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INTRODUCTION

Thank you Mr. Chairman. On behalf of the United States Department of Energy, I want to thank
JCOAL for its sponsorship and invitation for my lecture today to talk about our clean coal research
in the U.S. and, in particular, the FutureGen initiative.

Background

It has been several years since I last spoke on Clean Coal at this forum. Quite a lot has happened
since that time. Yet much of our program focus remains the same, namely, the removal of
environmental and economic hurdles associated with the use of coal. This includes our growing
commitment to developing affordable clean coal technologies to address the environmental
concerns, especially greenhouse gas emissions. Since the last time I was here, we have
substantially increased our research investment in “zero emission” compatible technologies
including sequestration, and IGCC. We have advanced our strategy from that of Vision 21 which
emphasized component development and subsystems, to FutureGen with a focus on integrating
these subsystems into a working plant.

Regarding energy, the United States has a goal that I believe is shared by much of the world, and
that is to provide secure, safe, affordable and clean energy for its people as energy needs continue
to grow. To achieve this goal, coal must play an important role as a viable resource in a diverse
energy portfolio. Because coal is the United States’ most abundant energy resource, it is integral
to our energy and economic security strategy.

A key concern, however, is that using fossil fuels, especially coal, leads to increased emissions of
carbon dioxide in the atmosphere. Combined, the electricity and transportation sectors are
responsible for nearly three-fourths of the U.S. anthropogenic greenhouse gas emissions. Because
power plants are stationary sources, there is the opportunity to capture these gases and sequester
them. The key is to do this safely, effectively, affordably, and permanently.

In response to this challenge, the U.S. Department of Energy is pursuing FutureGen as a
technology-based climate change mitigation strategy for coal. FutureGen is a one billion dollar, 10-
year project to build and operate the world's first near-zero emission coal plant. As a first-of-a-kind
“zero emission” coal plant it will produce electricity and hydrogen while permanently storing its
carbon dioxide in deep geological formations. FutureGen is a partnership involving the
Department of Energy, the FutureGen Alliance which is a non-profit coal and utility industry
consortium, and other participating governments.

FutureGen is a key step towards realizing a zero emission coal energy option. It encompasses all
three pathways to addressing greenhouse gas emissions from fossil plants: Efficiency; Low or No-
carbon fuels with the production of hydrogen; and Sequestration. The availability of an affordable
zero-emission coal plant will enable countries to:

= Meet their growing energy needs;

=  Secure an economic and energy future with coal as an abundant, strategic energy resource;

= Address the environmental concerns over coal’s use including climate change concerns by
sequestering carbon dioxide emissions from coal power plants; and

»  Produce clean low-cost hydrogen for power generation or for transportation.

The goal of FutureGen is to prove the technical, economic, and environmental feasibility of
operating a coal plant integrated with the geologic sequestration of carbon dioxide. Integration of
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subsystems and components is the key to proving the technical and operational viability as well as
gaining acceptance of the zero emission coal-based energy. Broad acceptance implies having
globally transferable results from this project to subsequent plants, including their applicability to
a range of coals.

The ultimate success of FutureGen also depends on broad stakeholder acceptance of geologic
sequestration. Acceptance by the industries (namely, the coal producers and utilities) most heavily
impacted by potential future carbon dioxide emission limits is especially important to the adoption
of “zero emission” coal technology. FutureGen, therefore, must be able to establish at a large-scale
and under real operating conditions the capability to deploy “zero emissions” coal energy with
carbon capture and sequestration.

To have an impact, the project must prove its viability in time for initial deployment by 2020. The
2020 timeframe is when the aging coal fleet in the U.S. begins to give way to construction of new
and replacement plant capacity to meet growing energy demand. Therefore, FutureGen must
achieve the following project objectives:

o Establish technical and economic feasibility of producing electricity and hydrogen from coal
with near-zero emissions (including carbon dioxide);

o Verify sustained, integrated operation of the coal conversion system with geologic
sequestration of carbon dioxide;

o Verify effectiveness, safety, and permanence of geologic sequestration of carbon dioxide;

e Establish standardized technologies and protocols for carbon dioxide measuring,
monitoring, and verification;

e Confirm the potential of the FutureGen concept to achieve economic competitiveness with
other “zero emissions” approaches; and

e Gain acceptance of “zero emission” coal by the coal and electricity industries, the
environmental community, international community, and public-at-large through
successful operations.

