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Executive Summary

This Report identifies and prioritizes the institutional (i.e., non-technical) challenges to the rapid
commercialization and deployment of coal gasification technologies in the U.S. electric power
sector and provides recommendations for overcoming them. It focuses on Integrated
Gasification Combined Cycle (IGCC) technology, the most successful method of producing
electric power utilizing coal gasification. The Report recommends a number of regulatory,
legislative, executive and policy initiatives, at both the federal and state levels, for achieving
those objectives. Readers who want to move directly to the recommendations may skip to
Section 4.

Section 1. Overview of IGCC Technology and History

The first section of this Report provides a non-technical overview of coal gasification, particularly
IGCC technology, and its applicability to the U.S. power industry. Increased utilization of coal
gasification power plants offers affordable and high-efficiency electricity production from an
abundant, readily available source of energy, with superior environmental performance
compared to other coal-based technologies. Deployment of these plants can reduce America’s
growing dependence on natural gas-fueled electricity generation, thereby freeing up natural gas
for essential uses such as industrial processes and residential heating. Further, in addition to
electricity, gasification-based power plants can produce a wide range of products, including
transportation fuels, chemicals, hydrogen, fertilizers, and steam, while utilizing low-cost, widely
available feedstocks such as petcoke, instead of natural gas and oil.

The U.S. Department of Energy (DOE) is currently conducting extensive research on
technological improvements that will increase the efficiency and cost-effectiveness of
commercial-sized IGCC power plants, making them fully competitive with other power
generation technologies. The research is focused on: (1) more efficient separation of oxygen
from air; (2) improved systems for cleaning syngas; and (3) improved gas turbine designs.
These efforts are expected to yield commercially viable technologies within the next few years
that can be deployed in a new generation of IGCC power plants.

Section 2. Benefits of IGCC Deployment

Accelerated IGCC deployment in the U.S. power sector will provide critical benefits in four key
areas: environmental; technology advancement; economic; and energy and national security.
Each is discussed below.

Environmental Benefits

IGCC plants would dramatically reduce emissions of sulfur dioxide, nitrogen oxides, mercury,
particulates, and carbon dioxide compared to levels produced by conventional coal-fueled
plants. In fact, sulfur dioxide and nitrogen oxides can be reduced substantially below the Clean
Air Act’'s new source performance standard (“NSPS”) requirements for coal-fueled facilities.
Carbon dioxide emissions can also be controlled more effectively with IGCC technology than
with other coal-fueled or natural gas fueled technologies. Capture of carbon dioxide emissions
reduces the power output of an IGCC power plant by only 14%, whereas the decrease is 21%
for natural gas-fueled plants and 28% for conventional coal-fueled plants when comparing
similar percentage levels of carbon dioxide reduction.
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Technology Benefits

IGCC technology contributes to the development of new energy technology in several critical
areas. It will facilitate carbon dioxide sequestration, since IGCC technology can almost
completely separate carbon dioxide from the bulk gaseous discharge stream. In addition, IGCC
facilities can be used to co-produce liquid fuels and commodity chemicals. Further, since coal
gasification can be tailored to produce hydrogen, IGCC power plants can play an integral role in
establishing the “hydrogen economy.”

Economic Benefits

IGCC technology would provide an opportunity to cost-effectively repower older, conventional
coal plants, and address a number of environmental problems going forward. This would
involve a substantially lower cost than piecemeal, incremental retrofits. The use of IGCC
technology would also reduce reliance on natural gas for electricity generation, and free up
natural gas for essential uses such as industrial processes and residential heating. The rapid
commercialization and deployment of IGCC power plant technology in the U.S. could also lead
to valuable foreign trade opportunities. This would bolster U.S. exports and contribute to growth
in domestic employment. The potential for IGCC power plant exports is vast given the rapid
growth in electricity demand and abundant coal reserves in countries such as China.

National Security Benefits

The timely commercialization and deployment of IGCC power plants would be very valuable in
decreasing reliance on imported fuels from unstable regions that are hostile to U.S. interests.
Using coal rather than natural gas or oil to generate electricity can be done without fear of
shortages or international disruptions. Additionally, IGCC power plants can produce diesel fuels
that could displace a significant amount of domestic transportation fuel consumption and
thereby reduce oil imports. A further national security benefit is that the coal supply chain is
less vulnerable to sabotage than oil or natural gas infrastructures.

Section 3. Identification and Ranking of Challenges to IGCC Deployment

A survey of industry experts and institutional stakeholders was conducted to identify and
prioritize the most significant institutional challenges to the rapid commercialization and
deployment of IGCC power plants. An initial list of institutional challenges was developed based
on a review of the literature and informal discussions with experts and stakeholders. The list
was completed and the items were organized into six categories, including: (1) legal/regulatory;
(2) environmental; (3) financial; (4) economic; (5) cultural; and (6) technological.

