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IGCC OverviewIGCC Overview

Integrated Gasification Combined Cycle (IGCC) is a gas-fired power generation technology that converts coal 
(or other feedstock) into gas and uses the gas, rather than the coal, for thermal combustion.  The combined ( ) g g
cycle feature captures the heat loss from the initial cycle (a gas turbine) and utilizes that heat in a second 
cycle (a steam turbine) to produce additional electricity

While gasification technology has existed since the 1870’s and was used extensively by Germany during 
World War II to create fuel, the integration of gasification equipment with a combined cycle power block for 

l t i it d ti h b t l ti f th t h lelectricity production has been a recent evolution of the technology  

In the post-war United States, coal conversion research was largely focused on the creation of synthetic oils 
and fuel products.  In the 1960s, the U.S. Department of Energy (DOE) initiated studies to test the 
applicability of coal as a gas turbine fuel.  Coal was pulverized, mixed with various liquids and the mixture 
was directly fired in the gas turbine combustor These tests were generally unsuccessful; the resultswas directly fired in the gas turbine combustor.  These tests were generally unsuccessful; the results 
demonstrated that gas turbines cannot directly fire pulverized or slurried coal.  In the 1970s, concerns about 
petroleum supply prompted the DOE to fund various studies to evaluate the feasibility of gasifying coal and 
employing the product syngas as a gas turbine fuel.  Studies continue today

Polygeneration involves the gasification (or conversion) of coal to produce synthesis gas (syngas) that can bePolygeneration involves the gasification (or conversion) of coal to produce synthesis gas (syngas) that can be 
simultaneously used for the generation of electricity and in the manufacture of chemicals and liquid fuels. 
This approach offers an integrated strategy for optimizing the value of coal

In polygeneration from coal, electricity is produced in conventional integrated gasification/ steam turbine 
combined cycle (IGCC) systems, while commodity chemicals (methanol, ammonia, and their derivatives such 
as olefins from methanol and fertilizers from ammonia) or liquid fuels (methanol, diesel, dimethyl ether, and 
gasoline) are produced via chemical process
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IGCC Current TrendsIGCC Current Trends

There are only two IGCC plants are in operation in the US (two others have started up and shut-down)

Th 30 d ti IGCC j t i i t f d l tThere are over 30 domestic IGCC power project in various stages of development

A favorable political environment currently exists for IGCC evidenced by government-sponsored research, 
subsidies in the form of tax credits, and desire to develop “cleaner” generation technologies

Developing industry trends include the emergence of gasifiers suited to low-rank coals as well as theDeveloping industry trends include the emergence of gasifiers suited to low rank coals, as well as the 
emergence of full systems vendors and partnerships offering turn-key plant solutions

Continued challenges are construction costs, carbon capture and storage, and operational reliability
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CCS OverviewCCS Overview

CCS involves the use of technology, first to collect and concentrate the CO2 produced in industrial and 
energy-related sources, transport it to a suitable storage location, and then store it away from the atmosphere gy p g y p
for a long period of time.  CCS would thus allow fossil fuels to be used with low emissions of greenhouse 
gases 

There are three main components of the CCS process: capture, transport and storage. All three components 
are found in industrial operations today, although mostly not for the purpose of CO2 storage 

— The capture step involves separating CO2 from other gaseous products. For fuel-burning processes 
such as those in power plants, separation technologies can be used to capture CO2 after combustion 
or to decarbonize the fuel before combustion 

— The transport step may be required to carry captured CO2 to a suitable storage site located at a 
distance from the CO source To facilitate both transport and storage the captured CO gas isdistance from the CO2 source. To facilitate both transport and storage, the captured CO2 gas is 
typically compressed to a high density at the capture facility  

— Potential storage methods include injection into underground geological formations, injection into the 
deep ocean, or industrial fixation in inorganic carbonates. Some industrial processes also might 
utilize and store small amounts of captured CO2 in manufactured products

The technical maturity of specific CCS system components varies greatly. Some technologies are extensively 
deployed in mature markets, primarily in the oil and gas industry, while others are still in the research, 
development or demonstration phase.  As of mid-2005, there have been three commercial projects linking 
CO2 capture and geological storage: the offshore Sleipner natural gas processing project in Norway, the 
Weyburn Enhanced Oil Recovery (EOR) project in Canada (which stores CO captured in the United States)Weyburn Enhanced Oil Recovery (EOR) project in Canada (which stores CO2 captured in the United States) 
and the In Salah natural gas project in Algeria. Each captures and stores 1–2 Mt CO2 per year. It should be 
noted that CCS has not yet been applied at a large (e.g., 500 MW) fossil-fuel power plant, and that the overall 
system may not be as mature as some of its components
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6

Source: 
http://arch.rivm.nl/env/int/ipcc/pages_media/SRCCS-
final/SRCCS_TechnicalSummary.pdf



CCS Current TrendsCCS Current Trends

Technologies for the capture of CO2 are relatively well understood today based on industrial experience in a 
variety of applications. Similarly, there are no major technical or knowledge barriers to the adoption of y pp y j g p
pipeline transport, or to the adoption of geological storage of captured CO2.  The integration of capture, 
transport and storage in full-scale projects is needed to gain the knowledge and experience required for a 
more widespread deployment of CCS technologies. R&D is also needed to improve knowledge of emerging 
concepts and enabling technologies for CO2 capture that have the potential to significantly reduce the costs 
of capture for new and existing facilities. More specifically, there are knowledge gaps relating to large coal-
based and natural gas-based power plants with CO2 capture on the order of several hundred megawatts (or 
several Mt CO2)

Demonstration of CO2 capture on this scale is needed to establish the reliability and environmental 
performance of different types of power systems with capture, to reduce the costs of CCS, and to improve 

fid i th t ti t I dditi l l i l t ti i d d t bt i b tt ti tconfidence in the cost estimates. In addition, large-scale implementation is needed to obtain better estimates 
of the costs and performance of CCS in industrial processes, such as the cement and steel industries, that 
are significant sources of CO2 but have little or no experience with CO2 capture

The most widely heralded current CSS project is a 30MW pilot plant at Schwarze Pumpe in Germany 
commissioned in the summer of 2008 This mini power plant is the first coal-fired plant in the world ready tocommissioned in the summer of 2008.  This mini power plant is the first coal-fired plant in the world ready to 
capture and store its own CO2 emissions
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Source: 
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IGCC Process OverviewIGCC Process Overview

There are several different types of gasifiers.  The overall IGCC process below is similar for each type.  
Gasifiers are compared in detail on the following pagep g p g
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IGCC Gasifier ComparisonIGCC Gasifier Comparison
GE EnergyGE Energy ConocoPhillipsConocoPhillips ShellShell SiemensSiemens MHIMHI TRIGTRIG

