. In contrast, the three other forecasts foresee falling coal
production and in two cases very substantial reductions. IHSGI assumes a cap-and-trade program

8

MATS standards are largely expected to affect the oldest plants in the country, many that have previously been
exempt from many air quality rules due to their age. These plants often do not use PRB coal thus some analysts have
suggested these rules could create a surge in demand for PRB coal due to the higher capacity utilization of PRB-coal
burning plants these retirements will induce.
9
Major plant modification to improve plant heat-rates for example, could result in new source reviews of existing
plants.
10
Estimates of retirements caused by future and pending regulation are numerous. The Government Accountability
Office (GAO) estimated in 2012 that a combination of new regulations and market forces could reduce coal-fired
generation capacity from 2 to 12%. In September 2014 these estimates were updated to 13% by 2025. These new
estimates include the effect of the proposed CO2 regulations announced in 2014, which were not defined in 2012.
Others have estimated potentially larger impacts, including the EPA (for example, see SSEB (2014) who report EPA
simulations suggest 88 GW of retired capacity due to MATS and CO2 regulations).
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for the electricity sector beginning in 2021 and a CO2 allowance price that increases to $20 per
ton. The forecasts produced by EVA and ICF include a carbon pollution standard for new plants.
All forecasts were created prior to the new EPA CO2 regulations being announced in 2014, but as
noted they do consider plans that would result in similar greenhouse gas outcomes necessary to
meet previously announced goals. All three forecasting firms assume the implementation of new
regulations for cooling water and coal combustion residuals, unlike the EIA Reference Case
(which can only consider regulations already finalized and being implemented). The most
pessimistic forecast is clearly IHSGI with production falling to 970, 837, and 703 million short
tons in 2025, 2035, and 2040 respectively. These forecasts demonstrate that projections of coal
production are heavily influenced by assumptions of future environmental regulations.

Figure 25: Forecasts of U.S. Coal Production
Coal Exports
A comparison of coal export projections is provided in Figure 25. In its Reference case scenario,
EIA projects U.S. net exports of coal to rise from 118 million short tons in 2012 to 135, 158, and
160 million short tons respectively in 2025, 2035, and 2040. IHSGI and INFORUM envision very
similar export growth. On the other hand, ICF projects U.S. net exports of coal to double over the
16 years (see Figure 26).
In light of growing world demand for electricity and relatively higher costs for electric power
generation from other sources compared to coal, an expansion of U.S. coal exports seems
reasonable and is indeed the consensus among forecasters. For Wyoming, however, the challenge
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is to gain access to ports and, most importantly in a cost effective manner to keep shipping costs
relatively low to offset the competitive disadvantage of the relatively lower heat content of its coal.
In fact, while the projections cited suggest an increase in total coal exports, they do not anticipate
large increases in Wyoming or PRB exports. For example, the EIA projection only anticipates
Wyoming exports to increase from the approximately 3 million tons in 2012 to just over 34 million
tons by 2040 (AEO2014).

Figure 26: Forecasts of U.S. Net Exports of Coal
Forecasts of potential coal exports from the United States also vary considerably from other
forecasters. Wood Mackenzie (2014) projections suggest that Asian steam coal demand from the
United States could increase from the current level of approximately 12 million tons annually to
over 100 million by the mid-2020s. The primary source of demand is assumed to be China, with
Indian demand also a primary driver. Chinese demand may not, however, materialize for various
reasons. The Wood Mackenzie projection suggests that there is enough demand to be met with
supply from proposed west-coast port facilities. In contrast, ETA (2014) projects Chinese demand
for coal to peak as early as 2016 and certainly by the middle of the decade (Wood Mackenzie
projects no peak), and while Indian demand continues to grow through the 2030s it does not
increase enough to offset this demand decrease in China. Elsewhere in Asia, ETA projects an
increase in Korean demand for steam coal is largely offset by a decline in Japanese demand and
overall they see US exports to Asia growing to only 35 million tons, largely from the PRB by
2035. Sanzillo (2014) suggests that such an increase in exports could be handled by existing ports
in the Pacific Northwest, implying the conditions to build additional facilities are weak.
Fundamentally, the differences in projections regarding worldwide coal demand potential hinge
on two assumptions: whether current weak prices are a short-term symptom of over-supply or are
instead structural and permanent, and related to this, whether global efforts to combat climate
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change will result in reduced coal use. The attractiveness of coal exports may have peaked in
summer 2011 when Chinese spot prices for coal approached $135/tonne (see Figure 27). Given
shipping prices this led to a significant potential margin for shipments that could be made to China
(see Figure 28). Since this time, however, prices have declined and by the end of 2014 approached
a level half that seen two years ago. This has resulted in a significantly lower margin for coal
exported from the PRB as defined by the computed “net-back” price. This decline in price reflects
a significant over-supply in the market compared to two years ago, in part due to a significant
reduction in Chinese coal demand, and a lack of growth elsewhere. As shown, at current prices the
potential margin between export revenues and domestic revenues is significantly lower return than
at the market peak, and as of summer 2014 was below $10/short ton.11
$180
$160
$140

$/tonne

$120
$100
$80
$60
$40
$20

Jun-14

Feb-14

Oct-13

Jun-13

Feb-13

Oct-12

Jun-12

Feb-12

Oct-11

Chinese Spot Price 8800 btu/lb equivalent

Jun-11

Feb-11

Oct-10

Jun-10

Feb-10

Oct-09

Jun-09

Feb-09

Oct-08

Jun-08

Feb-08

Oct-07

Jun-07

$0

Ocean Freight from West Coast to Guangzhou

Source: Rhodium Group.

Figure 27: Chinese Spot Price and Shipping Costs
Whether current prices for landed coal in China and in the southern Pacific remain weak will
depend on several conditions. Chinese demand for imported coal has fallen as domestic electricity
production on the coast has been curtailed due to local pollution concerns. Further, an economic
slowdown in China has also reduced the demand for electricity. Market analysts are also split on
whether electricity demand will continue to grow at reduced rates as the economy in China
continues to develop. Economic development could lead to a much less energy intensive economy
and a more service-oriented, consumer driven economy, which would temper future electricity
growth rates (Houser, 2014). Coupled with policies meant to reduce air pollution along the eastern
coast, including new imported coal taxes recently introduced, these changes could result in
permanently lower Chinese demand for imported coal. Given that China is much closer to
11

This value requires many assumptions and some industry sources suggest Wyoming net-back was negative in
summer 2014.
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Indonesia and Australia, the two primary coal exporters in the region, both of whom will be able
to exploit lower transport costs and recent free trade agreements with China, the result could be
export conditions much closer to low projections predicted by some forecasters. This would be
particularly true if the price competitiveness of US coal exports erodes and/or the lucrative margins
that attracted potential coal exports disappears. Changes in how federal mineral royalties are
assessed on exported coal shipments could also undermine their potential returns.12
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Figure 28: Chinese Export Net-Back Computation for PRB Exports
The market for potential exports to Asia is also challenged by potential climate change actions.
China recently concluded an agreement with the United States in November 2014 to reach peak
emissions in CO2 before 2030. Achieving this goal will likely require coal-use peaking no later
than the mid-2020s, and Chinese officials have suggested a willingness for the country to meet
their new CO2 obligations before 2030.13 Similar climate change actions have been announced
elsewhere. In Europe, leaders in the EU agreed to a more stringent policy reducing CO2 emissions
by 40% from 1990 levels by 2030 across the union. In Korea, a carbon trading system is scheduled
to begin in 2015, and new taxes have been imposed on imported coal. While no new
12

The Department of Interior announced new proposed rules regarding how federal mineral royalties are assessed
on coal mined on federal lands in December 2014. Companies had been able to sell coal to domestic partners, with
assessment of mineral royalties based on the domestic sale price. Affiliated trade partners would then sell the coal
at much higher international prices, avoiding any royalty that might be payable on the higher revenue. The intent
of the new rules is to close this loophole, which would increase the tax rate paid on exported coal in proportion to
the price it is sold for. See http://www.doi.gov/news/pressreleases/interior-department-announces-initial-stepsto-strengthen-federal-energy-valuation-rules-expand-guidance-on-federal-coal-program.cfm.
13
Chinese officials have recently suggested they may attempt to curb coal use, with coal use peaking as early as
2019.
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announcements have been made at the time of this writing, it is possible that Japan may also follow
the world lead in actively reducing CO2 emissions in an effort to curb potential climate change.
Overall, the International Energy Agency recently indicated this is the largest source of uncertainty
in projections regarding the future use of coal as such climate policies could radically change the
market fundamentals with respect to coal use in the world.14
Finally the development of large-scale new port facilities in the United States may be affected by
the weak financial condition of its primary backers – large coal companies. For example, Arch
Coal, backing 38% of the proposed Millennium Bulk Terminal port expansion has experienced a
sharp decline in its capital value, with market capitalization of less than $500 million while
carrying $5.1 billion in long-term debt (Sanzillo, 2014). In late November 2014, Ambre Energy,
the majority backer of the Millennium Bulk Terminal project, announced in a regulatory filing that
it was divesting of its North American coal export assets, selling them to a Denver-based privateequity firm.15 Further, Peabody Energy, owner of half of the proposed Gateway Pacific Terminal
capacity is in weak financial condition, and Cloud Peak, with an interest in capacity at both
terminals has recently admitted recent losses on coal exports, while divesting of export mine
interests.16 Weakness in US coal markets has left US firms in diminished financial positions, and
their ability to finance large-scale investments that such facilities would require is uncertain, as is
the general market willingness to back such projects.17
Other Market Factors
Recognizing the limitations of the assumptions required for the Reference case scenario, the U.S.
Energy Information Administration runs 29 alternative model simulations under a range of
different assumptions for oil and gas resource availability, coal production and electric power
production costs, environmental regulations, world oil prices, and several other factors not of direct
relevance to coal.
A summary of these forecasts is presented in Figure 29 for Wyoming coal production in 2040. The
distribution of these forecasts is skewed, with a large number of forecasts projecting production at
what are essentially current levels of 400 million tons per year. Many of these scenarios entail only
minor variations from the reference case assumptions. The high end scenarios with production

14

See IEA Coal Medium Term Market Report, 2014 press release December 15, 2014
http://www.iea.org/newsroomandevents/pressreleases/2014/december/global-coal-demand-to-reach-9-billiontonnes-per-year-by-2019.html.
15
See http://www.oregonlive.com/environment/index.ssf/2014/11/ambre_energy_selling_oregon_wa.html and its
filing at http://media.oregonlive.com/environment_impact/other/Ambre%20filing.pdf.
16
Cloud Peak and Ambre Energy announced the sale of Cloud Peak’s interest in their Decker Montana mine in
September 2014. Ambre afterward has apparently divested these interests as previously noted.
http://investor.cloudpeakenergy.com/press-release/business-development/cloud-peak-energy-and-ambreenergy-announce-signing-deal-ambre-en. With respect to losses on recent coal exports, see Gillette News Record,
December 14, 2014, http://www.gillettenewsrecord.com/news/local/article_6c83df44-3a6b-5bdd-8274a1dacd800d02.html. For additional comment, see Sanzillo 2014.
17
See Sanzillo (2014b) for a critical investor newsletter regarding the financial condition of major Powder River Basin
operators.
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around 450 million short tons occur under assumptions that natural gas reserves are smaller and
prices are higher, coal production and emissions costs are low, and oil prices are low.
In light of the proposed greenhouse gas emission regulations recently proposed by EPA and
discussed separately in other sections of this report, the scenarios that result in very low Wyoming
coal production deserve consideration. For example, under the GHG10 scenario carbon emission
fees are imposed at $10 in 2020 rising at 5% in real terms per year. As a result, Wyoming coal
production falls to 252 million tons per year in 2040. If the price of carbon emissions was $25 in
2020 increasing at the same 5% real rate, production drops to 44 million tons in 2040. This clearly
is the worst case scenario for Wyoming coal producers. Accelerated coal plant retirements due to
higher fuel and operating costs than anticipated could also reduce production to 200 million tons
in 2040.

Figure 29: Possible Scenarios for Wyoming Coal Production in 2040
Under high natural gas resource availability and low natural gas prices, Wyoming coal production
slips to 376 million short tons in 2040. With low gas prices and a $10 carbon fee, production could
drop to 142 million short tons. These last two scenarios suggest that natural gas prices alone are
not the main driver to lower Wyoming coal production. If low natural gas prices occur with a
carbon permit fee (or regulatory standards that achieve the same emission reductions) a very sharp
reduction in Wyoming coal production is possible. Similarly, higher coal costs than under the
reference case, or higher coal-fired plant retirements than assumed could also result in dramatic
reductions in coal output.
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Alternatively, as shown in Figure 29, favorable policy outcomes and a combination of factors that
improve coal competitiveness are forecast to have similar effects on coal output to the reference
case, suggesting that the output in the PRB may not be greatly sensitive to positive conditions and
that output in the 425 million ton range annually may be likely across a wide variety of scenarios.
Estimating the Potential Economic Impact to Wyoming of Expanded Coal Exports
From the impact analysis in the previous chapter describing the economic impact of coal
production on the Wyoming economy, the same impact model allows an estimate of the potential
impact for an expansion of export sales from the PRB. These estimates assume industry
relationships present in 2012 are maintained when export expansion occurs. Three levels of
Wyoming exports are considered: (i) an additional 100 million tons per year, which is
approximately the increase in port capacity that would be available to PRB producers if both
currently proposed west-coast coal terminals are built (Millennium Bulk Terminal and Gateway
Terminal in Washington State), (ii) a 50 million ton scenario equal to the approximate capacity
that would be added if one of the two proposed terminals were opened, and (iii) 25 million tons
per year, the approximate increase in exports possible if only the first stage proposed in either
terminal project is built, or if incremental export expansion occurs at other existing ports.18 Impacts
are computed across both the mining and rail-hauling industries in the state.
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Figure 30: Estimated Coal Exports Employment Impacts (100 Million tpa)
For an increase of 100 million tons exported annually (tpa) from the PRB, representing an increase
of just more than 25% over 2012 PRB production levels, the impact on the PRB regional and
overall statewide economy would be substantial. These impacts are shown in Figure 30. With
respect to employment, such an increase would result in 1,957 new mining and railway jobs in the
PRB alone, while an additional 174 jobs in these two sectors would be created elsewhere in the

18

We ignore the fact that of the 12 million tons of PRB exports in 2012, the majority came from Montana (approx. 9
million). The impacts shown assume an expansion of exports from Wyoming thus the actual increase in total exports
from the PRB assumed here would likely be larger if Montana also increased export production.
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state.19 This new direct economic activity due to additional exports would also cause an increase
in upstream activity or indirect activity with respect to suppliers and service industries, creating
1,031 jobs in the PRB and an additional 305 elsewhere in Wyoming. The induced jobs caused by
the additional household expenditures these new indirect and direct jobs would create total 1,045
in the PRB, and a further 461 elsewhere in Wyoming. Overall, for 100 million tons of additional
exports annually, an estimated 4,033 new jobs would be added to the PRB region, increasing the
total number of jobs there by 4.8%. In total, the added exports of coal would create 4,974 new jobs
in Wyoming annually, increasing employment by 1.3%.
Considering exports of 50 million tons per year or 25 tons per year results in half or a quarter of
this growth (no economies or diseconomies of scale are assumed with respect to additional
production and shipping). The impacts overall with respect to statewide employment for the three
levels of exports considered are shown in Figure 31.
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Figure 31: Estimated Employment Impacts for each Export Scenario Considered
Because coal mining and railroad employment are better paying than average positions in the state,
100 million tons of new exports would increase total labor income in the PRB by 8.0% relative to
current levels, (4% or 2% for each of the two lower export scenarios considered). Statewide, a 2%
increase in total labor incomes earned would be estimated to occur for an additional 100 million
tons in coal exports, adding almost $407 million to labor earnings in the state.
The impact of such increases on the value of gross state product would also be significant. An
annual 100 million ton increase in coal exports originating from the PRB would be estimated to
increase total output generated in the region by $1.2 billion annually, with direct activity alone
accounting for $1.0 billion of this total, and indirect and induced activity accounting for the
remainder as described in Figure 32. Statewide, the addition to gross state product created by an
additional 100 million tons of coal exports is estimated to be over $1.3 billion when including
19

Note in Figure 30 that the PRB estimate of new railroad jobs is 415, while statewide it is 412. This discrepancy is
due to slight differences in the model used for the PRB and statewide estimates. The results indicate however, that
virtually all new railroad jobs created would occur within the PRB region.
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direct, indirect and induced activity created, increasing GSP by over 2.9%. As indicated by the
figure, most the new export activity would occur in the PRB regional economy. Export levels of
25 or 50 million tons per year reduce these estimates proportionately. The 50 million ton scenario
results in an increase in gross state product of almost 1.5%, and a 25 million increase results in an
increase of just under three quarters of one percent in gross state product. Greater detail with
respect to the data estimates for increases in coal exports from Wyoming is found in the Appendix.
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Figure 32: Estimated Employment Impacts for each Export Scenario Considered

Estimated Economic Benefit of Expanded Wyoming Coal Exports
Estimated benefits to the state if Wyoming were to expand coal exports by 100 million tons
annually:
PRB Region:

Statewide:

Increase in Gross State Product:

$1.2 billion annually.

$1.3 billion annually.

Increase in State Jobs:

Over 4,000 new jobs.

Almost 5,000 new jobs.

Increase in State Labor Income:

Over $345 million annually.

Over $406 million annually.
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3. THE POTENTIAL IMPACT OF MARKET RISKS TO THE WYOMING COAL
ECONOMY
CHAPTER SUMMARY
This chapter identifies the factors that are likely to be most important in the future in affecting
Wyoming coal production, and by extension the wider Wyoming economy. These are identified
as:

“Fundamental” market effects driving the domestic thermal coal market,
specifically factors affecting demand and production costs. The three most
important in the future are likely to be:
 national economic growth (causing changes to electricity load growth);
 natural gas prices; and
 coal-mining production costs.

Regulatory changes, particularly with respect to new national and international
carbon-control policies.
The potential impact of fundamental market effects are considered in this chapter. Estimated
regulatory impacts are the subject of Chapter 4. Using the publicly available EIA projections
as a forecast for Wyoming coal output, the impact model used previously in Chapters 1 and 2
was used to estimate the potential effect on the State economy for each of the fundamental
market changes identified. With respect to coal production and the Wyoming economy, the
greatest risk is posed by rising production costs in the mining sector, especially if they were to
rise faster than they have historically. For the assumptions used in the coal production forecasts
(declining labor productivity rate of 4% per year, and higher wage, mine equipment and supply,
and transport costs), increases in coal costs could decrease state coal production by about 20%
from 2012 levels by 2030, at a cost of over 4,000 jobs. Slower than historically observed
economic growth and lower natural gas prices were found to reduce but not eliminate future
growth in Wyoming coal output relative to 2012 levels through the same time period.
A state revenue model was used to estimate how coal production changes would affect
Wyoming tax revenues. These results indicate that, due to the properties of Wyoming coal
demand, though rising coal costs have the worst impact on the Wyoming economy for the
market changes considered, they result in the highest state revenue (because they result in
higher taxable production revenues). Economic growth changes and fluctuations in natural gas
prices do not have the same effect on revenues, and these unfavorable changes in coal markets
also lead to unfavorable state revenue changes. Findings here suggest that if unfavorable market
conditions were to occur that undermined the State’s coal industry, changes in state tax policy
could do little to offset these effects, at least for the market assumptions considered.
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Introduction
The findings of the previous chapter can be summarized as follows: three influences could affect
Wyoming coal production and by extension, the Wyoming coal economy in the future:






“Fundamental” market effects driving the domestic thermal coal market, specifically
factors affecting demand and production costs. The three most important in the future
are likely to be:
 national economic growth (causing changes to electricity load growth);
 natural gas prices; and
 coal-mining production costs.
Regulatory changes affecting Wyoming’s energy markets, especially the
implementation of carbon regulations like the EPA’s proposed Clean Power Plan
(Section 111(d)) for new and existing electricity-generating power plants.
Disruptive changes, which are often difficult to predict. Two types could have
significant impact on Wyoming:
 Changes in export market conditions: These include changes in foreign demand
conditions, or significant changes in the export infrastructure serving the state,
which are described in Chapter 2. Both types of changes could affect the ability of
Wyoming to export its coal internationally and could have significant impact on
Wyoming.
 Technological changes: such changes could occur with respect to:
i. Other fuel sources in the economy, for example unanticipated
improvements in renewable generation costs and storage; further changes
in natural gas production costs beyond those experienced in recent years; or
improvements in the production costs of competing coals nationally.
ii. Improvements in emission technologies, in particular carbon capture
methods and operations costs, which could be spurred by new regulations.

We focus on fundamental changes in this chapter. Specifically, it describes the estimated potential
impact that changes in load growth due to weak national economic growth as experienced over the
past several years could have on Wyoming coal production. Continued low natural gas prices,
which have undermined coal’s competitiveness in generation, and the potential for Wyoming coal
production cost changes to affect Wyoming markets are also considered. The relative effects in
terms of the impact each risk might pose on the state are also evaluated, as are the potential
opportunities that positive changes in these factors could have on Wyoming. Impacts are evaluated
with respect to their estimated effects on the state economy and the two coal-producing regions of
the state. The estimated effects these changes could cause on state revenues are also described.
The potential for regulatory changes, in particular the risk posed by the EPA’s proposed Section
111(d) rules is described in the following chapter. The estimated impacts this could have on the
statewide, as well as regional coal-producing economies of Wyoming are described using the same
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methodology as used to estimate fundamental market effects in this chapter. Estimated state
revenue impacts are also described.
Disruptive effects are difficult to evaluate due to their uncertain and unpredictable nature. By
definition, disruptive effects are unanticipated yet they cause considerable change to markets.
Projections used to evaluate the impact of fundamental or regulatory effects do not assume
significant changes to export markets; competing fuel costs; or to emissions technologies that
could significantly impact coal demand, although each type of change could happen. In particular,
there are significant efforts being deployed to develop new technologies. Some description of
possible factors affecting export markets was presented in Chapter 2. Changes to natural gas prices
beyond those trends already experienced since 2008 are potentially possible (for example, due to
lower than anticipated oil prices or additional technological improvements in gas extraction), as
are significant improvements in competing coal technologies. An example of the latter can be
found with respect to longwall mining improvements over the past decade that have allowed
Illinois Basin coals to better compete with PRB coal. Finally, improvements in carbon capture,
utilization and storage (CCUS) and its implementation could significantly improve the Wyoming
coal market, particularly if a national commitment is made to expand such research and
development. Again, such developments and scientific breakthroughs are impossible to predict,
and therefore speculation regarding how they could affect the Wyoming coal economy is outside
the scope of this document.
The following outlines the methodology used to estimate the potential impact fundamental market
factors could have on Wyoming coal output, and the estimated impacts such changes could have
on the Wyoming economy and state revenues.
Methodology
To identify projections of potential future Wyoming coal market outcomes for changes in the
fundamental market conditions described above, this report used a series of well-known market
projections derived from the US Energy Information Agency (EIA) 2014 Annual Energy Outlook
(AEO2014). These forecasts derived from a complex and highly integrated model of the US energy
economy called the National Energy Modeling System (NEMS).20 These projections identify
national and regional energy market outcomes including coal price and production outcomes in
Wyoming under “reference” conditions, previously described briefly in Chapter 2, and then under
a series of side cases reflecting variety of market and regulatory assumptions.21 The “reference

20

NEMS was originally developed by the US Department of Energy to understand the inter-relationship of energy
markets and to analyze the effects of potential policy changes on these outcomes. They have since continued to be
used by policy-makers, along with academic organizations, industry and national laboratories for business
forecasting, policy-work and energy-market research. See http://www.eia.gov/oiaf/aeo/overview/ for an overview
of the NEMS system.
21
The AEO2014 projections derived from the most recent version of the NEMS model consider a series of thirty-one
different economic and regulatory cases to define thirty-one separate series of price, production, consumption and
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case” provides projections utilizing current macroeconomic data, market conditions, and statutes
regarding energy use and emissions. These projections do not include any proposed legislation or
assume any new regulation thus they are often referred to as the “business as usual” outcome. The
conditions under which the reference case is computed are updated over time, resulting in changes
in the resulting forecast. Figure 1 presents the reference case forecasts for total Wyoming coal
production from 2010 through 2014.

Figure 1: EIA Annual Energy Outlook Projections Comparison
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Figure 1: EIA Annual Energy Outlook Projections Comparison over Time
As noted in Chapter 2, conditions in the US domestic coal market have become more difficult in
the last few years, and are projected to continue to be difficult.22 Forecasts have typically predicted
growth over time in Wyoming coal output; however, this growth rate has been declining, and the
most recent forecast indicates little growth in state production. Reasons for the projected decline
in production over time include the increasing importance of several fundamental market factors
including the declining rate of load growth due in part to slower economic growth forecasts; natural
gas prices lower than anticipated in earlier forecasts; and declines in productivity affecting coal
production costs in the PRB experienced over the past decade. EIA’s more recent AEO2014
forecast is not radically different from the forecasts from some other major forecasters (as

emissions projections from 2012 through the year 2040, each corresponding to the different market and regulatory
assumptions used (this study only uses the projections through 2030).
22
Totals in Figure 1 combine PRB output forecasts with Uinta Basin projections. PRB coal on average accounts for
between 97% to 98% of total coal output from Wyoming, depending on the forecast and year.