The analysis of the survey data focused on identifying the most significant challenges as ranked
by the respondents. The four highest-ranking items--“Top-Tier Challenges”--included three
financial concerns and one technological concern:

» Higher capital costs than other power plants

* Doubts about plant viability without subsidies

* Increased risks associated with up-front development costs
* Low plant availability in the early stages of operation.
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Respondents identified 25 Second-Tier challenges. Those items included concerns about:

» The uncertainty of environmental regulations
» Past technological failures of IGCC

» Availability of project finance

» Lack of overall performance guarantees

* Uncertainty of tax credits.

The survey results served as key inputs in framing the Report’s recommendations.

Section 4. Recommendations

The recommendations presented in this Report were developed on the basis of the survey
results as well as suggestions by stakeholders and experts. The recommendations are
organized into six key areas: (1) Siting and Permitting; (2) Project Financing and Plant
Availability; (3) Co-production/National Security; (4) Strategies for Meeting Environmental
Standards; (5) Relative Cost of IGCC Power Plants and Natural Gas Combustion Turbines; and
(6) Federal and State Government Roles.

Siting and Permitting

--The federal and state governments could initiate an expedited process to develop a
single set of standards specifically for siting and permitting IGCC power plants including
co-production processes.

--The states could develop Memoranda of Understanding specifying compatible regional
standards to address air shed issues associated with IGCC permitting.

The licensing of IGCC power plants is far more complex than the process for permitting
conventional coal or natural gas-fueled generation facilities. Currently, IGCC plants are subject
to multiple federal and state environmental rules, and may be licensed, at a minimum, as
electric generation units, syngas facilities, and co-production plants. This is a major challenge
to IGCC deployment. The White House Task Force on Energy Project Streamlining could
establish a multi-jurisdictional group to develop uniform licensing standards for IGCC plants and
has indicated an interest in doing so.

Project Capital and Plant Availability

--A fund could be established to provide for the sharing of possible IGCC capital cost
overruns.

Uncertainty regarding capital costs is a Top-Tier challenge to IGCC deployment. If capital costs
exceeded a pre-determined target, there would be a sharing of the overruns between the
developer and the federal government. This sharing mechanism could partially protect
developers against cost overruns without unduly weakening their incentive to hold down project
costs.

--An IGCC Availability Assurance Program could be established.
Concern about possible limited availability of IGCC facilities in their early stages of operation is
also a Top-Tier challenge to IGCC deployment. The IGCC Availability Assurance Program,

modeled after similar programs the federal government has established in other areas, could
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address those concerns. It would provide funding to partially defray the cost of possible
extended outages in the first few years after a plant is put into operation.

Co-Production/National Security

--A study could be initiated to analyze the ability of IGCC power plants to operate on an
economic dispatch basis to produce transportation fuels as well as electricity.

An IGCC facility can produce both electricity and transportation fuels. The value of the plant
can be optimized by turning out each product when its price is highest--i.e., producing electricity
during the day when demand--and prices--are high, and producing transportation fuels when
electricity demand and wholesale electric prices are low. Moreover, the production of
transportation fuels from such a facility would provide significant national security benefits.

Strategies for Meeting Environmental Standards

--Probabilistic projections of future emissions policies could be developed.

--A study could be undertaken to examine the economics of addressing potential
emissions reduction requirements by repowering existing plants rather than pursuing a
piecemeal approach to treating individual emissions.

--Strong accounting standards could be developed to recognize the value of future
emissions reduction credits that will accrue to IGCC projects.

--The forward value of nitrogen oxide and sulfur oxide emissions allowances could be
monetized through the creation of forward markets and valued through accounting
standards that allow recognition of these assets by the Securities and Exchange
Commission and state PUCs.

--The forward value of obviating incremental mercury and particulate emissions control
expenditures could be monetized through the creation of forward markets.

--A study could be undertaken to assess the potential value of water quality credits
related to the use of animal waste as a feedstock for IGCC power plants.

--A study, similar to the one presented in this Report, could be undertaken to address
institutional challenges to commercialization and deployment of carbon dioxide
sequestration technologies.

The deployment of IGCC technology is hindered by uncertainty regarding future regulations, the
piecemeal approach of the electric industry and regulators to meeting future environmental
standards, and the absence of efficient markets in which the forward value of emissions
reductions can be monetized. As result, the value of emissions reductions cannot be
recognized as an offset to the capital costs of IGCC technology--which survey respondents
identified as a critical challenge to IGCC deployment. Consequently, determinations regarding
the choice of technology for new generating facilities and for repowering existing plants cannot
be made on a sound economic basis.