Gasifier 
Type

Oxygen-blown 
Slagging – down flow

Oxygen-blown 
Slagging – up flow

Oxygen-blown 
Slagging – up flow

Oxygen-blown 
Slagging - down flow

Air-blown with some 
oxygen enrichment

Air-blown 
Fluidized – up flowType gg g

Heat recovery and syngas 
quench designs available

gg g p
Syngas cooler with second 
stage cooled by coal feed

gg g p
Radiant and syngas cooler 
with syngas recycle

gg g
Radiant cooler with syngas 
quench

yg
Slagging - up flow
Syngas cooler with second 
stage cooled by coal feed

p
Syngas coolers

Design 
Features

Large diameter gasifier
Syngas particulate scrubber

Large-diameter, two-stage 
gasifier
Syngas particulate filters

Large diameter gasifier
Syngas particulate filters
Most expensive design

Large diameter gasifier
Syngas particulate 
scrubber

Large-diameter, two-stage 
gasifier
Syngas particulate filters

Small diameter gasifier
Syngas particulate filters
Least expensive design

Feed Top 
Size

100 microns 100 microns 100 microns 100 microns 100 microns 750 microns

Feed 
System

Water slurry Water slurry Dry
Less than 5% moisture

Dry feed
Less than 5% moisture

Dry feed
Less than 5% moisture

Dry 
Greater than 15% moisture

Feed Bituminous coal and pet. coke Bituminous coal and pet. Wide range of fuels with Wide range of fuels with Wide range of fuels with Wide range of fuels and 
Stocks

p
(low ash contents)
Not as cost-effective with low-
rank fuels
Operation affected by ash fusion 
properties 

p
coke (low ash contents) 
Not as cost-effective with 
low-rank fuels
Operation affected by ash 
fusion properties

g
low ash contents
Low-rank fuels with 
extensive crushing and 
drying
Operation affected by ash 
fusion properties

g
low ash contents although 
high-ash design available
Low-rank fuels with 
extensive crushing and 
drying
Operation affected by ash 
fusion properties

g
low ash contents
Low-rank fuels with 
extensive crushing and 
drying
Operation affected by ash 
fusion properties

g
ash contents
Well suited to low-rank 
fuels without extensive 
crushing and drying
Operation independent of 
ash fusion properties

Refractory 
Life

2 to 3 years requiring 30-day 
outage

2 to 3 years requiring 30-
day outage

Membrane wall instead of 
refractory lining (10+ years)

Membrane wall instead of 
refractory lining (10+ years)

Membrane wall instead of 
refractory lining (10+ years)

10 to 15 years

Operating 
Issues

Convection pass syngas cooler 
fouling
Lock-hopper slag removal
Black and grey (B&G) water 

Convection pass syngas 
cooler fouling
Continuous slag removal
Slag water separation 

Syngas recycle eliminates 
syngas cooler fouling
Lock-hopper slag removal
Slag water separation 

Lock-hopper slag removal
B&G water systems are 
high-maintenance items 

Minimal convection pass 
syngas cooler fouling
Lock-hopper slag removal
Slag water separation 

Lower operating 
temperature eliminates 
syngas cooler fouling 
Continuous ash removalBlack and grey (B&G) water 

systems are high-maintenance 
items

Slag-water separation 
system

Slag-water separation 
system

Slag-water separation 
system

Continuous ash removal
No B&G or slag-water 
separation systems

TRIG 
Features

Low-temperature produces 
more syngas ammonia for 
by-product sales
Use of air increases steam 
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IGCC Availability HistoryIGCC Availability History

The first large-scale plant in the United States was the 100 MW Cool Water Plant near Barstow, CA.  This 
demonstration plant operated from 1984 until 1988 and showed that IGCC, now considered a “clean coal” p p
technology, could be economically and technically feasible  

The first IGCC power-producing plant to come on line commercially in the United States was the Wabash 
River Plant in 2001.  Wabash and other early plants were not without initial bugs but saw increased reliability 
(availability) over time 

It is worthy of note that start-up experience at one plant did not translate to faster gains in availability at the 
next.  That is, even later plants took several years to achieve sustained availability

IGCC Plant Availability from Start-Up

70.0%

80.0%

90.0%

30 0%

40.0%

50.0%

60.0% Cool Water Availability
LGTI Syngas Availability
Nuon Availability
Wabash Availability
TECO Availability
Elcogas Availability

0.0%

10.0%

20.0%

30.0%

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

Elcogas Availability
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IGCC Current TrendsIGCC Current Trends

Full-Systems Vendors.  Prior to 2006, GE was the sole “full systems” IGCC vendor capable of offering all 
major IGCC components (gasifier, combustion turbines and steam turbines) in a single package.  Since that j p (g ) g p g
time, Siemens and Mitsubishi have developed full-system commercial IGGC offerings, significantly 
expanding vendor choice for potential IGCC project developers.  Increased vendor choices are likely to make 
IGCC construction/conversion a more attractive option due to the availability of complete packages as well as 
anticipated lower prices and increased service stemming from competition among vendors

I d Off i Al i t 2006 th l th i i l l ifi ff i GEIncreased Offerings.  Also prior to 2006, there were only three main commercial coal gasifier offerings: GE 
(Texaco technology), ConocoPhillips (E-Gas technology) and Shell.  Several additional coal gasifiers have 
moved into the marketplace over the past year

Existing gasifier technology (Performs 
poorly with low-rank coals)

New gasifier technology (Performs 
well with low-rank coals)

GE (Texaco technology)

ConocoPhillips (E-Gas technology) 

Future Energy

British Gas Lurgi (BGL)

Shell Mitsubishi (MHI)

Transport Reactor Integrated Gasification 
(TRIG)
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Hearings.Testimony&Hearing_ID=1840&Witness_ID=6595



IGCC PolygenerationIGCC Polygeneration

Polygeneration involves the gasification (or conversion) of coal to produce synthesis gas (syngas) that can be 
simultaneously used for the generation of electricity and in the manufacture of chemicals and liquid fuels. y g y q
This approach offers an integrated strategy for optimizing the value of coal 

In polygeneration from coal, electricity is produced in IGCC systems, while commodity chemicals (methanol, 
ammonia, and their derivatives such as olefins from methanol and fertilizers from ammonia) or liquid fuels 
(methanol, diesel, dimethyl ether, and gasoline) are produced via state-of-the-art chemical processes 

Technology for the production of olefins from coal has been highly researched in recent years.  The 
production of methanol from syngas (from coal gasification), followed by the production of ethylene and 
propylene via methanol to olefins (MTO) technology has shown great promise.  The investment and non-
feedstock operating costs of polygeneration facilities are high when compared to conventional routes 
(pulverized coal combustion for power generation and conventional refining and chemical routes based on(pulverized coal combustion for power generation and conventional refining and chemical routes based on 
crude oil).  Therefore, the economic advantage of polygeneration will generally increase substantially when 
one or more of the following conditions have occurred: 