67

previously shown in Chapter 2) and somewhat more optimistic than several forecasts.23 Unlike
other forecasts, the EIA reference forecast only includes current regulations and current market
conditions and trends, including export levels.24 This allows comparison of each of the side-cases
EIA prepares along with the reference forecast to identify how changed assumptions affect relative
market outcomes. This feature of the EIA forecasts makes them especially useful for this study.
To determine the potential impact on the Wyoming economy of changes in natural gas prices and
coal costs, the corresponding side-case projections were utilized from the AEO2014 report. Using
the annual coal production and price outcomes forecast in each case, we estimated the change in
coal production in 2020, 2025 and 2030 relative to the reference year 2012.25 The economic
impacts of these changes were then estimated for the statewide economy, the PRB, and Uinta Basin
regional economies in each of the three impact years using the impact model presented in Chapters
1 and 2. Using these economic impacts, the estimated effect on state revenues was then computed
for each scenario using a Wyoming state revenue model developed for this study.
Prediction of potential future coal production outcomes, including the impact these outcomes could
have on the statewide economy, coal-producing regional economies and on state revenues are
strongly dependent on initial assumptions. Given the long timeframes of these projections, they
cannot necessarily be considered absolute forecasts of market outcomes since they depend on
current information and conditions, which are bound to change over time, and are developed
around only one market change at a time. The market projections are therefore presented as
comparisons meant to illustrate how changes in economic conditions could affect coal output in a
comparative sense holding other assumptions constant. In reality, any forecast of future outcomes
will include changes in more than one market or regulatory assumption, unlike the projection
scenarios shown. The projections; therefore, should be used for comparison relative to the
reference case or actual 2012 outcomes and are illustrative examples of the potential effects future
23

EIA forecasts are not out of line with major market forecasts, though they often predict outcomes that are slightly
higher than other forecasts do. A summary of how EIA projections from the AEO2014 model compare to other
professional forecasts can be found in the document “Annual Energy Outlook 2014: Comparison to other
projections,” pp. CP-2 to CP-16 http://www.eia.gov/forecasts/aeo/section_comparison.cfm (accessed November
16, 2014).
24
EIA projections do not indicate significant increases in the level of international coal exports thus the scenarios
presented in Chapter 2 are assumed not to occur in the projections presented in this chapter. In each of the cases
described including the reference case, total western coal exports to Asia are assumed to approximately double
between 2012 and 2030. Given that export levels from the Wyoming PRB in 2012 were estimated to be equal to
less than three million tons annually (the remainder originated in the Montana portion of the PRB) the export
increases modeled represent potential increases of between 3 million and 13 million tons in total annual Wyoming
international coal exports.
25
The year 2012 is used as the reference as this was the last year in which full data was available at the time the
study computations were performed (Summer/Fall 2014). 2013 conditions were not significantly different from
2012, and estimates of 2014 coal production outcomes appear to be similar to 2012 conditions with respect to coal
employment and output in the state. For example, Wyoming coal output in 2012 was 401 million tons, in 2013 was
390 million tons, and in 2014 it is estimated to have been 396 million tons. Total coal mine employment in Wyoming
in 2012 was 6,873, in 2013 was 6,484, and 2014 it was 6,669 (data courtesy Wyoming State Geological Survey
(WSGS)).
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changes in market fundamentals could have on the coal market. These comparisons then allow
identification of those changes that may have the largest or most significant effects on the state.
Market Projections and Scenarios
Given the previous overview of the relationship between coal markets and Wyoming coal
production, EIA projections from the publicly available AEO2014 report were used to derive
Wyoming coal, natural gas and crude oil production and revenue estimates under six AEO2014
scenarios and the reference case.26 Specifically, these included projections describing the potential
impacts of high and low economic growth on energy markets relative to reference case
assumptions, the impacts of higher and lower coal costs relative to the reference case, and the
impact of higher and lower natural gas production conditions (lower and higher natural-gas prices
respectively) than those found in the reference case.27 These correspond to the three fundamental
coal-market concerns previously described. A summary of the assumptions used in each scenario
is provided in the Appendix.
Conditions in each scenario are identical except for the following conditions:


Annual economic growth rate: The reference scenario, and those scenarios not related
to economic growth presume an annual national economic growth rate of 2.4%. This is
approximately the average rate of growth observed in the national economy since 2011.
Low economic growth scenarios show the evolution of outcomes assuming the long term
economic growth rate falls to an average of 1.9%, while high growth economic scenarios
increase this growth rate to 2.8%, the average rate of growth in the national economy
observed since 1984. As described previously, different economic growth scenarios could
significantly impact electricity demand growth in the future (even if the relationship has
become less sensitive over time), and therefore derived coal demand outcomes would be
expected to vary with changes in economic growth.



Wyoming coal mining costs: Coal cost scenarios alter the reference (and non-coal cost
case) assumptions by allowing mine productivity to increase at a rate 2.3% higher or lower

26

All AEO2014 projections summaries along with the results of previous years’ economic outlooks and studies
prepared to consider specific federal energy programs are available this interactive website:
http://www.eia.gov/oiaf/aeo/tablebrowser/,.
27
In addition to the scenarios based on the market factors determined to be most important to Wyoming’s coal
market, a low oil price case was also considered to examine how the very low oil prices like those present in late
2014 might affect coal production. Because natural gas is often a co-product in oil plays, lower oil prices may reduce
gas production and therefore might affect coal production in the state through its impact on natural gas production
and price. The EIA AEO2014 side-case scenarios from which this study draws its forecasts also includes a case in
which oil prices are low. The reference case assumes Brent crude oil, the world reference price, rises from
$112/barrel to $141/barrel in 2040 (in 2012 dollars), while OPEC countries maintain their market share of between
39% and 44% of world production. The low oil price scenario assumes that oil prices fall to $70/barrel in 2016, and
remains at that price through 2023, staying below $75/barrel through 2040 (all measured in 2012 dollars). OPEC
market shares are assumed to be maintained as in the reference case. In almost all years through 2030 the outcome
in this case was very similar to the high natural gas price case thus it was not presented.
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than the reference case (reference case assumes a 1% decline in annual labor productivity).
Additionally, wages paid to miners, equipment and transport costs are all altered to grow
at faster or slower rates than those in the reference case, resulting in either relatively
cheaper or more expensive coal production costs relative to the business as usual
(reference) projection. Higher costs would cause greater coal prices, which would reduce
quantity of Wyoming coal demanded.


Natural gas prices: Natural gas scenarios alter gas recovery in shale gas, tight gas and
tight oil to be 50% higher (lower gas prices) or lower (higher natural gas prices) than the
rates assumed in the reference and non-gas resource cases. Falling or rising natural gas
prices relative to reference alters the degree of fuel switching in the production of electricity
between the two fuels over time. Lower natural gas prices (higher available gas resource)
would be expected to cause coal use to decline relative to the reference case, while in the
higher gas price case the opposite would be expected to occur.

Figure 2: Production Change by Scenario
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Figure 2: Coal Production Comparison by Scenario Relative to 2012 Output Level
A comparison of projected coal production changes relative to the actual level in 2012 (401 million
tons) is shown in Figure 2. As is clear from the chart, under the assumptions used, the only case
projected to cause a decline in coal production relative to 2012 levels is the high coal cost case.
By 2030 in this scenario, coal production in Wyoming is forecast to decline by 20.5% (to 319
million tons of production annually) relative to 2012 output. The low coal costs case has the
opposite effect, increasing forecast output to 489 million tons annually by the end of the forecast
period. All other cases show far less sensitivity for the assumptions used.
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Figure 3: Coal Economy Total Employment Change: Statewide relative to 2012
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Figure 4: Coal Economy Total Employment Change: PRB relative to 2012
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Figure 5: Coal Economy Total Employment Change: Uinta Basin relative to 2012
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Estimated employment impacts to the Wyoming coal economy for the market scenarios considered
are summarized in Figures 3 to 5. These describe the implied employment changes in mining,
railroad and electricity generation in each case, along with the indirect and induced employment
changes in the statewide coal economy, and in each of the state’s two coal regions. The majority
of statewide impacts occur in the PRB due to the majority of mining and rail hauling that occurs
in this area.28
Statewide, coal economy employment outcomes follow the production outcomes described in
Figure 2. Direct, indirect and induced employment rises across all cases except the high coal cost
scenario until 2025, then in four of the scenarios that previously showed growth relative to 2012,
coal employment falls in the last five year period. This is in part explained by the decline in coal
output in the Uinta Basin region between 2025 and 2030 caused by the projected retirement of two
Wyoming power plants in the model (Dave Johnston is scheduled to retire in 2027 and Naughton
in 2029). This results in a decrease in coal production in the southwest, and a slight statewide
production and coal economy employment decline overall. In the high coal cost scenario,
employment falls throughout the projection period as production falls across the state, especially
in the PRB. Plant retirements after 2025 only exacerbate these impacts. In all but the high coal cost
scenario though, production and employment in the coal economy is higher than it was in 2012.
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Figure 6: Gross State Product Change by Scenario for Projected Coal Production
Figure 6 describes the impact on Wyoming GSP due to the forecast production changes in Figure
2. In the most extreme cases (the coal costs scenarios) for the assumptions used, state GSP could
rise or fall by almost 3% relative to 2012 levels due to changes in fundamental market changes.
These results, and the employment outcomes, suggest that of the fundamental market factors
considered, impacts to Wyoming production are largest when the price of coal relative other forms
28

It is important to keep in mind that in this analysis a loss of jobs does not assume re-employment in other
sectors. In reality, workers may be re-employed elsewhere.
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of energy is changed. The second most sensitive condition occurs in the natural gas price cases,
which again affect the relative price of coal to natural gas as a fuel source. Coal output outcomes
are relatively unaffected by changes in the economic growth assumptions that leave the relative
prices of energy (coal versus natural gas for example) unaffected. The difference between these
two cases and the reference case is less than a 1% change in state GSP.
It should also be noted that none of these forecasts include the potential impact of a major
expansion in exports. Using the values in Chapter 2, an expansion of 100 million tons of
international exports annually could result in a 2.9% increase in gross state product relative to
output in 2012, and if this were combined with, for example the low coal cost scenario, the coal
economy would contribute an additional 6% to gross state product by 2030, and would double the
employment impact of the low coal cost scenario alone. While the impact of an export expansion
of 100 million tons of output annually and the low coal cost scenario are approximately the same
by 2030, how they would impact the state is very different. The low coal costs gradually affect
the state, adding just over a tenth of a percent to the state gross state product annually through
2030, while an export expansion could occur over a period as short as a few years or less. In the
former case, potentially only state statisticians would notice the gradual impact on the PRB, while
the latter could provide a significant boost to the local and statewide economy over a relatively
short period of time (as little as a half-decade). Overall, however; significant expansion in coal
exports could offset even the worst effects of any of the fundamental market changes considered,
and reinforce any positive market impacts.29
Impact of Fundamental Market Change Scenarios on State Revenues
To determine the revenue impact of changes in the coal economy based on the EIA projections, a
model of Wyoming state revenues was created specifically for this project. Using this model, the
revenue impacts of the various EIA projection scenarios were analyzed with respect to changes
created in Federal mineral royalties, Wyoming state severance taxes, and energy-generated
portions of sales and use taxes and ad valorem taxes. These were further analyzed as separate State
and local funding streams, though in what follows we combine the two revenue streams to define
a total Wyoming “state” revenue outcome – that is the total revenue accruing to all state of
Wyoming government entities.30 Coal lease bonus payments and Abandoned Mine Lands (AML)

29

Note that it is unclear that coal exports would be profitable under the high coal production costs scenario as it is
possible such increases in costs could gradually undermine the profitability of coal exports. In such circumstances
where major coal exports were occurring, for example at the 100 million ton per year level, the negative impact to
the state economy of high coal costs would be double that shown in the figures presented here. This underlines the
importance to the state economy of keeping coal productivity high and therefore coal production costs as low as
possible.
30
While ad valorem revenue generates mostly local government revenues, the education portion of property taxes,
both local school and State School Foundation revenues were combined with state funding streams in our analysis.
Detailed results are available upon request.
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revenues were not included in this revenue analysis due to recent changes in AML payments and
the fact that future coal lease bonus payments are not predictable.31
Tax revenue changes are presented in a manner slightly different from the state impacts presented
previously. Instead of presenting changes in revenues relative to 2012 output level, we compare
the tax revenue implications due to changes in production caused by changes in market
assumptions. We therefore present how tax revenues change when market conditions change in
each projection forecast relative to the reference case forecast. For example, the 2020 tax revenue
impact of the high economic growth case compares the effect of increasing the economic growth
rate assumptions on tax revenues relative to the EIA reference case tax revenue projection.
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Figure 7: Total Coal Economy Tax Revenue Change from Reference
The effects of changes in fundamental market conditions on estimated tax revenues relative to the
reference case (baseline projections) are presented in Figure 7. These values describe the effect
the scenario conditions considered have on tax revenues relative to the reference case in the years
shown. As discussed previously, coal production and total coal economy economic impacts such
as employment and gross state product are much less sensitive to changes in economic growth and
natural gas prices than coal costs. Tax revenues are similarly insensitive to changes in these market
assumptions as shown in Figure 7. For example, not considering the coal cost scenarios, the worst
31

As previously noted in Chapter 1, coal lease bonus payments reflect an expectation of future values of coal, which
cannot be forecast in each scenario. Further, they also involve the definition of potentially available Federal land
leases, an activity that is outside the control of the State and uncertain for a variety of reasons, including
environmental assessment and institutional decision-making. Any attempt to model such activity would be very
difficult and outside the scope of this work. With respect to AML funds, they are now capped at $15 million by
Federal law and there is no reason to anticipate these revenues changing unless Federal legislation regarding them
does over the projection periods considered. Given AML funds are now a very small portion of total coal revenues
relative to the total state revenues coal generates they can be ignored without serious consequence in the results
that follow.
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outcome for total state tax revenues occurs under the low natural gas price scenario where by 2030,
tax revenues are 9.2% lower than they would be under reference case (business as usual)
assumptions. In the worst outcome these are not significantly different from the reference case
revenues.
Coal-activity induced tax revenues realize the greatest change when coal cost assumptions are
altered. Somewhat unexpectedly, however, the case in which state revenues improve most occurs
in the case that was shown to be worst for the Wyoming economy in terms of jobs and production
levels, based on the fundamental market change cases considered. The explanation for this is
found in Figure 8.

Figure 8: Coal Revenue Projections 2012-2040 under Coal Cost Assumptions
State tax revenues, as previously explained in Chapter 1 are most affected by production revenues
from coal sales, not the direct, indirect and induced economic activity such production creates.
Total projected Wyoming coal production revenues for the two coal cost cases are shown in Figure
8. From this figure, while the low coal cost assumptions increase total coal production, as shown
previously in Figure 2, they actually result in reduced total coal revenues. Similarly while high
coal cost assumptions resulted in a decrease in coal production over time in Figure 2, they result
in a coal revenue increase. While these results may seem surprising, they illustrate how state tax
revenues and economic activity can move in opposite directions.
The reason that production declines can result in greater production revenue (and therefore greater
tax revenues) when higher coal costs occur is due to the following: higher coal production costs
will result in higher sales prices assuming margins are held constant. These higher prices result in
production declines as quantity demanded of coal falls, as shown in Figure 2. If, however, the price
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effect causes total revenues (price x production quantity sold) to increase despite the production
decline, then state tax revenues, which are assessed on the value of total revenue, will also rise.32
The result therefore, is that in the presence of higher coal costs, state revenues increase despite the
fact that as shown previously, this results in the greatest loss in state employment and gross state
product.
Similarly, in the opposite scenario, the low coal cost case, state tax revenues are reduced the most
of any case despite the fact that, as shown in Figures 2 through 6, this results in the greatest positive
impact to state economic output and employment. Note that this effect does not occur for the other
scenarios considered. Higher gas prices result in better state tax revenue outcomes than lower gas
prices than in the reference case, while lower economic growth results in lower state tax revenues
than the high economic growth case.
Conclusions:
This chapter has presented a comparative analysis of the effects that economic growth, natural gas
prices and changes in coal production costs could have on Wyoming coal production, the wider
Wyoming economy, and on Wyoming government revenues. The purpose of the analysis was to
determine which type of fundamental market changes could pose the greatest threat to Wyoming
coal production, the wider Wyoming economy and to state tax revenues. Overall, it was found
that, using EIA projections and assumptions from the Annual Energy Outlook 2014 (AEO2014)
the greatest potential impact to the state economy and state tax revenues could come from changes
in coal production costs. With respect to coal production and the Wyoming economy, the greatest
risk is posed by rising production costs in the mining sector, especially if they were to rise faster
than they have historically. For state revenues; however, the greatest risk is posed by lower coal
costs (and therefore lower coal prices) than might be expected from historic trends. Lower natural
gas prices and slower economic growth pose much less of a threat to state revenues, coal
production, employment and state economic output.
Were any of these market risks to be realized, it is unclear the state could do anything to alter their
impacts. Growth rates experienced in the national economy are outside the State’s control, as are
national natural gas prices, both of which could alter the demand for Wyoming-produced coal in
electricity generation. Similarly coal production costs – the number of miners needed to produce
coal, their wages, the equipment costs and the transport costs to get coal to market are also outside
policy-makers’ control.
The relationship between state revenues and coal production effects in the high coal costs scenario
32

In economics when total revenues rise in the presence of higher prices the demand for such a good is termed
“demand inelastic”, as a price increase of 1% for example, induces a reduction in quantity demanded of less than
1% and therefore causes total revenues (price x quantity) to rise.
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may suggest that the state has the potential to offset some of the adverse effects rising production
costs could have on the economy. In particular, the revenue result may at first glance suggest that
the effect of production cost increases could be offset by production tax reductions on mining
firms. A tax decrease, however, could not mitigate the effects of declining productivity in
Wyoming coal mines on the Wyoming coal economy, and at best would only slow them briefly.
This is the case for two reasons. First, a tax reduction is a one-time reduction in incurred costs
faced by mining firms and the effects shown in the high coal costs case are the result of ongoing
relative price increases that continue over time, with compounding effects. Even if all taxes were
removed from coal, the effects shown in this scenario would only be delayed, not avoided, for the
assumptions used.
Secondly, the scale of tax reduction necessary to affect the economy substantially would be large.33
Since the coal economy is very important to state revenues, any reduction in coal taxes necessary
to have significant impact on coal market outcomes would reduce total state revenues so greatly
that Wyoming would almost certainly have to make the lost revenue up with new revenues
collected elsewhere in the economy, negatively impacting economic activity elsewhere. Further,
the political costs of such a dramatic change in taxation in order to favor one sector of the economy
could be severe. Furthermore, such a reduction could have no effect on delivered coal costs (and
therefore no effect on coal production in the wider Wyoming economy) if railroads merely raise
delivered freight rates by an offsetting amount. In that case the tax effort would merely result in a
transfer to railroads and provide no benefit to Wyoming’s coal economy. Previous research has
shown this may occur (see Gerking et. al., 2000).
Overall, the state would have little ability to affect any of the market scenarios considered in this
chapter. At best, the results suggest that the state should be vigilant in its observation of coal
market conditions, particularly with respect to production costs, as adverse developments could
very well portend significant economic impacts to the state economy in the years following such
a trend being identified.

33

In the projections shown, by 2030 the price of coal has risen to $44.90 (inflation adjusted 2012 dollars), a level
double the price of any other scenario in that year. Even if all Wyoming tax revenues derived from the entire coal
economy (direct production taxes and revenues and all induced sales and use and local property taxes) were
forgiven, at an estimated $2.56 billion in 2030, this would still only amount to a rebate of $8.04 per ton of coal
mined. If the tax rebate were passed on to market customers in the form of lower coal prices, the projected results
suggest this would only reduce the production impact in Wyoming in 2030 to levels similar to those in 2025. In other
words, using the employment results in Figure 3, this might save as many as 3,060 jobs. At a cost of $2.56 billion,
however, the cost of each job saved would be approximately $840,000. This cursory analysis therefore suggests that
while tax rebates may be possible to help offset some of the negative effects of increased production costs by
adverse cost conditions; to mitigate a meaningful share of the effect would be prohibitively expensive.
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4. REGULATORY CHANGE: THE POTENTIAL IMPACT OF THE EPA’s 111(d)
PROPOSAL ON WYOMING
CHAPTER SUMMARY
Potential carbon regulations pose a significant risk to the Wyoming economy due to the fact
that carbon regulation could significantly reduce the demand for Wyoming coal in the rest of
the country. The EPA’s proposed Clean Power Plan, announced in June 2014, attempts to
reduce national CO2 emissions rates by 30% from 2005 levels. The plan also allows states
flexibility regarding how they would implement necessary carbon emission reductions.

Key policy choices that states face are whether or not to use energy efficiency programs, and
regional cooperation programs that allow carbon reductions to occur outside state boundaries,
potentially reducing the cost of such actions. Both options could potentially reduce the potential
adverse impact on Wyoming coal production the proposed EPA rules are otherwise projected
to have by allowing carbon reductions to occur more cost-effectively and across a wider set of
sectors in the national economy. Complicating the analysis with respect to Wyoming is the fact
that reductions in coal-fired generation caused by the regulations will require increases in
generation from natural gas across the nation. Since Wyoming is also a large natural gas
producer, benefits from increased natural gas demand and the corresponding increase in prices
could partially or entirely offset losses in the coal sector.
Identifying four scenarios based on these two policy choices, the potential impact the EPA’s
Clean Power Plan could have on Wyoming is evaluated, first with respect to coal production
outcomes, and then with respect to combined coal and natural gas outcomes. Coal production
declines due to the proposed regulations range from 30% to 50% relative to 2012 production
levels. The estimated impacts with respect to coal economy employment range from a 2% to
3.5% decline depending on the scenario considered. Natural gas production increases mitigate
some of these losses in some scenarios, but employment losses are still between 2.5% and 3.2%
across scenarios. Overall, regardless of whether coal only, or combined coal and natural gas
effects are considered, the impacts of the proposed carbon regulations would be strongly
recessionary. Wider use of energy efficiency and regional cooperation nationally could mitigate
some of these effects. The proposed regulatory impacts on state revenues are not as clear cut.
In some cases, those policy scenarios that result in the least adverse impact on the coal economy
often result in the largest state revenue losses, and often the opposite is also true.
Overall, results suggest that the state may have to decide whether to prioritize state production
and employment, or its own revenues in deciding how to implement its carbon mitigation
strategy. Further, what the state chooses to do in Wyoming is not ultimately as important as its
ability to influence how other states’ approach carbon mitigation actions, as their choices could
significantly impact Wyoming coal production outcomes.
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This chapter considers only the potential impact of future carbon emissions reductions policy on
Wyoming coal production, and specifically the potential effect of the U.S. Environmental
Protection Agency’s (EPA) proposed Clean Power Plan rules on the Wyoming economy and State
revenues. The methodologies used to determine the potential impacts on the State are the same as
that presented in Chapter 3.
The EPA’s Clean Power Plan
In 2007, a Supreme Court ruling obligated the EPA to regulate greenhouse gas (GHG) emissions
if they were found to endanger public health.34 In 2010, the EPA issued its “endangerment finding”
and began the process to regulate CO2 emissions from mobile and stationary sources. In 2012, the
EPA first issued proposed plans to regulate power plant GHG emissions for new (to be built) plants
under Section 111(b) of the Clean Air Act (CAA).35 In June 2013, the Obama Administration
announced the Climate Action Plan to address climate change, and as power plants are the largest
single source of U.S. GHG emissions, action in this sector was central to the proposal.36 Following
this announcement, a subsequent memo directed the EPA to issue rules to regulate all power plant
CO2 emissions under Section 111 of the CAA.37 The memo also included a directive for the EPA
to rescind its original proposal for new sources (referred to as new source performance standards
or NSPS) in response to the over 2.5 million comments it had received on the proposal, and to
issue new rules no later than September 20, 2013.38 The memo also directed the EPA to propose
new rules regulating CO2 emissions from modified and reconstructed plants under Section 111(b)
of the CAA, and for existing plants under Section 111(d) no later than June 1, 2014. On September
34

Massachusetts v. Environmental Protection Agency, 549 U.S. 497 (2007).
The Clean Air Act of 1970 (and amended in 1977 and 1990) defines the set of rules that define how air pollution is
regulated in the United States, and requires that the EPA regulate emissions that are determined to endanger public
health and welfare. For stationary sources, the principal authority to regulate comes from Section 111 of the CAA
(42 U.S.C § 7411). Under this section, section 111(b) requires the EPA to define standards for new and modified
stationary sources. Referred to as New Source Performance Standards (NSPS), these rules defined by the EPA are
then enforced by permitting authorities (most often the states). If a category of new stationary sources is regulated
for a specific pollutant, then so too must existing sources in the category as stipulated under Section 111(d). The
exception is when the pollutant is already regulated under another section of the CAA such as Sections 110 or 112.
Since CO2 from power plants is not regulated under other provisions of the CAA, regulating CO 2 from new power
plants requires regulation of existing plants as well under the EPA’s interpretation of the rules. This would occur
under section 111(d) and the rules announced on June 2, 2014 define the proposed regulations.
36
See Executive Office of the President, The President’s Climate Action Plan, June 2013
http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf. Also central to the plan
were promoting the use of renewable energy generation, promoting clean energy development technologies;
reducing emissions in the transportation sector, including increased fuel economy standards; improvements in
building lighting, heating and cooling energy efficiency; and reducing other types of GHG emissions beyond CO 2.
37
Section 111 is not often used as most pollutants are regulated under other sections of the CAA. An interpretation
of the 1990 CAA amendments suggests that if a category of sources is regulated under Section 112 of the CAA, then
the category is excluded from regulation under 111(d) even if the pollutant is unregulated elsewhere in the Act.
Since power plants are regulated under Section 112, this interpretation would exempt them from Section 111(d).
The appropriate interpretation of the law is likely to be an area of litigation regarding the newly proposed rules that
followed this directive.
38
See Presidential Memorandum -- Power Sector Carbon Pollution Standards, June 25, 2013.
http://www.whitehouse.gov/the-press-office/2013/06/25/presidential-memorandum-power-sector-carbonpollution-standards.
35
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20, 2013 the EPA announced its revised proposal for rules governing new plants, with a deadline
to finalize these rules no later than January 7, 2015. On June 2, 2014 the EPA announced its power
plant CO2 emissions rules for existing as well as modified and reconstructed fossil-fueled plants
as part of the Agency’s “Clean Power Plan” (CPP).
Fossil-fueled generators in the United States are responsible for about 70% of electricity
production and approximately 32% of the nation’s total greenhouse-gas emissions.39 Of these
generators, 75% of carbon emissions come from existing coal-fired plants, which emit
approximately 2,200-2,300 pounds of CO2 per megawatt hour (lbs. CO2/MWh) and produce about
40% of total electricity. The remainder of the nation’s fossil-fuel generated electricity comes
mainly from natural gas-fired plants (producing approximately 30% of electricity) with emissions
rates of about 1,000 to 1,100 lbs. CO2/MWh. Given the emissions differences between
technologies, the proposed new rules impact coal-fired sources most greatly.
Published in the Federal Register on
June 18, 2014, the new rules for
modified, reconstructed and existing
plants were open for comment for a
120 day period. The comment period
was later extended to December 1,
2014. During this time approximately
2 million comments were received. To
ensure all comments received on its
proposed NSPS rules (issued in
September 2013) as well as the CPP
rules (announced in June 2014) could
be considered jointly, on January 7,
2015 the EPA announced that final
rules under both proposals would be
released in mid-summer 2015.

