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Executive Summary

The U.S. coal industry is coping with declining consumption as the nation burns less coal to generate
electricity. The electric power sector drives coal demand and consumes over 90% of coal production.
The coal industry is facing a number of challenges that include increasing production costs and
competition from natural gas in the electric power market (see Figure 1). The decreasing share of coal
in power generation implies that the future of coal depends on technologies that change the way we
manage and use coal such as carbon capture and utilization, coal gasification and coal liquefaction
technologies.

Figure 1 U.S. Coal Industry Market Challenges
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Source: CGGC

Coal is a diverse commodity that varies by heat content, impurities and regional sources, all of which
determine its unit cost and uses. The U.S. coal industry is highly concentrated with the top five firms
producing over 55% of the nation’s coal. Leading coal firms are Peabody Energy, Arch Coal, Cloud
Peak Energy, Alpha Natural Resources and CONSOL Energy. Peabody is the sector leader with
mines in the U.S. Western region and Australia and is one of the top global producers; Cloud Peak
Energy maintains a sole geographic presence in the Powder River Basin; and CONSOL is one of the
large investors in Marcellus and Utica Shale Gas.

In this report we use the value chain analysis framework to investigate the current market conditions
impacting coal use. The analysis indicates that the future of coal in the United States depends on
successfully developing and commercializing advanced coal technology by industry stakeholders. We
suggest a wider collaboration framework among the various value chain actors that can provide a
technology advancement pathway. However, for this collaboration to occur, lead coal companies need
to expand their business model beyond coal mining into downstream coal conversion business to
include higher-value coal products and by-products. The following is a summary of our key findings:

* The rapid expansion of U.S. natural gas production is driving changes in the consumption
of coal in electric power generation. With natural gas prices low, U.S. demand for coal is
falling. Utilities and energy companies will continue switching to the less expensive alternative
while gas prices remain low. Hard evidence of this national trend include: an increasing reliance
on gas-fired power plants; reluctance to make new investments in coal fired power plants; and for
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the first time in over 40 years, coal and natural gas had equal shares in power generation of about
32% in April of 2012.

* The cost of coal mining is going up, production is declining in the Appalachian region and
shifting to the Powder River Basin (PRB). Factors such as geology and the rising costs of
complying with a variety of new regulations, transportation, explosives and wages are making
coal mining more expensive. Appalachian coal has been facing a structural decline as its mine
seams have become thinner, more difficult to mine and less productive. Meanwhile, PRB is now
the largest coal-mining region (surface mines), contains one of the largest coal deposits in the
world, is cheaper to extract and is low in sulfur.

* Growing demand in Asia Pacific and India for both thermal and metallurgical coal is
driving companies such as Arch Coal, Alpha Natural Resources and CONSOL Energy to
invest more heavily in coal exports. Falling U.S. domestic consumption is encouraging coal
producers to export coal to emerging markets where demand growth remains strong. Lead U.S.
coal companies will continue to invest in Asia and exports rather than unconventional
investments in clean-coal technologies in the United States. However, despite this growth,
exports account for only about 9% of U.S. annual coal production.

* Increasing deregulation of the U.S. power market escalates competition among power
generators. The deregulation of the power market, which began in mid-1990s, increased price
volatility, shorter-term transactions and industry consolidation. The industry unbundled its
generation, transmission and distribution functions from an integrated structure and focused on
increasing revenues and reducing operating expenses, which makes low-cost natural gas
attractive.

* Coal-fired power plants are retiring in growing numbers. Retirement announcements are part
of a long-term trend that is impacting both existing coal plants and proposals to build new ones.
The sharp decline in natural gas prices and reduced demand for electricity are contributing factors
in the decisions to retire some of the country’s oldest coal-fired generating units.

* Successful commercialization of advanced coal technology will require incorporating
carbon capture and storage technology. Some of the technology modules in coal gasification
are also used in coal liquefaction and integrated gasification combined cycle (IGCC) power
plants. These technologies are carbon intensive and their commercialization may not occur unless
equipped with CCS for environmental performance. Carbon capture, utilization and storage
(CCUS), also known as enhanced oil recovery, is a use for coal-based CO, that offsets the cost of
carbon capture. Enhanced oil recovery is projected to have considerable economic impacts and
requires collaboration with the oil and gas firms and identifying a reasonable price for carbon.

* Technology is key in creating alternative markets for U.S. coal, which in recent history has
relied on the electric power market as its single most important customer. Companies in
South Africa and recently in China demonstrated economic viability of commercial scale coal
gasification and liquefaction. These technologies (and others) are important to the future of coal
in the U.S. market. However, technology stewardship and broader collaboration are needed
among value chain actors to drive investments, commercialization of the technology and
development of a higher-value market for coal.
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Introduction

International demand for coal has grown considerably since the oil crisis in 1973 (Labys, 1992). Coal
now fuels more than 40% of the world’s electricity, though this figure is much higher in countries
such as South Africa (93%), Poland (92%), China (79%), India (69%) and the United States (49%)
(Burnard & Bhattaharya, 2011). The growing energy needs of the developing world are likely to
ensure that coal remains a key fuel in power generation in the foreseeable future (IEA, 2010a; IEA,
2010b). Nevertheless, carbon dioxide (CO,) from coal-fired power plants is at the center of today’s
energy and environmental debates because of its implication in global warming, and the Kyoto
Protocol requires that emissions decline. Burning coal releases into the atmosphere 9—12 billion tons
of carbon dioxide each year, about 70% of it from power generation. Other estimates put carbon
dioxide emissions from power generation at one-third of the world total of over 28 billion tons of
CO, emissions (WNA, 2012).

The role of coal depends on the relative cost and availability of different fuels, combined with rates of
economic growth, environmental regulation and the power generation technologies in use (Coal
Industry Advisory Board, 2006). The post-recession demand recovery in the United States helped
improve coal industry earnings, with most coal companies solidly profitable in 2010 (Zacks Equity
Research, 2012). The surge in demand was largely driven by growth in the global economy, favorable
weather patterns and soaring coal demand from Asian countries. However, by the end of 2011 and
early 2012, growth of coal in the United States and other Western countries declined and is expected
to stagnate because of many factors including slow economic growth, cheap natural gas prices, new
environmental regulations and end users’ high coal inventory levels (BMI, 2012).

The industry is facing a number of challenges such as higher coal prices and lower demand in electric
power. Mining costs are increasing—in part due to more stringent mining regulations—especially in
the Appalachian coal basin, which now has thinner and less productive seams after being mined
extensively. Coal consumption is concentrated in the electric power sector, which has old
infrastructure and operates in an increasingly deregulated market. Competition in the electric market
and the availability of domestic, cheap natural gas accelerated the retirement of old inefficient coal-
fired power units and the shift to natural gas in base load power generation. Leading coal companies
are hoping to compensate for a sluggish U.S. market by developing exports to meet growing demand
for coal in Asia. However, coal exports make only about 10% of U.S. production and the export
capacity of U.S. ports is constrained. These trends are driving new trading patterns, fuel switching,
technology development and price shifts that coal buyers and suppliers must now consider.