— Crude oil and natural gas prices are high relative to coal prices 
— Conventional feedstocks (crude oil and natural gas) for chemicals and liquid fuels are inadequate toConventional feedstocks (crude oil and natural gas) for chemicals and liquid fuels are inadequate to 

satisfy market demand 
— A market exists such that there would be substantial carbon credits that would benefit the large 

concentrated stream of carbon dioxide from a polygeneration facility (to be used for sequestration or 
other use of carbon) 

Copyright © 2009 by ScottMadden.  All rights reserved.
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Source: 
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CCS Technology



CCS Process OverviewCCS Process Overview

The figure below represents a notional CCS system.  Details of potential storage are found on the following 
pagesp g

Copyright © 2009 by ScottMadden.  All rights reserved.
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Source: 
http://arch.rivm.nl/env/int/ipcc/pages_media/SRCCS-
final/SRCCS_TechnicalSummary.pdf



CCS Storage OptionsCCS Storage Options

Carbon dioxide capture and storage (CCS) is the process of capturing carbon dioxide (CO2) from emission 
sources, transporting it, and storing it so that it is prevented from entering the atmosphere p g g p g p

CCS is generally taken to mean geological storage, that is, injecting CO2 into deep underground formations.  
This storage option is the most technologically advanced, offers large, long term storage capacity and 
minimal environmental impact.  This option is discussed in greater detail on the following page  

Other CO storage options are also being considered though they are not discussed here They include:Other CO2 storage options are also being considered, though they are not discussed here.  They include: 
— Ocean storage (injecting CO2 into the deep ocean) 
— Mineralisation (locking CO2 into minerals) 
— Commercial use (e.g. the food and chemical industries recycling emitted CO2 rather than using 

t l f CO )natural sources of CO2) 
— Biological sequestration (extracting CO2 from the atmosphere through planting forests) 

Copyright © 2009 by ScottMadden.  All rights reserved.
16



Geological StorageGeological Storage

Geological storage of carbon dioxide occurs when CO2 is injected into deep underground geological 
formations and is permanently trapped there through several natural mechanisms p y pp g

The CO2 is first transported (usually by pipeline) to a suitable storage site.  There it is injected as a 
supercritical fluid (which means it is dense and liquid-like) through an injection well into the target reservoir 
formation, generally at a depth of 800m or more.  A reservoir rock could be a sandstone, in which the CO2 is 
stored in the microscopic pore spaces between individual sand grains.  The CO2 becomes trapped in the 
d d d f ti th hdeep underground formation through:

— The physical impediment of the impermeable cap rock (for example, a mudstone) 
— Dissolution into the saline brine already in the formation 
— Precipitating as minerals in the formation
— As tiny blobs of liquid-like CO2 within pore spaces 

Options for geological storage of CO2 include injection and storage into depleted oil and gas fields, deep 
saline formations, unmineable coal seams, the use of CO2 for enhanced oil recovery (EOR), and for 
enhanced coal bed methane recovery (ECBM).  Deep saline formations are generally considered to have the y ( ) p g y
greatest potential for CO2 storage; however, depleted oil and gas fields offer early opportunities for 
application of this technology.  Less developed storage options, which may provide niche opportunities, 
include storage in basalts, shales, and hydrates beneath the sea floor

Injection and geological storage of CO2 is an established process, especially in the oil and gas industry, and 
i l d i t i l l th h l j t ld id i l di t St t il’ Sl iis already occurring at a commercial scale through several projects worldwide, including at Statoil’s Sleipner 
and Snohvit fields in the North and Barents Seas respectively, BP’s In Salah Project in Algeria, and the 
enhanced oil recovery project at the Weyburn and Midale fields in Canada. In addition, over 30 million tons of 
CO2 are injected each year for enhanced oil recovery in the US

Copyright © 2009 by ScottMadden.  All rights reserved.
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Site Selection ConcernsSite Selection Concerns

Ensuring reasonable transportation costs requires that the geographical relationship between the sources 
and storage opportunities of CO2 are consideredg pp 2

An IGCC plant, for instance, would ideally be sited near its fuel source as well as being near either high-
potential storage regions or major pipelines

Copyright © 2009 by ScottMadden.  All rights reserved.
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Economic DriversEconomic Drivers

The cost of IGCC and IGCC with CCS is generally higher than other power generation alternatives
Department of Energy (DOE) estimates released in June 2008 are $1773 per kw for IGCC and $2573 forDepartment of Energy (DOE) estimates released in June 2008 are $1773 per kw for IGCC and $2573 for 
IGCC with CCS
The DOE estimates may be optimistic based on the real costs of the Mesaba energy Project which, as 
estimated in October 2008, totaled $2,155,680,783 for 606MWs for a per kw cost of $3557.23
If CCS is mandatory, IGCC is an attractive option for incorporating CCS technologyy, p p g gy
Given the high cost of the technology and the absence of a mandatory carbon regime, economic drivers are 
therefore related to social sensibilities, legislative policies, and government subsidies rather than pure market 
forces 
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Sources: http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf#page=3, 
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http://www.netl.doe.gov/energy-analyses/pubs/deskreference/B_IG_051507.pdf



Political EnvironmentPolitical Environment

Environmental Advantages. Political interest in clean coal is not isolated to the federal government.  State 
governments, environmental organizations, and the population in general are eager to see alternatives to g g p p g g
traditional coal-fired power plants.  The governor of Illinois has proposed a long-term energy plan that would 
provide incentives to build up to ten new coal gasification plants and a pipeline to move captured CO2 to 
oilfields and underground storage.  Similarly, the governors of California, Wyoming, Utah, and Nevada have 
identified clean coal technology as the way forward to meet power demands in their region.  In Wisconsin, the 
environmental advocacy group, Clean Wisconsin, strongly supports the State’s plan to investigate the 
potential for using IGCC technology for energy generation in Wisconsin.  Likewise, the Kansas Natural 
Resource Council calls for all new coal plants in Kansas to utilize IGCC technology.  Nationwide awareness 
of Global Warming has generated much public interest in efficient and reduced-emissions technology such as 
IGCC and those technologies that can incorporate carbon capture and sequestration to further reduce 
emissions