In view of these considerations, efforts could be made to develop comprehensive plans for
meeting existing and anticipated emissions reduction requirements. Appropriate measures
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could be implemented to monetize the value of future emissions allowances, including
accounting standards which reflect that value.

Cost of IGCC Power Plants Relative to the Cost of Natural Gas Combustion Turbines

--Measures could be developed to facilitate deployment of IGCC power plants and reduce
undue reliance on natural gas combustion turbines, thereby decreasing pressure on
limited natural gas supplies and freeing up natural gas for essential uses such as
industrial processes and residential heating.

--Transmission Service Providers (TSPs), Independent System Operators (ISOs) and
Regional Transmission Organizations (“RTOs”) could be required to establish target
portfolio standards for IGCC-produced power.

--TSPs, ISOs and RTOs could be required to provide modest credits financed through
uplift charges for electricity produced by IGCC power plants in their early stages of
operation.

--A study using the National Energy Modeling System (NEMS) could be undertaken to
assess the impact of expanded IGCC deployment on natural gas prices.

The survey of stakeholders indicated that the most significant challenge to the deployment of
IGCC power plants is their higher capital costs relative to natural gas combustion turbines
(“NGCTs”), which have accounted for most new generating facilities in recent years. However,
the pricing of electricity from NGCTs and IGCC power plants does not adequately reflect several
critical considerations including the importance of using natural gas in industrial processes and
residential heating, the recent run-up in natural gas prices resulting from increased pressure on
supplies, the accelerated depletion of the nation’s limited reserves of natural gas, and the need
for increased reliance on gas supplies from unstable areas of the world as domestic supplies
are used up. Accordingly, new policies should be developed to address this situation.

Recommended Federal and State Actions

--The EPA could initiate negotiations with owners of existing conventional coal-fueled
power plants to explore means of monetizing the benefits of future emissions reductions
in order to develop a comprehensive policy for lowering emissions rather than a
piecemeal, incremental approach.

The analysis developed in this Report demonstrates that meeting requirements for reduced
emissions of sulfur oxides, nitrogen oxides and mercury by using IGCC to repower conventional
coal-fueled generating plants would be far less costly than meeting each of the requirements
separately pursuant to a piecemeal approach. Accordingly, the EPA could initiate negotiations
with coal plant owners to develop a comprehensive approach for meeting existing and
anticipated emissions reduction requirements based on repowering with IGCC technology.
These discussions could consider mechanisms for monetizing future reductions of nitrogen
oxides and sulfur dioxide, as well as other pollutants such as mercury and particulates that are
likely to be regulated in the future. Such negotiations could result in long-term settlements and
the repowering of existing coal-fueled plants with IGCC technology.

--A strong federal greenhouse gas (GHG) emissions reduction registry, with effective
measurement and verification standards, could be established to facilitate private,
voluntary bilateral transactions. The federal GHG registry could be made compatible

ES-5



with the GHG emissions reduction registries that are being developed by other nations,
and with emissions credit markets that are being created in the U.S. and abroad.

--States and/or regions, working through NARUC, could establish uniform GHG registries
that are compatible with the federal registry as well those created abroad.

--States could develop a set of tools to be used in the regulatory process to take into
account reductions in GHG in existing and developing registries.

--A review could be initiated to facilitate the voluntary trade of U.S.-based carbon dioxide
emission reductions credits in bilateral transactions and private exchanges, and in
public markets being created by the European Union and Pacific Rim nations. The
Department of State could coordinate this effort.

Although there has been some limited trading of GHG emissions reduction credits, there is no
U.S. standard for verifying such transactions and no systematic, comprehensive procedure for
recording them. A strong federal GHG registry, with effective measurement and verification
standards, could be created to facilitate voluntary GHG emissions reduction. It could be
supplemented by state and/or regional registries that utilize the same standards. These
registries could facilitate bilateral trading in GHG reductions and also allow entities to bank
reduction credits for future use. This could provide an important means of financing IGCC
projects, particularly repowering of older coal-fueled plants that could substantially reduce
GHGs.

The federal and state GHG registries could be made compatible with the GHG registries that
are being developed by other nations, and with trading markets that are being created in the
U.S. and abroad. lIdeally, this could enable entities to use reductions recorded in U.S. registries
to meet GHG emissions reduction requirements elsewhere in the world.

It would also be useful to develop a set of tools that regulators could use to take GHG
reductions in existing and developing registries into account in the regulatory process. For
instance, state regulators could consider granting regulatory assets in exchange for GHG
credits in acceptable registries.

--A single, dedicated information source and database could be established to assist in
the siting and permitting of IGCC power plants, and to assist in the process of equipment
and technology procurement.