Clean energy technologies (or “clean tech”) grew in recent years because of private innovation,
entrepreneurship and critical public sector support in the form of tax credits, grants and loan
guarantees (Jenkins et al., 2012). However, nearly all clean technologies in the United States remain
reliant on production and deployment subsidies or other supportive policies to expand their foothold
in today’s energy markets. Now, many of these subsidies and policies are poised to expire (see Figure
2 for declining federal spending in clean tech) (Jenkins et al., 2012). A reduction in federal funds,
along with uncertainty regarding future greenhouse gas (GHG) emission and the availability of low-
cost natural gas, reduced the sense of urgency for the deployment of carbon-reducing technologies in
coal-fired generation, which makes the future of low-carbon coal utilization rather bleak.
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Figure 2 Federal Clean Tech Spending

Total Federal Clean Tech Spending by Year (billions)

50
$ $44.3
$40 $35.0
$30.7
$30
$20 $16.1
13.6
$13 $11.0
" I .
$0
2009 2010 2011 2012 2013 2014

Source: (Jenkins et al., 2012)

Improved coal utilization is achievable through technologies that enhance the environmental
performance of coal (Coal Industry Advisory Board, 2006). Much of the challenge in advanced coal
technology is in commercializing the technology so that coal use remains economically competitive.
Investments in new technologies along the value chain are critical to the future of coal
competitiveness in power generation and steel, diversifying coal’s product and customer base, and
improving compliance with environmental standards. Technology development and technology
transfer along the chain are seen as essential activities to the future of coal to ensure market growth
for coal producers (Coal Industry Advisory Board, 2006).

This report aims to provide coal stakeholders with the current thinking on the role of coal in the
transition to a more sustainable energy future in the United States. The study analyzes the coal
industry value chain, current market dynamics that resulted in a reduced share of coal in U.S. electric
power generation and the future of coal use. The report is divided into five sections: 1) An overview
of the U.S. coal industry; 2) a value chain analysis of the coal industry and dynamics that are
impacting shifts in coal use; 3) a discussion of lead firms and their strategies in the coal production
and electric power generation segments of the chain; 4) an analysis of the future of coal; and 5) a
conclusion of the report. A detailed value chain analysis of advanced coal technologies is beyond the
scope of this study. We recommend that future coal research should include a value chain analysis of
advanced coal technologies and alternative coal market development in the United States.

Overview of the U.S. Coal Industry

Types of Coal

Coal is a combustible sedimentary rock that consists of both organic and inorganic material (Miller,
2005). Coal is ranked according to the degree of maturity (metamorphism) and heat content (carbon)
(Miller, 2005). The rank of coal grade and other coal quality measures such as sulfur, ash and
mercury content determine its value and use (Miller, 2005). Heat content is used to group coal into
four categories: anthracite, bituminous, sub-bituminous, and lignite. Lignite and sub-bituminous coal
are lower in ranking and anthracite is the highest. Figure 3 illustrates the various coal ranks and uses.
Over 90% of U.S. mines are bituminous coal mines, but sub-bituminous mines (located
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predominantly in Wyoming and Montana) produce more coal (U.S. Energy Information
Administration, 2012).

Figure 3 Coal Rank, Energy Content and Uses
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U.S. Coal Production and Consumption

The United States holds the world’s largest
estimated recoverable reserves, is the second largest
producer and consumer of coal after China and it

is a net exporter of coal (see Figure 4) (EIA,
2011a). In 2011, the US coal market total

revenues reached $57.7 billion (MarketLine, 1400

Figure 4 Coal Production, Consumption and
Exports, 1950-2011
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1 The coal market is defined as revenues due to the sale of coal for industry and power generation.
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almost twice as much coal (Gluskoter et al., 2009). Coal prices track the changes of energy
commodities, primarily crude oil and natural gas, as well as certain hedging commodities such as
gold. For example, in 2007, Northern Appalachia coal prices ran from $30 to $45 per short ton, after
which they skyrocketed along with oil in early 2008, peaking to about $150 per short ton in October
2009 (Gluskoter et al., 2009).

Over 90% of U.S. coal production is used to generate electricity in U.S. power plants. For more than
60 years, coal has been the largest and least expensive source of electric power generation. However,
in April of 2012, coal’s share of electric power generation dropped to 32% compared to 44% in April
2010 as some power producers started switching to natural gas (see Figure 5). The sharp decline in
natural gas prices, and reduced demand for electricity are the two major factors impacting the amount
of generation from these two fuel sources.

Figure 5 Coal Share in Electric Power Generation
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Coal Supply Regions

There are three primary coal regions in the United States: the Appalachian region, the Interior region
and the Western region (which includes Powder River Basin), with several subregions (i.e.,
coalfields), as shown in Figure 6 (Gluskoter et al., 2009). Coal regions may differ in the types and
quality of coal they supply (EIA, 2011a). For example, Northern Appalachia coal, rated at 13,000 Btu
per pound, is the highest quality, while Powder River Basin coal (from Wyoming and other Rocky
Mountain states) is the lowest quality, with a rating of just 8,800 Btu per pound. Factors such as ease
of mining and coal utilization, technology, mining costs and competing fuels led to dramatic shifts in
production from underground mining to surface mining, from east of Mississippi to west of
Mississippi (see Figure 7) and from bituminous to sub-bituminous coals (Gluskoter et al., 2009). In
2010 direct employment in coal production was about 86,195 with an average annual salary of
approximately $81,200 (BLS, 2011).
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Figure 6 2011Coal Production Map by Region (Million short tons, % change from 2010)
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Figure 7 Coal Production (1970 — 2035 in Quadrillion Btu) and Employment (1990, 2000, 2010)
by Region
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More than one-third of the coal produced in the United States comes from the Appalachian region,
which also has a booming shale gas industry. The most economical method of coal extraction from
coal seams depends on the depth and quality of the seams, along with the geology and environmental
factors of the area being mined (PWC, 2009). Coal mined in Appalachia is primarily used for steam
generation to produce electricity, metal production and export. The Western region mines over half of
the coal produced in the United States and has some of the largest coal deposits in the world in the
Powder River Basin (PRB). PRB is located in northeast Wyoming and southeast Montana. Wyoming
is the largest coal-producing state in the nation. Coal demand regions reflect coal transportation
options available to power plants. Table 1 gives a summary of the coal regions. Figure 8 shows the
largest producing states and largest destination states in the first quarter of 2012.

Table 1 Summary Profile of Coal Producing Regions in the U.S. (based on 2010 data)

Coal Production 335,248 442,522 304,742
Number of Mines 1,098 19 140

Employment 58,189 7,224 23,587
Sulfur Content High Sulfur Low Sulfur
Mining Underground Surface
Mine Characteristics Gl th1nper &l Thick seams
productive seams
Foreign Exports Mostly Metallurgical Steam Coal (Asia)

Source: CGGC based on data from (EIA, 2011a)

Figure 8 Top Five Coal Producing and Destination States 1* Quarter 2012
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Coal Value chain

The value chain framework maps industry and firm-level activities and supply networks that bring a
product or products from conception, through production to its end market. The coal value chain
segments in Figure 9 (from left to right) are coal production, transportation and coal utilization
markets. The following paragraphs discuss the three primary segments in the chain.

Figure 9 The Coal Industry Value Chain
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Coal Production

The coal production segment of the chain is fairly consolidated with the top five companies
accounting for about 55.4% of U.S. coal production in 2010 (EIA, 2011a). Lead firms are Peabody
Energy, Arch Coal, Cloud Peak Energy, Alpha Natural Resources and CONSOL Energy. Coal
companies differ in their production costs, delivery costs to key markets, regional operation and the
quality of coal produced. Companies in the chain engage in strategic acquisitions, joint ventures and
investments to expand their global footprint, reserves and regional presence. Lead firms maintain a
transaction-based relationship with their suppliers and buyers in the chain. Suppliers to the coal
producers offer highly specialized services and equipment that account for about one-third of their
revenues (Mining Journal, 2012).

Transport

About 71% of coal is transported, for at least part of the trip, to market by rail (Association of
American Railroads, 2011). Coal accounts for approximately 45% of railroad carloads and 25% of the
annual revenues of freight rail Class I companies (Association of American Railroads, 2011). Lead
firms in Class 1 rail are Burlington Northern Santa Fe (BNSF), CSX Transportation, Union Pacific
Railroad and Norfolk Southern.