Government Subsidies. The federal government has long been a driving factor in developing IGCC 
technology and applications.  The Clean Coal Technology Program, started in 1986, was a government-
industry initiative designed to evaluate the potential of emerging technological innovations for commercial 
merit More recently the Clean Coal Power Initiative provides government co financing for new coalmerit.  More recently, the Clean Coal Power Initiative provides government co-financing for new coal 
technologies that can help utilities meet the Clear Skies Initiative to cut sulfur, nitrogen, and mercury 
pollutants from power plants by 2018.  In addition, the 2005 Energy Policy Act provides a number of 
provisions for tax credits, guarantees, loans, and direct grants for clean coal and gasification projects.  
Finally, FutureGen was a government-sponsored project to build a near zero-emissions coal-fueled power 
plant that will produce hydrogen and electricity and utilize carbon capture and storage The costs of theplant that will produce hydrogen and electricity and utilize carbon capture and storage.  The costs of the 
project were to be shared between the Department of Energy a consortium of coal mining and power industry 
companies.  In January 2008, DOE restructured FutureGen, abandoning a proposed demonstration project in 
Matoon, Illinois. FutureGen's restructured approach proposes federal funding to demonstrate CCS 
technology only at multiple commercial-scale (300 megawatts or more) IGCC or advanced coal power plants 
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Political Environment (Cont’d)Political Environment (Cont d)

Federal Tax Incentives
— Energy Policy Act of 2005— Energy Policy Act of 2005

• Authorized $1.65 billion in tax credits for clean coal projects
• $800 million to allow for a 20% credit for IGCC projects
• $500 million to allow for a 15% credit for non-IGCC advanced coal electricity generation 

projectsprojects 
• $350 million to allow for a 20% credit for qualifying gasification projects 

— Section 48A of the Internal Revenue Code
• Made available approximately $650 million of additional tax credits for allocation to clean coal 

j t i 2007projects in 2007 
• $267 million will be available for IGCC sub-bituminous coal projects 
• $133 million will be available for IGCC lignite projects 
• $250 million will be available for non-IGCC advanced coal electricity generation projects 
• $337,000 will be available for gasification projects 
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Continued ChallengesContinued Challenges

Despite the recent surge of interest by governmental agencies, vendors, and utilities in IGCC and CCS 
technology, significant challenges remain:gy g g

Completion Difficulties / Cost Escalation 
— Significant delays are reported in petrochemical facility construction

• Valero Energy, ConocoPhillips, Tesoro, and Exxon Mobil have all pushed-back or scrapped 
expansion projects, blaming cost escalation -- driven by shortages of skilled labor and p p j , g y g
construction services, along with higher materials prices 

• The refinery-related backlog of Foster Wheeler Ltd., an international engineering and 
construction firm, almost doubled in 2006 from the year before to $1.74 billion. The Bermuda-
based company warned investors in its annual report that as costs rise and "the delivery 
schedule of engineering and construction services lengthens, clients may elect to cancel or g g g , y
delay investments until the market slows.”

— AEP’s experience with the Mountaineer Plant in West Virginia (now on hold) as illustrated by news 
reports published 7 weeks apart show dramatic cost escalation over a short period

SNLi report 6-18-07SNLi report 4-26-07 p
— American Electric Power Co. Inc. has raised the cost 

estimate for its proposed 630-MW Mountaineer IGCC 
plant in West Virginia to $2.23 billion, adding that the 
project will require a 12% rate increase by the time it 
enters service sometime in 2012

— A PSC filing also includes a request for the PSC to 
approve a cost recovery mechanism for the timely 

iti i t f th fi i t i d

p
— AEP is planning to build the Mountaineer coal plant in 

Mason County, WV.  AEP's initial cost estimate for the 
Mountaineer IGCC project was $1.5 billion

— During a conference call to discuss its first-quarter 2007 
earnings, Michael Morris, American Electric Power Co. 
Inc.'s chairman, president and CEO, said costs for its 
planned integrated gasification combined-cycle power 

l t i li ith t ti recognition in rates of the financing costs incurred 
during construction, and for full recognition of the plant's 
costs in rates after it is placed in commercial operation

— AEP said that minimizing regulatory delays is crucial to 
keeping construction cost for an IGCC under control.   
"Every week we wait, the cost of steel goes up," 
Hemlepp said

plants are in line with company expectations 
— "The numbers are coming in very comfortably where we 

thought that they would, 20% to 30% higher than a 
typical pulverized coal plant would be in today's 
marketplace," Morris said. "I would compliment both GE 
and Bechtel for being very aware of the challenge, and 
very proactive about the process and in that process 
making sure that we didn't lose what we consider to be a

Copyright © 2009 by ScottMadden.  All rights reserved.
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making sure that we didn t lose what we consider to be a 
very important commitments on behalf of the vendors to 
stand behind the performance of their equipment once in 
place, and once running"



Continued Challenges (Cont’d)Continued Challenges (Cont d)

Reliability
— The extensive operating history of traditional coal and nuclear plants give assurance that the— The extensive operating history of traditional coal and nuclear plants give assurance that the 

technologies are mature and that forced outages and operational problems will be minimal.  With only 
two coal-fired IGCC operating in the U.S., utility planners and regulators are wary of availability and 
capacity problems.  Contractors such as GE and Bechtel have indicated they are prepared to support 
IGCC projects with performance guarantees but none have been made so far

Polygeneration
— The prospects in the U.S. for polygeneration are uncertain – especially under low long-term 

petroleum price scenarios.  In 2007, ethylene from syngas was relatively competitive with ethylene 
from steam cracking of ethane Currently the syngas route has become less competitive consideringfrom steam cracking of ethane.  Currently, the syngas route has become less competitive considering 
the pricing downturn in petrochemical feedstock and commodity chemicals 

— Since many of the process steps in polygeneration represent fairly new or novel technologies, project 
sponsors and lenders will limit their investments in these projects to opportunities in which the key 
operation bases of the project and expected future cash flows are fairly conservative.  In that way, 

ill li i h i i k Gi h k i f i f h i l fsponsors will limit their risk exposure.  Given the key issue of prices for the commercial prospects for 
polygeneration, to be developed, projects may need to exhibit strong expected future financial 
performance based on prices that are conservative relative to mid-2008 market prices in which 
petroleum prices rose to unprecedented highs 
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Continued Challenges (Cont’d)Continued Challenges (Cont d)

Carbon Capture
— A practical and low-cost method of capturing and sequestering carbon dioxide produced by IGCC— A practical and low-cost method of capturing and sequestering carbon dioxide produced by IGCC 

generation has not been proven.  CO2 capture and sequestration could add approximately 30% to the 
capital costs of a plant and about 40% to the cost of power, making it uncompetitive with natural gas 
at forecast prices $8 - $10/MMBtu over the next 20 years.  The implementation of more pilot and 
demonstration storage projects in a range of geological, geographical and economic settings would 
be important to improve the understanding of these issuesbe important to improve the  understanding of these issues

— Impacts of ocean storage.  Major knowledge gaps that should be filled before the risks and potential 
for ocean storage can be assessed concern the ecological impact of CO2 in the deep ocean.  Studies 
are needed of the response of biological systems in the deep sea to added CO2, including studies 
that are longer in duration and larger in scale than those that have been performed until now.  
C l d ith thi i d t d l t h i d t d t t d it CO lCoupled with this is a need to develop techniques and sensors to detect and monitor CO2 plumes 
and their biological and geochemical consequences