The White House Task Force on Energy Project Streamlining could take the lead in establishing
this database and has indicated an interest in doing so. This could assist developers in
acquiring the information and assets needed to foster rapid commercialization and deployment
of IGCC technology in the U.S. power sector.

--A single staff of highly qualified experts could be established by DOE to play a
significant role in the siting and permitting of IGCC power plants in the U.S., and serve as
ombudsmen for developers of IGCC power projects.

A specialized team of experts could assist in the siting and permitting processes for IGCC
power plants, and in bringing new technological advances into the process. Such an expert
team would cost the federal government very little, but could significantly assist in the process
and improve prospects for IGCC deployment. In addition, this staff could intervene in siting and
permitting proceedings to assure that the benefits of employing IGCC rather than conventional,
combustion-based technologies are fully considered in technology choice determinations.
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--An educational team could be established by DOE to inform and educate the financial
community, state regulators, utility management, and the power plant development
industry about the proven benefits of the IGCC technology and its commercial viability,
and to make a business case for IGCC power plant financing.

The project finance community is familiar with financing natural gas-fueled plants, but has
virtually no experience with IGCC facilities. A targeted effort to assist the financial community in
understanding the issues associated with IGCC deployment would be welcomed and could
likely position IGCC as one of the preferred technologies. Such information could also be
provided to state regulators and the power plant development industry.

--DOE could establish a university center for the training and qualification of personnel
capable of participating in the design, construction and operation of IGCC power plants.

The workforce at existing conventional coal-fueled power plants is aging, and there are few
individuals who are familiar with IGCC power plants. A program for training and qualifying
personnel capable of designing, building and operating IGCC power plants is needed to rapidly
commercialize and deploy this technology, and realize its benefits.

--A business case for the benefits to the U.S. of exporting IGCC technology, equipment
and construction services to other nations could be developed.

The Export-lmport Bank, the Department of Treasury or another appropriate entity could
evaluate the economic implications of the exporting IGCC technology, construction services,
and equipment.

--Lastly, a program could be established and funded to assist in the implementation of
these recommendations after the energy policy community reviews them.

The implementation of these recommendations will require resources and dedicated staff if they

are to be successfully realized. An implementation plan could be developed to ensure that
adequate resources and funding are available.
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INTRODUCTION

The purpose of this Report is to outline recommendations for policy and regulatory initiatives on
both the federal and state levels to facilitate the commercialization and deployment of coal
gasification technologies in the U.S. power industry. Coal gasification technology allows electric
power to be generated from a range of coal grades and petroleum products without significant
solid, liquid or gaseous pollutants or wastes compared to other coal-based generation, while
producing a number of byproducts that can be utilized in a variety of applications. Further, with
the substantial supply of coal in the U.S.--at least 275 years at today’s consumption levels'--and
the long-term price stability of the coal market,? utilizing this technology for electric generation
will provide critical economic, environmental, social and national security benefits.

The U.S. government has invested hundreds of millions of dollars in research and development
on, and demonstration of, coal gasification technology. As a result of those efforts, the
application of coal gasification technology to electric power generation is no longer speculative.
Production of electric power from coal gasification has been successfully demonstrated in a
number of significant operating projects. New policy initiatives must be developed and
implemented now to ensure that the substantial benefits of this technology are realized. Given
the clear advantages of using coal to generate electric power at a very low level of
environmental impact and at stable low prices, the rapid commercialization and deployment of
coal gasification in the U.S. electric power sector should be a critical policy objective of federal
and state governments.

This Report has been prepared for policy makers, regulators, legislators, other public officials,
the financial community, electric utility management, and the general public. It is intended to
provide essential information without being overly technical.> Section 1 presents a general
overview of coal gasification that serves as a conceptual framework for subsequent parts of the
Report. Section 2 discusses the benefits of using coal gasification to generate electricity.
Section 3 reviews the results of a survey that identified and ranked the challenges to expanded
utilization of coal gasification. And Section 4 presents recommendations for overcoming those
challenges.

'Testimony of Mary Hutzler, Director EIA, before House Subcommittee on Energy and Air Quality, March 14,
2001. Approximately 275 billion tons of coal has been judged to be recoverable and approximately 1 billion
tons of coal are mined and consumed annually in the U.S. About 90% of that production is used to generate
electric power. According to the Energy Information Agency, coal accounts for approximately 52% of
electricity produced in the U.S.
% The cost of coal is projected to decrease over the next two decades due to improvements in mining
efficiency. EIA “Annual Energy Outlook 2003.
> Numerous technical publications on coal gasification are available on the web site of the National
Energy Technology Laboratory (“NETL”)--http://www.netl.doe.gov.
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SECTION 1.
OVERVIEW OF IGCC TECHNOLOGY AND HISTORY

This Section provides a general description of coal gasification technology, a brief history of coal
gasification, a discussion of existing coal gasification electric power plants, a summary of
current research, and a review of applicable energy tax policy. As shown in this Report, coal
gasification has been used successfully on a commercial scale and can be more widely
deployed in the U.S. to achieve major benefits in the areas of environmental protection,
technology advancement, economic growth, and national security.