Trucks are often the quickest and easiest way to move coal and can easily be scaled up or down. They
are used in shorter hauling, moving smaller quantities, and access to loading points to nearby electric

12
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and industrial plants. Barges only move coal from mines that have access to the U.S. river system.
They are slower but more cost effective and fuel efficient.”> About 20% of the coal used in U.S.
electricity generation travels by inland waterways. Many coal companies use a multimodal delivery
system that includes rail (short and long haul), trucks, railcars and barges. Coal transportation cost,
especially in the west, can exceed mining cost (EIA, 2012c).

Firms in this segment, particularly the Eastern railroads, CSX and Norfolk Southern, lost substantial
share of their coal market due to declining coal demand by utilities. CSX’s domestic and export coal
volumes were down about 25% and 5%, respectively, year-on-year in fourth quarter of 2012.
According to the Association of American Railroads, U.S. coal carloads were down by more than
10% in 2012 compared to 2011.

End Market

Demand for coal depends on factors such as economic growth, the cost of coal compared to
competing fuels, and the impact of policy measures (on end users and coal suppliers) related to
controlling emissions and hazardous waste.® The U.S. power sector is the largest consumer of coal
(EIA, 2011a). Traditional thermal, coal-fired generation competes against, natural gas, nuclear, oil
and renewables (PWC, 2009). Electric utilities are composed of investor-owned utilities (37%),
public utilities (10%), federal utilities (6%), cooperatives (5%) and non-utility generators (41%), all
of which operate in regulated and/or competitive electricity markets (see Table 2) (APPA, 2012).

Table 2 Regulated and Deregulated Electric Power Markets

Regulated Market Deregulated Market ‘

e Vertically-integrated utilities * Diverse and complex business model

* Power generation market entry * Power generation market open to non-utility
exclusive to utility producers producers

* Electricity prices based on cost of * Complex market system for price setting
service based on marginal prices

* Plant dispatch based on utility * Plant dispatch based on bid prices
operating costs * Cost recovery depends on plant

* Plant cost recovery guaranteed competitiveness

* Large utilities function as control * Independent System Operators (ISOs) created
area operators to serve as control area operators

Source: CGGC

Since the 1990s, the increasingly deregulated environment in the industry has been transforming
utilities from vertically integrated monopolies to functionally unbundled entities with a competitive
market for power generation (Energy Information Administration, 2002). In 2010, the top five firms
in the chain accounted for about 17% of approximately 4,125 million MWh (megawatt hours) of total
net generation (EIA, 2011c¢). Lead electric power firms are Duke Energy Corporation, Southern

? Hauling one ton of cargo 576 miles per gallon of fuel.

} Diversity of supply and major emissions that are regulated by the federal government are nitrogen
oxide, sulfur dioxide and mercury. Carbon dioxide is also a major emission, but it is not regulated.
Emissions from power plants and their by-products form particulate matter, ozone smog and air
toxins. These pollutants are associated with a vast array of health risks.

13
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Company, American Electric Power, Exelon Corp and NextEra Energy Inc. Lead firms differ in their
coal-fired capacity which can range from as low as 3% to about 67% (see Table 6, page 21).

The steel industry is the second largest user of coal and coal by-products to make steel for
automobiles, bridges and buildings (Spiegel, 2006). Nearly 70% of global steel production depends
on coal (Ernst & Young, 2011). Other coal users include concrete, cement, aluminum, paper,
chemical, wood and roofing companies. Coal gas by-products such as methanol and ethylene are used
to make products such as plastics, medicines, fertilizers and tar.

Value Chain Dynamics

Coal mining and burning in the United States are highly regulated at the federal and state levels to
improve mine safety and reduce environmental impacts from coal production and use. Regulations,
market dynamics and labor issues all influenced the value chain throughout the last three decades
(Gluskoter et al., 2009). For example, more stringent mine safety and reclamation laws forced many
small mines out of operation in the 1970s; falling coal prices caused small, inefficient producers to
close down or be bought out in the 1980s; and pressure to reduce costs motivated producers to seek
economies of scale by forming larger companies and shifted production from Appalachia to PRB in
the 1990s onwards (McNerney et al., 1998).

Long-term competitive contracts (for at least one year) govern interactions in the chain between
producers and buyers. The terms of these contracts vary by customer, including differing price
adjustments, coal quality and quantity requirements, compliance with regulatory changes and
termination procedures (Alpha Natural Resources Inc., 2012; Arch Coal Inc., 2012; Cloud Peak
Energy Inc., 2012; Consol Energy Inc., 2012; Peabody Energy, 2012). The cost of coal-burning
technology, transportation, public policy, monopolistic behavior of buyers and monopolistic behavior
of suppliers are factors that impact the price of coal and terms of contract.

Coal’s main competitive attributes compared to other fossil fuels are that it is inexpensive and
domestically abundant (Grubert, 2012).* In the past, increased demand for coal brought new investors
to the coal industry and promoted the development of new mines. These factors resulted in added
production capacity throughout the industry, which led to increased competition and lower coal prices
(Grubert, 2012). However, technological advances in the natural gas industry made natural gas—
coal’s main competitor in the electricity sector—less expensive and domestically abundant (Grubert,
2012).

Winners and losers in the chain vary according to their degree of dependence on coal, geographic
focus, strategies and ability to address market and regulatory changes. Competition from other fuels,
especially natural gas, and fuel diversification in electric power generation changed power in the
chain from supplier-driven to buyer-driven. Coal producers are highly dependent on their sales to
electric power generators with about 30%—40% of their revenues coming from their top 5-10
customers (Alpha Natural Resources Inc., 2012; Arch Coal Inc., 2012; Cloud Peak Energy Inc., 2012;
Consol Energy Inc., 2012; Peabody Energy, 2012). The future of coal hinges on clean-tech
developments that reduce emissions and expand utilization via advanced technologies such as carbon
capture utilization and storage, coal to gas, coal to liquids and coal to chemicals. Table 3 below
summarizes the coal value chain dynamics and their influence on the value chain.

4 . . .. . .
Nevertheless, concerns about the environmental impacts of coal mining and use have discouraged its
use.
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Table 3 Value Chain Dynamics and Influence on the Chain

Value Chain Dynamic Influence on the Chain

Increasing costs in Appalachian coal mining

* Cost of mining & transport
* Cost of compliance to emission standards

Falling domestic consumption & rising global
demand for coal in power generation and steel
production

* Growing demand especially in China & India

* 2011 International coal supply disruptions from
countries such as Australia, Indonesia &
Colombia

* Rising spot natural gas prices in Europe, up about
35% in 2011

* U.S. coal exports are more expensive because of
mining & transport cost

Deregulation & restructuring of electric power
market

* Wholesale power markets created, and
competition in retail markets intensified

* Intensified price competition, growing price
volatility, shorter-term wholesale electricity
transactions

* Firms focus on managing fuel and electric power
market risks

Low natural gas prices & shale gas discoveries

* Delivered coal prices are increasing since 2003
(prices were about 77% higher in 2010 compared
to 2003)

* Natural gas prices declined from about
$12/MMBtu in 2008 to about $2/MMBtu in
January 2012 & is expected to be about
$4/MMBtu in the medium term.

5> Only 6 US ports account for 94% of coal exports.