To achieve these objectives, the power plant must be able to:

e Sequester carbon dioxide at an operational rate of approximately one to two million metric
tons per year; with approximately 90 percent of the carbon dioxide initially, and eventually
to near 100 percent, in stable geologic formations (e.g., deep saline reservoirs, unmineable
coal seams, depleted oil and natural gas reservoirs, and basalt formations);

e Produce electricity and hydrogen (equivalent to plant capacity of ~275 MW electricity
output);

e Achieve environmental (near-zero emissions) requirements;

Provide a design database for subsequent, near-zero emissions, commercial demonstrations
and deployments; and

e Be designed to test advanced technologies in an integrated mode that increase flexibility
and enhance operability and reliability.

Further, the facility’s carbon dioxide Sequestration Monitoring and Verification system must be
able to:

Accurately quantify storage potential of the geologic formation(s);

e Detect and monitor surface and subsurface leakage, if it occurs (capability to measure
carbon dioxide slightly above atmospheric concentration of 370 ppm), and demonstrate
effectiveness of mitigation;

e Provide the scientific basis for carbon accounting and assurance of permanent storage;

e Account for co-sequestration of carbon dioxide impurities; and

e Develop information necessary to estimate costs of future carbon management systems.
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Project Description

FutureGen will employ advanced integrated gasification combined-cycle (IGCC) power plant
technology coupled with carbon capture and geologic sequestration. It will be fully instrumented
with monitoring, measurement, and verification systems. FutureGen will be a prototype facility
designed for large-scale integrated testing of development-stage technologies. It will also provide a
test platform for cutting-edge research on innovative technologies that support the zero-emissions
goal.

Decisions to incorporate specific technologies will be made by the FutureGen Alliance. However,
whatever technologies are decided for FutureGen must be able to accomplish the project goal of
proving the technical and economic feasibility of the “zero emissions” concept.

Technologies under consideration for testing include those aimed at improving performance and
reducing cost. These include improvements in the following technology areas:

Air separation for oxygen generation (to reduce parasitic load and cost);

Advanced Gasifiers (to accommodate testing of a range of coals);

Advanced gas clean up (or the prospects of raw gas co-sequestration);

Hydrogen production (advanced low cost shift reactors);

Hydrogen separation membranes;

Low-cost carbon dioxide separation and capture (advanced selexol or clathrates);

Hydrogen turbine with ultra low nitrogen oxide and high efficiency;

Fuel Cells to increase plant efficiency; and

Instrumentation, controls, sensors and monitoring systems to protect the facility and
gather relevant performance data.

Proof of both technical and economic feasibility of “zero emissions” energy requires:

e Developing and testing technology components and subsystems at scalable or full-scale
sizes under real operating conditions.

e Integration of these technologies into an operating configuration to prove technical
feasibility of integrated operations. This is a key to proving the technical and operational
viability to gain acceptance of zero emission coal.

e Proof of economic viability via construction and operation by the end users of the
technology, e.g., the coal producers and utilities-- needed to garner the acceptance of the
zero emission coal.

e The technology must be deployable by the end users (coal producers and utilities) which are
traditionally a very cautious and financially conservative, low risk-taking industry.

Project Management:

The U.S. Department of Energy (DOE) has overall project oversight responsibilities over the
FutureGen Alliance. As the implementer of the project, the FutureGen Alliance has a project
management structure and function to control project cost and schedule as well as the facility and
site design, construction, operations and testing. DOE has the responsibility to ensure sufficient
reporting and decisions are made as agreed to, and that these decisions will lead to the
achievement of the project objectives.

The FutureGen Project would require approximately 10 years for completion, not including post-
project monitoring. The project phases include:

e The Design phase which is expected to be completed in 2008;

o The Construction phase will begin by 2009;
o The Operational phase is expected to begin in 2012 and will run for four years;
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e Monitoring will be conducted during operations and a minimum of 2 years after project
operations is completed.

PARTICIPATION

DOE Role: DOE will provide overall program guidance to the FutureGen Alliance. It will oversee
the FutureGen Alliance activities for compliance with the project objectives and the terms of the
agreement with DOE. DOE will be responsible for NEPA environmental compliance activities.
Both DOE and the FutureGen Alliance will involve participation of state and local agencies, local
communities, the environmental community, international stakeholders, and research
organizations in the Project.

Industry Role: As our industry partner, the FutureGen Alliance will implement the project
including design, construction, operations, and testing guided by the project goals and objectives.
It will also be responsible for providing the necessary environmental data and information to DOE
for compliance with the environmental impact review. The FutureGen Alliance is a non-profit
industrial consortium led by the coal-fueled electric power and the coal production industries. It
represents the ultimate users and potential builders of future “zero emission” plant for subsequent
deployment. The Alliance members are: Anglo American; American Electric Power; BHP Billiton;
the China Huaneng Group; CONSOL Energy; Foundation Coal; Peabody Energy; PPL; Rio Tinto
Energy America; and Southern Company.