— Legal and regulatory issues.  Current legal and regulatory requirements for implementing CCS on a 
large scale is still nacent.  There is no framework to facilitate the implementation of geological 
storage and take into account the associated long-term liabilities.  Clarification is needed regarding g g g g
potential legal constraints on storage in the marine environment (ocean or sub-seabed geological 
storage).  Other key knowledge gaps are related to the methodologies for emissions inventories and 
accounting

— An often-cited example of a the dangers of long-term CO2 storage is the catastrophic CO2 release at 
Lake Nyos in 1986 where 1 700 people and 3 500 livestock died from suffocation after the release ofLake Nyos in 1986 where 1,700 people and 3,500 livestock died from suffocation after the release of 
gas from a volcanic lake in Cameroon.  Critics believe that the same danger could be posed by other 
storage reservoirs  
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Legislative Climate



Legislative ClimateLegislative Climate

There is currently a great deal of interest in climate change at the federal level.

Thi i t t i ll b t IGCC d CCS j t i l f l b ittiThis interest is generally a boon to IGCC and CCS projects since proposals favor low-carbon-emitting energy 
sources and can greatly increase a project’s economic viability.  Early estimates of potential cost of CO2-
equivalents as a result of legislation vary widely but some place the value greater than $210 per ton of CO2

Legislation can be grouped into three sometimes overlapping areas summarized on the following pages:
— Cap and trade proposals

• Proposals vary in stringency, timing, affected sectors, and specificity of allowance regimes, 
• None of the proposals considers, at this time, efforts (successful or otherwise) of other nations 

in reduction
• The allowance allocation mechanism and pricing of those allowances is mostly undefined in 

the proposals
— Carbon tax incentives
— Carbon Capture and Sequestration incentives
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Cap and Trade Proposal ComparisonCap and Trade Proposal Comparison
BillBill Scope of Scope of 

CoverageCoverage Proposed CapsProposed Caps AllocationAllocation Offsets and Other Cost ControlsOffsets and Other Cost Controls Early ActionEarly Action Technology and Misc.Technology and Misc.

Boxer-Lieberman- 6 GHGs—CO2, 4% below 2005 level in Sector allowances total 30% limit on supply of domestic and 5% of allowances Bonus allocations for 
Warner

Lieberman-Warner 
Climate Security Act 
of 2008

S. 3036 –
Substitute 

CH4, N2O, HFCs, 
PFCs, and SF6

Upstream for 
transport fuels & 
natural gas; 
downstream for 
large coal users and 
GHG

2012

19% below 2005 level in 
2020

71% below 2005 level in 
2050

75.5% in 2012, including: 
18% to power plants and 
11% to manufacturers 
(transitions to zero in 2031); 
12.75% to  electricity and 
natural gas local distribution 
companies for consumers, 
15% to states, etc.

pp y
international offsets, with additional limits 
on each category

Creates cost-containment auction using 
future year allowances

Borrowing up to 15% per company

reserved for early 
actors starting in 
2012 with all value 
distributed within 4 
years of enactment

carbon capture and storage 
and renewables

Provides funds for 
technology, and human and 
ecosystem adaptation to 
climate change

amendment to S. 
2191 considered by 
full Senate in June 
2008

GHG 
manufacturers; 
separate HFC cap

Increasing auction: 24.5% in 
2012 rising to 58.75% from 
2032- 2050

4.25% set-aside for domestic 
agriculture and forestry

Creates Carbon Market Efficiency Board 
to monitor trading and implement specific 
cost relief measures, including increased 
borrowing and expanded offsets

Cap-and-trade system 
performance and targets 
subject to review

Bingaman-Specter 6 GHGs—CO2, Start at 2012 level in 2012 Some sector allocations are Provides certain initial categories From 2012- 2020, Bonus allocation for carbon 

Low Carbon 
Economy Act

S. 1766 –
7/11/2007

CH4, N2O, HFCs, 
PFCs, and SF6

Upstream for 
natural gas & 
petroleum; 
downstream for coal

2006 level in 2020

1990 level in 2030.  
President may set long-
term target ≥60% below 
2006 level by 2050 
contingent upon 
i i l ff

specified including: 9% to 
states, 53% to industry 
declining 2%/year starting in 
2017

Increasing auction: 24% from 
2012-2017, rising to 53% in 
2030 

including bio sequestration and industrial 
offsets

President may implement use of 
international offsets subject to 10% limit

$12/ton CO2e “technology accelerator 
payment” (i.e., safety valve) starting in 
2012 d i i %/ b

1% of allowances 
allocated to those 
registering GHG 
reductions prior to 
enactment

capture and storage

Funds and incentives for 
technology R&D

Target subject to 5-year 
review of new science and 
actions by other nations

international effort
5% set-aside of allowances 
for agricultural

2012 and increasing 5%/year above 
inflation

Kerry-Snowe

Global Warming 
Reduction Act

6 GHGs—CO2, 
CH4, N2O, HFCs, 
PFCs, and SF6

Point of regulation

Start at 2010 level in 2010

1990 level in 2020 
2.5%/year reduction from 
2020- 2029

Determined by the President; 
requires unspecified amount 
of allowances to be auctioned

Includes provision for offsets generated 
from biological sequestration

Goal to “recognize 
and reward early 
reductions”

Funds for tech. R&D, 
consumer impacts, 
adaptation

Standards for vehicles,
S.485 – 2/1/2007

Point of regulation 
not specified

2020 2029

3.5%/year reduction from 
2030-2050 62% below 
1990 level in 2050

Standards for vehicles, 
efficiency, & renewables
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Cap and Trade Proposal Comparison (Cont’d)Cap and Trade Proposal Comparison (Cont d)
BillBill Scope of Scope of 

CoverageCoverage Proposed CapsProposed Caps AllocationAllocation Offsets and Other Cost ControlsOffsets and Other Cost Controls Early ActionEarly Action Technology and Misc.Technology and Misc.