Regional shift in supply regions from
Appalachia to PRB

* Western region mines have higher
productivity and low operating cost

* Low-sulfur coal in Western region is
compliant with sulfur emission regulation

* Coal companies are increasing their reserve
holdings in PRB

U.S. coal suppliers are increasing their

global footprint

* Falling domestic consumption freed up coal
for exports

* Exports account for a very small share of
U.S. coal production (about 9%) but are
growing

* Metallurgical coal dominates exports &
coal firms are expanding metallurgical play

* Growing reserves for exports in the U.S.
and Australia (Peabody), & opening offices
in Europe & Asia Pacific

* U.S. port infrastructure is struggling to keep
pace with the demand’

* Coal & transport companies are
collaborating to increase export capacity

Lead power generators focus on cost

competitiveness and contract flexibility

¢ Industry unbundling led to open and intense
competition

¢ Shift from long-term to shorter-term
contracts to remain flexible in coal
purchasing

* Coal purchases include terms & conditions
enabling them to react to unanticipated
changes in the market

An unprecedented shift to natural gas in

electric power generation

* Coal share in power generation dropped to
its lowest in over 40 years

* Natural gas units, traditionally dispatched
as peak-load are increasingly dispatched as
base-load
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* Strong domestic natural gas production, robust
storage levels and new pipeline projects

* Availability of more efficient combined cycle and
more efficient natural gas power generating units

Coal fired power plant retirement

* Most coal-fired capacity established in the 1970s
&1980s
* About 19% of existing U.S. coal-fired capacity
(63GW) is at least 50 years old
* 62% of the capacity (212GW) is between 30 to 50
ears old

Future of increased coal use in the U.S. is bleak

* Lower demand in power generation

* Weak global & domestic economic conditions

* High domestic & international public pressures to
reduce coal use because of its carbon footprint

* Advanced coal technology is expensive &
deployment of technology is slow

Value Chain Dynamic Influence on the Chain

* Gas fired power plants are replacing
inefficient coal facilities

Power generators retiring inefficient and
older coal plants

* Power market fundamentals: lower natural
gas prices & lower electricity demand
accelerated plant retirement decisions

* Old plant closures are due to lower output
& revenue

Commercialization of advanced coal
technology can diversify coal utilization

* Reduces dependency on largest coal
customers

* Creates new higher value markets for coal

* Ensures continued coal use with a lower
carbon footprint in utilities

* Requires higher collaboration and
investments from coal companies & other
stakeholders

Source: CGGC based on data from:(EIA, 1993, 2000, 2011a, 2011b, 2011c, 2011d, 2011e, 2012a,

20121, 20121; Joskow, 2006; Shively & Ferrare, 2010)
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Company Analysis

In this section we discuss the lead firms in the coal production and power generation segments of the
chain. Top players are identified based on their U.S. market share and production capacity. A
summary profile of players is also provided along with an analysis of their corporate strategies.

Lead Coal Firms

The top five firms in the industry control about 55% of U.S. coal production (see Figure 10).
Companies in the industry have high capital and operations costs. Primary expenses include labor,
repair and maintenance expenditures, royalties, freight and handling costs, and taxes incurred in
selling coal. Firms use different mining techniques to extract coal such as long-wall mining
(underground), and high-wall mining (surface). Companies are regulated by policies that range from
stringent mine safety and land reclamations policies to environmental policies. Coal firms focus on
the production and selling of thermal coal to power generators and metallurgical coal to steel
manufacturing, but not on transforming coal into higher-value-added products. This contrasts with
fossil fuel suppliers, such as oil and gas firms, which are vertically integrated and invest in refining
and higher value products.

Figure 10 Major U.S. Coal Producers, 2010

B Peabody Energy Corp.
¥ Arch Coal Inc.

45% Cloud Peak Energy

¥ Alpha Natural Resources Llc
¥ CONSOL Energy Inc.

Other Producers

2010 T. Production 1,084 million short tons

Source: CGGC based on EIA 2010 data

Suppliers such as mining and production equipment manufacturers are often highly specialized and
dependent on demand from coal companies (Datamonitor, 2011). Competition between coal players
is intense because of their large scale and concentration. Companies compete on coal quality,
delivered costs to the customer, and reliability of supply. Firms also compete directly with a number
of smaller producers in each of the geographic regions in which they operate. In export markets, U.S.
producers compete with firms in other countries, such as Australia, Indonesia, Russia, Columbia and
Venezuela. Figure 11 and Table 4 provide a summary profile of the top coal companies in the U.S.
and Table 5 provides a summary of their strategies.
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Figure 11 The Top Five Coal Firms in Numbers
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2012; Cloud Peak Energy Inc., 2012; Consol Energy Inc., 2012; Peabody Energy, 2012)
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Table 4 Top Five U.S. Companies Coal Profiles

,fv(;)ael(, Global Footprint Other Sources Of Revenue

Peabody
Energy ’

ANEIOLETR o APP: 38 *T:95% ¢ Subsidiary/sales office: ® Trading and Export Terminal

Inc. *W:5 * Met: 5% Singapore, London

* PRB: 2 * Export: North & South
o [11: 1 America, Europe, &
e S: 399 Asia
*U:61%

Alpha

Natural

Resources
Cloud  ERYEEN! *T: 100%  * Export: Asia Pacific

|G « PRB: 2
DTSN ¢+ S: 100%

CONSOL
Energy
Inc.

PRB: Powder River basin; SW: South West; MW: Mid West; AUS: Australia; APP: Appalachia;
W: Western; ILL: Illinois Basin; S: Surface; U: Underground; T: Thermal Coal; Met: Metallurgical Coal;
PCI: Pulverized Coal Injection

Source: CGGC based on 10-K company data (Alpha Natural Resources Inc., 2012; Arch Coal Inc., 2012;
Cloud Peak Energy Inc., 2012; Consol Energy Inc., 2012; Peabody Energy, 2012)

6 Coal Type is in % tons sold.
7 (Peabody, 2012)
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Table 5 Strategic Focus and Upgrading Strategies for Lead Firms

Upgrading
Type

Process

Channel

Product

Strategic Focus

Organic Growth
* Improving output, increasing sales and shareholder value in existing operations
and the leasing & selling of non-core assets
* Growing asset management and implementation of cost-reduction strategies
* Increasing mine safety and environmental compliance
* Expanding the metallurgical coal platform to meet growing steel demand
* Renewing, or entering into new, long-term supply agreements at favorable prices

Selective investments

* Augmenting export capacity to meet projected growth, especially in Asia Pacific,
through investments in ports (all lead firms), joint ventures (Peabody) and
establishing / or growing overseas offices (Arch & Peabody)
* Investing in acquisitions and reserves especially in inexpensive coal-producing
regions in the United States

Identify and address value chain disruptions

* Recognizing changes in demand and market risks such as lower prices in natural
gas, aging and inefficient coal burning power generation facilities, sluggish
economic conditions and uncertainty in regulation

* Expanding coal use beyond traditional power sector, for example:

- Peabody owns an equity interest in GreatPoint Energy, Inc., to commercialize a
coal-to-pipeline quality natural gas technology; is pursuing a project with the
Inner Mongolian and Chinese partners to develop a downstream coal gasification
facility; and is an equity partner in GreenGen, to construct a near-zero emissions,
coal-fueled power plant with carbon capture and storage (Global CCS Institute)
near Tianjin, China

- Arch Coal is investing in an advanced coal plant project in Texas to capture the
carbon dioxide emissions and put it to work for enhanced oil recovery

- Peabody, Arch and CONSOL are investing funds for other advanced coal
utilization research

- CONSOL Energy is one of the largest investors in Marcellus Shale Gas

Source: CGGC based on data from (Alpha Natural Resources Inc., 2012; Arch Coal Inc., 2012; Cloud
Peak Energy Inc., 2012; Consol Energy Inc., 2012; Peabody Energy, 2012)
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Lead Electric Power Generation Firms

Lead firms in the power generation segment have large installed capital, a long-term investment
horizon (30-50 years) and geographic markets that are defined by transmission capacity (Shively &
Ferrare, 2010). The level of regulatory and environmental risks of companies depend on the role of
coal in their power generation portfolio (see Table 6) (Schmidt et al., 2012). Ongoing technology
upgrades are difficult because of the high upfront capital costs and the long lifetime of power-
generating units. Firms slowed their rate of growth and new investments because of sluggish demand
(EIA, 2012b) and are meeting marginal increases in electricity by outsourcing power generation
(Fabrizio, 2011). The increasing deregulation of the utilities market makes cost competitiveness a

priority for power generators (see Table 7).