11 IGCC Technology

Coal gasification is the process of converting coal into a gas--“syngas”--that can be used for a
number of purposes, including electric power generation. The most successful method of
producing electric power with coal gasification is the Integrated Gasification Combined Cycle
(“IGCC”) process. As discussed below, two commercial size coal-fueled IGCC power plants in
the U.S. are already producing low cost power and are the among the cleanest coal-fueled
plants in the world--the 250 MW* Polk facility in Florida and the 262 MW Wabash River plant in
Indiana. In addition, there are two other significant IGCC generating plants outside the U.S. that
are producing similar results. Further, there are a number of other coal gasification facilities that
produce a wide range of gaseous and chemical products, including the Great Plains Synfuels
Plant in North Dakota and the Eastman Chemical plant in Tennessee.

As illustrated in Figure 1.1, the first part of the IGCC process involves the chemical conversion
of coal into syngas, a mixture of hydrogen and carbon monoxide. This reaction is carried out in
a “gasifier,” using very high temperature and only a limited amount of oxygen. When the syngas
leaves the gasifier, it must be cleaned of any particulates (i.e., small solids) and other
contaminants such as sulfur, ammonia and chlorides, so that it can be used to generate
electricity in a manner similar to the process employed in natural gas-fired units.> Once the
syngas is cleaned, it is fed into a gas turbine, which turns an electric generator to produce
electric power.® In addition, the hot exhaust gas from that process flows into a steam generator
and produces steam, which then turns a steam turbine that powers a second electric generator.

*A megawatt (MW) is 1,000 kilowatts of electricity. To put this in perspective, ten 100-watt light bulbs
consume one kilowatt of electricity if all are on at once. A typical home uses about 1.5 kilowatts of
electricity at its peak consumption. A MW of generating capacity can provide enough power for about
700 average size homes.
® Particulates and other contaminants will damage a gas turbine and therefore must be removed.
6 Nitrogen and/or steam are injected into the gas turbine along with the syngas to, among other
objectives, significantly reduce the production of nitrogen oxide emissions.
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Figure 1.1—IGCC Process’
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These processes are referred to as “combined cycle” (“CC”) generation. It is the technology
employed in most new, large natural gas-fired generating plants. The use of combined cycle
technology, together with coal gasification, significantly improves the efficiency of utilizing coal
for electric generation while emitting a very low level of pollutants.

There are several variations of the basic IGCC power plant design that differ mainly in the
methods used to remove pollutants. Nevertheless, all of those designs result in very low
emissions and commercially saleable byproducts. Moreover, because the byproducts have
commercial value, the waste disposal costs of IGCC plants may actually be negative--i.e.,
depending on the markets for these byproducts, they may produce net income for the plants.
(Not all of the byproduct markets have fully developed, so it is difficult to accurately quantify
these benefits at this time.) In contrast, a conventional coal-fueled power plant® produces waste
streams that impose substantial waste disposal costs on its owner.®

” This schematic of the Polk IGCC Power plant was prepared by the National Energy Technology
Laboratory. This schematic represents the Chevron-Texaco technology.

® The term “conventional” as used in this Report refers to existing coal-fueled power plants.
Approximately 90% of these units utilize “pulverized coal” furnaces, and are often referred to as “PC”
plants. See Kilgroe, et al., Control of Mercury Emissions from Coal-Fired Boilers: Interim Report, US
EPA, EPA-600/R-01-109, December 2001.

°According to the Gasification Technologies Council, a traditional 100 MW coal-fueled power plant must
pay from $570,000 to $1,200,000 per year in disposal costs, whereas a 100 MW IGCC power plant would
earn a profit of $440,000 per year from the sale of commercially useful byproducts and would experience
minimal disposal costs. The byproducts from IGCC include ash (dry), slag (dry), carbon in ash (dry),
elemental sulfur, CaSO4 (Anhydrite), water in CaS04+2H,0, CaO (Dry), water in Ca(OH),, and inerts from
limestone. Further, after some chemical synthesis, several other saleable products can be produced.
These include sulfuric acid; ammonium sulfate and anhydrous ammonia, which are agricultural fertilizers;
dephenolized cresylic acid, which is used in the manufacture of pesticides and products such as wire
enamel solvent; phenolic and epoxy resins and antioxidants; krypton and xenon gases, which are used
for specialty lighting, such as high-intensity lighting and lasers, and for thermopane window insulation;