CPP Proposed Timeline as of January 2015:

Design Period:



December 2014: comment period ends
Mid-summer 2015 (Originally June 2015): EPA
finalizes NSPS and CPP rules.
Implementation Period:


June 2016: Initial deadline for State
Implementation Plans (SIPs).
 June 2017: extended deadline for SIPs at state’s
request.
 June 2018: Extended deadline if state choose to
submit multistate cooperative plans.
Compliance Period:

Under the rules as proposed in
September 2013 for new fossil-fueled
 January 2020-December 2029: States must
plants, CO2 emissions rates are limited
meet interim CPP goals on average.
to no more than 1,100 lbs. CO2/MWh
 January 2030: states must comply with final
averaged over a single year (or 1,000CPP emissions targets.
1,050 lbs. CO2/MWh over seven
years). Natural-gas fired plants would
have to meet a standard of 1,000 lbs. CO2/MWh (with small plants having to meet a standard of
1,100 lbs. CO2/MWh). Given the current state of generation technology, if new plants are to meet
these limits, it is likely that all new fossil-fueled generation plants will have to be built using
efficient natural-gas technology. Alternatively, partial carbon capture utilization and storage
(CCUS) technology could be used for coal-fired plants, but currently this technology is
39

See http://www.epa.gov/climatechange/ghgemissions/sources/electricity.html.
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prohibitively expensive thus the proposed new rules have the potential to greatly reduce the
construction of coal-fired power plants in the future.40

Source: SNL Financial

Figure 1: EPA Clean Power Plan State Emission Rate Targets
In contrast to the proposed NSPS rules, proposed rules for existing plants announced in June 2014
impose emissions rate targets at the statewide instead of plant level. These rules set as a target a
national 30% reduction in power plant emissions by 2030 relative to levels that occurred in 2005.
Given the magnitude of GHG reduction the rules intend to achieve, the potential impact on coalfired generation use in the country could be very significant. Factoring in improvements in carbon
emissions due to changes on the grid since 2005, CO2 emissions have already fallen by 13% since
40

The EPA argument for proposing that CCUS technology was currently both effective and commercially feasible for
coal-fueled plants was based on demonstrations of new “clean-coal” plants in service or under construction in
Canada and the U.S. Such a facility opened by SaskPower in Canada in October 2014. The coal-fired 110 MW
Boundary Dam Unit 3 is capturing 90% of CO2 emissions near Estevan, Saskatchewan. The plant utilizes existing
steam-turbine technology with capture equipment retrofitted. Capture utilizes a post-combustion amine-based
process and CO2 captured is currently used in an enhanced oil recovery (EOR) flood 65 km away, while some is
additionally stored onsite at a capture test-site. Additionally, SaskPower is constructing a carbon capture test center
which is scheduled to be completed in 2015. The test center will test new carbon capture technologies aimed at
lowering the cost of capture. In the United States, the Kemper County Mississippi Integrated Gasification Combined
Cycle (IGCC) greenfield plant is scheduled to be fully operational in 2016 and will capture 65% of CO2 emissions using
a pre-combustion process. The WA Parish Petra Nova plant in Thompsons, Texas near Houston, is scheduled to open
in late 2016 and will capture 90% of the CO 2 from a 240 MW flue gas stream from an existing power plant using a
retro-fitted post-combustion process. Both U.S. plants will use captured CO 2 for EOR operations nearby also. Other
such plants are also planned but not as advanced in construction.
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that year. To meet the remaining 17% by 2030, the EPA has set a unique reduction target for each
state to meet across its fossil-fueled plant fleet now in service (Vermont does not have a standard
as it has no applicable fossil-fired plants operating within its borders). These state reduction targets
are illustrated in Figure 1. Wyoming’s target will require an emissions rate reduction of 19% from
2012 levels. In addition to final targets, unique interim targets in the proposed rules have also been
set between 2020 and 2030 for each state, defined as a 10-year average emissions rate during this
period. In Wyoming, the interim average target emission rate between 2020 and 2029 is a 14.5%
reduction below the rate recorded in 2012.
Proposed statewide targets for existing power plants were established by the EPA using a “building
block” approach based on the types and inventory of generation in each state, and whether states
had already implemented energy efficiency and renewable generation targets within their borders.
The building blocks the EPA defines are, in order,
(i)
(ii)
(iii)
(iv)

increasing efficiency at fossil-fueled plants,
replacing some coal generation with gas-fired generation (“dispatch substitution”),
increasing renewable or, where applicable, nuclear generation in each state, and
conservation actions and energy efficiency programs that reduce electricity demand
and therefore the need to produce fossil-fired electricity.
While the EPA has left the choice of how targets are to be met to the states themselves, in justifying
the determination of its state by state limits, the EPA released modeling estimates of what they
believe could be achieved using only the building blocks above to meet targets in each state at
reasonable cost. For the first building block, the EPA assumed an average 6% efficiency or “heatrate” improvement is possible across coal fired power plants nationwide. In its determination of
the potential reduction dispatch substitution could provide, the EPA used the state by state
inventory of natural gas combined-cycle plants existing and under construction in the year
preceding the proposal, and assumed that these plants could be operated at up to a 70% capacity
factor (70% of rated capacity continuously, on average). For every state, the EPA also made a
determination of what was thought to be the state’s future potential to expand renewable or nuclear
generation to meet compliance goals. This included consideration of whether states had previously
employed renewable portfolio standards or other renewable energy policies. Finally, based on
existing energy efficiency programs and reported costs by states employing such programs, EPA
modeling determined the potential that such programs could provide in reducing state CO2
emissions.
Under the existing proposal, to meet the proposed existing plant rules, each state will be required
to submit a State Implementation Plan (SIP) describing mitigation strategies to be employed to
meet their CPP targets. States will be given a year from the time the final rule goes into effect
(expected Summer of 2015) to submit their SIP, and states may request a one-year extension for
their submissions. These plans will then be approved by the EPA within a year of their submittal.
If a state refuses to create such a plan, the EPA will mandate one for the state as provided for under
the Clean Air Act. SIPs will define the use of any or all of the emissions reduction methods
described in the building block framework, or they may include any other reduction technology or
practice states deem appropriate, provided each state can show their actions will result in the
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necessary reductions to meet their mandated targets, and that such reductions are real and
verifiable.
To allow greater flexibility, the EPA is also encouraging states to cooperate to reduce the cost of
emissions reduction collectively where possible. Such regional cooperation plans would allow
collective emissions targets to be defined as weighted averages of the state-specific targets
assigned by the EPA and offer the potential for meeting these targets more cost effectively. Since
states have different targets, there are likely to be potential gains from trade and cooperation if a
region of states were to propose such a plan, and such gains from trade could, for example, allow
a local cap and trade system to be used to meet the EPA-imposed overall target emissions rate
across the region.41 Such a scheme could allow states with relatively cheaper emission reduction
opportunities to make greater emissions reductions than required in the state by state case, with
excess reductions creating permits that could be sold to other states. In effect, by allowing states
purchasing permits to pay for reductions made elsewhere where they are cheaper, the overall cost
of emission reduction across states could be reduced even beyond those the EPA assumes can
occur without cooperation. Such programs have been demonstrated to be effective and have
lowered control costs for other pollutants, notably SO2, where a national trading system has been
employed for over two decades (see Schmalansee et al. (1998) for a description).
Other potential forms of regional cooperation states may consider include region-wide renewable
portfolio standards in which a specific amount of the total generation in a region is produced using
renewable technologies. A region-wide approach could be more effective than a state by state
approach by allowing states to locate renewable projects in others states within the region if energy
production there would be more productive than in their own borders. Other regional approaches
are also possible. The EPA, anticipating that some states will propose such cooperative
frameworks, has allowed a three year deadline for states choosing to do so to submit their SIPs,
since the rulemaking necessary to coordinate actions across jurisdictions could be more complex
and time-consuming than the development of single-state plans.
Given that the proposed rules and state targets are not yet final, it can be presumed there is a high
likelihood the details of the plan will change. Details may also change in terms of timing if the
proposal’s implied changes to the electricity grid cause reliability to be a concern without
additional infrastructure being built. Furthermore, because of the nature of the rules and the fact
that Section 111 of the CAA is not often used, and given questions regarding the interpretation of
this section, its applicability to carbon mitigation and the consistency of the proposed rules with
this statute; whatever rules are finally proposed are certain to be litigated. For this reason there still
remains considerable uncertainty regarding how carbon regulations will be enacted. While final
rules may be changed based on comments received, litigation, or new considerations not included
in the first rules proposed, the currently proposed rules suggest only one potential means regarding
how future carbon regulations may be implemented. With this caveat in mind, the limits as
41

The Regional Greenhouse Gas Initiative (RGGI) is an example of such a program and has been in operation since
2008 with compliance caps beginning in 2009. Ten state have participated, and the program still includes
Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode Island, and Vermont.
New Jersey participated until 2011.
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proposed are used to define impact scenarios to determine how such rules could affect Wyoming.
This is the basis of the rest of the report. The following describes these results. More detailed
tables are presented in the Appendix.
Regulatory Change Projections: The Potential Impact of EPA’s 111(d) Proposal on
Wyoming
To define a set of projections consistent those EIA projections previously presented in Chapter 3,
the Rhodium Group was engaged as a collaborator on this work. As one of the few nongovernmental operators of the EIA’s NEMS model, Rhodium agreed to provide a set of proprietary
simulations to estimate the impact of the EPA’s proposed greenhouse gas (GHG) regulations.42 As
described previously, the EPA’s proposed Clean Power Plan rules allow states to determine their
means of meeting the targets EPA defines. These include the choice of using energy efficiency as
a reduction mechanism, and the choice to become involved in regional compliance programs,
cooperating with other states.
Table 1: Design of Regulatory Policy `Scenarios Considered
Energy Efficiency efforts allowed
National cooperation
Regional cooperation

Scenario 1: National Cooperation
with Energy Efficiency (EE)
Scenario 3: Regional Cooperation
with Energy Efficiency (EE)

Energy Efficiency efforts not
allowed
Scenario 2: National Cooperation
without Energy Efficiency (EE)
Scenario 4: Regional Cooperation
without Energy Efficiency (EE)

While such choices have clear and different economic impacts, as will be shown, they also entail
political choices that may or may not be popular within specific jurisdictions. Given that the
combinations of policy states will choose to use is unclear, projections used here encompass four
scenarios based on the policy-choices described in Table 1. Scenarios considered include allowing
energy efficiency (EE) to be used as a compliance strategy or not, and the degree of state
cooperation that might take place.43 Cooperation scenarios were defined to compare the impact of
very limited state collaborative efforts relative to potential outcomes should the nation-wide
cooperation occur. In the regional cooperation cases, the ability of states to cooperate was limited
42

Rhodium Group’s website is found at http://rhg.com/. To define a set of regulatory projections estimating the
potential effects of the proposed EPA CPP regulations, and to ensure these projections were consistent with the
previously used AEO2014 Annual Energy Outlook for comparison, creation of a set of NEMS-derived estimates was
necessary. Given the short time-frame involved in this project, and the fact that the NEMS model is not currently
available at the University of Wyoming, outside help to model the EPA proposal outcomes from the Rhodium Group
was solicited. Regional Wyoming-relevant results from this analysis were created and provided to UW at no cost for
use in this project. These simulations are part of a larger study Rhodium conducted in Summer 2014 analyzing the
effect of the EPA’s proposed Clean Power Plan on the national energy market. This study was conducted in
conjunction with the Center for Strategic and International Studies and the study was released in November 2014.
See Larsen et al. Remaking American Power, (2014) http://csis.org/publication/remaking-american-power.
43
Note that there are legal questions regarding the EPA’s ability to suggest states use energy efficiency as a
compliance strategy and the use of the strategy as a best system of emission reduction is likely to be litigated.
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to the areas encompassed by their regional electricity markets.44 Each scenario was run in NEMS
at the national level and Rhodium provided the Wyoming-relevant output for this study.
The effect the EPA’s proposed CPP regulations could have on Wyoming’s coal-production
depends on the degree to which the proposed regulations affect electricity generators using
Wyoming coal. To meet the requirements of the regulation, firms may opt to close coal-fired
facilities, improve their efficiency (reduce their fuel use), or they may choose to reduce the
intensity of use of their coal-fired plants. All three actions would reduce the demand for coal as a
fuel, reducing either Wyoming coal demand, or reducing coal prices nationally and, therefore, the
prices paid for Wyoming coal. Both outcomes would reduce the production and revenues the
Wyoming coal economy earns, affecting employment, output and state revenues.45
The proposed regulations may also have other effects on energy revenue streams the State receives
beyond those directly related to coal. Because the GHG regulations proposed are intended to
increase incentives to use natural gas to generate electricity, taking advantage of its reduced carbon
intensity, the proposed rules may be expected to cause an increase in natural gas demand and prices
also. With respect to the State of Wyoming, the EPA’s proposed carbon emissions rules could have
two effects – the impact they have on the coal production and the wider coal economy, and the
impact the regulations could have on natural gas production and the wider natural gas economy,
and the resultant impact this could have on state output, employment and state revenues. With
respect to overall state economic activity, natural gas effects therefore could offset, or partially
offset, the general losses a reduction in national coal use could cause. Due to the complexity of
the market dynamics the newly proposed EPA regulations potentially create, the NEMS
framework previously used to identify risks to Wyoming’s coal market is well-suited to analyze
the regulatory effects these rules may cause in Wyoming. The NEMS model captures the
interrelationship of coal, natural gas and other energy markets related to electricity generation.

44

The NEMS framework does not allow electricity markets to be defined by state boundaries as electricity grids do
not conform to these borders thus a treatment of no state cooperation could not be defined in the NEMS framework.
Instead, NEMS defines regional electricity markets or balancing areas. In the cases with least cooperation, states
were assumed to regionally cooperate within their local electricity markets only. Alternatively, they were assumed
to cooperate nationally. The latter might be considered consistent with allowing a national carbon trading market,
a policy option that has been suggested as a means of meeting national carbon emission and climate change goals.
Wyoming was presumed to cooperate with Colorado only in the regional cooperation scenarios.
45
As previously noted, we do not attempt to consider the impact on coal lease bonus payments for changes in the
competitiveness or regulatory requirements affecting coal plants. Any condition that reduces the competitiveness
of coal, and by extension the coal industry, would be expected to negatively influence any coal lease bonus payments
the state might earn in the future.
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Figure 2: Coal Production Projections across 111(d) Regulatory Scenarios
Figure 2 illustrates the potential significance of the EPA’s proposed 111(d) rule on Wyoming coal
production based on the Rhodium-provided simulations of the national energy market using
NEMS. The “business as usual” reference case suggests that without the proposed GHG limits,
Wyoming coal production could be expected to remain a strong sector over the next several
decades, with production levels increasing slightly over time from the current 400 million ton per
year level to 450 million tons in the late 2020s.46 Under the reference case, total production of coal
is projected to increase by approximately 12% over current levels by 2028 due to economic growth
and other drivers of demand. The imposition of existing power plant GHG regulations like those
envisioned in the EPA’s CPP proposal, however, would result in declines in Wyoming coal output
of between 31% and 51% from 2012 levels, depending on the policy scenario assumed, as shown
in Figure 2.

46

The reference scenario used for these simulations is slightly different from that used in the EIA simulations in
Chapter 3. Both reference scenarios are shown in Figure 2 for comparison. To be consistent with the proposed EPA
rules, the Rhodium reference assumes that 111(b) new source regulations are in place, requiring new coal plants to
meet a carbon emissions rate of 1,100lbs/MWh if built. While the previous reference did not include this restriction
on new plant emissions, since no significant new plants are built in the EIA reference case previously presented, the
change makes little difference. Differences between the Rhodium and EIA reference cases are generally less than
1% in annual estimated coal production and price outcomes.
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From the differences in projected outcomes shown in Figure 2, the potential impact of allowing
energy efficiency and wide cooperation in limiting the effects of EPA’s proposed regulations on
Wyoming are clear.47 Allowing greenhouse gas reductions to be accomplished by a wider set of
sectors in the economy, as is the case when energy efficiency is included as a policy response,
reduces the pressure to reduce emissions from coal. Energy efficiency allows more cost-effective
CO2 reductions to occur elsewhere in the industrial and household sectors of the economy, thereby
reducing the impact of the proposed rules on coal generation and therefore coal production.
Implementing wider cooperation among states to meet the standards has a similar effect. Allowing
carbon reductions to be made collectively where they are most cost-effective allows electricity to
be produced where it is cheapest and most efficient. This too minimizes the amount of coal
generation that is otherwise curtailed by the proposed rules. For Wyoming, wider cooperation and
the use of energy efficiency to meet the proposed standards allows more coal to be used in
generation, increasing the demand for PRB coal production.
Comparison of the coal production scenarios presented in Figure 2 to those of the previous chapter
suggests the regulatory impact on the Wyoming economy would be much more severe than any of
the market risk scenarios previously presented. This occurs for two reasons. Coal production
declines are much larger in the regulation scenarios than any in Chapter 3, and they occur much
more swiftly. In the worst case scenario presented in Chapter 3, the high coal cost projections
resulted in a decline in Wyoming coal production of 82 million tons annually relative to the 2012
production level. This decline, however was not fully realized until 2030. In the EPA regulatory
scenarios shown here, the least harmful case with respect to coal production outcomes (national
cooperation and energy efficiency allowed) results in an annual coal production decline of 127
million tons annually relative to 2012, and this primarily occurs between 2020 and 2025. This
outcome implies a 55% worse production outcome occurring five to ten years sooner than in the
worst scenario of the previous chapter. In the worst case regulatory scenario (regional cooperation
only with no energy efficiency used) presented here, coal production falls by 193 million tons
annually by 2030, a decline that is 135% worse than the worst outcome envisioned in the last
chapter, and this occurs sooner also, by 2027.
Comparison of the scenarios presented in Figure 2 also demonstrates clearly another implication:
how the regulation is implemented by states is of critical importance to Wyoming. The Wyoming
coal production outcomes presented can be ordered from best (most production) to worst (least
production) in the following order:



national cooperation with energy efficiency,
regional cooperation with energy efficiency,

47

These simulations assume only incremental improvements in carbon-capture technologies for coal-fired plants.
The projections do not envision carbon capture being required for modern combined-cycle natural gas-fired plants
during the time-period of the scenarios.
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national cooperation without energy efficiency,
regional cooperation with energy efficiency.

Furthermore, of the two policy choices defining the scenarios used, these simulations suggest that
from the perspective of Wyoming’s coal economy, using energy efficiency as a compliance policy
to reduce emissions is more effective in avoiding coal production declines than the degree of
cooperation that takes place among states.
For additional comparison, an alternative set of GHG reduction policies is also shown in Figure 2.
The EIA’s AEO2014 projection set from which the previous market scenarios in Chapter 3 were
drawn from also includes three potential carbon tax scenarios. The impact of these scenarios with
respect to their projected Wyoming coal production outcomes are shown by the dashed lines in
Figure 2. They include results for a $10 per metric ton carbon tax beginning in 2015 and rising at
a rate of 5% annually. They also include a second scenario imposing the same the same tax
conditions but assuming that lower natural gas prices like those presented in the low natural gas
price case presented in Chapter 3 occur simultaneously, reducing the price of natural gas at the
same time the carbon tax is imposed. Finally they include a third $25/ton carbon tax scenario, also
assumed to be imposed in 2015, and rising annually at a rate of 5%.48
As shown in Figure 2, with respect to coal production, the impact of the EPA 111(d) proposal is
roughly similar to the outcomes in the $10/ton GHG carbon tax scenarios. Production outcomes in
the 111(d) energy efficiency scenarios are bracketed by the $10/ton GHG tax projections, and the
outcomes in cases without energy efficiency result in slightly lower coal production than these
$10/ton carbon tax cases. None of the projected 111(d) outcomes is as severe as the impact on coal
production a $25/ton carbon tax would have. In this case, by 2030 coal production falls by 90%
from levels seen in 2012.
Estimated Energy Revenue Impacts of 111(d) Regulation
Production outcomes cause significant effects on Wyoming coal revenues, which decline relative
to 2012 levels regardless of the scenario considered once the rules are imposed in 2020. In all
cases, the increases in coal production revenues forecast to occur in the current decade to 2020
shown in the figure are reversed once the 111(d) compliance period begins. This is shown in Figure
3, and revenue cases follow scenario production outcomes, with energy efficiency cases superior
to those without. Between the energy efficiency cases, national cooperation outcomes are superior
to more limited regional cooperation.
Overall, the impact of the proposed EPA regulations coming into effect is clear in 2020. In real
terms, those scenarios that result in the greatest production declines cause coal revenues to decline
48

The assumptions for gas in this scenario are the same as those in the high gas resource conditions previously
considered – overall these would be anticipated to reduce natural gas prices and increase gas use as a generation
fuel, thereby reducing coal production by a greater amount that in the $10 tax case alone.
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by between 23 and 35 percent relative to revenue levels experienced in 2012 depending on the
scenario.49 The energy efficiency scenarios have reduced production revenue impacts, ranging
from 4.5% to 10% declines relative to 2012 revenue levels.

Coal Revenue Change Relative to 2012 Levels (real dollars)
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Figure 3: Wyoming Coal Production Revenue changes across 111(d) Regulatory Scenarios
While forecasted coal outcomes are very negatively affected by the EPA’s proposed existing
power-plant regulations, total energy revenues in Wyoming, that is, the combined revenues of coal,
natural gas and oil produced in the state actually rise over the entire projection period considered
despite the new regulations. This occurs for two reasons. First, in the Rhodium scenarios described
here, it is presumed that in the years leading up to 2020, an anticipated expansion in coal demand
occurs, which increases revenues for coal by between approximately 11% and 17% relative to
revenue levels in 2012, depending on the scenario assumed. When losses are compared to revenues
in 2012, this in part offsets some of the losses in the following decade caused by the new
regulations.50 Losses due to the projected regulatory effects in all cases would be larger if the
forecasted increases in coal revenues between 2012 and 2020 do not materialize.