Table 6 Top Five Firms in Electric Power Generation

Generation Assets* Portfolio mix 2010 Generation Sources

Duke Energy
Corporation®*

American Electric
Power

Southern Company

60,000 MW
Regulated: 97%
Unregulated: 3%
Additional 4,000MW
generating capacity in
six Latin American
Countries

38,000 MW
Regulated: 95%
Unregulated: 5%

45,000 MW
Regulated: 80%
Unregulated: 20%

38,600MW

Exelon
Corporation®*

NextEra Energy Inc.

*Nameplate capacity;

Regulated: 0%
Unregulated: 100%
Additional
approximately 90MW
generating capacity in
Canada

43,000 MW
Regulated: 64%
Unregulated: 36%
Additional
approximately
300MW generating
capacity in Canada

**Generation assets and portfolio mix reflects 2012 merger: (Duke Energy

Coal: 38%
Natural Gas: 35%
Nuclear: 14%
Hydro: 6%
Wind: 2%
Others: 5%

Coal: 67%
Natural Gas: 24%
Nuclear: 6%
Hydro: 2%
Wind: 1%

Coal: 46%
Natural Gas: 37%
Nuclear: 8%
Hydro: 6%
Others: 3%

Coal: 9%

Natural Gas: 24%
Nuclear: 50%
Hydro: 5%
Wind: 3%
Others: 9%

Coal: 2%

Natural Gas: 45%
Nuclear: 14%
Hydro: 1%
Wind: 21%
Others: 17%

Total: 165 Million MWh
Internal: 89%
Purchased: 11%

Total: 254 Million MW
Internal: 66%
Purchased: 34%

Total: 207 Million MWh
Internal: 86%
Purchased: 14%

Total: 151 Million MWh
Internal: N/A
Purchased: N/A

Total: 115 Million MWh
Internal: 87%
Purchased: 13%

Corporation & Progress Energy, Inc.; Exelon Corporation & Constellation Energy, Inc.)

Source: CGGC based on data from proprietary databases and respective company websites & reports
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Table 7 Characteristics of Electric Generation Technologies

I Nl A

Capital Cost

Variable Cost
Operational
Flexibility

Time to Permit and
Construct

Q0GLO

Environmental
Impact

Various

CleICIeIC
@OGOO W
elelele)e

PO LWLO

Legend: Levels as applicable:

High/Long Medium—High Medium Low/Short

O O D O

Source: Adapted from Understanding Today’s Electricity Business, (Shively & Ferrare, 2010)

Firms in the electric power segment are predominantly secondary users of technology: they have
small investments in research and development (R&D) and rely on their suppliers for technology
innovation. Technology investment by utilities has predominantly been allocated to retrofit plants
with scrubbers or post-combustion controls. Companies sometimes collaborate with their suppliers on
R&D activities, but are increasingly moving away from longer-term collaborative agreements.
Demand from power generators drives technology development from a range of technology suppliers,
such as Babcock Power, Alstom Power and Babcock and Wilcox. .

Since the 1990s, power generators have slowed their demand for new conventional and/or advanced
coal-fired technologies (RAND, 2011) while expanding the number of natural gas and more efficient
combined-cycle units (EIA, 2011e). The recent drop in natural gas prices hastened the dispatch of
natural gas units, which is resulting in an unprecedented coal-gas fuel substitution in power
generation (EIA, 2000, 2011b, 2012¢). At the same time, many utilities are facing the imperative of
replacing their aging infrastructure, which suffers from decades of underinvestment (Flaherty et al.,
2012). Many firms are opting to retire their older and inefficient coal units rather retrofit them with
environmental controls (CreditSuisse, 2010; NERC, 2011; The Brattle Group, 2012). Table 8 outlines
the strategies of lead firms that shape their abilities to effectively meet electricity demand while
reducing investment risk and operating cost. These approaches revolve around growth in natural gas
power generation and significant reduction in advance coal technology investments.
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Table 8 Electric Power Firms’ Strategies and Implications for Coal Technology

Lead Firm Strategies ‘

Retire old and inefficient coal-fired units

* Different scenarios estimated 35—-65 GW of coal retirement by 2020, representing 10%—20% of
total U.S. coal fleet

* Top five lead firms announced 11GW of coal retirement by 2016, representing 15% of their coal
portfolio

Expand natural gas-fired capacity in portfolio mix

* U.S. electric power sector added 237GW of natural gas-fired capacity in 2000-2010, representing
nearly 80% of total over the period

* Over the same period, the top five firms added 49GW of natural gas capacity, which is about 83%
of their capacity additions

Coal-to-gas fuel substitution and unit dispatch

* In April 2012, coal-fired power generation was 32% down from 44% in April 2010, while natural
gas-fired power generation increased from 22% to 32%

Reduce investment in coal technology development

* Firms continue to reduce R&D investments

* Investment commitments are only where regulatory cost recovery is guaranteed

* Demonstration projects are postponed or cancelled

Outsource power generation to complement internal generation in meeting demand

* Expanding capacity by outsourcing to save on operating cost

Sources: CGGC based on proprietary databases and (EIA, 2011b, 2011e, 2012d; Fabrizio, 2011; MIT,
2011; NERC, 2011; The Brattle Group, 2012)
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Future of Coal Use

In September 2012, a difficult U.S. coal market forced lead coal firms such as Alpha Natural
Resources to make production cuts, close mines and eliminate a large number of jobs (Associated
Press, 2012).8 The market pressures and the future of coal scenarios summarized in Figure 12 indicate
that the long-term use of coal hinges on technology investment and strategic collaborations that make
burning it cleaner. The availability of advanced coal technologies is a function of how well industry
actors can develop and commercialize the technology to reduce their emissions footprint by 2050
(Schwartz, 2012).

Large coal customers such as Duke Energy regard market conditions as an opportunity to totally
remake their system of generation and at the same time modernize their grid.” Coal use in power
generation depends on the availability of technology that could make it sustainable in a low-carbon
world. Duke Energy and others recognize that there will be carbon constraints in the future; therefore,
having efficient and cost-effective technology is necessary for coal to be a clean alternative fuel of the
future (Schwartz, 2012).

Figure 12 Market Pressures and Future Coal Scenarios

i N (  scemariol )  scenario2 )
LI it Status Quo Technology
Low Technology Investment Path

(.

| 4

Source : CGGC

Advanced Coal Technology

Advanced coal technology refers to the new generation of coal-based processes and technologies that
reduce emissions and / or transform coal to expand its use beyond electric power generation. There
are many government-sponsored programs between research institutions and companies that are
working to improve existing coal technologies (Spiegel, 2006). These technologies focus on carbon
capture, use and storage, coal gasification, coal liquefaction, combustion (including oxy-combustion

¥ It is cutting production by 16 million tons and eliminating 1,200 jobs, including 400 with the
immediate closing of eight mines in Virginia, West Virginia and Pennsylvania (Associated Press,
2012).

? Going from an analogue grid to a digital grid.
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and advanced supercritical combustion) and use of coal by-products and carbonization for advanced
material (see Table 9).