1.2  History of Coal Gasification

Gasification of coal to produce a useful gaseous fuel is now almost two centuries old. The first
large-scale commercial application started in 1816 when gas from a coal gasifier was used to
light residences, streets and businesses in Baltimore. Within a short time, entrepreneurs
around the country began building small coal-to-gas plants and selling the syngas for lighting.
By the mid-1800s, more than 400 gas plants were operating throughout the Northeast U.S. and
in regions along the Mississippi River. The process was also used abroad. In the 1850s, much
of London was illuminated by “town gas” produced from the gasification of coal. At the
beginning of the 20™ century, there were over 1,000 gas plants operating in the U.S. By 1920,
coal gas served an estimated 46 million people in the U.S. in almost 5,000 communities.
Annual coal gas production exceeded 326 billion cubic feet. The use of coal gas declined
rapidly by the 1930s as natural gas produced in Louisiana and Texas, and transported through
pipelines to populated areas in the rest of the U.S., became available and supplies of electricity
from conventional coal-fueled generators expanded.

Although the use of coal gas in the U.S. decreased in the 1930s and 1940s, Germany initiated
an intensive research and development program on coal gasification prior to and during World
War Il.  With limited access to oil and gas supplies, Germany developed processes for
producing gasoline, diesel fuel and other liquid fuels from its abundant coal supplies. In
particular, the Fischer-Tropsch (F-T) process was developed. This process, which is still
employed today, uses a catalytic reaction process to produce longer hydrocarbons, called “F-T
liquids” or “synfuels” from syngas."" For instance, diesel fuel could be produced in large
quantities from coal converted at IGCC power plants. The ability to produce transportation fuels
from coal--and thereby reduce dependence on imported oil--is an important national security
benefit that can be derived from IGCC technology. The F-T process is discussed in greater
detail later in this Section.

The energy crises of the 1970s dramatically heightened U.S. interest in the development of
synfuels.”” The federal government expanded conceptual and design work on synfuels
production. In light of the nation’s increased dependence on foreign oil and vulnerability to oil
embargoes at that time, the question became not whether the government should promote the
production of synfuels, but rather how quickly that should be done and in what manner. Two
types of policy initiatives were implemented: (1) research and development and (2) financial
assistance and support.

1.2.1 Research and Development

Legislation enacted in 1977 established a cabinet-level U.S. Department of Energy (DOE),™
which incorporated the functions of the Energy Research and Development Administration.™
Under the new DOE structure, primary responsibility for coal gasification research was
conferred upon the Morgantown Energy Technology Center, now part of the U.S. DOE National

and liquid nitrogen, which is used for food processing refrigeration, as an oil well additive and in chemical
processes.

10 Heritage Research Center Ltd, www.hertitageresearch.com/manufactured_gas.D.htm

" There are several proprietary variations of the F-T process that are in use at this time, and still others
are being developed.

'2 Synfuels are generally defined as liquid fuels that are derived from syngas.

'* The U.S. Department of Energy was established by the DOE Organization Act, Pub. L. No. 92-91
(1977), 42 U.S.C. §§ 7101, et seq. DOE is the primary manager of the federal government’s energy
functions.

42 U.S.C. § 7151 (a).



Energy Technology Laboratory (NETL). The Laboratory has a dual role: (1) providing the DOE
with in-house research and development capabilities and (2) managing millions of dollars in
research and development contracts carried out by universities, private industry, and other
research institutions.

Research at NETL between 1978 and 1985 led to the development of an operational entrained
gasifier, the key technology that has been used in subsequent demonstration projects and in the
commercial size IGCC power plants that are currently in operation. Entrained technology
enables the plant operator to inject coal directly into a gasifier, thereby providing an alternative
to fluidized bed technology.'

1.2.2 Financial Support

In the late 1970s, Congress authorized loan guarantees for the development of alternative fuels
including the production of syngas. This was done to encourage the private sector to participate
in financing of these new fuel sources. Under that legislation, non-recourse financing provided
by the federal government guaranteed recovery of 75% of investments in such projects. '

In one project, a consortium of energy companies obtained federally guaranteed loans to
finance the construction of the $2.2 billion Great Plains Synfuels Plant. The facility was
designed to produce synthetic natural gas which is mixed with conventional natural gas and sold
to a local gas distribution company. It was not designed to produce electricity.'”” Operations
began in 1984. However, the consortium abandoned the plant in 1985, defaulting on the $1.5
billion guaranteed loan. The DOE assumed ownership in 1986. In 1988, DOE sold the plant to
Dakota Gasification Company, a wholly owned subsidiary of Basin Electric Power Cooperative.
Since then, imaginative engineering solutions to pollution control and commercial necessity
have resulted in sales of a growing number of commercially valuable byproducts from the plant,
most notably ammonium sulfate--a fertilizer. The plant operates at a high availability rate. It
also supplies 200 million standard cubic feet a day of carbon dioxide to an oil field near
Weyburn, Saskatchewan, Canada, through a 205-mile pipeline. The carbon dioxide is used
there for enhanced oil recovery.'®