Sanders-Boxer 6 GHGs—CO2, Start at 2010 level in 2010 Cap and trade permitted but Includes provision for offsets generated Program may Standards for vehicles, 

Global Warming 
Pollution Reduction 
Act

S.309 – 1/16/2007

CH4, N2O, HFCs, 
PFCs, and SF6

Point of regulation 
not specified

2%/year reduction from 
2010-2020

1990 level in 2020

27% below 1990 level in 
2030

p p
not required. Allocation 
criteria include transition 
assistance and consumer 
impacts

p g
from biological sequestration

“Technology-indexed stop price” freezes 
cap if prices high relative to tech options

g y
recognize early 
reductions made 
under state or local 
laws

power plants, efficiency, 
renewables, certain 
categories of bio 
sequestration

53% below 1990 level in 
2040 

80% below 1990 level in 
2050

McCain-
Lieberman

6 GHGs—CO2, 
CH4, N2O, HFCs, 
PFC d SF6

2004 level in 2012 Administrator determines 
allocation/auction split; 

id i

30% limit on use of international credits 
and domestic reduction or sequestration 

ff t

Credit for 
reductions before 
2012

Funds and incentives for 
tech R&D, efficiency 

d t ti iti ti
Climate 
Stewardship and 
Innovation Act

S.280 – 1/12/2007

PFCs, and SF6

Upstream for 
transportation 
sector; downstream 
for electric utilities & 
large sources

1990 level in 2020

20% below 1990 level in 
2030

60% below 1990 level in 
2050

considering consumer 
impact, competitiveness, etc.

offsets

Borrowing for 5-year periods with interest

2012

Early actors may 
use offsets to meet 
40% of reductions

adaptation, mitigating 
effects on poor

Di ll B h GHG CO2 V i d d F ll l I i f ff (i l d 3% f ll F d f ffi iDingell-Boucher

Discussion Draft-
10/7/2008

7 GHGs—CO2, 
CH4, N2O, HFCs, 
PFCs, SF6, and 
NF3

Upstream for 
transport fuels & 
natural gas; 
downstream for

Varies due to staggered 
coverage

6% below 2005 level in 
2020

44% below 2005 level in 
2030 

Four allowance value 
distribution options: 1) most 
value to covered entities, 2) 
less value to covered entities 
and more value to 
complementary GHG 
reduction initiatives than first 
option, 3) some value to 
adaptation, and 4) most value 

Increasing use of offsets (includes 
domestic and international): 5% initially 
reaching 35% by 2024 Cost-containment 
auction using future year reserve 
allowances

Borrowing up to 15% per company with 
interest

3% of allowances 
for early actors in 
2012 and 
transitioning to 
zero in 2026

Funds for energy efficiency 
and clean technologies 
(including CCS and 
renewables)

Includes border adjustment 
provision

St t th it f ddownstream for 
electric= utilities & 
large sources 80% below 2005 level in 

2050

to consumer rebates and no 
value to covered entities or 
adaptation.  All options 
include 100% auction by 
2026

Creates carbon market oversight entity 
within FERC

State authority for cap-and-
trade programs preempted
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Cap and Trade Proposal Comparison (Cont’d)Cap and Trade Proposal Comparison (Cont d)
BillBill Scope of Scope of 

CoverageCoverage Proposed CapsProposed Caps AllocationAllocation Offsets and Other Cost ControlsOffsets and Other Cost Controls Early ActionEarly Action Technology and Misc.Technology and Misc.

Doggett 6 GHGs—CO2, Start at 2012 level in 2012 5% of allowances to power Overall limit of 25% on use of offsets with 1% of Citizen Funds for energy efficiency gg

Climate Market, 
Auction, Trust & 
Trade Emissions 
Reduction System 
Act of 2008 
(Climate Matters 
Act of 2008)

CH4, N2O, HFCs, 
PFCs, SF6

Upstream for 
transport fuels & 
natural gas; 
downstream for 
large sources and 
large coal users

1990 level in 2020

80% below 1990 level in 
2050

p
plants and 10% to energy-
intensive manufacturers in 
2012 (transitions to zero in 
2020)

85% of auction revenues 
directed to Citizen Protection 
Trust fund for consumer 
assistance adaptation

further limit on types: 10% domestic 
offsets; 15% international emission 
allowances; and 15% international forest 
allowances

Creates Carbon Market Efficiency Board 
to monitor market and implement cost 
relief including increased borrowing and 
offsets

Protection Trust 
Fund for early 
action in 2012, 
phasing to zero in 
2015

gy y
& transportation State 
authority retention

Includes border adjustment 
provision

Cap-and-trade performance 
and targets subject to 3-

H.R. 6316  
6/19/2008

large coal users assistance, adaptation, 
technology, early action, etc.

offsets year NAS review

Markey

I ti i Cli t

7 GHGs—CO2, 
CH4, N2O, HFCs, 
PFCs SF6 and

2005 level in 2012

20% b l 2005 l l i

6% of allowances to 
manufacturers from 2012-
2020

15% limit on use of domestic offsets

15% li it f i t ti l i i

Program seeks not 
to penalize states 
and early

Funds for clean energy 
technology, energy 
efficiency adaptation jobInvesting in Climate 

Action and 
Protection Act 
(iCAP Act)

H.R. 6186 –
6/4/2008

PFCs, SF6, and 
NF3

Upstream for 
transport fuels, 
downstream for 
electric utilities and 
large sources, 
natural gas at LDCs

20% below 2005 levels in 
2020

85% below 2005 levels in 
2050

2020

Increasing auction: 94% from 
2012-2019 rising to 100% 
from 2020-2050

Over 50% of auction 
proceeds used for tax 
credits/rebates to households

15% limit on use of international emission 
allowances or offset credits

Creates carbon market oversight and 
enforcement office within FERC to 
monitor the market for allowances, 
derivatives, and offset credits

Borrowing for 5 year periods with 10%

and early 
reductions in 
distributing energy 
efficiency funds

efficiency, adaptation, job 
training, etc.

Performance standards for 
new coal-fired power plants

credits/rebates to households 
for increases in energy costs Borrowing for 5-year periods with 10% 

interest

Waxman

Safe Climate Act of 
2007

H R 1590 –

6 GHGs—CO2, 
CH4, N2O, HFCs, 
PFCs, and SF6

Point of regulation 
not specified

2009 level in 2010

2%/year reduction 2011-
2020

1990 levels in 2020

Determined by the President; 
requires unspecified amount 
of allowances to be auctioned

Not specified Goal to “recognize 
and reward early 
reductions”

Standards for vehicles, 
efficiency, renewables

H.R.1590 
3/20/2007

1990 levels in 2020

5%/year reduction 2020-
2029

5%/year reduction from 
2030-2050

80% b l 1990 i 2050
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Cap and Trade Proposal Comparison (Cont’d)Cap and Trade Proposal Comparison (Cont d)
BillBill Scope of Scope of 

CoverageCoverage Proposed CapsProposed Caps AllocationAllocation Offsets and Other Cost ControlsOffsets and Other Cost Controls Early ActionEarly Action Technology and Misc.Technology and Misc.