49

The reader is reminded that 2012 outcomes reflect actual production and price outcomes that occurred. They are
not forecasts.
50
EIA projections exhibit this same property – they project growth in Wyoming coal production in the reference case
and most other side-cases presented in the AEO2014 report. As noted in Chapter 3, however, this projected growth,
while still present over time has been declining within Annual Energy Outlook projections since 2009.
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Secondly, the regulations impact total production revenues from the other sources of energy
produced in Wyoming, especially natural gas. Because natural gas demand increases due to the
increased generation share natural gas experiences under the 111(d) scenarios, Wyoming gas
production and price outcomes increase natural gas revenues, and these otherwise offset some of
the coal revenue losses due to the proposed rules.51 More importantly, however, the Rhodium (and
EIA) projections forecast a boom in gas output over the next 15 to 20 years, regardless of whether
carbon regulations are implemented, and these gains offset coal losses.
The overall impact of the proposed 111(d) regulations can be split into two time periods. From
2012 to 2022 the regulations and resultant changes in energy markets over the coming decade
(through 2022) cause lower total energy revenues than would be expected had no regulations been
imposed, but projected total revenues are still significantly higher than those experienced in 2012
(note that revenues presented are measured in real terms implying the revenues are net of any
inflation effects). Using Rhodium’s NEMS model projections prepared for this report, in the last
years of the current decade, in inflation adjusted terms total energy revenues are still between 48%
and 56% higher than those in 2012, depending on the scenario assumed. This suggests that a rapid
expansion of oil and gas production in the state could offset declines in coal, even significant
reductions caused by GHG regulations.
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Figure 4: Total Wyoming Energy Production Revenue Projections across 111(d) Scenarios

51

Oil revenues are affected little by the proposed regulations, mainly because oil is not a widely used generation
fuel in the United States. Oil production is forecast to grow over time at similar rates across the four 111(d) scenarios
presented here. Oil outcomes are included in total revenue outcomes but are not discussed in the report in any
detail. Lower oil prices currently occurring, however, could undermine the bullish gas and oil forecast implicit in the
Rhodium and EIA forecasts as they presume higher oil prices lead to greater oil and gas development than may occur
under current conditions with oil prices are below $70/barrel.
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Figure 4 shows this more clearly. While coal production is significantly impacted by proposed
GHG regulations, total production revenues (price x quantity produced) grow in all scenarios.
Growth in natural gas and oil revenues more than offsets the coal revenue losses. The result in
projected total energy revenues in Wyoming after the imposition of the proposed EPA 111(d) rules
is a pause in total revenue growth, with a decline of between approximately 8% and 16% in these
revenues by 2022, and afterward total revenues begin to grow at approximately the same rate they
would have in the reference case had GHG regulations not occurred. The lesson of Figure 4 is that
other pre-existing energy trends could offset predicted losses in the Wyoming economy due to
proposed regulations affecting coal. For example, a large increase in international coal exports on
the order of 100 million tons per year as analyzed in Chapter 2 or a rapid increase in demand and
pricing for natural gas could offset a large portion of the impact the State would otherwise
experience under these regulatory scenarios.
Potential Regulatory Impacts to the Wyoming Coal Economy by Scenario:
To estimate the impact of the proposed EPA 111(d) regulations on the wider Wyoming economy,
Figure 5 summarizes the coal production impacts projected by scenario in 2016, through 2030
relative to production in 2012. Total coal production in 2012 was approximately 401 million tons,
with 389 million tons produced in the PRB, and the remainder produced in the Uinta Basin region
of the state. Production projections suggest that output declines begin to occur immediately after
regulations are finalized in 2016 as the generating industry increases coal-plant retirements beyond
those that would otherwise occur in anticipation of the rules. When the compliance period begins
in 2020 through 2030, production declines accelerate, with declines continuing through 2030 in
three of the four regulatory scenarios.
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Figure 5: Coal Production Changes across 111(d) Scenarios Relative to 2012 levels
Estimated statewide employment impacts resulting from these coal production changes are shown
in Figure 6, while the impacts in the two coal-producing regions are shown in Figures 7 and 8.
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These impacts include estimated effects on those directly employed in the mining, railroad
transport and electricity generation sectors, the indirect employment impacts changes in these
sectors have on industries that supply these activities, and induced employment changes caused by
changes in expenditures made by those employed in mining, railroads and generation. Statewide
and in the PRB, employment outcomes follow the general statewide production outcomes
described in Figure 5. Across the state, in the best case (national cooperation case that includes
energy efficiency) the imposition of the proposed EPA regulations results in a loss of over 7,000
jobs by 2025 compared to 2012. In this case employment recovers slightly by 2030, resulting in
the regulations reducing employment in the coal economy by nearly 5,000 jobs relative to 2012 by
the end of the 111(d) compliance period. In all other cases the employment losses relative to 2012
employment levels continue to worsen throughout the projection period to 2030, with losses
ranging from nearly 8,000 positions to over 11,000 in the coal economy, depending on the scenario
considered.
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Figure 7: 111(d) Coal Economy Total Employment Change: PRB Relative to 2012
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Figure 8: 111(d) Coal Economy Total Employment Change: Uinta Basin Relative to 2012
Regional employment outcomes in the PRB reflect those at the statewide level by scenario, with
losses in the coal economy ranging from approximately 5,500 to over 8,000 by the end of 2030.
Uinta Basin employment losses, however, contrast to those elsewhere. Projections initially forecast
employment increases at the mines in this region, as the electricity generators they supply increase
output and fuel demand increases at these stations. This increase occurs due to the increased
generator retirements elsewhere in the country. By 2020, however, these increases have been
reversed and total employment in the coal economy ranges from approximately what it was in
2012 in the best case scenario, to reductions of over 500 positions by 2025 in the worst case. As
described in the market cases previously considered in Chapter 3, projected 2030 employment
reductions occur in this region regardless of scenario due to the scheduled retirement of two large
Wyoming generating stations. In the reference case this results in the reduction of approximately
1,000 jobs, and in the regulatory scenarios this rises to approximately 1,200 to 1,400 total positions
lost. Nominal employment losses also occur outside of the PRB and Uinta regions.
The scale of the impacts the potential coal production changes presented here could have on
statewide employment due to the EPA’s proposed carbon regulations are significant. In 2012, the
coal economy represented 5.9% of all jobs in the state. Forecast employment losses as a percentage
of statewide employment in 2012 for the regulation scenarios highlighted here range from just
under 2% to over 2.5% in the worst years considered. Given how quickly the impacts occur once
the required emissions reductions begin to occur, these impacts in isolation would be recessionary,
assuming no other mitigating effects occurred in the economy to absorb employment lost in the
coal economy.
Regional impacts are potentially far worse than statewide outcomes. Coal production declines and
contraction in the coal economy results in employment losses approaching 10% in the PRB region,
starting as early as 2020 and persisting through 2030 depending on the scenario. As previously
described, Uinta Basin impacts do not result in employment losses nearly as large, and the worst
employment losses in the region occur due to the retirement of aging generation plants late in the
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decade regardless of scenario. The effects of the regulations, however, are potentially quite
contractionary for the state as a whole and would be especially destructive to the economy of the
PRB region where almost one job in ten would be eliminated.
Considering Natural Gas Impacts of Proposed 111(d) Regulation:
As noted previously, the proposed EPA regulations on carbon emissions affect more than just the
coal economy. EPA modeling released when the proposed rules were announced in 2012 suggests
approximately 25% of current coal-fired generation would be replaced, primarily by natural gas
generation, with additional energy efficiency efforts, expanded renewable generation and nuclear
power making up the remainder.52 With respect to Wyoming, natural gas production is also a
significant part of the economy, thus it is unclear to what degree such effects would potentially
offset the coal economy contraction the proposed regulations could cause.
Using estimates for Wyoming natural gas production outcomes in each of the regulatory scenarios
considered, the simultaneous effects of coal and natural gas effects occurring due to the proposed
regulations were estimated.53 To compute the effects of the EPA’s proposed 111(d) regulation in
isolation from any underlying trends affecting coal and natural gas production, the forecasted
annual coal and gas outcomes in each regulatory scenario were subtracted from the reference
forecast in the same year.54 Estimated production changes are presented in Figures 9 and 10.
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Figure 9: 111(d) Coal Production: Difference from Reference Case in each year
With respect to coal, as noted previously even before the compliance period begins in 2020,
anticipation of the rules is estimated to accelerate reductions in coal use. This is demonstrated by
52

EPA modeling is found on their Clean Power Plan website:
http://www.epa.gov/airmarkets/programs/ipm/cleanpowerplan.html
53
Natural gas outcomes are not strictly defined within state boundaries and are instead defined by gas and oil basin.
Projections were downscaled to derive estimates of natural gas production within Wyoming and then further
downscaled to the two Wyoming regions we consider. Details regarding this procedure are available from the
authors upon request.
54
The previous section presented total production relative to 2012 levels thus all production changes projected were
shown, whether they were caused by regulation changes or other trends forecast to occur in energy production.
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the fact that, as shown in Figure 9, coal production falls relative to the reference level in 2016.
Once emission limits take effect in 2020 through 2030, coal production falls further, with
additional declines in production as emission limits become stricter over time. Estimated
production changes are sensitive to scenario considered. In 2030, the final target year of the
proposed 111(d) regulations, coal production has fallen relative to the no-regulation reference by
between 29% to 54% depending on the scenario.
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Figure 10: 111(d) Gas Production: Difference from Reference Case in each year
Natural gas production outcomes are presented in Figure 10. In all cases, production is higher in
2016 than it would have been in the absence of regulation, and this is true through 2025, suggesting
the regulations cause gas production to increase even before the compliance period begins. Beyond
2025, natural gas production continues to increase in those cases that are harshest with respect to
coal production (the scenarios that do not include energy efficiency measures being used).
Reduced coal production implies greater generation is occurring through the use of natural gas. By
2025, the estimated increases in natural gas production range from 4.4% to 10.8% beyond those
forecasted if no regulation is implemented. The projected 2030 increases in gas production are
much smaller than those in 2025 because an underlying boom in natural gas production towards
the end of the decade has already been factored into the reference case forecast. In scenarios
including energy efficiency, gas production increases are reversed as coal production begins to
rebound late in the decade as shown in Figure 9.55 Those cases that do not include energy
efficiency, however, continue to see expanded natural gas output.
Using the production changes caused by regulation alone, the estimated statewide employment
impacts corresponding to the production changes in Figures 9 and 10 for coal and natural gas are
presented in Figures 11 and 12. The total combined effects of both sectors on employment is then
55

As shown previously in Figure 5, coal production rebounds in the national cooperation/energy efficiency scenario
and declines end in the regional cooperation case with energy efficiency. This results in less demand for natural gas
and causes estimated Wyoming gas production to decline or remain flat compared to 2025 in these two scenarios.
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% Change Reltative to 2012 Statewide
Employment

presented in Figure 13. Each figure shows the change in employment between the reference case
in a given year and the estimated level of employment in the scenario considered. These
employment changes are then expressed as a percentage change relative to the statewide
employment level in 2012.
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Figure 11: 111(d) Coal Employment Impact: Change from Reference by Year
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Figure 12: 111(d) Natural Gas Employment Impact: Change from Reference by Year
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Figure 13: 111(d) Combined Employment Impact: Difference from Reference by Year
Summarizing the results presented in Figures 11 to 13, some conclusions can be made regarding
the regulatory effects of the EPA’s proposed 111(d) rules on Wyoming energy production, and on
employment outcomes in the state. First, employment losses in the state’s coal industry are not
offset by employment increases caused by increased natural gas production. Comparing
employment changes, the negative impact to the state from reduced coal production is
approximately two to four times larger than the positive natural gas employment effects the new
regulations cause, depending on the year and scenario considered. This suggests that considering
the regulatory effects alone, the impacts of coal production losses dominate the gains in natural
gas production due to regulation in the state. As shown previously, employment impacts would be
largest in the coal-producing regions, but growth in gas producing regions could provide
employment for some of those job losses thus the regulation would be anticipated to cause some
labor migration from coal producing to natural gas producing regions of the state. Not all displaced
workers in the coal sector, however, would be able to find employment in the expanding natural
gas sector even assuming one could easily transition from one field to the other.
Secondly, for the proposed regulations regarding 111(d), to avoid a significant decline in economic
activity in the state, an expansion in economic activity would have to occur elsewhere in the
economy. Wyoming’s diversified energy base and the nature of the proposed regulations shifting
coal demand to natural gas could provide such a lift or at least some relief, but the impact of the
regulations alone would be expected to lead to a contraction in statewide economic activity and
employment absent any other offsetting economic growth elsewhere in the state economy.
Thirdly, how the proposed rules are implemented matters to the state’s production of natural gas
and coal, but the implications for the optimal implementation plan are less clear than when
considering coal outcomes alone. Use of energy efficiency to reduce carbon emissions results in
higher coal production than otherwise would occur, and reduced contraction in this sector. To a
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lesser degree, wider regional cooperation has a same effect. For the natural gas sector, however,
the opposite is true. With respect to the impact on the entire Wyoming economy, the worst case
scenario in terms of employment impact occurs under national cooperation without energy
efficiency. In this case the impact on coal is severe due to the lack of energy efficiency, while
national cooperation allows carbon reductions elsewhere in the country to reduce the need for more
local use of Wyoming natural gas relative to other scenarios. The result is the worst employment
outcome of the four scenarios considered with a reduction in employment of over 3% relative to
the number of jobs available in 2012.
The other three scenarios experience little difference in total employment, though the composition
of output is different in each case. Those cases that include energy efficiency have more coal
production and preserve employment in that sector at the expense of greater expansion of the
natural gas sector. In the regional cooperation without energy efficiency case, coal production
impact is the most severe of any of the cases considered leading to the greatest coal economy
employment losses. Simultaneously however, this is the best case for natural gas output, which
leads to the greatest offsetting effect in employment from this sector. Overall, the total effect is
similar to the two energy efficiency cases with respect to employment, with reductions in
employment across all three scenarios equivalent to a 2.5% to 2.7% reduction in 2012 employment
levels despite differences in how the employment declines occur.
Impact of Regulatory Scenarios on State Revenues
Figures 14 and 15 describe the state revenue outcomes for the 111(d) scenarios considered. To
isolate the revenue impacts caused by changes in production due to implementation of carbon
regulations, changes in revenue relative to the reference case are presented for the years 2016,
2020, 2025 and 2030. As shown previously, the impact of the proposed EPA rules is to reduce
coal revenues due to the impact they have on coal production, but also to stimulate gas revenues
through the additional natural gas demand the rules create. Total economic activity was shown to
decline when carbon regulations are imposed due to the fact that the coal effect dominates the
natural gas effect. Figures 5 and 6 in this chapter present the state revenue outcomes for the coal
economy alone, and the combined coal and natural gas effects using the same revenue model
utilized to derive the Chapter 3 results.56
As with the previous economic impact outcomes described, the most favorable tax revenue
outcomes from the wider coal economy occur in the cases in which energy efficiency is used as a
compliance strategy. This is shown in Figure 14 by comparing tax revenue changes. The worst
coal revenue cases continue to be the cases without energy efficiency, which exhibit generally
worse revenue outcomes, especially in the later time periods presented.
56

Coal economy tax revenues and total energy tax revenues are presented in Figures 14 and 15 respectively. Total
energy revenues include estimated oil revenues, however these were found not to be sensitive to the regulatory
scenario considered.

98

Total Coal Economy Tax Revenue Change from Reference: 111(d)
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Figure 14: Total Coal Economy Tax Revenue Change from Reference: 111(d) Scenarios
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Figure 15: Total Energy Economy Tax Revenue Change from Reference: 111(d) Scenarios
With respect to total energy revenues shown in Figure 15, however, this pattern is reversed. Total
energy tax revenues decline in all cases through most years, but the most dramatic declines occur
in 2030 in the cases where energy efficiency is allowed. This occurs because of the impact natural
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gas revenues have on total revenues, and how natural gas production is affected by the cases
considered. In those cases that allow energy efficiency, gas production increases less because coal
production is not as dramatically affected by the assumed regulations. With less fuel switching,
natural gas revenues are reduced, and therefore tax revenues fall. The fact that these outcomes
under the energy efficiency cases are worse for the state reflect the differential rates of tax applied
to each commodity. The general finding found previously, however, remains. The increase or
stimulative effects that the proposed 111(d) rules might have on natural gas production and
therefore the natural gas tax revenues under these regulations do not offset the losses to coal tax
revenues due to the regulation. Overall, the imposition of carbon regulation results in a decline in
tax revenues to the state relative to the reference case where 111(d) regulations are assumed not to
be imposed.
Results shown in Figure 15 pose an interesting dilemma for policymakers in the State. While tax
revenue falls in all scenarios, the scenarios in which total revenues are impacted least are often
those that are worst for the wider coal economy in terms of jobs and production (for example, the
regional cooperation without energy efficiency scenario). If one were to consider the worst longterm revenue outcome for the State in Figure 15, it occurs under conditions of national cooperation
and energy efficiency being used. Referring to Figure 13, this worst revenue case is actually the
least destructive to the statewide economy of the scenarios considered. Therefore, what is good
for the economy may be at odds with the state’s revenue interests, especially by the end of the
compliance period in 2030. With respect to policy response, from the point of view of the state’s
revenues and general economy, as seen in the market cases in Chapter 3, what may be optimal for
tax revenue may not be optimal for the Wyoming coal economy. This most often occurs for
regulatory scenarios that allow energy efficiency, which are typically better for the state economy
than they are for tax revenues.
Policy Conclusions
Overall, what Wyoming chooses to do with respect to the use of energy efficiency or statewide
cooperation will ultimately have less effect on the Wyoming economy than actions taken by the
rest of the nation. Because only 7% of Wyoming coal output is used by utilities in the state, the
impact on Wyoming of proposed carbon regulations will be determined by how such carbon
regulations affect its coal and natural gas exports to the rest of the country. If the state wishes to
protect its coal industry, a sector that produces directly or indirectly over 11% of Wyoming’s gross
state product, then it should attempt to ensure that energy efficiency is a policy option available
and widely utilized by other states, especially by those using Wyoming coal. Furthermore, it should
also attempt to ensure that regional cooperation is maximized among states. Both efforts would
result in the least impact on the Wyoming coal sector if carbon regulations like those currently
proposed by the EPA are implemented.
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How policies to meet the proposed rules are implemented also has an impact on state revenues. In
contrast to the general economy’s interests, those policy choices of greatest importance to the state
coal economy, and by extension the state economy as a whole, may result in the greatest decline
in state revenue. This suggests that the state may have to decide whether to prioritize state
production and employment or its own revenues in deciding how to implement its carbon
mitigation strategy. The state should also think carefully about how it may attempt to influence
how other states approach their own carbon mitigation strategies.
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PacifiCorp (2014) “Integrated Resource Plan Updated,” PacifiCorp, March 31, 2014.
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Technical Appendices
Appendix
The Appendix includes greater data and analysis detail than presented in the text of the report.
Data used in the figures presented in the report, along with greater detail regarding impact
estimates is presented in order of the report’s chapters.
Appendix A2
Appendix A2 includes additional text prepared for the report. Specifically, it includes a description
of previous literature on Wyoming’s coal economy in more detail, and a description of Wyoming’s
coal-fired generation sector, which could be impacted by future carbon regulations, including the
EPA’s proposed 111(d) rules.
Appendix A3
Appendix A3 documents the assumptions used in the EIA projection scenarios used in Chapter 3.
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Appendix:
Wyoming Coal Production and State Revenue Statistics used in Chapter 1
Table 1. Wyoming Coal Production: 1970-2013

Year
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Production

Price/Ton

Price/Ton

Short Tons
7,039,980
7,743,347
10,043,161
14,272,350
19,957,726
23,141,105
30,298,432
44,577,218
56,456,133
68,792,573
90,527,538
98,410,522
104,014,096
107,902,764
125,931,155
135,105,204
128,145,751
132,753,011
163,801,374
171,140,004
184,005,701
193,863,806
189,470,256
209,925,826
236,908,067
263,938,023
278,424,956
281,481,516
314,962,091
336,459,938
338,852,148
368,878,135
373,195,431
376,565,247
395,725,278

(Nominal)
$6.30
$7.13
$7.78
$8.71
$16.01
$19.79
$20.11
$20.59
$22.36
$12.55
$11.08
$12.18
$12.75
$12.63
$12.41
$11.36
$10.85
$9.80
$9.16
$8.63
$8.43
$8.06
$8.13
$7.12
$6.62
$6.38
$6.15
$5.68
$5.41
$5.19
$5.40
$5.75
$6.66
$6.85
$6.88

(2012$)
$29.01
$31.24
$32.67
$34.69
$58.50
$66.19
$63.76
$61.47
$62.37
$32.34
$26.19
$26.33
$25.95
$24.73
$23.47
$20.82
$19.49
$17.16
$15.50
$14.06
$13.24
$12.25
$12.08
$10.34
$9.41
$8.88
$8.41
$7.64
$7.20
$6.81
$6.92
$7.21
$8.22
$8.29
$8.10

Value
of
Production
(Nominal)
$44,351,874
$55,210,064
$78,135,793
$124,312,169
$319,523,193
$457,962,468
$609,301,468
$917,844,919
$1,262,359,134
$863,346,791
$1,003,045,121
$1,198,640,158
$1,326,179,724
$1,362,811,909
$1,562,805,634
$1,534,795,117
$1,390,381,398
$1,300,979,508
$1,500,420,586
$1,476,938,235
$1,551,168,059
$1,562,542,276
$1,540,393,181
$1,494,671,881
$1,568,331,404
$1,683,924,587
$1,712,313,479
$1,598,815,011
$1,703,944,912
$1,746,227,078
$1,829,801,599
$2,121,049,276
$2,485,481,570
$2,579,471,942
$2,722,589,913
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Value
of Employment
Production
(2012$)
Jobs
$204,211,159
621
$241,911,499
727
$328,110,958
943
$495,070,406
1,179
$1,167,626,308
1,411
$1,531,676,224
2,038
$1,931,757,381
2,511
$2,740,043,560
3,314
$3,521,245,219
3,928
$2,224,616,927
5,265
$2,370,776,450
6,231
$2,591,196,860
6,015
$2,699,405,331
5,681
$2,668,593,255
5,401
$2,955,384,370
5,336
$2,812,407,192
5,275
$2,497,396,893
4,671
$2,278,694,395
4,423
$2,539,117,495
4,533
$2,405,855,856
4,560
$2,436,618,275
4,623
$2,375,451,564
4,663
$2,289,569,742
4,648
$2,169,976,313
4,562
$2,229,444,717
4,572
$2,344,845,894
4,374
$2,341,616,503
4,398
$2,149,646,253
4,303
$2,266,386,599
4,335
$2,289,934,379
4,606
$2,346,201,994
4,414
$2,658,768,666
4,532
$3,068,409,903
4,684
$3,122,042,936
4,788
$3,207,348,494
4,903

Table 1. Wyoming Coal Production: 1970-2013 continued

2005
2006
2007
2008
2009
2010
2011
2012
2013

Production

Price/Ton

Price/Ton

404,488,849
444,880,617
452,134,704
466,319,331
432,481,322
442,061,036
438,380,012
401,457,074
387,995,072

$7.88
$9.02
$9.98
$10.09
$10.51
$12.47
$13.28
$14.34
$13.43

$8.99
$9.99
$10.77
$10.68
$11.04
$12.94
$13.51
$14.34
$13.21

Value
of
Production
$3,187,372,130
$4,012,823,165
$4,512,304,346
$4,705,162,050
$4,545,378,694
$5,512,501,119
$5,821,686,559
$5,758,367,789
$5,210,773,817

Value
of Employment
Production
$3,638,186,871
5,330
$4,443,823,515
6,030
$4,867,734,946
6,463
$4,978,550,380
6,760
$4,772,738,537
6,822
$5,718,979,582
6,869
$5,923,397,825
7,004
$5,758,367,789
6,902
$5,126,553,471
6,516

Source: Various

Table 2. Wyoming State and Local Government Coal Revenue & Distributions- FY2012
Type
Ad Valorem - Production
Severance Taxes
Federal Mineral Royalties
Ad Valorem - Property
Sales and Use Taxes
State Rents & Royalties
Coal Lease Bonus Payments
Abandoned Mine Lands Distributions (1)
Total Government Revenue

Amount
$256,803,632
$297,529,638
$290,865,387
$28,494,612
$32,116,566
$62,692,701
$145,329,794
$150,018,677
$1,263,851,007