Table 9 Coal Technologies and Products

The process of converting coal into gas. Coal Synthesis gas, hydrogen,

gasification involves crushing the coal to a powder  carbon dioxide &

and heating it in the presence of steam and oxygen transportation fuels

to produce a gas. After sulfur content of the gas and

other impurities are reduced, the gas can be used as

a fuel or further processed and concentrated into a

chemical or liquid fuel.

A chemical process of converting coal into clean- Synthesis gas, methanol,

burning liquid hydrocarbons, such as synthetic crude transportation fuels,

oil and methanol. high value chemicals &
carbon dioxide

A process of converting coal into various products Fly ash, bottom ash,

through burning. boiler slag, flue gas,
desulfurization material,
electricity & heat

A process for the production of carbonaceous Coke, coke breeze, coal
material by thermal decomposition of organic tar, carbon fiber, carbon
substances. foam, light oil, heavy
oils & ammonium
sulfate
Source: Spiegel, 2006

Over the last several decades, consumption of coal to produce electric power in the U.S. increased
over 180%. Yet, regulated emissions such as sulfur dioxide (SO,), nitrogen oxides (NOx) and
particulate matter decreased 82%, 88% and 96%, respectively, because of new technologies (Bajura,
2012). The United States has the largest number of carbon capture and storage projects projects in the
world (Global CCS Institute), both confirmed and in planning, followed by Europe and China.
However, the business case for many of these projects is now being revisited because of reduced
technology investment, lack of a comprehensive regulatory framework with incentives for CCS
development ,and the declines in natural gas prices (Global CCS Institute, 2012).

A new study, “Harnessing Coal’s Carbon Content to Advance the Economy, Environment and Energy
Security” (Bajura, 2012), reveals that advanced coal technology, coupled with capturing carbon
emissions for use in enhanced oil recovery, can generate about $200 billion in industry sales and $60
billion in federal, state and local taxes, and lead to the creation of over one million jobs. The report
also estimates that using carbon emissions to enhance oil production can reduce petroleum imports by
over six million barrels per day, increase our energy independence, and reduce carbon emissions
equivalent to almost 100 gigawatts of coal-based electric power (Bajura, 2012). Currently, there are
some promising technologies for capturing coal-generated CO, that range in readiness from
experimentation to commercial demonstration and/or deployment. However, full-scale carbon
capture, utilization, and storage (CCUS) technology has yet to be demonstrated in practice or proven
to be commercially acceptable for coal-power-generating units due to significant technology,
financial and regulatory challenges.
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Coal gasification and liquefaction technologies have been known for some time. Their products can
range from transportation fuels and gases to valuable chemicals that can be used in the industrial gas,
fertilizer, plastics, rubber and various other industries (Spiegel, 2006). Private industry and the U.S.
Department of Energy (DOE/NETL) identified coal as a potential source of replacement for olefins
(ethylene, propylene, butadiene) and for aromatics (benzene, toluene, xylenes) (Bajura, 2012).
However, investment in coal conversion technologies will remain contingent on the competitiveness
of coal-based processes against the extant petroleum-based processes; and developing pragmatic
pathways to manage investment risks associated with price volatility in feedstock and product
markets. Table 10 below presents the three leading operational advanced coal projects in the United
States. Table 11 provides a summary of some of the leading advanced coal technologies, their
constraints and opportunities.

Table 10 Operational Advanced Coal Technology Projects in the U.S.

. Final
Plant Owner Technology Location Products
Dakota Gasification Syngas,
Great Plains Company (Basin Sasol Lurgi Dry carbon
Synfuels Electric Power Ash Gasifier North Dakota dioxide,
Cooperative) chemicals
Kingsport Eastman
Integrated Coal Gasification GE Gasifier Tennessee Chemicals
Gasification Company
Polk County Tampa Electric . . Electric
IGCC Company GE Gasifier Florida Power

Source: CGGC based on (NETL, 2010)
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Table 11 Select Coal Technologies Opportunities and Constraints

Carbon Capture, Use & Storage (CCUS)

Overview
* Technological feasibility: CO, capture is technically feasible via pre-combustion, post-
combustion and oxy-combustion approaches, but is still in R&D phase
* Research, Development & Demonstration (RD&D): Long lead times, i.e. bench-scale testing
to full-scale demonstration; RD&D can take up to 25 years
* Commercial deployment: Experienced in industrial applications, but not yet ready at the scale
required for coal-fired power plants
* Target market: Captured CO, can have large potential markets in enhanced oil recovery
applications
* Potential partners: Coal industry, oil industry, power generation industry, technology
manufacturers and U.S. Department of Energy
Technological Approaches to CO, Capture
* Pre-combustion
* Post-combustion
* Oxy-combustion
Constraints
* Capital intensity: CO, capture requires high upfront capital investment for demonstration
projects
* Operational costs: Parasitic load requirement for CO, capture and compression reduces
plant’s capacity by approximately 30%
* Market conditions: Low natural gas prices, power market conditions and competitiveness
* Cost recovery: Aging coal-fired power fleet discourages retrofit investment for CO, capture
due to cost-recovery concerns
* Site specific characteristics: Plant site space availability and pipeline infrastructure to link
CO, supplies to EOR opportunities
Opportunities
* CO, Market: EOR is the highest value and highest volume use of CO,
* Domestic oil production: CO, use for EOR in U.S. could potentially enable economic
recovery of 67 billion barrels of ‘stranded oil’
* Market conditions: Rising global demand and current high oil prices (over $100 per barrel)
* CO,abatement: CCUS-EOR can potentially reduce CO, emissions equivalent to 100 GW of
coal-fired power plant capacity
* Cost-sharing: Federal incentives, including R&D support by U.S. Department of Energy, for
early deployment of CCS
* Global Collaboration: Established R&D collaboration in the framework of U.S-China Clean
Energy Research Center
Source: CGGC based on (Bajura et al., 2012; DOE/NETL, 2011; Mantripragada & Rubin, 2011;
MIT, 2012a; NETL, 2009; U.S.-China-CERC, 2012)
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Coal Gasification: Syngas Production

Overview
* Technological feasibility: Gasification is a well-developed and proven technology at
commercial scale
* R&D: Current R&D focuses on improving performance of the three main technology
modules
* Operational flexibility: Gasification technology offers feedstock and product flexibility and is
the underlying technology for coal liquefaction
* Commercial deployment: There are several gasification plants for industrial applications and
integrated gasification combined cycle (IGCC) power generation worldwide
* Target market: The product, syngas, has flexible downstream markets in oil refineries,
chemical industry, transportation fuels production, ammonia/fertilizer production and
hydrogen fuel cells
* Potential Partners: Coal industry, oil industry, chemical industry, power generation industry,
technology manufacturers and U.S. Department of Energy
Gasification Plant Main Technology Modules
* Air separation unit (oxygen production plant)
* QGasifier
* QGas cleaning
Constraints
* Capital intensity: Coal gasification plants require very high upfront capital investment
* Operational costs: Air separation and gas cleaning technologies increase product quality but
still remain energy-intensive, high-cost processes
* Market conditions: Low natural gas prices disadvantage coal competitiveness as feedstock
and discourages investment in IGCC plants
* Coal type: Low-rank coal types present unique challenges due to inherent moisture content
and chemical composition
* Environmental concerns: Coal gasification produces CO, emissions at a high rate relative to
other fossil fuels
* Site specific characteristics: Plant site permit, feedstock and product market proximity and
pipeline infrastructure to link CO, supplies to EOR opportunities
Opportunities
* Diversified Existing Market: Syngas can be used in petrochemical and refining industries,
production of hydrogen, production of liquid fuels and co-generation of electric power
* CO,abatement: Coal gasification offers the most cost-effective CO, capture options
* Cost-sharing: Federal incentives, including R&D support by U.S. Department of Energy, to
reduce cost of gasification and improve efficiency and environmental performance
* Technological Synergy: Strong technological synergy with coal liquefaction, IGCC power
plants and CCUS
* Global Collaboration: Established R&D collaboration in the framework of U.S-China Clean
Energy Research Center
Source: CGGC based on (H66k & Aleklett, 2010; NETL, 2011a, 2012; U.S.-China-CERC, 2012)
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Coal Liquefaction: Transportation Fuels & Chemicals Production