Oliver-Gilchrest 6 GHGs—CO2, 2004 level in 2012 Administrator determines 15% limit on use of international credits Credit for Funds and incentives for 

Climate 
Stewardship Act

H.R. 620 –
1/22/2007

CH4, N2O, HFCs, 
PFCs, and SF6

Upstream for 
transportation 
sector; downstream 
for electric utilities & 
large sources

1990 level in 2020

22% below 1990 level in 
2030 70% below 1990 
levels in 2050

allocation/auction split; 
considering consumer 
impact, competitiveness, etc.

and domestic reduction or sequestration 
offsets

Borrowing for 5-year periods with interest

reductions before 
2012; early actors 
may use offsets to 
meet 35% of 
reductions

tech R&D, efficiency 
adaptation, mitigating 
effects on poor

Copyright © 2009 by ScottMadden.  All rights reserved.
32

Source: http://www.pewclimate.org/docUploads/Chart-and-Graph-120108.pdf



Select Carbon Tax Incentives Select Carbon Tax Incentives 

Bills Proposed in the 110th Congress:

H R 2069 S O Cli t A t f 2007H.R. 2069: Save Our Climate Act of 2007
— Amends the Internal Revenue Code of 1986 to impose a carbon tax based on the carbon content of 

primary fossil fuels.  The tax would be imposed on any taxable fuel—coal (including lignite and peat), 
petroleum and any petroleum product, and natural gas—which is extracted, manufactured, or 
produced in the United States or entered into the United States for consumption, use, or p p , ,
warehousing.  The tax would be imposed on the manufacturer, producer, or importer of that fuel, and 
would start at $10 per ton of carbon in such fuel.  The bill directs the Secretary of Transportation and 
the Secretary of Energy to determine the carbon content of taxable fuels.  For each calendar year 
beginning after 2008, the tax will increase at a rate of $10 per year, until the level of US CO2 
emissions does not exceed 20% of 1990 levels, as determined by the Energy Information , y gy
Administration 

— Sponsor: Rep. Fortney Stark (1 Cosponsor) 

H.R. 3416: America’s Energy Security Trust Fund Act of 2007 
Amends the Internal Revenue Code of 1986 to impose a tax on the carbon dioxide content of coal— Amends the Internal Revenue Code of 1986 to impose a tax on the carbon dioxide content of coal 
(including lignite and peat), petroleum and any petroleum product, and natural gas, which is 
extracted, manufactured, or produced in the United States or entered into the United States for 
consumption, use, or warehousing.  Beginning in 2008, the bill would impose a tax of $15 per ton of 
CO2 content, increasing incrementally each year thereafter.  The bill provides for tax refunds for 
generated CO2 that is sequestered or offset by a qualified offset project Revenues generated by thegenerated CO2 that is sequestered or offset by a qualified offset project.  Revenues generated by the 
tax would fund the America’s Energy Security trust fund, which would be used for clean energy 
technology research and development, industry transition assistance, and payroll tax relief 

— Sponsor: Rep. John Larson (D-CT)

Copyright © 2009 by ScottMadden.  All rights reserved.
33

Source: http://www.pewclimate.org/federal/congressional-proposals/110/Carbon%20Tax



Select Carbon Capture and Sequestration Incentives Select Carbon Capture and Sequestration Incentives 

Bills Proposed in the 110th Congress

S 2940 G E P d ti A t f 2008S. 2940: Green Energy Production Act of 2008 
— Directs the Secretary of Energy to establish a Green Technology Investment Corporation within the 

Department of Energy. It would also establish a Green Technology Fund within the U.S. Treasury. 
Among the purposes the Corporation would be created to advance through the use of the Fund is 
financing advanced manufacturing technologies to help new and existing industries become carbon-g g g p g
neutral. The bill would direct the Corporation to give priority to carbon-neutral projects.  Projects 
involving energy produced from coal would only be eligible if they sequestered a minimum of 85% of 
their annual carbon dioxide emissions, and complied with section 1421(d) of the Safe Water Drinking 
Act  

— Sponsor: Sen Sherrod Brown (D-OH)— Sponsor: Sen. Sherrod Brown (D-OH) 

S. 2958: American Energy Production Act of 2008
— Among various provisions intended to increase the production of fossil fuel and alternative energy 

sources, this bill would require the President to ensure that aviation fuel, motor vehicle fuel, home 
heating oil and boiler fuel contains a mandated volume of clean coal derived fuels whose lifecycleheating oil, and boiler fuel, contains a mandated volume of clean coal-derived fuels whose lifecycle 
greenhouse gas emissions are not greater than gasoline.  The bill would define clean coal-derived 
fuels as those which are refined or otherwise processed in a U.S. facility that captures up to 100% of 
the carbon dioxide emissions that would otherwise be released at the facility.  The mandated volume 
of these fuels would be 750 million gallons in 2015, increasing to 6 billion gallons in 2022; after 2023, 
the annual volume would be determined by the President in coordination with the Secretary of Energythe annual volume would be determined by the President in coordination with the Secretary of Energy 
and the Administrator of EPA

— Sponsor: Sen. Pete Domenici (R-NM) (21 Cosponsors) 
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Select Carbon Capture and Sequestration Incentives 
(Cont’d) (Cont d) 

H.R. 5437: American-Made Energy Act of 2008
— This bill contains a number of provisions intended to promote domestic energy production and theThis bill contains a number of provisions intended to promote domestic energy production and the 

development of fossil-based and alternative domestic energy resources. In the section promoting 
research and development into biomass-based industrial products, the bill states that bio-based fuels 
provide near-zero net greenhouse gas emissions. The bill would also direct the Secretaries of 
Agriculture and Energy to direct research and development towards, among other purposes, 
improving analysis of lifecycle energy and greenhouse gas emissions from biomass-based industrialimproving analysis of lifecycle energy and greenhouse gas emissions from biomass based industrial 
products, including emissions related to direct and indirect land use changes which are attributable to 
all potential biofuel feedstocks and production processes. The bill includes a separate carbon 
capture and sequestration subtitle, which would expand and modify the advanced coal project 
investment credit with a variety of provisions, including a requirement that projects separate and 
sequester at least 65% of the project’s total carbon dioxide, and that highest priority be given tosequester at least 65% of the project s total carbon dioxide, and that highest priority be given to 
projects with the greatest separation and sequestration percentage of total CO2 emissions 

— Sponsor: Rep. Mike Ross (D-AR) (11 Cosponsors) 

H.R. 5575: Moratorium on Uncontrolled Power Plants Act of 2008
Thi bill ld t t hibit ll itti th iti f i i it f— This bill would, upon enactment, prohibit all permitting authorities from issuing a permit for a 
proposed new coal-fired power plant under the Clean Air Act, unless the permit requires said plant to 
use technology to capture and permanently sequester 85% of its total annual carbon dioxide 
emissions.  The moratorium would apply until a program to reduce greenhouse gas emissions to 80% 
below 1990 levels by 2050 is in effect.  Any coal-fired power plant that commences construction after 
th bill’ i t d ti d d t i t ll d t h t h l ld t b li ibl tthe bill’s introduction, and does not install and operate such technology, would not be eligible to 
receive free or below-market-price emissions allowances under any future program to address global 
warming adopted by Congress or the EPA 