Percent
(1) Includes AML "prior balance replacement funds"
Source: Concise Guide to Wyoming Coal
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State
$0
$288,055,423
$168,314,431
$0
$16,110,077
$62,692,701
$1,875,000
$131,168,677
$668,216,310

Local Govt
$64,766,236
$9,474,215
$10,940,086
$7,155,774
$16,006,489
$0
$5,625,000
$0
$113,967,799

Education
$192,037,396
$0
$111,610,870
$21,338,839
$0
$0
$137,829,795
$18,850,000
$481,666,899

52.9%

9.0%

38.1%

Table 3. Wyoming State and Local Government Coal Revenue: 2003-2013
Type
Severance Taxes
Federal Mineral Royalties
Ad Valorem - Production
Abandoned Mine Lands (1)
Federal Mineral Bonus Payments
Sales and Use Taxes
Ad Valorem - Property
State Rents & Royalties
Total S/L Government Revenue

2003

2004

2005

2006

$122,317,716
$160,538,396
$105,309,581
$29,305,188
$74,027,873
$30,125,220
$10,660,280
$2,025,958
$534,310,212

$129,288,833
$157,080,983
$109,519,807
$30,320,649
$47,268,222
$31,658,022
$10,930,031
$627,795
$516,694,343

$142,749,359
$173,175,513
$121,049,585
$29,469,486
$216,875,806
$32,359,109
$12,623,178
$6,332,601
$734,634,636

$159,518,200
$193,774,658
$135,448,194
$29,469,486
$169,803,329
$35,590,449
$12,777,329
$7,276,526
$743,658,171

2007

2008

2009

2010

Type
Severance Taxes
Federal Mineral Royalties
Ad Valorem - Production
Abandoned Mine Lands (1)
Federal Mineral Bonus Payments
Sales and Use Taxes
Ad Valorem - Property
State Rents & Royalties
Total S/L Government Revenue

$201,699,897 $228,415,835 $261,614,042 $266,819,130
$218,340,926 $268,040,035 $292,578,495 $293,501,279
$173,394,725 $198,178,407 $222,025,920 $230,576,515
$30,471,022
$82,700,759 $100,783,068 $117,352,070
$169,803,329 $170,045,991 $208,916,391
$47,222,161
$36,170,776
$37,305,546
$34,598,506
$35,364,883
$17,215,997
$20,259,156
$24,215,757
$24,667,154
$41,758,438
$35,629,666
$51,222,918
$35,923,907
$888,855,111 $1,040,575,395 $1,195,955,097 $1,051,427,099

Type

2011

2012

2013

Severance Taxes
$284,711,738 $297,529,638 $288,487,852
Federal Mineral Royalties
$319,640,528 $290,865,387 $259,252,342
Ad Valorem - Production
$246,002,072 $256,803,632 $251,614,091
Abandoned Mine Lands (1)
$133,062,524 $150,018,677
$14,235,000
Federal Mineral Bonus Payments
$47,222,006 $145,329,794 $237,467,799
Sales and Use Taxes
$35,070,401
$32,116,566
$31,039,606
Ad Valorem - Property
$24,667,154
$28,494,612
$30,320,850
State Rents & Royalties
$14,304,776
$62,692,701
$39,357,566
Total S/L Government Revenue $1,104,681,199 $1,263,851,007 $1,151,775,105
(1) Includes AML "prior balance replacement funds" for 2008 through 2012. AML payments
were capped at $15 million by Congress after 2012.
Source: Concise Guide to Wyoming Coal
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Table 4: Summary of Estimated WY State and Local Government Revenue from
Coal- 2012 (Data used in Figure 6, Chapter 1)
Type
Ad Valorem - Production
Severance Taxes
Federal Mineral Royalties
Ad Valorem - Property
Sales and Use Taxes
State Rents & Royalties
Coal Lease Bonus Payments
Abandoned Mine Lands Distributions (1)
Total Government Revenue

Amount

%

$256,803,632
$297,529,638
$290,865,387
$28,494,612
$32,116,566
$62,692,701
$145,329,794
$150,018,677
$1,263,851,007

20.3%
23.5%
23.0%
2.3%
2.5%
5.0%
11.5%
11.9%
100.0%

State

Local
Government

$0 $64,766,236
$288,055,423
$9,474,215
$168,314,431 $10,940,086
$0
$7,155,774
$16,110,077 $16,006,489
$62,692,701
$0
$1,875,000
$5,625,000
$141,168,677
$0
$678,216,310 $113,967,799
53.7%
9.0%

Education

$192,037,396
$256,803,632
$0
$297,529,638
$111,610,870
$290,865,387
$21,338,839
$28,494,612
$0
$32,116,566
$0
$62,692,701
$137,829,795
$145,329,795
$8,850,000
$150,018,677
$471,666,899 $1,263,851,008
37.3%
100.0%

Source: Concise Guide to Wyoming Coal
(1) Includes AML "prior balance replacement funds" were to end in 2014. AML payments were capped at $15 million
in 2013 by Congress. Total Wyoming government revenue in 2012 was approximately $11.3 billion.
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Total

Table 5: Wyoming Mine Detailed Characteristics
Company
Alpha Coal West
Alpha Coal West
Buckskin Mining
Cloud Peak
Peabody
Peabody
Peabody
Thunder Basin
Thunder Basin
Western Fuels
Wyodak
Arch of Wyoming
Arch of Wyoming
Cloud Peak
Grass Creek
Westmoreland
Black Butte Coal
Bridger Coal
Bridger Coal
Haystack Coal
Total
Powder River Basin
Other
Industry Output
Surface
Underground
Total

Mine
Belle Ayr
Eagle Butte
Buckskin
Cordero Rojo
Cordero
North Antelope/Rochelle
Rawhide
Black Thunder
Coal Creek
Dry Fork
Wyodak
Elk Mountain
Seminoe II
Antelope
Grass Creek
Kemmerer
Black Butte
Bridger
Bridger
Haystack

County
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Campbell
Carbon
Carbon
Converse
Hot Springs
Lincoln
Sweetwater
Sweetwater
Sweetwater
Uinta

Production (tons)
396,820,517
4,636,557
401,457,074

Price/ton
$14.15
$30.58
$14.34

Type
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Underground
Surface
Surface

Revenue
$5,616,597,598
$141,776,640
$5,758,374,238
111

Production/
Employees Production
Employee
346
24,227,846
70,023
305
22,466,733
73,661
381
18,058,827
47,398
628
39,204,737
62,428
277
16,841,183
60,798
1,368
107,639,188
78,684
211
14,721,376
69,770
1,635
93,083,524
56,932
145
7,564,231
52,167
77
6,006,787
78,010
80
4,245,981
53,075
1
786
786
10
0
0
536
34,316,314
64,023
4
24,040
6,010
281
4,659,485
16,582
194
2,871,825
14,803
216
4,636,557
21,466
189
887,654
4,697
18
0
0
6,902
401,457,074
58,165
5,989
388,376,727
64,848
913
13,080,347
14,327

97.5%
2.5%
100.0%

Wyoming Coal Economy Economic Impact Estimates Presented in Chapter 2
Table 6: Economic Impact of WY Coal Industry - 2012
Coal
Mining

Railroad
Hauling

Tons
401,457,074
Output
Direct
$5,758,374,238
$730,341,681
Indirect
$762,534,381
$159,409,693
Induced
$543,735,177
$111,722,639
Total
$7,064,643,796 $1,001,474,013
Multiplier
1.23
1.37
Employment
Direct
6,902.0
1,655
Indirect
4,121.3
1,242
Induced
5,016.9
1,031
Total
16,040.2
3,928
Multiplier
2.32
2.37
Labor Income
Direct
$944,903,650
$183,178,780
Indirect
$228,442,073
$59,892,024
Induced
$179,997,006
$36,985,793
Total
$1,353,342,729
$280,056,597
Multiplier
1.43
1.53
Value Added
Direct
$3,999,991,672
$365,404,300
Indirect
$390,412,831
$84,365,714
Induced
$334,150,276
$68,658,246
Total
$4,724,554,779
$518,428,260
Multiplier
1.18
1.42
Average Earnings Per Job
Direct
$136,903
$110,682
Indirect
$55,430
$48,211
Induced
$35,878
$35,874
Total
$84,372
$71,292
Total Employment
Total Labor Income
Gross State Product

Electrical
Generation

Total
Impact

Coal
Per MTon
1,000

$1,333,034,814 $7,821,750,733
$168,784,854 $1,090,728,928
$90,552,257
$746,010,073
$1,592,371,925 $9,658,489,734
1.19
1.23
1,132
1,191
854
3,177
2.81

$19,483.40
$2,716.93
$1,858.26
$24,058.59
1.23

9,689
6,554
6,902
23,145
2.39

0.024135
0.016326
0.017193
0.057653
2.39

$141,879,556 $1,269,961,986
$60,290,024
$348,624,121
$30,336,968
$247,319,767
$232,506,548 $1,865,905,874
1.64
1.47

$3,163.38
$868.40
$616.06
$4,647.83
1.47

$486,189,669 $4,851,585,641
$82,839,243
$557,617,788
$55,634,492
$458,443,014
$624,663,404 $5,867,646,443
1.28
1.21

$12,084.94
$1,388.98
$1,141.95
$14,615.88
1.21

$125,335
$131,073
$50,642
$53,192
$35,512
$35,832
$73,190
$80,617
WY Total Coal Economy
392,348
23,145
$20,114,143,000 $1,865,905,874
$41,839,000,000 $5,867,646,443

$131,073
$53,192
$35,832
$80,617
% Coal
5.9%
9.3%
14.0%
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Table 7: Economic Impact of PRB Coal Industry - 2012
Coal
Railroad
Electrical
Total
Coal
Mining
Hauling
Generation
Impact
MTons
Tons
388,376,727
1,000
Output
Direct
$5,497,084,194
$730,341,681 $755,976,869 $6,983,402,744
$17,981.00
Indirect
$564,505,487
$115,527,479
$75,860,513
$755,893,479
$1,946.29
Induced
$348,220,326
$78,184,126
$37,728,442
$464,132,894
$1,195.06
Total
$6,409,810,007
$924,053,286 $869,565,823 $8,203,429,116
$21,122.35
Multiplier
1.17
1.27
1.15
1.17
1.17
Employment
Direct
5,989.0
1,611.8
642.0
8,243
0.021224
Indirect
3,037.6
966.6
579.7
4,584
0.011803
Induced
3,313.2
744.0
367.8
4,425
0.011394
Total
12,339.8
3,322.4
1,589.4
17,252
0.044420
Multiplier
2.06
2.06
2.48
2.09
2.09
Labor Income
Direct
$819,911,469
$178,397,099
$84,316,456 $1,082,625,024
$2,787.56
Indirect
$166,378,919
$43,917,525
$26,067,943
$236,364,387
$608.60
Induced
$108,950,004
$24,462,587
$11,939,990
$145,352,581
$374.26
Total
$1,095,240,392
$246,777,211 $122,324,389 $1,464,341,992
$3,770.42
Multiplier
1.34
1.38
1.45
1.35
1.35
Value Added
Direct
$3,795,994,591
$360,453,020 $279,590,044 $4,436,037,655
$11,422.00
Indirect
$289,883,592
$60,484,064
$35,700,448
$386,068,104
$994.06
Induced
$217,230,314
$48,773,092
$23,536,359
$289,539,765
$745.51
Total
$4,303,108,497
$469,710,176 $338,826,852 $5,111,645,525
$13,161.56
Multiplier
1.13
1.30
1.21
1.15
1.15
Average Earnings Per Job
Direct
$136,903
$110,682
$131,334
$131,342
$131,342
Indirect
$54,773
$45,435
$44,971
$51,565
$51,565
Induced
$32,884
$32,880
$32,466
$32,848
$32,848
Total
$88,757
$74,277
$76,961
$84,881
$84,881
Coal
Regional
Coal
Coal %
Coal Economy Economy%
Total Employment
84,241
5,989.0
7.1%
17,252
20.5%
Total Labor Income
$4,347,582,000
$819,911,469
18.9% $1,464,341,992
33.7%
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Table 8: Economic Impact of Southwest Coal Industry - 2012
Coal
Mining
13,056,307

Tons
Output
Direct
$394,444,633
Indirect
$57,037,835
Induced
$44,993,854
Total
$496,476,322
Multiplier
1.26
Employment
Direct
909.0
Indirect
280.9
Induced
428.9
Total
1,618.8
Multiplier
1.78
Labor Income
Direct
$124,444,709
Indirect
$16,880,215
Induced
$13,473,168
Total
$154,798,092
Multiplier
1.24
Value Added
Direct
$198,028,925
Indirect
$29,598,001
Induced
$28,060,469
Total
$255,687,395
Multiplier
1.29
Average Earnings Per Job
Direct
$136,903
Indirect
$60,093
Induced
$31,413
Total
$95,625

Total Employment
Total Labor Income

Regional
64,048
$3,919,310,000

Electrical
Generation

Total
Impact

Coal
MTons
1,000

$577,057,945
$52,785,756
$24,696,332
$654,540,033
1.13

$971,502,578
$109,823,591
$69,690,186
$1,151,016,355
1.18

$74,408.68
$8,411.54
$5,337.66
$88,157.88
1.18

490.0
388.1
242.2
1,120.3
2.29

1,399.0
669.0
671.1
2,739.1
1.96

0.107151
0.051239
0.051403
0.209793
1.96

$61,617,598
$18,777,510
$7,493,714
$87,888,821
1.43

$186,062,307
$35,657,725
$20,966,882
$242,686,913
1.30

$14,250.76
$2,731.07
$1,605.88
$18,587.71
1.30

$210,659,694
$24,441,065
$15,404,670
$250,505,428
1.19

$408,688,619
$54,039,066
$43,465,139
$506,192,823
1.24

$31,302.01
$4,138.92
$3,329.05
$38,769.98
1.24

$125,750
$48,384
$30,936
$78,449

$132,997
$53,301
$31,241
$88,600

$132,997
$53,301
$31,241
$88,600

Coal
909
$124,444,709
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Coal %
1.4%
3.2%

Coal Economy
2,739
$242,686,913

Coal
Economy%
4.3%
6.2%

Wyoming Coal Export Impacts Presented in Chapter 2
Table 9: Potential Economic Impact of Coal Exports in the PRB
Additional Coal Exports
Tons Exported
Annually
Output
Direct
Indirect
Induced
Total
Employment
Direct
Indirect
Induced
Total
Labor Income
Direct
Indirect
Induced
Total
Value Added
Direct
Indirect
Induced
Total
Total Employment
Percentage increase
Total Labor Income
Percentage increase

100,000,000

50,000,000

25,000,000

$1,603,449,806
$175,096,220
$109,791,453
$1,888,337,478

$801,724,903
$87,548,110
$54,895,727
$944,168,739

$400,862,451
$43,774,055
$27,447,863
$472,084,370

1,957.1
1,031.0
1,044.7
4,032.7

978.5
515.5
522.3
2,016.4

489.3
257.8
261.2
1,008.2

$257,046,445
$54,147,541
$34,351,336
$345,545,320

$128,523,222
$27,073,770
$17,175,668
$172,772,660

$64,261,611
$13,536,885
$8,587,834
$86,386,330

$1,070,210,268
$90,213,350
$68,491,078
$1,228,914,696
Regional
84,241
$4,347,582,000

$535,105,134
$267,552,567
$45,106,675
$22,553,338
$34,245,539
$17,122,769
$614,457,348
$307,228,674
100,000,000
50,000,000
25,000,000
4,032.7
2,016.4
1,008.2
4.8%
2.4%
1.2%
$345,545,320 $172,772,660
$86,386,330
8.0%
4.0%
2.0%
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Table 10: Potential Economic Impact of Coal Exports Statewide
Additional Coal Exports
Tons Exported
Annually
Output
Direct
Indirect
Induced
Total
Employment
Direct
Indirect
Induced
Total
Labor Income
Direct
Indirect
Induced
Total
Value Added
Direct
Indirect
Induced
Total
Total Employment
Percentage increase
Total Labor Income
Percentage increase
Gross State Product
Percentage increase

100,000,000

50,000,000

25,000,000

$1,616,239,340
$229,649,478
$163,269,714
$2,009,210,531

$808,145,670
$114,824,739
$81,634,857
$1,004,605,266

$404,072,835
$57,412,369
$40,817,428
$502,302,633

2,131
1,336
1,506
4,974

1,066
668
753
2,487

533
334
377
1244

$280,997,024
$71,821,900
$54,048,817
$406,867,740

$140,498,512
$35,910,950
$27,024,408
$203,433,870

$70,249,256
$17,955,475
$13,512,204
$101,716,935

$1,087,387,981
$118,263,838
$100,336,636
$1,305,988,455
Statewide
392,348

$543,693,991
$271,846,995
$59,131,919
$29,565,960
$50,168,318
$25,084,159
$652,994,228
$326,497,114
100,000,000
50,000,000
25,000,000
4,974
2,487
1,244
1.3%
0.6%
0.3%
$20,114,143,000
$406,867,740 $203,433,870
$101,716,935
2.0%
1.0%
0.5%
$41,839,000,000 $1,305,988,455 $652,994,228
$326,497,114
3.1%
1.6%
0.7%
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Fundamental Market Risk Data Presented in Chapter 3
Table 11: Summary of Outcomes for Fundamental Coal Market Projections
Percent Changes from 2012
Reference Case
Millions, Short Tons

Production
Reference
High Coal Cost
Low Coal Cost
High Econ
Low Econ
Hi Gas Res
Low Gas Res
Low Oil Price

Coal Price
Reference
High Coal Cost
Low Coal Cost
High Econ
Low Econ
Hi Gas Res
Low Gas Res
Low Oil Price

2016 2020
3.8% 8.4%
-2.0% -2.1%
7.0% 15.0%
5.6% 12.1%
1.4% 7.4%
-4.3% 4.7%
6.2% 12.1%
6.3% 9.3%

2016
20.5%
33.8%
8.6%
21.4%
19.7%
19.6%
21.0%
16.7%

2020
37.0%
76.3%
6.7%
37.4%
37.5%
34.7%
38.8%
32.6%

2025
13.3%
-7.2%
21.0%
14.3%
11.1%
7.7%
17.4%
17.2%

2025
56.7%
141.6%
0.4%
57.6%
56.5%
52.3%
60.1%
50.2%

2030
12.1%
-20.5%
21.9%
16.0%
7.8%
4.1%
15.5%
16.2%

2030
74.0%
215.7%
-9.0%
75.3%
73.8%
66.5%
77.6%
66.7%

Average
Production: 2030
2012-2030 Production
434.5
450.1
377.4
319.3
457.0
489.2
443.7
465.6
426.8
432.7
413.8
418.0
446.7
463.5
444.7
466.4
(2012 dollars)
Average
Price:
2012-2030 2030 Price
19.7
24.7
27.7
44.9
14.5
12.9
19.9
24.9
19.8
24.7
19.3
23.7
20.0
25.3
19.1
23.7

Billions, 2012 dollars

Coal Revenue
Reference
High Coal Cost
Low Coal Cost
High Econ
Low Econ
Hi Gas Res
Low Gas Res
Low Oil Price

2016
25.2%
31.2%
16.2%
28.2%
21.3%
14.5%
28.5%
24.1%

2020
48.5%
72.5%
22.6%
54.1%
47.7%
41.0%
55.6%
44.9%

2025
77.6%
124.1%
21.5%
80.2%
73.9%
63.9%
88.0%
76.0%
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2030
95.1%
151.1%
10.9%
103.3%
87.3%
73.4%
105.1%
93.7%

Average
Revenue:
2030
2012-2030 Revenue
8.6
11.1
10.2
14.3
6.6
6.3
8.9
11.6
8.5
10.7
8.0
9.9
9.0
11.7
8.6
11.1

Table 12: Summary of Employment Impacts by Region and Scenario
Statewide
Employment changes relative to 2012
Reference Case
High Economic Growth
Low Economic Growth
High Coal Costs
Low Coal Costs
High Gas Resource
Low Gas Resource
Low Oil Prices

2016
0.2%
0.3%
0.1%
-0.1%
0.4%
-0.3%
0.4%
0.4%

2020
0.5%
0.7%
0.4%
-0.1%
0.9%
0.3%
0.7%
0.6%

2025
0.8%
0.8%
0.7%
-0.4%
1.2%
0.5%
1.0%
1.0%

2030
0.7%
0.9%
0.5%
-1.2%
1.3%
0.2%
0.9%
1.0%

2016
0.7%
1.0%
0.2%
-0.5%
1.3%
-1.0%
1.2%
1.2%

2020
1.7%
2.5%
1.5%
-0.5%
3.0%
0.9%
2.5%
1.9%

2025
2.8%
3.0%
2.3%
-1.5%
4.4%
1.6%
3.6%
3.6%

2030
2.8%
3.6%
1.9%
-4.0%
4.8%
1.1%
3.5%
3.6%

2016
0.9%
0.8%
0.7%
0.4%
1.0%
0.5%
0.9%
0.9%

2020
0.3%
0.3%
0.4%
0.0%
0.7%
0.3%
0.4%
0.5%

2025
0.2%
0.2%
0.2%
-0.1%
0.5%
0.3%
0.4%
0.3%

2030
-1.4%
-1.4%
-1.4%
-1.8%
-0.9%
-1.4%
-1.3%
-1.3%

Powder River Basin Region
Employment changes relative to 2012
Reference Case
High Economic Growth
Low Economic Growth
High Coal Costs
Low Coal Costs
High Gas Resource
Low Gas Resource
Low Oil Prices
Southwest Region
Employment changes relative to 2012
Reference Case
High Economic Growth
Low Economic Growth
High Coal Costs
Low Coal Costs
High Gas Resource
Low Gas Resource
Low Oil Prices
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Table 13: Contribution to Gross State Product (Value Added) Impacts by Market Case
Note: Defined relative to 2012 gross state product

Reference Case
High Economic Growth
Low Economic Growth
High Coal Costs
Low Coal Costs
High Gas Resource
Low Gas Resource
Low Oil Prices

2016
0.5%
0.8%
0.2%
-0.3%
1.0%
-0.6%
0.9%
0.9%

2020
1.2%
1.7%
1.0%
-0.3%
2.1%
0.7%
1.7%
1.3%
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2025
1.9%
2.0%
1.6%
-1.0%
2.9%
1.1%
2.4%
2.4%

2030
1.7%
2.2%
1.1%
-2.9%
3.1%
0.6%
2.2%
2.3%

Regulatory Impacts: Impacts of Proposed 111(d) Presented in Chapter 4
Table 14: Summary of Coal Outcomes for Regulatory Scenarios
Percent Changes from 2012
Reference Case

Production
Reference
National Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

Coal Price
Reference
National Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

Coal Revenue
Reference
National Cooperation w/EE
National Cooperation w/oEE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

2016
1.3%
-4.8%
-8.6%
-8.8%
-11.1%

2016
20.1%
20.8%
20.5%
20.8%
19.9%

2016
21.7%
15.1%
10.2%
10.2%
6.6%

2020
9.4%
-13.2%
-30.3%
-30.5%
-40.2%

2020
37.0%
33.3%
29.9%
30.8%
29.5%

2020
49.9%
15.7%
-9.5%
-9.2%
-22.6%
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2025
10.7%
-31.5%
-44.0%
-32.2%
-42.2%

2025
55.6%
39.5%
31.3%
37.0%
30.6%

2025
72.2%
-4.4%
-26.4%
-7.1%
-24.4%

2030
10.9%
-19.9%
-45.0%
-33.2%
-48.0%

2030
72.9%
51.6%
35.4%
44.2%
36.3%

2030
91.7%
21.5%
-25.5%
-3.7%
-29.1%

Millions Short Tons
Average
Production:
2030
2012-2030
Production
434
445
343
322
296
221
321
268
293
209
(2012 Dollars)
Average
Price:
2012-2030
2030 Price
20
25
18
22
18
19
18
21
18
19
Billions, 2012 Dollars
Average
Revenue:
2012-2030
8.6
6.2
5.1
5.7
5.0

2030
Revenue
10.9
6.9
4.2
5.5
4.0

Table 15: Summary of Coal Employment Impacts by Region and Scenario
Statewide
Employment changes relative to 2012
Reference
National Cooperation w/EE
Regional Cooperation w/ EE
National Cooperation w/o EE
Regional Cooperation w/o EE

2016
0.1%
-0.3%
-0.5%
-0.5%
-0.7%

2020
0.6%
-0.8%
-1.8%
-1.8%
-2.4%

2025
0.6%
-1.9%
-1.9%
-2.6%
-2.5%

2030
0.6%
-1.2%
-2.0%
-2.7%
-2.8%

2016
0.2%
-1.1%
-2.0%
-1.9%
-2.5%

2020
1.9%
-2.8%
-6.4%
-6.3%
-8.4%

2025
2.2%
-6.7%
-6.8%
-9.2%
-8.9%

2030
2.6%
-3.9%
-6.7%
-9.2%
-9.8%

2016
0.5%
0.8%
0.8%
0.5%
0.1%

2020
0.3%
0.1%
-0.3%
-0.5%
-0.1%

2025
0.2%
0.0%
-0.1%
-0.9%
-0.1%

2030
-1.5%
-1.9%
-1.8%
-2.1%
-0.3%

Powder River Basin Region
Employment changes relative to 2012
Reference
National Cooperation w/EE
Regional Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/o EE
Southwest Region
Employment changes relative to 2012
Reference
National Cooperation w/EE
Regional Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/o EE