International Government Participation:

DOE has invited cost-shared participation from other governments. Governmental participation
will be through membership on the FutureGen Government Steering Committee, as advisors to the
project. Most recently, the Republic of India, in April of 2006, and the Republic of Korea, in June of
2006, have joined the U.S. as our government partners. Negotiations are ongoing with several
countries, and our invitation remains open to others. International governmental participation will
promote the global applicability and acceptance of FutureGen. It will help develop an international
consensus on the feasibility of zero-emission coal, including geologic sequestration of the carbon
dioxide generated. International participation will also enhance the prospects of coal in a global
energy security strategy. Participation in FutureGen promotes a government’s leadership in
Climate Change and coal’s sustainability.

PROJECT STATUS

FutureGen is in its initial project design phase. A cooperative agreement was signed in December
2005 with the FutureGen Industrial Alliance Inc. to initiate the first phase of project.

e The Alliance issued a Site Solicitation on March 7, 2006 with proposal responses due back
May 4, 2006. Twelve site offerors in seven states submitted bids. After a rigorous
evaluation process by the FutureGen Alliance, four sites were identified as candidate sites
for further consideration.

e The DOE issued a Notice of Intent on July 28, 2006, to prepare an Environmental Impact
Statement for FutureGen. The issuance of this notice formally starts the environmental
impact review process. DOE held public scoping meetings in late August 2006, to receive
inputs and comments as part of the environmental impact review.

e Potential cutting-edge technologies under development have been identified for
consideration as candidate technologies for FutureGen. These will be further assessed by
the FutureGen Alliance who will make the final decision on which technologies to include
for testing.

e Baseline conceptual designs on several plant configurations are being done by the
FutureGen Alliance to provide detailed project cost estimates.

e Preliminary planning activities for permitting processes have begun on the candidate sites.
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e DOE has invited other countries to join in FutureGen; the Republic of India first to join and
provided initial funding installment; and the Republic of Korea also recently joined.

NEXT STEPS
Near term activities and decisions:

e The FutureGen Alliance will further evaluate the short list of best qualified sites recently
identified. It is gathering additional site data and information (both above ground and
below ground) on the candidate sites for further evaluation. A site selection is expected in
the latter half of 2007, after DOE completes its environmental review process.

e Preliminary design will continue for FutureGen including decisions on cutting-edge
technologies for inclusion.

e Test scope and test plans will be developed to generate the necessary data to validate
FutureGen.

e Government Steering Committee operations involving international governmental
participation will begin.

e We will continue outreach and to bring additional participants into the project both
domestically and internationally (coordinated team effort of DOE and the FutureGen
Alliance).

SUMMARY

o FutureGen is a key step to creating a zero emission coal energy option as a technology-
based climate change mitigation strategy.
e The FutureGen Project is on track in terms of progress and funding of the initial phase, and
is on schedule for plant operations in 2012.
e A list of best qualified sites has been identified for further consideration, leading to a final
site selection in the latter part of 2007.
e The technology of FutureGen encompasses all three pathways to addressing greenhouse
gas emissions from fossil plants: Efficiency; Low or No-carbon fuels, and Sequestration.
e Performance and economic tests results would be shared among all participants, and
reported to the industry, the environmental community, and the public.
e Zero Emission Coal through FutureGen’s technology will enable countries to use coal
cleanly to:
= Meet their growing energy needs; and
= Secure an economic, energy, and clean environmental future with coal as an
abundant, strategic energy resource.

Thank you.
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K4 : Victor K. Der

Dr. Der is currently Director of the Office of Clean Energy Systems
within the Department of Energy’s Fossil Energy Program Office. He is
responsible for directing research and development of central power
systems technologies such as gasification, advanced combustion and
hydrogen turbines; distributed generation technologies such as fuel
cells, fuel cell/turbine hybrids, and novel heat engines and compressors; _
emissions controls technologies; advanced research, and high efficiency, e
zero-emissions fossil energy technologies . He is also responsible for
directing the large scale demonstration programs such as the Clean
Coal Technology Demonstration program; the Power Plant
Improvement Initiative; and Clean Coal Power Initiative. He is also Program Director for
FutureGen - a zero emissions coal-based research prototype plant.

Dr. Der has worked at DOE for 33 years in various programs. During that period he has directed
research programs in fossil energy; nuclear energy; high-level nuclear waste management; and
energy research on magnetic fusion energy.

His prior work includes NASA's Apollo 15 moon mission project and the National Oceanographic
and Atmospheric Agency program on upper atmospheric density modeling.

His education includes a Bachelor of Science, Master of Science and Ph. D. in Mechanical
Engineering from the University of Maryland.
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