Further, in 1980, the U.S. Synthetic Fuels Corporation was established by the enactment of the
Energy Security Act of 1980 to provide financial assistance to commercial-scale synthetic fuels
projects.” The U.S. Synthetic Fuels Corporation provided financial commitments to five
projects. One was the 120 MW Cool Water Coal Gasification Plant in the Mojave Desert, which
began operation in 1984. This IGCC power plant demonstrated the technical feasibility of IGCC
power generation. Another project was the 160 MW Dow Chemical Coal Gasification Plant in

"> A “fluidized bed” is like a fountain of air on which the coal “floats” and burns in a highly efficient manner.
On the other hand, entrained gasifiers simply inject the coal and oxygen into the conversion chamber
where coal is converted to syngas, adding to the efficiency of the IGCC process.
'® With “non-recourse project financing,” financial backing is based upon the ability to pay off the project’s
debt using its potential cash flow rather than relying upon the creditworthiness of the project sponsors.
Under this approach, the assets of the facility, including the long-term revenue-producing contracts,
become the collateral for the lenders. See generally Scott L Hoffman, The Law and Business of
International Project Finance, pages 4-11 (1998).
""Brian Ricketts, Carbon Dioxide Capture and Storage: Fact-Finding Mission to the USA and Canada, UK
COAL PLC, World Coal Institute, Ecoal Newsletter, December 2002.
'®The carbon dioxide is injected into nearly depleted oil wells to push additional oil up to the surface. In
this way, it is “sequestered” against release to the atmosphere.
' Title | of the Energy Security Act, Pub. L. No. 96—294, 94 Stat. 611, 633 (1980), 42 U.S.C. §§ 8702 et
seq. The Corporation expired in 1986.

5



Plaguemine, Louisiana, which began operation in 1987 and was the largest IGCC power plant
operating at that time.

In 1984, after oil prices had declined from their peak levels of the late 1970s, Congress enacted
legislation that rescinded $9.5 billion of the $19 billion appropriated for support of synthetic fuels
projects. The legislation also limited the use of the remaining funds to projects that produced
fuel that would not cost significantly more than the projected market price of competing fuels.

After the 1984 reduction in appropriations, the U.S. Synthetic Fuels Corporation did not fund any
new projects. Subsequently, in 1986, all support for the Corporation was terminated and
existing subsidies were allowed to expire.

1.3 IGCC Demonstration Projects

NETL took on new responsibilities in 1986 under the Clean Coal Technology Program, a
partnership program between the federal government and industry. Among other reasons for
this program was the U.S.-Canada agreement to decrease cross-border acid rain. In addition,
the purpose of the program was to realize the full potential of coal as a source of energy (both in
the U.S. and abroad) by encouraging the development of highly efficient, environmentally
sound, and economically competitive coal utilization technologies.”® The program sought to
introduce these technologies to the marketplace through demonstration projects on a scale
large enough for the private sector to judge their commercial potential and readiness.?! To date,
there have been 45 demonstration projects under the program, including two commercial-size
IGCC power plants, which are discussed below.?

1.3.1 Wabash River Coal Gasification Repowering Project®

This project, located in West Terre Haute, Indiana is a repowered,* 1950s vintage conventional
coal-fueled plant, which was transformed from a 33% efficient, 90 MW unit to a nearly 39%
efficient, 262 MW unit.®* It began operation in November 1995. The total capital cost of the
project was $438 million, of which DOE provided 50% ($219 million). It is owned by Global
Energy USA. Cinergy, a large investor-owned utility that serves the area, dispatches power
from the project into the transmission grid. The plant has a demonstrated heat rate of 8,910

Btu/kWh.?® It has been operated successfully as both a base load and load following plant.?

%% The authorization for the Clean Coal Program was contained in the Department of Interior and Related
Agenmes Appropriation Act for FY1986, Pub. L. No. 99-190.

""See generally, John A. Herrick, Chief Counsel, Golden Field Office. Published in Public Contract Law
Journal Vol. 31, No. 2, Winter 2002

% In 2003, the Administration announced its support for a major new gasification demonstration project
called FutureGen. For details see http://www.netl.doe.gov/coalpower/sequestration/futureGen/main.htmi
23 See http://www.lanl.gov/projects/cctc/factsheets/wabsh/wabashrdemo.html

Repowermg a plant involves the installation of a new generating station on the site of an existing power
plant. Depending on the characteristics of existing plant, some equipment may still be useful. In addition,
the benefits of already having electric transmission access, water, coal pile areas, coal conveyer
equment and an emissions envelope reduce siting, permitting and construction costs.