Table 16: Contribution to Gross State Product (Value Added) by Scenario - Coal Effects only
Note: Defined relative to 2012 Gross State Product
2016
2020
2025
2030
Reference
0.2%
1.3%
1.5%
1.5%
National Cooperation w/EE
-0.7%
-1.9%
-4.4%
-2.8%
Regional Cooperation w/ EE
-1.2%
-4.3%
-4.5%
-4.7%
National Cooperation w/o EE
-1.2%
-4.2%
-6.2%
-6.3%
Regional Cooperation w/o EE
-1.6%
-5.6%
-5.9%
-6.7%
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Table 17: Summary of Natural Gas Outcomes for Regulatory Scenarios
Percent Changes from 2012
Reference Case

Production
Reference
National Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

2016
0.8%
2.1%
2.4%
3.4%
3.3%

2020
13.5%
15.8%
21.3%
20.8%
24.2%

2025
23.3%
28.7%
35.2%
30.8%
36.6%

2030
38.7%
34.7%
40.2%
38.4%
45.3%

Trillion cubic feet
Average
Production: 2030
2012-2030
Production
2.31
2.78
2.34
2.70
2.43
2.81
2.38
2.78
2.44
2.91
(2012 Dollars)

Gas Price
Reference
National Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

2016
23.4%
30.4%
31.8%
36.4%
35.7%

2020
57.9%
66.4%
99.3%
93.6%
120.7%

2025
75.1%
75.1%
74.1%
56.6%
73.9%

2030
92.9%
83.6%
115.7%
97.6%
121.9%

Average
Price: 20122030
2030 Price
3.83
4.77
3.89
4.54
4.16
5.33
3.88
4.89
4.18
5.49
Billions 2012 Dollars

Gas Revenue
Reference
National Cooperation w/EE
National Cooperation w/o EE
Regional Cooperation w/ EE
Regional Cooperation w/o EE

2016
24.3%
33.1%
35.0%
41.0%
40.2%

2020
79.3%
92.7%
141.7%
133.8%
174.1%
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2025
115.8%
125.3%
135.4%
104.8%
137.6%

2030
167.6%
147.3%
202.4%
173.3%
222.4%

Average
Revenue:
2030
2012-2030
Revenue
9.0
13.28
9.2
12.27
10.3
15.00
9.4
13.56
10.4
16.00

Table 18: Summary of Combined Coal and Gas Employment Impacts by Region and Scenario
Statewide
Employment changes relative to 2012
2016
National Cooperation w/EE
0.0%
Regional Cooperation w/EE
0.0%
National Cooperation w/o EE
-0.2%
Regional Cooperation w/o EE
-0.2%

2020
1.6%
1.3%
1.4%
1.2%

2025
2.4%
2.7%
2.6%
2.9%

2030
4.0%
3.7%
3.3%
3.9%

Powder River Basin Region
Employment changes relative to 2012
2016
National Cooperation w/EE
-0.9%
Regional Cooperation w/EE
-1.5%
National Cooperation w/o EE
-1.6%
Regional Cooperation w/o EE
-2.1%

2020
-0.8%
-3.8%
-3.7%
-5.4%

2025
-3.1%
-3.0%
-4.8%
-4.3%

2030
0.4%
-1.9%
-4.2%
-4.2%

Southwest Region
Employment changes relative to 2012
2016
National Cooperation w/EE
1.2%
Regional Cooperation w/EE
1.4%
National Cooperation w/o EE
1.0%
Regional Cooperation w/o EE
1.5%

2020
3.1%
3.7%
3.6%
4.1%

2025
5.5%
5.8%
5.9%
6.6%

2030
4.8%
5.6%
5.6%
6.6%

Table 19: Contribution to Gross State Product (Value Added) by Scenario - Combined Coal and
Gas Effects
Note: Defined relative to 2012 Gross State Product
2016
2020
2025
2030
National Cooperation w/EE
-0.1%
2.3%
3.1%
6.3%
Regional Cooperation w/EE
-0.3%
1.2%
3.6%
5.4%
National Cooperation w/o EE
-0.6%
1.3%
3.1%
4.2%
Regional Cooperation w/o EE
-0.7%
0.7%
3.7%
5.2%
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Table 20: Production changes Caused by Regulatory Assumptions for Coal and Natural Gas
Coal Production Changes relative to AEO Reference Case in the same Year

111d - National w/ EE
111d - National w/o EE
111d - Regional w/ EE
111d - Regional w/o EE

(Change - million short tons)
2016
2020
2025
2030
-34
-87
-180
-128
-50
-155
-230
-229
-51
-156
-183
-182
-60
-195
-223
-241

Percentage Change from Reference
2016
2020
2025
2030
-8.3%
-19.9%
-39.6% -28.5%
-11.9%
-35.7%
-50.6% -50.9%
-12.1%
-35.9%
-40.2% -40.4%
-14.4%
-44.8%
-49.0% -53.6%

Gas Production Changes relative to AEO Reference Case in the same Year

111d - National w/ EE
111d - National w/o EE
111d - Regional w/ EE
111d - Regional w/o EE

(Change - trillion cubic feet)
2016
2020
2025
2030
0.027
0.047 0.108 -0.080
0.033
0.156 0.239 0.031
0.053
0.146 0.150 -0.007
0.051
0.215 0.267 0.133
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Percentage Change from Reference
2016
2020
2025
2030
1.3%
2.1%
4.4%
-2.9%
1.6%
6.9%
9.7%
1.1%
2.6%
6.4%
6.1%
-0.2%
2.5%
9.4%
10.8%
4.8%

Table 21: Computed Statewide Employment Impacts for Production Changes
Coal Economy Impacts

111d - National w/ EE
111d - National w/o EE
111d - Regional w/ EE
111d - Regional w/o EE

(Change - Employment total)
2016
2020
2025
2030
-1989
-4999 -10374
-7400
-2870
-8955 -13259 -13220
-2915
-9013 -10535 -10493
-3454 -11248 -12839 -13911

Percentage Change from 2012
Employment
2016
2020
2025
2030
-0.5%
-1.3%
-2.6% -1.9%
-0.7%
-2.3%
-3.4% -3.4%
-0.7%
-2.3%
-2.7% -2.7%
-0.9%
-2.9%
-3.3% -3.5%

(Change - Employment total)
2016
2020
2025
2030
771
1354
3130
-2327
946
4529
6927
885
1547
4221
4338
-196
1473
6211
7741
3838

Percentage Change from 2012
Employment
2016
2020
2025
2030
0.2%
0.3%
0.8% -0.6%
0.2%
1.2%
1.8%
0.2%
0.4%
1.1%
1.1%
0.0%
0.4%
1.6%
2.0%
1.0%

Natural Gas Impacts

111d - National w/ EE
111d - National w/o EE
111d - Regional w/ EE
111d - Regional w/o EE
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Appendix A2:
A2. 1 PREVIOUS STUDIES OF THE ECONOMIC ROLE OF COAL IN WYOMING’S
ECONOMY

Previous studies of the impact of coal on Wyoming’s economy can be classified by their
methodology and emphasis. The first type focuses on an historical narrative, describing the
development of the coal industry in Wyoming, associated industries such as the railroad, and their
impact on Wyoming’s development. Coal has played an important role in Wyoming’s economy
since the late 1800’s. The most recent historical economic survey was conducted by Foulke, et al.
(2002), and was revised as Foulke, et al. (2013). The studies focus on the role of coal in the
economic development and settlement patterns in Wyoming between 1865 to the present. The coal
industry’s history in Wyoming is divided into two distinct periods with a short transition period
between. The authors of these studies define the first period as the Rail Era (1865-1954), when
coal was primarily mined in underground mines for use as fuel in railroads. This period ended in
the mid-1950s with the demise of the steam locomotive. After what they refer to as a transition
period in which coal production hit a post-war production and employment low, they define the
Energy Era (1969-2002) as a period of resurgence extending until today. During this period coal
was and still is primarily produced from surface mines and mostly shipped via rail to power plants
in other states to generate electricity. During this last era, Wyoming coal production rose from
under 1% of the nation’s output to over 40% by 2010, and the state became the largest coal
producing state in the country.
The second type of study has focused on the recent past since 1970 and considered the impact
Wyoming coal production has had on the state of Wyoming’s economy, and on the national
economy as the country’s largest source of generation fuel. During this period the State’s economic
relationship to coal mining has been driven primarily by demand for fuel for electric power
production. Nationally, in 2012 coal generated 37% of electric power, and in 2012 Wyoming
accounted for 39% of all coal mined in the country. Wyoming coal was exported to 34 states in
2012, and within the state, coal powered 24 individual coal-fired generating units across twelve
plants, and another three industrial generating units not connected to the power grid. At seven
plants in the state, conveyor systems at the mine-mouth transport coal to co-located power plants.
Wyoming coal is also exported internationally to Asia and to Europe. Current negotiations by
industry are underway to expand this capacity.
In this second set of studies, the benefits of coal as a low cost and abundant energy supplier are
contrasted with ongoing national policy debates with respect to pollution and greenhouse gas
emissions. Coal prices generally tend to be lower than other fossil fuels for electricity production.
Current policy debates at the national level juxtapose this benefit/cost dichotomy. Ellerman et al.
(2000) and Gerking and Hamilton (2008) evaluate the effect of PRB coal utilization in the presence
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of both air pollution regulation and imperfect competition in the transportation market (rail) that
coal depends upon. The authors ask whether greater use of PRB coal has occurred since the 1970s
because of the low sulfur content in PRB coal and its favorable cost benefits in meeting air
pollution standards, or whether this expansion in the use of Wyoming coal was driven by other
cost factors. They find that while both factors have been important, factors other than
environmental policy had a greater impact on utilization. In particular, a decline in freight rates
due to deregulation of the railroads in the 1980’s coupled with an elastic demand by power plants
had a greater impact on the growth of Wyoming’s coal production in the Powder River Basin
(PRB) than pollution regulation.
Another set of studies has focused on the relative cost benefits of using coal over alternative fuels
in power generation. In particular, these studies consider the impact on generation cost that would
occur if coal were deemed to be too polluting to continue its use, particularly with respect to
greenhouse gas emissions. In an analysis for the Wyoming Mining Association, Considine (2009)
evaluates PRB-produced coal’s impact on national electricity production. He reports that market
penetration of PRB coal is largest in the middle part of the United States ranging from Texas to
Michigan and estimates that to replace coal with natural gas in this region would require a quantity
of gas of almost 6 trillion cubic feet. This would represent 30% of national demand for gas at the
time, which in turn would result in increased gas prices. His estimates suggested that switching to
gas would cost U.S. energy users $162 billion more each year for electricity, and additionally, due
to natural gas price effects, increase non-electricity natural gas expenditures by an additional $118
billion more per year. Considine (2013) updates this study, comparing coal-based electricity costs
to what those costs would be if it were replaced with natural gas. He finds that by using PRB coal,
the U.S. economy avoids $107 billion per year in higher energy costs.
Still another set of studies have focused on the impact of coal production on Wyoming. Coal
commerce has important implications for the Wyoming economy as well as the nation, creating
mining jobs, income, and state and local tax revenues both directly through the mining process and
indirectly through purchasing by mines and mine employees and through the production of electric
power in the state. The earliest analysis of this set of economic relationships was conducted by
Borden, Fletcher, and Taylor (1994), who estimated the economic impact of coal mining on the
economy of Wyoming in 1991 using an economic impact model created at the University of
Wyoming. The analysis collected primary data from mines across the state building a 12 sector
input-output model. Based upon 1991 production of 194 million tons of coal, the authors estimated
that coal mining generated almost $462 million in personal income directly and indirectly. The
industry also generated approximately 18,600 jobs. These contributions represented approximately
5% and 7% of personal income and employment respectively. The authors also estimated that coal
mining produced over $262 million in taxes and federal mineral royalties to the state. In this
analysis tax revenues were only those direct revenues accrued to the State of Wyoming, and did
not include tax revenues generated from indirect impacts from coal mining thus actual tax revenues
generated from coal mining were higher than those reported in the report.
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Two more recent studies of the regional social and economic effects of coal mining in the Powder
River Basin have been undertaken for the Bureau of Land Management in support of coal lease
and other BLM management activities on federal lands. These reports assess the economic and
social effects of coal mining in the PRB. The first, conducted in 2005 by ENSR Corporation and
Sammons/Dutton LLC (2005), catalogued an inventory of effects and trends in the counties located
in the PRB during the expansion of coal mining activities since the 1970s. The 2005 report was
updated in 2013 by AECOM (2013), who conducted a technical study assessing existing
conditions and projected future cumulative impacts associated with energy-related reasonably
foreseeable development (RFD) in the Wyoming PRB and, for specific resources, the Montana
PRB. The analysis was based on two RFD scenarios. From a production level of 428 million tons
per year (mmty) in 2010 within the Wyoming portion of the PRB, output was projected to increase
to 473 mmty by 2030 under the lower production scenario, and to 630 mmty under the higher
production scenario. The authors used an updated REMI™ model for their analysis, calibrated to
be representative of two economic regions: the first consisting of Campbell County alone, and the
second composed of the Wyoming counties that border Campbell County and that are
economically linked to it (Converse, Crook, Johnson, Sheridan, and Weston). Outcome estimates
suggested that under the low production scenario, increased coal production would create over
3,500 jobs in Campbell County alone and over 10,000 in total in the region between 2010 and
2030, while under the high production outcome estimates rose to over 5,700 and 12,700 jobs
respectively. Estimated employment impacts included both direct mining, indirect mining service
and support and induced jobs due to the increased economic activity in the area.
A third type of study has focused on the relationship of coal production and government revenues.
Previously cited studies focused on economic linkages of coal to the broader economy and to the
electric grid, which powers the economy. Several studies have also looked at the relationship
between coal production and government revenues in Wyoming. Coupal, Taylor, Pindell, and
Cabe (1999) calculated the direct and indirect impacts from federal revenue sharing (mineral
leasing, royalty, lease bonus, PILT, and grazing fees generated and re-spent through State and local
governments). In this analysis the authors modeled the re-spending effects of federal mineral
royalties and coal bonus payments allocated to state and local government agencies. The authors
used a modified IMPLAN™ analysis where revenues were disaggregated into sources of revenues
and state and local government were modeled as separate endogenous sectors. Revenues from
federal mineral sharing (typically 50% of federal revenues are repatriated to the State) were
analyzed, and the authors found that these funds generated over 11,670 jobs in 1995 and $287
million in labor income. 41% of these revenues were allocated to state Government, 13 percent
allocated to local governments, and the remainder allocated to various education accounts ranging
from K-12 to community colleges, and to the University of Wyoming.
Gerking, et al. (2000) examined the relationship between tax rates on coal production and coal
revenues by analyzing coal tax incentives and tax generation in Wyoming, evaluating both changes
in severance taxes and changes in coal transportation taxes. Specifically, the authors attempted to
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evaluate the claim that lower coal taxes in the state would lead to lower delivered prices and an
increase in demand and production. To evaluate this claim the authors developed an econometric
model of coal supply, rail transportation to evaluate tax and environmental changes that impact the
coal economy and considered a reduction of the Wyoming severance tax by two percent, from 7%
to 5%. Their results found such a tax decrease generated an increase in coal output of 1.42 million
short tons (a 0.47% increase in output) and caused the mine-mouth prices of coal to fall by about
$0.12. The delivered price of coal, however, was found to fall by about $.02. This difference
suggested a market adjustment occurred in rail rates per ton of coal hauled along a route of average
length of about $0.10 or 0.77% for the tax change modeled. Based on historic data, the results
suggested that changes in tax rates on coal would in fact have little effect on the market, but could
have significant effect on state revenues due to the fact that railroads appear to use their monopoly
power in shipping to adjust freight rates to ensure delivered prices seen by utilities change little.
For the decrease in tax rates modeled in their study the authors conclude that, contrary to industry
claims that decreased tax rates in the state would result in greater overall production, that for a tax
reduction, the increase in quantity of coal demanded by utilities is relatively small. The authors
estimated that the tax rate reduction would drive down coal severance tax collections by 27% and
that a 2% reduction in coal severance tax rates would result in a comparatively small increase in
coal production and a comparatively large reduction in coal severance tax collections.
In a final study, Geiger, et al. (2010) evaluated the potential effect of a carbon tax on Wyoming
State government revenues. The implementation of federal climate change legislation would alter
the relative price advantages of fossil fuels produced in Wyoming and resultant tax revenue. Their
policy model suggested that for the implementation of a carbon tax the prices and quantities
produced of coal, natural gas, oil, and wind energy would all change. With carbon dioxide
equivalent (CO2-e) tax charges ranging from $0–$70/ton, the study found that such a tax would
actually cause Wyoming tax revenues to rise. This occurred because of resultant increases in price
and production of natural gas the tax caused. An increase in total Wyoming tax revenues occurred
despite a decline in coal revenue. Coal production and prices fell in the study due to the fact that
the higher carbon intensity of coal reduced demand and output of the fuel.
Overall, studies of coal production in Wyoming have considered its historical, economic, pollution
and revenue implications in the state and on the nation. Many of these studies are quite old and do
not reflect current economic conditions in the country or the state. Studies focusing on the
economic linkages between coal production and induced production, employment or revenue
outcomes have also only considered very few alternative scenarios and describe only specific
regions of the state. In particular, the most recent BLM-sponsored studies have considered only
historical impacts and projected ones under two production scenarios and evaluated economic
outcomes only in Campbell County and its neighboring counties. Studies of regulatory impacts on
Wyoming coal production have sought to explain the relative determinants of increased coal output
historically in the PRB, or the potential cost of reducing Powder River Basin coal as a generation
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fuel in the country. Only one study (Geiger et al. (2010)) includes estimates of the potential
revenue impacts recently proposed regulation could cause on state revenues.
The current study attempts to fill some of these gaps in past research. First it attempts to inventory
current economic outcomes with respect to coal in the state. Secondly, it attempts to quantify the
current relationships between the coal industry and wider economic outcomes in Wyoming, and
thirdly and by extension it attempts to consider the potential revenue linkages these statewide
impacts have on government revenues. The study further attempts a comparative analysis of the
potential impacts changes to the coal market could have in the future based on changes in
fundamental market conditions, and with respect to regulatory changes. By considering multiple
market and regulatory scenarios and causes, the estimated effects these could have on coal demand
in each case, and the impact they could have not only on economic conditions within the state as
a whole and on its coal producing regions, as well as on state revenues are estimated. In this way
this study attempts to fill some of the gaps missing with respect to our current knowledge of the
importance of the coal economy to the State of Wyoming.
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A2. 2 WYOMING COAL FIRED ELECTRICITY GENERATION CHARACTERISTICS
Summary and Key facts:















In 2012, twelve coal-fired power plants in Wyoming were operated by three utilities. The
remaining plants in Wyoming average over 40 years old today.
Utility-operated plants accounted for over 76% of total potential electricity generation and
over 87% of total electricity production in the state in 2012.
Total net generation by these plants in 2012 totaled 43,135 GWh, using 26.4 million short
tons of coal. The share of coal-fired generation as a percentage of total power generated in
Wyoming is substantially higher than the national average (compare 84.9% vs. 37% in
April 2014 for example).
65.8% of the power generated in Wyoming from all sources was exported to other states.
Wyoming power demand composition is significantly different from the national average
demand, with industrial use comprising 59% of total load in 2012 (compared to 26.7%
nationally), commercial demand accounting for 25% (compared to 35.9% nationally) and
residential demand accounting for 16% of Wyoming load (compared to 37.2% nationally).
Growth of Wyoming load is anticipated to be greater than growth in the surrounding region,
and expected to grow at rates between 1.2% and 3.2% depending on the utility.
Since 2012 Black Hills Corp has retired two coal-fired facilities in Wyoming (Osage and
Neil Simpson I plants). PacifiCorp plans to convert the Naughton Unit 3 to gas-fired power
in early 2018. Collectively these retirements account for approximately 380 MW of
combined potential generation.
Average heat rates of these operating plants in Wyoming was 11,246 Btu/kWh in 2012 as
compared to the national average rate of 10,555 Btu/kWh (6.5% higher than the national
average). Heat rates differ by utility and plant, and in 2012 ranged from a low of 10,156
Btu/kWh at Basin’s Laramie River Station to a high of 12,185 Btu/kWh at Neil Simpson
II. PacifiCorp plants (including Wyodak) averaged 11,095 Btu/kWh, Basin plants 10,376
Btu/kWh and Black Hills plants 11,852 Btu/kWh (excluding Neil Simpson 1 and Osage,
including Wyodak).
Wyoming coal-fired plants have lower rates of SO2, NOx and CO2 emissions than the US
average for utility-sized plants in 2012.
Wyoming plants already plan to or are in the process of installing significant emissions
control system upgrades to accommodate stricter mercury and regional haze rules.
Regional Haze rules alone are estimated by the EPA to cost between $500 and $700
million.
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Introduction
Since the 1950s electricity generation has dominated the demand for Wyoming coal. Coal-fired
power plants are a significant source of demand to this day in the state, and several mines in the
southwest portion of Wyoming and in the Powder River Basin operate solely to provide some of
these power plants with fuel. The following sections describe Wyoming’s coal-fired generation
and its local market.
Wyoming Electricity Generation Overview

Figure 1: Wyoming Nameplate Capacity Potential by Fuel Type
(2012)
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The State of Wyoming’s electricity generation is primarily provided by one of three utilities:
PacifiCorp (Rocky Mountain Power), Basin Electric Power Cooperative (which supplies several
cooperatives in the State of Wyoming) and Black Hills Corp (including Cheyenne Light, Fuel and
Power). Operated by these three utilities, Wyoming’s coal-fired generation fleet provides the
backbone of the state’s generation infrastructure, comprising 10 plants (as of summer of 2014) and
over 6300MW of summer production capacity. In terms of nameplate generation capacity, in 2012
(the last full year of available data), almost 77% of electricity production potential in the state was
coal-fired, with all of this fueled by native Wyoming sub-bituminous coal (see Figure 1). Of this
coal-fired capacity, PacifiCorp-operated generation accounted for two thirds at just over 4200MW,
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while Basin Electric accounted for 2100MW and Black Hills Corp 379MW, as described in Table
1.

Figure 2: Net Electricity Generation by Fuel Type (2012)
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While coal is the predominant source of electricity generation in Wyoming, wind capacity has
increased significantly since the turn of the 21st century and now makes up 16.7% of potential
energy production in the state, though given the intermittence of this resource that capacity is rarely
all available at one time.57 Hydro capacity, at 3.6% is the third largest potential source of power in
Wyoming though again, the actual capacity at a point in time depends on climactic, seasonal and
water use considerations. Gas-fired generation, at 2.6% makes up nearly all the rest of the state’s
generation potential capacity. Wyoming has no nuclear generation, and petroleum-powered
generation is available in limited amounts that is rarely used, while a negligible solar and other
renewable capacity make up the remainder of the generation in the state.
57

Wind generation capacity factors (actual production relative to potential production if generators operated at
maximum output all the time) in the state are typically in the high 30% to low 40% range, reflecting the excellent
wind resource in the Wyoming. These capacity factors are 25 to 50% higher than experienced in many other parts
of the country.
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Given the intermittency of the state’s renewable sources, actual electricity production shares by
fuel type more typically occur in the quantities shown in Figure 2. Monthly output by type does
vary, depending on load levels, availability and cost. The variation in production shares over time
is shown in Figure 3. While making up less than 77% of potential generation, due to the
intermittency of renewable generation and the low-cost of production, coal more often generates
closer to 90% of electricity produced in Wyoming. Until 2008, coal’s share of total output was
often well over 90% of total generation but since that time this share has fallen somewhat as
significant new wind facilities in Wyoming and the region were developed. Seasonal influences
on Wyoming generation are also clear in Figure 3. Lower spring-time loads have traditionally
reduced the demand for Wyoming generation, while higher winter and mid-summer loads result
in periods of higher demand. Coal-fired generation output follows this demand seasonality. More
recently, it has also had to follow the seasonality of wind production as greater wind-generation
availability typically occurs in the winter months. Accommodating this production on the grid has
caused coal-fired generation to more often have to ramp up or down accordingly as wind power
becomes available.