Overview

* Technological feasibility: Coal liquefaction is a proven technology at commercial scale via
two main routes: direct coal liquefaction (DCL) and indirect coal liquefaction (ICL)*

* RD&D: Historically proceeded in waves in tandem with global oil price fluctuations

* Commercial deployment: For example Sasol Ltd. in South Africa, Shenhua Group in China
(see Box 1)

* Target market: Transportation fuel market and chemical industry for downstream applications
of chemical products

* Potential partners: Coal industry, oil industry, chemical industry, technology manufacturers
and U.S. Department of Energy

Coal Liquefaction Plant Main Technology Modules

* Air separation unit (oxygen production plant)
*  Gasifier

* Qas cleaning

*  Fischer-Tropsch (F-T) reactor

Constraints

* Capital intensity: Coal liquefaction plants require high upfront capital costs and carry high
economic viability risks due to volatility of oil prices

* Market conditions: Low price of natural gas as alternative feedstock can constrain investment
in coal liquefaction technologies

* Coal type: Low rank coal types present unique challenges due to inherent moisture content
and chemical composition

* Environmental concerns: Coal liquefaction produces CO, emissions at a high rate relative to
other fossil fuels and requires 1.6 to 7 barrels of water per barrel of F-T liquid fuels

* Site specific characteristics: Plant site permit, feedstock and product market proximity and
pipeline infrastructure to link CO, supplies to EOR opportunities

Opportunities

* Diversified Existing Market: Coal-derived liquids has wide industrial applications in oil and
chemical industries; integration of coal liquefaction and CCUS can potentially supply 30% of
projected U.S. fuel consumption by 2035

* Market conditions: Rising global demand and current high oil prices (over $100 per barrel)

* CO,abatement: Coal liquefaction offers the most cost-effective CO, capture options and
coal-biomass-to-liquids can significantly reduce CO, emissions

* Technological Synergy: Strong technological synergy with coal gasification, IGCC power
plants, and CCUS

* Global Collaboration: Established RD&D collaboration in the framework of U.S-China Clean
Energy Research Center

*ICL also includes ExxonMobil’s technology by which syngas is converted to methanol then to
gasoline

Source: CGGC based on (H66k & Aleklett, 2010; Mantripragada & Rubin, 2011; NETL, 2011b;
U.S.-China-CERC, 2012; Vallentin, 2008)
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Lead Firms in Advanced Coal

Firms in the gasification and coal-to-liquids technologies value chain are typically large and
diversified global players. Their core business is mostly in the chemicals, oil and gas industries.
These firms also maintain proprietary licenses over the technology modules for coal gasification and
liquefaction plants. In the United Sates some of the leading firms include Basin Electric Cooperative
(Dakota Gas) (Coal Gasification), Eastman Chemical Company (Coal Gasification), Koppers Inc.
(Coal Carbonization) and Rentech (Coal Liquefaction) (Spiegel, 2006). Figure 13 depicts some of the
global lead firms in advanced coal technology.

Figure 13 Lead Firms by Product and Technology Module
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Chemical manufacturing firms, or industrial gas producers, such as Air Products and Chemicals, Inc.,
Praxair, Inc. and The Linde Group, are major players in the design and manufacturing of air
separation units, gas processing, hydrogen recovery and purification. These firms also serve global
customers in chemical and petrochemical manufacturing, oil and gas recovery and processing and
coal gasification and liquefaction industries. These companies are predominantly disengaged from
downstream applications of synthetic gas. Headquartered in Pennsylvania, Air Products and
Chemicals, Inc. is one of the world leaders in hydrogen production, conducts business in over 40
countries and in 2011 posted revenues reaching about $10 billion.

Oil companies have long been involved in gasification technology development to meet the hydrogen
needs of their refineries. Royal Dutch Shell is a major supplier of gasification technologies
worldwide. In 2010, Shell gasifiers were installed in approximately 42 plants across 15 countries and
accounted for 30% of total installed gasification capacity worldwide (NETL, 2012). In addition, Sasol
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Ltd., Exxon Mobil Corporation and Rentech Inc. are major synthetic gas and oil producers. Sasol is
the global leader in coal-derived synthetic gas, synthetic fuels and petrochemicals based on its coal-
to-liquid (CTL) and gas-to-liquid (GTL) Fischer-Tropsch (F-T) technologies. Unlike the industrial
gas producers, these firms are engaged in the downstream industrial applications of synthetic gas,
including refinery, production and distribution of petrochemical products.

Other major technology manufacturers are General Electric Co., Siemens and Syntroleum Corp.,
whose core business is research, development and commercialization of lead technologies in coal-
based synthetic gas and liquid fuels. In 2010, GE technology accounted for about 30% of operating
gasification plants worldwide (NETL, 2012).

Strategic Collaboration

Corporate culture, vision and leadership shape the structures and processes of coal suppliers and
buyers, and these in turn provide the means by which firms put to work their resources, abilities and
motivations. The interplay between the enabling environment (the structures and processes) and the
drivers of action (resources, ability and motivation) gives rise to opportunities for process, product
and service innovation through continuous improvement, R&D and new product development
(Bonney et al., 2007). This is demonstrated by some of the successful advanced coal projects such as
the Shenhua Group (see Box 1) and the Southern Company (see Box 2).
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Box 1 Shenhua Group Corporation

Shenhua Group Corporation

The Chinese Shenhua Group is a global leader in working with multiple organizations on advanced
coal technology. The state-owned enterprise is one of the world’s largest coal and energy companies,
with integrated coal production, power generation, railway, port and shipping infrastructure. Shenhua
controls 62 operating coal mines, power plants with total capacity of 43 GW, railway length of
1,500km, Huanghua Port and Tianjin Coal Terminal ports and a shipping company (Shenhua, 2012).
The company established the first demonstration projects for direct coal liquefaction, coal-to-olefins
(MTO) and coal-to-polypropylene (MTP), utilizing gasification technology. The organization built
significant expertise in the development of coal-to-chemicals facilities and in the operation of coal
gasification systems over a range of technology configurations. Shenhua also developed deep
expertise in carbon utilization and management through CCS research and development (General
Electric, 2012).

Direct Coal-to-Liquid (CTL) Plant in Inner Mongolia, China

In 1998, the National Council allocated US$1.3bn via a “Coal Replacing Oil Fund” to Shenhua for
implementation of the CTL plant (Sun, 2008). With support from the China Coal Research Institute
(CCRI), Shenhua Group developed the two-stage direct CTL technology. By 2008, Shenhua Group
completed construction of the first phase of the CTL plant with a capacity of 1 million tons per year
as the world’s first large-scale direct CTL plant. In 2011, Shenhua planned to increase its fuel
production capacity to 3 million tons per year by building the second phase of its direct CTL plant
(Tingting, 2009). In October 2012, the company announced its plan to enter the retail oil market by
opening its first petrol station with a planned output of about 20,000 barrels per day (Interfax China,
2012 ). The company is targeting the oil retail market that is currently dominated by China’s leading
national players: PetroChina, CNOOC and Sinopec. In August 2012, the Chinese government
announced that 40,000 tons of CO, from the Shenhua project was successfully sequestered and the
target is 150,000 tons of CO, by 2014 (EcoSeed, 2012). Full scale operation of the carbon
sequestration project for the plant is planned by 2020 and the expected cost is estimated at 10 billion
RMB, or US$1.46 billion (MIT, 2012b).