EfflClency is the measure of how well a power plant converts fuel to electricity. If a plant achieved
100% efficiency, it would mean that all of the energy in the fuel would be converted into electricity.

%® The “heat rate” measures how efficiently a plant uses fuel. Technically it is the number of British
Thermal Units (Btus) of fuel required to produce one kilowatt-hour of electricity. To putitin perspective,
the most efficient natural gas combined cycle plants can achieve heat rates as low as 6,500 (good), while
a World War Il vintage oil fired plant may have a heat rate as high as 13,000 (poor). In other words, the
gas plant generates twice the amount of electricity with the same thermal amount of fuel. If the price of
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Plant availability has been 70% or more.”® Environmental performance has been excellent with
regard to emissions of sulfur oxides, nitrogen oxides and particulates.?® Sulfur oxide emissions
were held below 10% of permitted limits by capturing 99% of the sulfur contained in the coal.
Nitrogen oxide emissions have been reduced to the point where the plant meets all New Source
Performance Standards.®* The levels of particulate emissions have been extremely low.

1.3.1 Tampa Electric Company Polk IGCC Project®’

This 250 MW power plant is located in Polk County, Florida. It is a greenfield project.*
Construction began in 1994 and operations started in July 1996. Of the $303 million total
project cost, $151 million, or 49%, was provided by DOE. The Polk plant has had a very good
record of operation, achieving 80% availability. The overall heat rate is 9,350 Btu/kWh. It is the
lowest cost generator on Tampa Electric’'s system. As in the case of the Wabash River plant,
environmental performance has been excellent.®® Emissions of sulfur oxides, nitrogen oxides,
and particulates are well below the regulatory limits set for the Polk plant site. Sulfur oxide
emissions reduction of 95% was achieved.

1.4 Current Use of Gasification Technology

Gasification technology is now being widely used throughout the world. A study performed for
DOE and the Gasification Technologies Council by SFA Pacific indicated that 131 commercial
gasification projects, with 409 individual gasifiers, were operating in 2001.>* As shown in Figure
1.2, the total capacity of these plants was 40,000 MW (thermal) in 2001.%* Further, another 32
projects, with 59 individual gasifiers, were in various stages of development, design and
construction.*® The additional projects would raise total capacity to 60,000 MW (thermal).

coal were $1.20 per MMBtu (which is essentially accurate), the fuel cost of electricity produced by a plant
gfuel only) with a heat rate of 8,910 Btu/KWh would be about 1.0 cent per KWh.

’ C. Keeler, Wabash River Report on 2002-03 Operating Experience, presented at the Gasification
Technologies Conference, October 13, 2003. A baseload plant runs almost constantly and is used to
meet the minimum demand levels required by consumers on an around-the-clock basis, whereas a load
following plant is one that provides electric power to follow the short-term changes in demand. Most
conventional coal-fueled power plants run only as baseload units, which indicates that IGCC units can
osperate with much more flexibility than conventional plants.

2 Availability indicates the amount of the time that a plant is available to operate. If a plant were able to
operate every hour of a given year, the availability for that year would be 100%. Planned or unplanned
“outages” for maintenance or repairs commonly affect plant availability.

29 Jay Ratafia-Brown, et al., Major Environmental Aspects of Gasification-Based Power Generation

Technologies--Final Report, December 2002, prepared for Gasification Technologies Program, National
Energy Technology Laboratory, U.S. Department of Energy, pp. ES-3 to ES-4.

% New Source Performance Standards are those environmental requirements that a new power plant
must meet to be permitted under the Clean Air Act as amended.

*'See http://www.lanl.gov/projects/cctc/factsheets/tampa/documents/tampa. pdf

2 A “greenfield” project is one built in an area where no other development has taken place, while a
“brownfield” project is one built on a previously developed industrial site. Thus, any repowering project is
a brownfield project.

% Ratifia-Brown, op. cit.

% Gasification Worldwide Use and Acceptance, SFA Pacific, January 2000, DOE Contract DE-AM-
98FE65271.

% If the efficiency of the electric generators were 100%, thermal and electric MW measures would be
equal. Since the efficiency of IGCC power plants is less than 100%, the MW of electricity that can be
%roduced is less that the MW of thermal energy that is input.

As of 1989, about half of the syngas produced globally was used as a feedstock for chemical
production. According to the Gasification Technologies Council, “the overwhelming majority of post-1990
new capacity in the [gasification] industry has been devoted to the production of chemicals and power.”