5000
4000
3000
2000
1000

Apr-14

Nov-13

Jun-13

Jan-13

Aug-12

Mar-12

Oct-11

May-11

Dec-10

Jul-10

Feb-10

Sep-09

Apr-09

Nov-08

Jun-08

Jan-08

Aug-07

Mar-07

Oct-06

May-06

Dec-05

Jul-05

Feb-05

Sep-04

Apr-04

Nov-03

Jun-03

0

Jan-03

Net Generation (thousand of megawatt hours)
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Actual production of electricity by source depends on more than demand and availability – it also
depends on cost. Much of Wyoming’s generation is produced for use in a wider region called the
Rocky Mountain Power Area (RMPA) comprising eastern Wyoming, all of Colorado, small
portions of western Nebraska and South Dakota and a very small portion of northwestern New
Mexico. PacifiCorp generation also includes a six-state area to the west within its service region.
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Within this region power is generally dispatched in relation to the cost of production following
what is known as a dispatch curve. A dispatch curve is really a supply curve denoting total
production of electricity available at each price, assuming a marginal cost of production at each
generation facility.58 While not always possible in practice due to operating constraints and other
considerations, grid operators are required to attempt to minimize the total cost of power
production, and doing so requires calling on generators in the order of their marginal costs as
shown by the dispatch curve. While actual generation costs by plant are proprietary, a dispatch
curve for the RMPA in the summer of 2008 was estimated by Godby, Torell and Coupal (2014)
and is shown in Figure 4. It is illustrative of the relative marginal costs of production by fuel
type.59 Depending on the load that generation is required to serve at a point in time, the merit order
of available production, defined by the dispatch curve, determines the order in which plants are
generally called upon to produce electricity to ensure demand is satisfied.

Figure 4: Estimated RMPA Dispatch Curve by Fuel Type
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As can be seen in Figure 4, when it is possible, renewable energy due to its nearly zero marginal
cost (fuel costs for wind, hydro and solar are free) will be dispatched first when it is available. 60
Coal production is generally dispatched next, followed by natural gas-fired power. Most of the
remainder of the power shown in Figure 4 is petroleum (diesel) fueled, and called upon only in
58

Marginal cost of generation refers to the actual costs of producing electricity at a point in time. It is determined
by variable operations and maintenance costs (wear and operations cost incurred when a plant is generating
electricity), fuel costs, the cost of running environmental controls and any transmission costs to deliver power to
market. Marginal costs do not include capital and other fixed costs included in the total cost of operation of a
generation facility.
59
The details of how this dispatch curve was computed are described in Godby, Torell and Coupal (2014).
60
Wyoming does charge wind a $1/MWh wind generation production tax.
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emergency. Wyoming’s coal-fired generation is cheaper than that available elsewhere in the
RMPA and makes up the first of the coal-fired steps in Figure 4, and therefore is generally called
upon immediately after available renewable production is first dispatched. For this reason the
increase in wind generation in the RMPA and particularly in Wyoming has caused the state’s coalfired output to vary more as a share of total generation since 2008 depending on the availability of
renewable power and load conditions (how much power is needed). Wyoming gas-fired generation
has historically been considered “peak” generation, comprised of more expensive gas turbines
operating only when other sources are unavailable or load conditions are very high. 61 These
sources are located well up the dispatch curve presented.

Figure 5: Wyoming vs. National Electricity Production fuel Mix
(Apr. 2014)
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Wyoming’s coal-generation output is uncommonly high compared to national averages, as shown
in Figure 5. This is due to the fact that Wyoming exports a large portion of its coal-fired electricity
generation to neighboring states, taking advantage of minemouth plants to produce electricity at
very low cost. Wyoming’s production of electricity from coal accounted for 84.9% of total output,
more than double the US national share of electricity produced from coal. Due to the plentiful
deposits of low-sulfur, sub-bituminous coal allowing reduced sulfur-emissions and scrubbing, and
the fact that this coal lies in easily mined deposits, Wyoming coal, particularly in the Powder River
Basin allows coal-fired energy to be produced at very low cost, resulting in higher exploitation of
this fuel source than occurs in the rest of the United States. This advantage also allows the state to
61

New Wyoming gas-fired generation opened in 2014 (Black Hills’ Cheyenne Prairie station) includes 95 MW of
combined cycle capacity that runs more cheaply than gas turbines, and includes additional gas-turbine capacity for
peak production.
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export much of its energy to other states as base-load power in the region, and this is particularly
true for Basin Electric and PacifiCorp operated generators. The state’s large wind capacity is also
evident in the outcomes presented in Figure 5, and accounts for over 11% of total generation,
significantly more than the share observed across the rest of the nation, where an 8.9% share is
more typical. Conversely, Wyoming’s share of electricity produced from gas-fired generation is
very low relative to the national outcomes, again reflecting the comparative cost differences and
availability of cheaper renewable and coal-fired generation in Wyoming.

Figure 6: Wyoming Electricity Demand as a Proportion of Total
Electricity Generated (2012)
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As noted, much of Wyoming-generated power is exported, taking advantage of the state’s native
coal deposits to produce electricity cheaply. Figure 6 shows the total share of electricity used for
domestic demand in Wyoming relative to that produced. Given the amount of electricity generated
in Wyoming, the difference between the state’s actual electricity demand and its production can
be presumed to be exported since no facility in the state exists to store surplus electricity generated.
In 2012, the state’s electricity exports amounted to almost 66% of the 49,588,606 megawatt hours
(MWh) of electricity produced in Wyoming from all sources, or 32,617,252 MWh of energy.
Existing transmission corridors from Wyoming allow most electricity exports to be sent to
Colorado in the Rocky Mountain Power Area (RMPA), and to PacifiCorp customers in Idaho,
Utah and the Northwest. Basin Electric’s power exports flow predominantly southward and
eastward and power not used locally is sent both to Colorado and eastward to neighboring states,
particularly Nebraska, South and North Dakota.
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Wyoming Electricity Demand
Wyoming’s electricity demand is significant relative to the state’s population size. As the smallest
state in the nation by census at 0.18% of the national population, electricity demand in the state is
comparatively large. Total retail sales of electricity (in btu) to all sectors in the state ranked
Wyoming 40th in the nation in 2012, with total consumption greater than that used in ten other
states and the District of Columbia. The intensity of Wyoming demand relative to its population
base can be in large part described by the production economy in Wyoming, with economic activity
dependent on high-electricity demand, primary production sectors including mining (coal, soda
ash), oil and natural gas production. Unlike national demand, which reflects the demand patterns
found in most states, Wyoming’s largest consumption sector is in industrial use, followed by
commercial and residential demand. This pattern is the exact opposite to that found across most
of the rest of the country (see Figure 7).

Figure 7: Sectoral Demand Shares (2012)
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In coming years growth in Wyoming demand is forecast to exceed growth elsewhere in the region.
Wyoming load in the state’s two largest service areas, served by Rocky Mountain Power
(PacifiCorp) and Cheyenne Light, Fuel and Power (Black Hills), is forecast to grow at annual rates
of 1.2% and 1.5% in the current decade respectively, according to each firm’s most recent
Integrated Resource Plan. Historically such rates of growth are low compared to those observed
in the 1990s and early 2000s, however, these rates are significantly higher than those forecast for
the immediate surrounding states over the same time periods. Basin Electric forecasts its total load
growing at 3.2% annually, driven in large part by growth in North Dakota’s Bakken-development
activity, served by exports from Basin’s Laramie River Station plant. Reflecting the experience
of Basin Electric, growth in the rest of Wyoming could potentially exceed current forecasts by
PacifiCorp and Black Hills if energy development within the state expands significantly due to
new oil and gas development.
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Wyoming Coal-fired Generation Characteristics
The three major electric utilities in Wyoming operated 12 coal-fired power stations in Wyoming
as of 2012 – the last year complete data is available for Wyoming electricity generation. In addition
to the utility-operated generators in the state, three industrial electricity generation facilities are
also present in Wyoming - the FMC-Westvaco and Tata Chemical plants in Sweetwater County,
which provide power for two soda ash mines, and the Western Sugar plant that provides power for
a sugar refinery in Torrington. These plants and their owners are listed in Table 1. All plants except
the Tata Chemicals plant are primarily powered by Wyoming-mined sub-bituminous coal. Tata
Chemicals’ plant uses coal from Utah and Colorado. All coal-fired generators utilize steam
turbines with coal used to provide boiler heat.
Since 2012, two Black Hills plants have been retired and decommissioning of both has begun.
These retirements included the Osage plant in Wyoming’s Weston County and the Neil Simpson
I plant in Campbell County. PacifiCorp has also recently announced its intention to convert the
coal-fired Naughton Unit 3 generator to exclusively burn natural gas no later than 2018. These
changes suggest that by 2018, the potential coal-fired generating capacity in the state will be
reduced from 2012 levels by 380 MW.
Wyoming’s coal-fired plants are of various vintages, with the oldest being the Dave Johnston plant,
which first opened in 1959, and the newest being the Dry Fork facility which began operations in
2011. The now retired Osage plant was the oldest plant in the state and first opened in 1948. As
shown in Figure 8, only hydro-electric generation is typically older than coal-fueled plants in
Wyoming, with the majority of Wyoming’s coal-fleet capacity opened between 1959 and 1982,
making the average fleet age over 40 years old. These plants primarily operate only single
generator units ranging in size from 80 MW to 330 MW in nameplate capacity, but the four largest
plants (Jim Bridger, Laramie River Station, Dave Johnston and Naughton) operate multiple
generator and boiler units at the same facility (see Table 2).

139

Figure 8: Generator Type by Vintage and Capacity
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As shown in Tables 3 to 5 and Figure 9, fuel use and energy outputs vary by year at each plant,
dependent on seasonal demands, emissions controls present and maintenance and operations
considerations. As shown in Table 3, capacity factors at all plants have ranged from 75% of rated
annual output capacity or more over the past four years. 62 Coal use in Wyoming at all the state’s
generating stations shown in Table 4 and Figure 9 has remained relatively constant over the last
decade, averaging 2.2 million tons per month and showing no appreciable decline and relatively
constant seasonal patterns. Similarly, plant output (Table 5) at all plants that have remained
operating has remained stable throughout the past four years of reported data. Net efficiencies at
all plants, that is, energy in fuel inputs relative to energy output, have been greater than 28% with
the exception of the two recently retired Black Hills plants (Osage and Neil Simpson I). Plant
capacity factors are relatively high compared to national averages for coal-fired plants, reflecting
the fact that Wyoming coal-fired generation is among the cheapest sources of power in the region
and therefore is called upon to provide a significant share of RMPA electricity output.
While Wyoming appears to have largely avoided the national trend toward expanded natural gasfired generation, which has reduced the share of total generation powered by coal in the country,
the pressures of low natural gas prices coupled with higher costs of environmental controls and
increasing facility age have resulted in increased plant retirements in the state recently (both
planned and completed). Although Wyoming relies heavily on its abundant, inexpensive lowsulfur coal to maintain low plant production costs, reductions in Wyoming utilities’ coal-plant
62

Note that output capacity can differ from nameplate capacity as rated output of a plant may change with
seasons or age. Nameplate capacity is a nominal capacity based on the electric generator rating, while output
capacity is more often an operating limit.
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fleets are occurring. These replacements and conversions, detailed in Table 6 are being facilitated
mainly by the low cost of natural gas generation. Black Hills and PacifiCorp have also noted in
press releases and regulatory filings that these actions are being taken to avoid the additional
emissions control costs required to meet regional haze and Mercury and Air Toxics Standards
(MATS) rules.

Figure 9: Total Wyoming Coal Consumed by Wyoming Plants
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The retired Black Hills generation capacity will be replaced by the newly constructed natural-gas
fired 120 MW Cheyenne Prairie Generating station, which opened in October 2014. This new plant
and PacifiCorp’s announced conversion of its Naughton 330 MW Unit 3 illustrate that while
Wyoming’s coal-fleet is very cost competitive, the state is not immune to larger market trends and
influences moving the industry away from coal-fired generation.
Emissions Controls
As the least refined fuel source commonly available for electricity generation, coal has several
emissions disadvantages. Coal burning results in more pollutants created than the equivalent
energy produced by any other commonly used generation fuel. Control of these emissions and
byproducts greatly increases the cost of coal-fired electricity generation and potentially
undermines the cost advantages low-cost of Wyoming coal. Coal combustion directly results in
emissions of sulfur dioxide (SO2), nitrous oxides (NOx), mercury, arsenic, particulate matter (PM),
carbon monoxide (CO), and other pollutants, while also creating significant quantities of ash that
must be disposed of or shipped for beneficial reuse. NOx, SO2 and particulate matter also
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contribute to regional haze, requiring additional control if such emissions are determined to
contribute to haze near national parks in the region. The greater carbon content in coal relative to
other fuels also creates greater greenhouse gas production, specifically carbon dioxide (CO2).

Figure 10: Typical Emission Controls in Coal-fired Generation Facilities

Source: Basin Electric Power Cooperative, Integrated Resource Plan 2012
To control these emissions several technologies are employed. The most prevalent include wet or
dry flue-gas desulfurization (FGD) often referred to as “scrubbers”, selective catalytic and noncatalytic reduction (SCR and SNCR), activated carbon injection (ACI), dry sorbent injection
(DSI), ACI and/or DSI with fabric filters (“baghouses”) and electrostatic precipitators (ESP).
Cyclones can also be used to separate particulates from exhaust or flue gas streams. Improved
combustion technologies such as low-excess-air firing, staged combustion, and fluidized bed
combustion (FBC) or low-NOx burners can also reduce emissions. Non-combustion emissions
control technologies typically use catalyzing agents to react with pollutants to remove them or act
as a filtration system to remove ash, PM and other pollutants from the flue stream, thereby reducing
pollutant emission. Such controls are typically powered by the electricity generated by the plant
as a parasitic load and therefore increase plant costs not only through the need for the additional
chemicals used in emission reduction processes, but also in reduced net generating efficiency and
increased plant maintenance costs. A list of commonly used control technologies is provided in
Table 7. The typical layout of emission controls in a pulverized coal-fired generation station like
those used in Wyoming is shown in Figure 10.

142

The choice to burn low-sulfur coal like that produced in Wyoming’s Powder River Basin can also
reduce SO2. While switching to lower-sulfur Wyoming coal can reduce emission and fuel costs
for plants inside and outside the state, using Wyoming coal has some disadvantages as it has lower
heat (energy) and increased moisture content relative to other coals, requiring additional fuel to
generate a given output of electricity, and often plant modification to use it. Use of Wyoming coal,
particularly at eastern plants also incurs greater transportation costs than eastern coals, reducing
its net benefit. Increases in emission stringency across the United States, however, have increased
the benefits of using Wyoming coal with its lower need for scrubbing, and over the past two
decades these advantages have outweighed disadvantages for plants across the nation. This has
resulted in PRB coal being used for power generation in 34 states as of 2012. The increased use of
PRB coal since the 1970s has largely been driven by the fact that while PRB coal is otherwise
disadvantaged as a fuel compared to others when emissions regulations are absent, the additional
control costs that competitors’ coals entail has created a competitive cost advantage.
Meeting tightening emissions standards in coming years are the greatest challenges facing
Wyoming PRB coal and coal-fired generation plants in general as these compliance costs threaten
to undermine coal’s historic cost advantages over natural-gas fired generation. Uncertainty
regarding future environmental regulation currently exists in three areas: climate change
regulations, non-greenhouse gas emissions and water quality. Even though CO2, controls are not
yet mandated, reductions in discharge rates of CO2 are anticipated in the United States to combat
climate change. CO2 control technologies can be of two forms (i) reduced coal burning and fuel
substitution to a lower carbon fuel such as natural gas to reduce CO2 discharge rates, or (ii) carbon
sequestration, in which carbon dioxide is removed from the flue gas stream to be stored or disposed
of off-site. Both pose challenges for Wyoming. Currently the first option is far less expensive for
plant operators to adopt than the second as carbon capture, utilization and storage (CCUS) is only
beginning to be proven at commercial scale.
Limits on the amount of coal as a fuel allowed to be used (for example to control CO2) would
undermine the competitiveness of Wyoming’s generators. Curtailing the use of coal would imply
curtailing the use of Wyoming power plants to generate electricity. Replacing this energy
generation from other sources would almost certainly increase energy prices in the state, making
both economic development more difficult to attract, and increasing residents’ energy costs.
Similarly, CCUS technologies appear to be years away from widespread use, and currently their
costs are prohibitive. Implementing either control strategy will undermine Wyoming’s current
power-sector competitiveness. Given uncertainties regarding the future cost-competitiveness of
coal generation in a potentially carbon-constrained world, continued low natural gas prices are
likely to result in greater replacement of Wyoming generation with natural-gas fired production
over time regardless of when new CO2 measures are adopted.
Non-GHG regulation is also of great concern to Wyoming’s coal-plant operators. The most
pressing of these in the next two to four years are new mercury rules and regional haze regulation.
Plant reviews and implementation of facility improvements where necessary to meet the Mercury
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and Air Toxics Standards (MATS) are ongoing across the country, with plants expected to meet
requirements by April 16, 2015 (with extensions of one year only possible with approval by
regulators) and are widely anticipated to result in approximately 40 GW or more of coal-fired
generation being shuttered nationally. In Wyoming, current plans are to accommodate these
requirements through additional plant controls and the previously described coal to gas conversion
of the Naughton plant. New regional haze regulations have also recently required new emissions
equipment installations and modifications at coal-fired facilities in Wyoming.
The US Environmental Protection Agency has also recently announced new proposed standards
regarding coal combustion residuals (ash and scrubber waste). As these rules come into effect in
the latter half of this decade, additional compliance costs will be incurred.63 New ozone regulations
are also being considered that could affect existing and any new Wyoming power plants. Other
new rules are also expected by the end of the decade that would require modification of cooling
water intake systems to mitigate their environmental impact, and for water discharge controls at
water cooled plants. The latter would control toxic metal discharges occurring due to the operation
of flue-gas desulfurization equipment. Ash and ozone concerns may affect Wyoming plant
operators, however their effect remains to be determined and current planning suggests that they
pose little immediate threat. Water-based rules may also be of less concern in Wyoming given
that plants in the state do not utilize naturally occurring bodies of water for their cooling operations
and several are air-cooled. All new regulations, however, are of concern to the coal industry and
plant operators in part because of their potential to lead to tighter regulations that could increase
costs and/or hasten plant retirement.
Current emissions controls by plant in Wyoming are detailed in Table 8. Of note is the fact that
plant controls differ by plant vintage. Older plants do not fall under the same restrictions as newer
plants built after the Clean Air Act came into effect, provided they have not had major retrofits
since that time, or have not been judged to cause significant impacts. For this reason some plants,
specifically Dave Johnston 1 and 2, Osage and Neil Simpson I have minimal controls (other than
good operating practices and the use of low-sulfur coal as a fuel). All other utility-operated plants
are required to have NOx controls in place as described in the table. Mercury controls were in
place at all plants but Laramie River Station, Wygen I, and Neil Simpson II at the time of this
writing, along with those already identified as having no controls. Sulfur dioxide removal
efficiencies across plants with controls range from 80 to 99%. Controls are also necessary not
only for utility power plants, but also industrial facilities. Of the industrial plants, no information
was reported for Western Sugar’s plant, in part because of the small size of the boiler but it has
very few controls installed. FMC Westvaco’s two operating (non-stand-by) boilers employ NOx
and sulfur dioxide controls, while Tata Chemical’s boilers only include NOx control equipment.

63

Proposed rules made public in December 2014 do not require such measures for ash, but are only proposed and
leave regulation to states thus the threat of increased control costs to mitigate ash threats remain a possibility. See
for an overview of the recently announced rules: http://www2.epa.gov/coalash/coal-ash-rule.

144

As already noted, major retrofits of equipment may require a new source review, in which case
plants will be required to employ the Best Available Control Technology (BACT) deemed
necessary by state or federal regulators. This appears to have contributed to Black Hill’s decision
to retire the Neil Simpson I and Osage plants as previously noted. Compliance by states is required
with federal emissions and air quality laws, and as noted above, these regulations may change in
coming years as emissions rules become stricter. In addition to the plant closures noted, the impact
of Regional Haze Rule (RHR) and Mercury Air Toxics (MATS) requirements have already caused
state regulators to require additional or improved plant emission control systems to be installed in
the near future, especially NOx control equipment. These are detailed in Table 9.
The Regional Haze rule has been especially contentious in the state. Recent RHR actions taken by
the State of Wyoming have resulted in the decision to require PacifiCorp’s Jim Bridger plant to
install new Low-NOx burners and Selective Catalytic Reduction controls on all four boilers. Such
requirements also contributed to the decision to convert Naughton Unit 3 to burn natural-gas by
2018. While currently under litigation, the recent decision by the US Environmental Protection
Agency (EPA) to reject the State’s less stringent RHR controls implementation in favor of tighter
control requirements at the Dave Johnston Unit 3, Laramie River Station and Wyodak facilities
has resulted in the proposed additional equipment changes indicated in Table 9. These additional
controls required by the EPA could cost the affected utilities over $500 million by the EPA’s own
estimates, assuming the Dave Johnston Unit 3 plant installs only new Low NOx burners and
Overfire Air controls and then agrees to shut down the generator down in 2027. The costs of
complying with the EPA requirements increases to over $700 million across all plants if PacifiCorp
decides to add SCR technology as shown in the table, which the EPA projects would allow the
plant to remain open until the end of its anticipated useful life in 2038. Under the same order, the
EPA also noted that the State has agreed to consider requiring NOx controls to be added to Dave
Johnston Units 1 and 2 in the State’s next planning period. Overall, the costs of meeting new
regulations are considerable and thus the source of considerable controversy when announced.
Wyoming power plants as a group are among the cleaner coal-fired facilities in the country.
Compared to national levels, emissions rates at Wyoming coal-fired power plants are not
excessively high in the criteria pollutants, specifically NOx and SO2 where they are much lower
than average, and compare favorably with average emissions rates nationally for CO2 as shown in
Table 10. Further, PacifiCorp plants have notably decreased their emissions rates in both of these
pollutants in the past decade, halving their total emissions in SO2 and NOx during the 2000s (see
Figures 10 and 11). This reflects a more aggressive installation of emissions controls at their plants
compared to the other two utilities in Wyoming over the past decade.
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Figure 11: Total NOx Emissions at Wyoming's Oldest Plants
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Figure 12: Total SO2 Emissions at Wyoming's Oldest Plants
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Given the performance of Wyoming’s coal-fired power plants, the greatest concerns facing
Wyoming operators are the aforementioned regulations regarding mercury and regional haze, for
which controls are already planned or being installed, and proposed new CO2 regulations. The
latter regulations are clearly where Wyoming’s coal-plants are at the greatest risk. Mitigation
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technologies such as CCUS are still unproven at scale and costs are unknown. Alternatively plants
could make efficiency improvements, co-fire with natural gas or reduce their output.64
Increases in plant efficiency can reduce emissions rates by reducing the coal burned, however heat
rates are difficult to modify on existing plants due to their underlying designs, particularly smaller
plants of older vintage, without triggering new source performance reviews. Among Wyoming’s
air-cooled plants especially, emissions rates are relatively high compared to the national average
due to less efficient cooling technology and fuel quality impact on boiler efficiency. The
exceptions are the Dry Fork and Wygen III stations, reflecting their relatively new and state of the
art technology. CO2 emissions rates directly reflect the plant efficiencies and heat rates described
in Table 3, with lower heat rates (higher plant efficiencies) performing much better. These plant
efficiencies also directly reflect the fact that all Wyoming’s coal-generators use sub-critical boilers.
Given this, heat rates among Wyoming plants are near or above the national average of 10,555
Btu/kWh.65
To achieve heat rates closer to the highest performing units in the country would require supercritical or ultra-critical boiler technology, investments that are not likely to be adopted in Wyoming
given the regulatory uncertainty around coal-generation. This reflects the trend to avoid building
new coal-fired plants nation-wide. As a group, the Black Hills plants face the greatest challenge
should CO2 regulations come into force as their heat rates are generally highest (efficiency lowest)
among the Wyoming power plants due to their engineering designs, while Basin Electric and
PacifiCorp-operated plants face less of a challenge. All companies operating plants in Wyoming,
however, have CO2 emissions rates in excess of 2200 lbs/MWh, or more than double the proposed
standards for new plants proposed under the EPA’s proposed 2014 New Source Performance
Standards rules, and could face significant threat should tight CO2 rules be enforced or high carbon
taxes be introduced. For this reason, barring a breakthrough in new CCUS technologies, if
proposed rules become law Wyoming power plants could face increases in production cost due to
the cost of acquiring emission credits from other sources. Alternatively these plants could see
reduced operation or be shut down entirely under suitably stringent rules as they would likely be
too expensive to operate at expected fuel price and emissions reduction costs.