GE Shenhua Gasification Technology Company Ltd.

In May 2012, GE announced the opening of GE Shenhua Gasification Technology Company Ltd. The
company is a 50-50 joint venture (JV) with Shenhua Group to advance the development and
deployment of “cleaner coal” technology solutions in China (General Electric, 2012). There is a coal-
to-gas boom in China to develop gasification technologies, partially because of the country's multi-
billion-yuan effort to reduce dependency on oil imports (Wei, 2012). The new company combines
GE’s expertise in industrial gasification technologies with Shenhua’s expertise in coal gasification
and coal-fired power generation. The JV will sell industrial gasification technology licenses in China,
conduct research and development to improve cost and performance of commercial-scale gasification
and integrated gasification combined cycle (IGCC) solutions and work to advance to distribution of
commercial-scale IGCC (General Electric, 2012). The joint venture will further strengthen GE and
Shenhua’s existing relationship. Jack Wen, GE Energy China CEO emphasizes, “This is not a market
access in exchange for technology deal. Instead, this will be a two-way technology win, with both GE
and Shenhua benefiting from each other’s expertise.” Both companies will work together to generate
new advanced gasification technology and business solutions, to better serve existing customers as
well as explore new business opportunities (General Electric, 2012; Wei, 2012).
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Box 2 KBR and Southern Company Subsidiary Announce TRIG™ Cooperation Agreement

KBR and Southern Company Drive Innovation

KBR' and Southern Generation Technologies, a Southern Company subsidiary, announced a
cooperation agreement to expand the global adoption of Transport Integrated Gasification technology
(TRIG™). The new collaboration aims to leverage each company’s expertise to commercialize
TRIG™ and accelerate its adoption globally. TRIG™ was jointly developed by KBR and Southern
Company with the support of the U.S. Department of Energy. KBR is presently a technology licensor
of TRIG™ processes for industrial applications and demonstrates particular strengths in the global
sale, marketing, packaging and delivery of technology licenses. Southern Generation Technologies is
a technology licensor of TRIG™ for the power industry and specializes in the development, design,
deployment and operation of this technology.

KBR will lead the sale and delivery of all TRIG™ licenses worldwide, including those for power
applications. The company will provide sales, delivery and project management capabilities. Southern
Company’s subsidiary will provide operating and engineering expertise, along with ongoing research
and development and technical support. Southern Company Chairman, President and CEO Thomas
A. Fanning said that “through continued collaboration with KBR, Southern Company is developing
and making available real solutions to generate clean, safe, reliable and affordable power—across
America and around the world” (Nagle & Gooch, 2012).

Innovation and strategic collaboration are the keys to environmental stewardship. The industries
involved in the coal value chain are interdependent and firm relationships are transaction-based.

The complexity of commercial relationships is increased by the international and highly competitive
nature of coal trade, electricity generation and power market structure and metals production. The
long-term development of the coal industry depends on addressing technology constraints in coal use
and diversification into higher value products. Industries in the coal value chain need to develop
adaptive measures in ways that can contribute to the U.S. economy and local economic development
in the U.S. coal supply regions. State-industry partnerships may also be feasible and offer potential
pathways in major supply regions, e.g., Powder River Basin or Illinois Basin, where local economies
are reliant on coal, coal-related employment is high, coal production is cost competitive, and coal-
related severance tax constitutes substantial source of local revenue. This will involve operating
through collaborative and integrated industrial networks while expanding growth strategies
(especially for coal producers) to include transforming coal beyond its traditional uses. Collaboration
in research and demonstration projects and technology transfer are also important components of
product stewardship by coal producers and users that can enhance performance along the value chain
(Coal Industry Advisory Board, 2006). Figure 14 illustrates a suggested collaboration framework to
accelerate advanced coal technology development and adoption.

"KBR is a global engineering, construction and services company supporting the energy,
hydrocarbon, government services, minerals, civil infrastructure, power, industrial, and commercial
markets.
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Figure 14 Collaboration for Innovation Framework
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The type of collaboration that promotes advanced technology development requires a paradigm shift
among the coal value chain actors, especially coal firms. Coal producers’ current growth strategies
are centered on coal mining, not transforming coal to a diverse range of coal-based products.
Technology leadership among coal producers is more likely to occur among the lead players, making
the future existence of the smaller coal competitors appear particularly uncertain.'' Lead coal players
have limited downstream investments beyond coal mining in advanced coal technology. For example,
Peabody formed a joint venture with ConocoPhillips to advance the development of a coal-to-gas
facility in Kentucky. The facility is projected to produce 1.6 trillion cubic feet of gas over its first 30
years of operation and will be fueled by 2.5 million tons of coal annually (Peabody Energy, 2012).
CONSOL Energy has its own R&D facility for advanced coal utilization. (Consol Energy Inc., 2012).
Arch Coal also owns a 24% interest in DKRW Advanced Fuels LLC, which is developing a facility to
convert coal into gasoline, while capturing much of the carbon dioxide produced in the conversion
process for EOR applications (Arch Coal Inc., 2012). However, these efforts are inadequate to ensure
a more sustainable coal future. Table 12 below analyzes current collaboration in advanced coal
technology and clearly indicates that overall stakeholder collaboration is undeveloped.

11 These firms are struggling to make the necessary long-term adjustments amidst changes in coal
demand and rising production costs.

34



U.S. Coal between Transition and Sustainability: What role does coal play in our energy future?

Table 12 Current Collaboration on Advanced Coal Technology Development
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Conclusion

The coal industry is facing unprecedented challenges in the U.S. market. The United States is the
second largest global producer of coal and has the world’s largest reserves. Coal dominated the U.S.
power industry for decades because it was a cheap and abundant domestic fuel. However, signs
clearly indicate that the peak in coal utilization and production has passed. Domestic demand for coal
is declining, and companies are increasing coal export to Asian markets, cutting back production and
closing mines to adjust. The fuel that powered the U.S. economy is being eclipsed by natural gas.

Lower productivity of mines from thinner mine seams in Appalachia and increasing costs in mining
equipment, transportation and wages are all factors that are making coal more expensive. These
considerations make coal less competitive compared to natural gas, which recently became less
expensive and more locally abundant due to shale gas discoveries. Additionally, natural gas produces
far fewer emissions of toxic chemicals and gases that contribute to climate change.

Concurrently, utilities are facing problems that range from aging infrastructure to tougher competition
in a progressively deregulated market. Dynamics in the power-generation industry are driving a
national trend away from coal that includes retiring inefficient coal-fired plants and adding natural
gas capacity. Consequently, the share of coal is declining in power generation while stakeholder
collaboration on clean-coal technology development remains limited.

In order for coal to remain part of a diversified energy portfolio in the future, which seems inevitable,
advanced coal technology must be developed and commercialized. Federal support for the technology
is constrained, which means that value chain actors will need to identify pathways to collaborate and
invest in technology development and commercialization. Progress can be made by collaborating on
technologies that improve efficiency, reduce emissions and contribute to the development of a more
diverse and secure energy future. This collaboration will require technology stewardship and
integration of clean-coal technology research, development and demonstration in business strategies
of various stakeholders. Existing partnerships are limited and inadequate for long-term sustainable
coal use. Coal companies will need to expand beyond traditional strategies and become dynamic and
proactive players in advanced coal technology. Moreover, expanding and building partnerships with
other industries such as the chemical and oil and gas sectors is also necessary to expand coal use
beyond electric power. These activities can eventually lead to the successful commercialization of
advanced coal technology and a more diversified coal market.
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