64

The proposed EPA’s Clean Power Plant Rule uses a state-wide emissions rate target thus one mitigation strategy
to meet the target is to reduce coal-fired plant output at individual plants, substituting their output with new
generation from renewables or gas-fired facilities.
65
Source: Power Engineering, 2014 http://www.power-eng.com/articles/print/volume-118/issue7/features/america-s-best-coal-plants.html
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Table 1: Wyoming Coal-fired Generating Stations (Utility Owners)
Plant

Owners

County

Generator
Unit(s)

Nameplate
Capacity
(MW)

First
Operating
Date

Primary
Fuel

Primary Mine
Source(s)

Secondary
Fuel

Naughton

Berkshire
Hathaway Energy
(PacifiCorp)

Lincoln

3

707.2

May-63

subbituminous
coal

Kemmerer Mine

Natural Gas

Jim Bridger

Berkshire
Hathaway Energy
(PacifiCorp)

Sweetwater

4

2317.7

Nov-74

subbituminous
coal

Black Butte

Diesel Fuel

Jim Bridger

Oil

Berkshire
Hathaway Energy
(PacifiCorp)

Converse

subbituminous
coal

Dry Fork

Diesel Fuel

Rawhide

Oil

Dave
Johnston

4

816.7

Feb-59

Coal Creek
Cordero
Wyodak

Berkshire
Hathaway Energy
(PacifiCorp operator)/ Black
Hills Corp.

Laramie
Missouri Basin
River Station Power Project/

1

Platte

3

362

Sep-78

1710

Basin Electric
(operator)

Jul-81

subbituminous
coal

Wyodak

subbituminous
coal

Cordero

Diesel Fuel

Dry Fork

Oil

Oil

Black Thunder
Antelope
Belle Ayr
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Diesel Fuel

North Antelope
Dry Fork
Station

Basin Electric
Power Coop
(operator)/

Campbell

1

390

Nov-11

subbituminous
coal

Dry Fork

Waste/
Other Oil

Wyoming
Municipal Power
Agency
Wygen I

Black Hills

Campbell

1

88

Jan-03

subbituminous
coal

Wyodak

Natural Gas

Campbell

1

95

Jan-08

subbituminous
coal

Wyodak

Natural Gas

Campbell

1

116.2

Apr-10

subbituminous
coal

Wyodak

Natural Gas

Campbell

1

21.7

Sep-69

subbituminous
coal

Wyodak

Diesel Fuel

subbituminous
coal

Wyodak

subbituminous
coal

Wyodak

Corp.
Wygen II

Black Hills
Corp.

Wygen III

Black Hills
Corp.

Neil
Simpson I*

Black Hills

Neil
Simpson II

Black Hills

Osage*

Black Hills

Corp.
Campbell

1

80

Sep-95

Corp.
Weston

3

34.5

Oct-48

Corp.

Oil

Oil

* retired/decommissioned as of 2014. Osage has been idle since 2010, Neil Simpson I was officially retired 2014.
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Diesel Fuel

Table 1a: Wyoming Coal-fired Industrial Generators
Nameplate
Capacity
(MW)

First
Operating
Date

Primary Fuel

Secondary Fuel

6

41

Jun-53

sub-bituminous coal

Natural Gas

Sweetwater

2

30

May-68

bituminous coal

Natural Gas

Goshen

1

2

Oct-78

sub-bituminous coal

Natural Gas

Plant

Owner/
Operator

County

FMC Westvaco

FMC Westvaco

Sweetwater

Tata Chemicals
Partners

General Chemical

Western Sugar

Western Sugar

Generator
Unit(s)
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Table 2: Plant Characteristics (Units and Capacity)
Plant

Nameplate
Capacity (MW)

First
Operating
Date

Technology

Primary Fuel

Secondary Fuel

Cooling

1

163.2

May-63

Steam Turbine

sub-bituminous coal

Natural Gas

Water

2

217.6

Oct-68

Steam Turbine

sub-bituminous coal

Natural Gas

3

326.4

Oct-71

Steam Turbine

sub-bituminous coal

Natural Gas

1

577.9

Nov-74

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

2

577.9

Dec-75

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

3

577.9

Sep-76

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

4

584

Nov-79

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

1
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Feb-59

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

2

113.6

Jan-61

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

3

229.5

Dec-64

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

4

360

Jul-72

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Wyodak

1

362

Sep-78

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Air

Laramie River
Station

1

570

Sep-81

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Water

2

570

Jul-81

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

3

570

Nov-82

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Naughton

Jim Bridger

Dave Johnston

Generator
Unit(s)
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Water

Water

Dry Fork Station

1

390

Nov-11

Steam Turbine

sub-bituminous coal

Waste/Other Oil

Air

Wygen I

1

88

Jan-03

Steam Turbine

sub-bituminous coal

Natural Gas

Air

Wygen II

1

95

Jan-08

Steam Turbine

sub-bituminous coal

Natural Gas

Air

Wygen III

1

116.2

Apr-10

Steam Turbine

sub-bituminous coal

Natural Gas

Air

Neil Simpson I*

1

21.7

Sep-69

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Air

Neil Simpson II

1

80

Sep-95

Steam Turbine

sub-bituminous coal

Diesel Fuel Oil

Air

Osage*

1

11.5

Oct-48

Steam Turbine

sub-bituminous coal

2

11.5

Oct-49

Steam Turbine

sub-bituminous coal

3

11.5

Sep-52

Steam Turbine

sub-bituminous coal

Water

* retired/decommissioned

Table 2a: Industrial Plant Characteristics (Units and Capacity)

Plant
FMC Westvaco

Tata Chemicals
Partners
Western Sugar

Generator
Unit(s)
1
2
3
4
5
6
1
2
1

Nameplate
Capacity (MW)
3.5
3.5
4
10
10
10

First Operating
Date
Jun-53
Jun-53
Jun-64
Jun-72
Jun-75
Jun-75

Technology
Steam Turbine
Steam Turbine
Steam Turbine
Steam Turbine
Steam Turbine
Steam Turbine

Primary Fuel
sub-bituminous coal
sub-bituminous coal
sub-bituminous coal
sub-bituminous coal
sub-bituminous coal
sub-bituminous coal

Secondary Fuel
Natural Gas
Natural Gas
Natural Gas
Natural Gas
Natural Gas
Natural Gas

15
15
2

May-68
Jan-77
Oct-78

Steam Turbine
Steam Turbine
Steam Turbine

bituminous coal
bituminous coal
sub-bituminous coal

Natural Gas
Natural Gas
Natural Gas
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Table 3: Wyoming Coal-fired Station Heat Rates and Capacity Factors
Nameplate
Capacity
MW
707
2,318
817
362

Summer
Capacity
MW
687
2,111
760
332

Winter
Capacity
MW
687
2,111
762
340

2012
Heat
Rate
Btu/kWh
10,877
10,308
11,258
11,938

2013
Heat
Rate
Btu/kWh
10,688
10,299
11,284
11,969

Generator
Plant
Unit(s)
Naughton
3
Jim Bridger
4
Dave Johnston
4
Wyodak
1
Laramie River
Station
3
1,710
1,710
1,710
10,156
10,268
Dry Fork
Station*****
1
390
380
405
10,596
10,469
Wygen I***
1
88
70
90
11,742
NA.
Wygen II
1
95
85
95
12,050
12,040
Wygen III****
1
116
100
100
11,345
NA.
Neil Simpson
I**
1
22
15
19
14,198
NA.
Neil Simpson
II***
1
80
80
80
12,185
NA.
Osage*
3
35
30
30
16,937
NA.
US Average:
10,555
10,555
* last operating year 2010, 2010 values reported, 4-year average 2007-2010 reported
** data does not include 2013, 4-year average as of 2012 reported instead, closed 2014
*** data does not include 2013, 4-year average as of 2012 reported instead
**** data does not include 2013, 3-year average reported, opened 2010
***** Opened 2011, 2013 Capacity factor reported

4-Year
Average
Heat Rate
Btu/kWh
10,704
10,304
11,243
11,970

net
efficiency
2012
31.4%
33.1%
30.3%
28.6%

net
efficiency
2013
31.9%
33.1%
30.2%
28.5%

net
efficiency
4-year
Average
31.9%
33.1%
30.3%
28.5%

4- year
Average
Capacity
Factor
87.2%
75.7%
74.7%
80.0%

10,235

33.6%

33.2%

33.3%

79.1%

NA.
11,762
12,059
11,355

32.2%
29.1%
28.3%
30.1%

32.6%
NA.
28.3%
NA.

NA.
29.0%
28.3%
30.0%

89.2%
98.5%
84.7%
86.4%

14,244

24.0%

NA.

24.0%

101.0%

12,257
16,693
10,555

28.0%
20.1%

NA.
NA.

27.8%
20.4%

91.0%
77.4%

Source Data: EIA Form 860 and Form 923. US national average Heat Rates comes from Power Engineering (2014), http://www.powereng.com/articles/print/volume-118/issue-7/features/america-s-best-coal-plants.html
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Table 4: Wyoming Coal-plant Historical Fuel Use
Plant

Genera
tor
Unit(s)

Nameplate
Capacity
(MW)

Fuel use
2012
(tons)

Fuel use
2012
(MMBtu)

Fuel use
2013 (tons)

Fuel use 2013
(MMBtu)

Fuel use - 4
year average
(tons)

Fuel use - 4 year
average
(MMBtu)

Naughton

3

707

2,802,967

54,991,689

2,949,936

59,072,940

2,847,712

56,160,846

Jim Bridger

4

2,318

7,527,469

140,358,801

8,163,413

152,488,427

7,789,024

144,240,243

Dave Johnston

4

817

3,382,634

55,126,134

3,693,228

59,672,555

3,484,734

55,984,573

Wyodak

1

362

1,894,868

30,099,627

1,894,647

30,081,562

1,792,716

28,201,457

Laramie River
Station

3

1,710

6,511,645

111,480,592

7,039,534

120,697,465

7,121,494

121,264,526

Dry Fork Station (5)

1

390

2,029,604

32,726,310

2,001,161

32,097,072

NA.

NA.

Wygen I (3)

1

88

502,081

8,027,587

NA.

NA.

512,778

8,115,288

Wygen II

1

95

440,605

7,056,376

513,157

8,274,062

505,064

8,053,276

Wygen III (4)

1

116

605,089

9,688,378

NA.

NA.

541,065

8,589,651

Neil Simpson I (2)

1

22

135,890

2,177,226

NA.

NA.

130,710

2,092,165

Neil Simpson II (3)

1

80

432,377

6,922,255

NA.

NA.

493,886

7,820,932

Osage (1)

3

35

144,249

2,271,894

NA.

NA.

216,359

3,431,123

(1) Last operating year 2010, 2010 values reported, 4-year average 2007-2010 reported.
(2) Data does not include 2013, 4-year average as of 2012 reported instead, closed 2014
(3) Data does not include 2013, 4-year average as of 2012 reported instead
(4) Data does not include 2013, 3-year average reported, opened 2010
(5) Opened 2011, 2013 Capacity factor reported
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Table 5: Wyoming Coal-plant Historical Output
Plant

Generator
Unit(s)

Nameplate
Capacity
(MW)

Net Generation
2012 - all
primemovers from
coal (MWh)

Net Generation
2013 - all
primemovers from
coal (MWh)

Net Generation 4-year
average - all
primemovers from coal
(MWh)

Naughton

3

707

5,055,739

5,527,207

5,246,836

Jim Bridger

4

2,318

13,617,042

14,806,673

13,998,133

Dave
Johnston

4

817

4,896,447

5,288,384

4,979,292

Wyodak

1

362

2,521,266

2,513,197

2,356,096

Laramie
River Station

3

1,710

10,977,111

11,754,247

11,847,686

Dry Fork
Station*****

1

390

3,088,683

3,066,049

NA.

Wygen I***

1

88

683,671

683,671

689,986

Wygen II

1

95

585,609

687,216

667,847

Wygen
III****

1

116

853,966

NA.

756,474

Neil Simpson
I**

1

22

153,352

NA.

146,883

Neil Simpson
II***

1

80

568,102

NA.

638,059

Osage*

3

35

134,138

NA.

205,547

* last operating year 2010, 2010 values reported, 4-year average 2007-2010 reported
** data does not include 2013, 4-year average as of 2012 reported instead, closed 2014
*** data does not include 2013, 4-year average as of 2012 reported instead
**** data does not include 2013, 3-year average reported, opened 2010
***** Opened 2011, 2013 Capacity factor reported
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Table 6: Plant Retirements and Fuel-source changes
Plant

Activity

Replacement Power

Osage

All three generator units were
officially retired March 21st,
2014

Cheyenne Prairie Gas-fired plant
(opens late 2014)

Neil Simpson

Retired March 21st, 2014

Cheyenne Prairie Gas-fired plant

Naughton Unit 3

To be retired no later than
January 1, 2018, planned
conversion 2015.

To be retrofitted to burn natural
gas.

Table 7: Common Pollutants and Control Technologies
Pollutant

Control Technology to Address Toxic Pollutant

Mercury

Selective Catalytic Reduction (SCR), Flue-gas Desulfurization (FGD),
Activated Carbon Injection (ACI) and ACI with Fabric Filter (FF),
Electrostatic Precipitators (ESP), the use of halogenated coal additives
(either bromine or iodine) and scrubber additives are also used in mercury
control programs.

Sulfur Dioxide

Wet and dry FGD or “scrubbers”, Dry Sorbent Injection (DSI) with FF, fluidbed combustion, substitution of low-sulfur coal in fuel mix.

Acidic Gases

Wet and dry FGD, DSI and DSI with FF, Wet ESP

Dioxins and Furans

Work Practice Standards (inspection, adjustment and maintenance/repair
of facility to ensure optimal combustion), ASI and ASI with FF.

Non-mercury metals

FF, ESP, ASI and ASI with FF

Particulate matter

ESP, FF, cyclones, wet and dry FGD (note – PM controls often combined
with Mercury controls)

Nitrogen Oxides

SCR and Selective non-Catalytic Reduction (SNCR), FBD, low-NOx burners,
low-excess-air firing, staged combustion (Overfire air), Flue Gas
Recirculation
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Table 8: Current Emissions Controls by Coal-fired Plant in Wyoming

Utility Owned Plants
Naughton

Jim Bridger

Dave Johnston

SO2
Removal
Efficiency

Generator
Unit
1

Mercury
Controls
None

PM Controls

NOx Controls
Low NOx Burner

2

Low NOx Burner

None

Cold-side ESP +
Cyclone + Wet
FGD

low-sulfur coal

3

Low NOx Burner,
Overfire Air

Mercury FGD

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

1

Low NOx Burner,
Overfire Air

Mercury FGD

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

2

Low NOx Burner,
Overfire Air

Mercury FGD

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

3

Low NOx Burner,
Overfire Air

Mercury FGD

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

4

Low NOx Burner,
Overfire Air

Mercury FGD

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

1

None

None

Cold-side ESP +
Fabric Filter

low-sulfur coal

2

None

None

Cold-side ESP

low-sulfur coal

3

Low NOx Burner,
Overfire Air

Dry FGD

Cold-side ESP +
Fabric Filter +
Dry FGD

low-sulfur coal,
FGD, DSI
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Cold-side ESP +
Cyclone + Wet
FGD

Sulfur Dioxide
low-sulfur coal

90%

4

Low NOx burner,
Overfire Air

Wet FGD

Fabric Filter +
Wet FGD

Wyodak

1

Low NOx Burner,
Overfire Air

Dry FGD

Cold-side ESP +
Fabric Filter +
Dry FGD

Laramie River Station

1

Low NOx Burner,
Overfire Air

None

2

Low NOx Burner,
Overfire Air

3
Dry Fork Station

1

Wygen I

1

Wygen II

1

Wygen III

1

90%

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI,
byproduct
recovery
low-sulfur coal,
FGD, DSI,
byproduct
recovery
low-sulfur coal,
FGD, DSI

None

Cold-side ESP +
Wet FGD

low-sulfur coal,
FGD, DSI

90%

Low NOx Burner,
Overfire Air

None

Cold-side ESP +
Dry FGD

low-sulfur coal,
FGD, DSI

90%

Low NOx Burner,
Overfire Air,
Selective Catalytic
Reduction
Low NOx Burner,
Selective Catalytic
Reduction
Advanced Overfire
Air, Low NOx
Burner, Selective
Catalytic Reduction
Low NOx Burner,
Overfire Air,
Selective Catalytic
Reduction

ACI, FGD

Fabric Filter +
SCR + Dry FGD
+ ACI

low-sulfur coal,
FGD, DSI

100%

None

Fabric Filter +
SCR + Dry FGD

low-sulfur coal,
FGD, DSI

90%

FGD

Fabric Filter +
SCR + Dry FGD
+ ACI

low-sulfur coal,
FGD, DSI

90%

Dry FGD, FGD

Fabric Filter +
SCR + Dry FGD
+ ACI

low-sulfur coal,
FGD, DSI

90%
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80%

90%

Neil Simpson II

1

Low NOx Burner

None

None

Neil Simpson I*
Osage*

1
1
2
3

None
None
None
None

None
None
None
None

None
None
None
None

low-sulfur coal,
FGD, DSI
low-sulfur coal
low-sulfur coal
low-sulfur coal
low-sulfur coal

1

None (stand-by
boiler)
None (stand-by
boiler)
None (stand-by
boiler)
None (stand-by
boiler)
Low NOx Burner,
Overfire Air
Low NOx Burner,
Overfire Air
Flue Gas
Recirculation, Low
NOx Burner
Flue Gas
Recirculation, Low
NOx Burner
No Information

None

None

low-sulfur coal

None

None

low-sulfur coal

None

None

low-sulfur coal

None

None

low-sulfur coal

None

None

None

None

None

None

low-sulfur coal,
FGD, DSI
low-sulfur coal,
FGD, DSI
None

None

None

None

No Information

No
Information

No Information

90%

*retired

Industrial Facilities
FMC Westvaco

2
3
4
5
6
Tata Chemicals
Partners

1

2

Western Sugar

1
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80%
80%

Table 9: Future Emissions Control Changes required or likely to Occur

Utility Owned Plants
Naughton

Jim Bridger

Dave Johnston

Wyodak
Laramie River Station

Wygen I
Neil Simpson II

Generator Unit
1
2
3
1
2
3
4
1
2
3
4
1
1
2
3
1
1

Regional Haze Rule*/Other Required Changes
Low NOx burner, Overfire Air/Mercury Control
Low NOx burner, Overfire Air/Mercury Control
Conversion to Natural Gas, 2018 (2013 IRP suggests this will occur in 2015)
New Low NOx Burner, Overfire Air, SCR by 2022
New Low NOx Burner, Overfire Air, SCR by 2021
New Low NOx Burner, Overfire Air, SCR by 2015
New Low NOx Burner, Overfire Air, SCR by 2016
State to consider imposing Low NOx burner, Overfire Air in future/Mercury Control
State to consider imposing Low NOx burner, Overfire Air in future/Mercury Control
Low NOx Burner, Overfire Air, Selective Catalytic Reduction, or shutdown in 2027 w/o
SCR*/Mercury Control
Low NOx burner, Overfire Air/Mercury Control
Low NOx Burner, Overfire Air, Selective Catalytic Reduction*/Mercury Control
Low NOx Burner, Overfire Air, Selective Catalytic Reduction*/Mercury Control
Low NOx Burner, Overfire Air, Selective Catalytic Reduction*/Mercury Control
Low NOx Burner, Overfire Air, Selective Catalytic Reduction*/Mercury Control
N.A./Mercury Control
N.A./Mercury Control

* EPA required changes for regional haze currently contested by State of Wyoming.
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Table 10: 2012 Plant Emissions Rates

Facility Name
Dave Johnston
Dry Fork Station
Jim Bridger
Laramie River
Naughton
Neil Simpson II
Wygen I
Wygen II
Wygen III
Wyodak
Wyoming Average
US Average

Year
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012

SO2
Emissions
(tons)
8722.4
691.5
9974.8
8384.0
7993.1
419.6
394.0
164.8
325.9
2297.9

SO2
emissions
Rate
(lbs/MWh)
3.6
0.4
1.5
1.5
3.2
1.5
1.2
0.6
0.8
1.8
1.6
4.0

NOx
emissions
Rate
(lbs/MWh)
2.9
0.4
2.0
2.2
3.3
1.8
1.6
0.8
0.5
2.4
1.8
2.0

NOx
Emissions
(tons)
6999.3
619.6
13761.7
12188.0
8311.0
502.6
558.8
222.1
200.6
3051.1

CO2 Emissions
(tons)
5,720,671
3,555,713
14,994,886
13,324,303
5,661,930
780,568
895,126
745,459
1,004,748
3,315,332

CO2
emissions
Rate
(lbs/MWh)
2332
2299
2201
2423
2236
2746
2615
2536
2350
2627
2436
2437*

Net Generation
2012 - all
primemovers
from coal (MWh)
4,906,510
3,093,371
13,625,135
10,997,853
5,064,299
568,601
684,671
587,832
855,131
2,524,024

*excludes plants whose reported emissions rates were negative or greater than 10,000 lbs/MWh
Tables Data Sources:
Tables 1 to 5: EIA Form 860 and 923 data.
Table 5: US national average Heat Rates comes from Power Engineering (2014), http://www.power-eng.com/articles/print/volume-118/issue7/features/america-s-best-coal-plants.html
Table 6: PacifiCorp and Basin Electric.
Table 8: EIA Form 860 data, reporting year 2012.
Table 9: US EPA, Wyoming Regional Haze Rule State and Federal Implementation Plan, Federal Register, January 30, 2014.
http://www2.epa.gov/sites/production/files/2014-02/documents/wyomingregionalhazefip_rulejan2014_0.pdf
Table 10: EPA: CPP Proposed 111(d) data, EIA Form 923 Data, EPA Air Markets Program Data http://ampd.epa.gov/ampd/
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Appendix A3: NEMS Model Assumptions used in AEO2014 EIA Market Projections

Scenario

Population
Growth/Year
(2012-2040)

Nonfarm
Employment/Year
(2012-2040)

Labor
Productivity/Year
(2012-2040)

Real GDP
Growth/Year
(2012-2040)

Real Disposable
Income per
capita
Growth/Year
(2012-2040)

Reference Case
Low Economic
Growth
High Economic
Growth

0.70%

0.80%

1.80%

2.40%

1.70%

0.60%

0.70%

1.40%

1.90%

1.30%

0.80%

1.00%

2.00%

2.80%

1.70%

Low Coal Cost

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

High Coal Cost
Low Oil and Gas
Resource

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

As in Ref. Case

High Oil and Gas
Resource

Table A.2: Oil Price Assumptions

Scenario

Oil Market Assumptions

All cases except
low oil price

Real Brent crude oil prices (in 2012 dollars) rise from $112/barrel in 2012 to $109 in 2025,
rising slowly to $130 in 2035 and $141/barrel in 2040.

Low oil price case

Real Brent Crude price falls to $70/barrel by 2016, remains there through 2023, rising to
$75/barrel by 2040.

* real = inflation adjusted to 2012 dollars

Table A.3: Coal Market Cost Assumptions:
Scenario

Productivity
Rate

Growth

Coal Miner Wages

Low Coal
Cost

2.3% greater than
reference case

Lower than reference,
falling to 25% below
reference by 2040

High Coal
Cost

2.3% lower than
reference case

Higher than reference,
rising to 25% above
reference by 2040
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Mine
Costs

Equipment

Lower than
reference, falling to
25% below
reference by 2040
Higher than
reference, rising to
over 25% above
reference by 2040

Coal
Rates

Transportation

Lower than reference,
falling to 25% below
reference by 2040
Higher than reference,
rising to over 25%
above reference by
2040

Table A.4: Natural Gas Assumptions
Ultimate Recovery per Shale Gas

Ultimate Recovery per Tight Gas

Ultimate Recovery per Tight Oil

Low Oil and
Gas Resource

50% lower than in the
Reference case. All other
resource assumptions remain
the same as in the Reference
case.

50% lower than in the
Reference case. All other
resource assumptions remain
the same as in the Reference
case.

50% lower than in the
Reference case. All other
resource assumptions remain
the same as in the Reference
case.

High Oil and
Gas Resource

50% higher and well spacing
is 50% than in the Reference
case. Tight oil resources are
added to reflect new plays or
expansion of known tight oil
plays and estimated ultimate
recovery for tight and shale
wells increases 1%/year to
reflect additional
technological improvement.
Also includes 50% higher
undiscovered resources in
lower 48 offshore states,
Alaska, and shale gas in
Canada than in the Reference
case

50% higher and well spacing
is 50% than in the Reference
case. Tight oil resources are
added to reflect new plays or
expansion of known tight oil
plays and estimated ultimate
recovery for tight and shale
wells increases 1%/year to
reflect additional
technological improvement.
Also includes 50% higher
undiscovered resources in
lower 48 offshore states,
Alaska, and shale gas in
Canada than in the Reference
case

50% higher and well spacing is
50% than in the Reference
case. Tight oil resources are
added to reflect new plays or
expansion of known tight oil
plays and estimated ultimate
recovery for tight and shale
wells increases 1%/year to
reflect additional
technological improvement.
Also includes 50% higher
undiscovered resources in
lower 48 offshore states,
Alaska, and shale gas in
Canada than in the Reference
case

Scenario
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