— Sponsor: Rep. Henry A. Waxman (D-CA) (7 Cosponsors) 
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Select Carbon Capture and Sequestration Incentives 
(Cont’d) (Cont d) 

H.R. 5858: Combating Climate Change Through Individual Action Act of 2008
— This bill would establish tax credits for farmers who incur expenditures in the process of sequesteringThis bill would establish tax credits for farmers who incur expenditures in the process of sequestering 

carbon in soils and in conserving soils.  These tax credits would be limited to $10,000 per taxpayer 
per year.  The bill would also establish qualified planting expenditure credits for taxpayers that 
purchase and plant trees, plants, shrubs, or bushes, as long as such plants are quick-growing, 
appropriate for the region in which it is planted, and effective in capturing carbon; taxpayers who 
purchase and install a vegetated roof system would also be eligible for a tax credit The tax creditpurchase and install a vegetated roof system would also be eligible for a tax credit. The tax credit 
would be limited to $5,000 for a taxpayer’s principal residence, and $50,000 for a taxpayer’s 
business.  In addition, the bill would establish a tax credit for: conversion of cropland to pasture for 
grazing purposes, or to grassland or rangeland; and for reforestation or afforestation of land. The 
amount of this latter credit would be determined by the efficacy of carbon sequestration and 
prevention of soil erosion. Finally, the bill would require the Secretary of the Treasury to reassessprevention of soil erosion.  Finally, the bill would require the Secretary of the Treasury to reassess 
these credits in the case of any substantial change in the carbon sequestration market, including the 
enactment into law of a carbon cap-and-trade program

— Sponsor: Rep. Leonard Boswell (D-IA) (1 Cosponsor) 

H R 6001: Main Street U S A Energy Security Act of 2008H.R. 6001: Main Street U.S.A. Energy Security Act of 2008 
— This bill contains numerous provisions intended to increase the production and efficient use of fossil-

fuel and renewable energy.  It would, among other purposes, direct the Secretary of Energy to 
support the development, on Federal lands, of coal-to-liquid manufacturing facilities, including the 
capture, transportation, or sequestration of carbon dioxide (CO2). The bill would also authorize $3.6 
billi f lifi d ti b d hi h ld b i d f i t f tibillion for qualified energy conservation bonds, which would be issued for a variety of conservation 
purposes, including to develop and commercialize technologies for the capture and sequestration of 
CO2 produced through the use of fossil fuels 

— Sponsor: Rep. Steve Buyer (R-IN) (20 Cosponsors) 
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Existing and Proposed Plants/ProjectsExisting and Proposed Plants/Projects

In the U.S. alone, there are over 20 IGCC power plant projects in various stages of development (see 
following pages).  The projects on the following pages represent an improvement over the last generations of g p g ) p j g p g p p g
IGCC plants  

The newer plants employ gasifier/turbine systems that are more efficient at pollutant removal and more 
flexible in terms of fuel compatibility 

Systems design improvements related to integration between the gas turbine compressor and the airSystems design improvements related to integration between the gas turbine compressor and the air 
separation unit (ASU) have also improved reliability

The current projects are also generally larger than the Wabash and Polk Power Stations.  Some are already 
exploring interesting extensions of the technology, such as the BP Carson project which will use petroleum 
coke and include 90% carbon capture and the ERORA group projects in Illinois (Taylorville) and Kentuckycoke and include 90% carbon capture and the ERORA group projects in Illinois (Taylorville) and Kentucky 
(Cash Creek) which will be “hybrid” facilities producing both electric power and substitute natural gas
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Existing IGCC Power PlantsExisting IGCC Power Plants

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus Date in Service Date in Service CCS?CCS?

Willem Alexander NUON 253 MW Shell Operating commercially Began commercial NoWillem Alexander 
Plant (Netherlands)

NUON 253 MW Shell Operating commercially Began commercial 
service in 1998 

No

Puertollano Plant 
(Spain)

Elcogas 298 MW Prenflo Operating commercially Began operating 
primarily on 
syngas in 1998 

No

Wabash River Syngas plant owned 262 MW ConocoPhillips Operating commercially Began No
(Indiana)

y g p
by Global Energy; 
power plant by PSI 
Energy 

p
(formerly Dow-
Global E-gas) 

p g y

Availability of the gasification plant 
steadily improved, reached 79.1% 
in 1999

g
demonstration 
service in 1995
Began commercial 
service in 2001 

Polk Power Station 
(Florida)

Tampa Electric Co 250 MW GE (formerly 
Texaco)

Operating commercially Began 
demonstration 
service in 1996

No

service in 1996 
Began commercial 
service in 2001 

Sarlux (Italy) Saras (55%) and 
Enron Dutch 
Holdings B.V. (45%) 

551 MW GE (formerly 
Texaco)

Operating commercially Began commercial 
service in 2001 

No

Negishi (Japan) Nippon Petroleum 342 MW GE (formerly Operating commercially Began service on NoNegishi (Japan) Nippon Petroleum 
Refining Corporation

342 MW GE (formerly 
Texaco)

Operating commercially Began service on 
June 30, 2003 

No
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Existing IGCC Power Plants (Cont’d)Existing IGCC Power Plants (Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus Date in Service Date in Service CCS?CCS?

Eastman (Tennessee) Eastman Chemical n/a GE (formerly Currently produces syngas for Began Yes; enhanced oilEastman (Tennessee) Eastman Chemical 
Company* 

n/a GE (formerly 
Texaco)

Currently produces syngas for 
chemical manufacturing
For the last 21 years the plant 
has had an on-stream rate of 97-
98% (it was 91% in the initial 
startup year)  
The annual forced outage rate is 
now less than one percent

Began 
commercial 
service in 1983 

Yes; enhanced oil 
recovery*

now less than one percent

TX Energy 
Gasification Project 
(Texas)

Eastman Chemical 
Company

Not available Not available Vendor licenses acquired
Site acquired
Air permits filed
FEED underway

2011-2012 Yes; CO2 capture 
and used for 
enhanced oil 
recovery (EOR)FEED underway recovery (EOR)

Great Plains Synfuels 
Plant (North Dakota) 

Dakota Gasification 
Company 

n/a Lurgi Currently produces natural gas 
and other byproducts from lignite 

Demonstration 
startup in 1984; 
commercial 
service since 
1988 

Yes; carbon dioxide 
pipeline and 
sequestration project 
–agreement signed 
with PanCanadian 
Petroleum Limited toPetroleum Limited to 
sell and ship carbon 
dioxide to oil fields in 
Saskatchewan, 
Canada. DGC is 
studying other CO2 
markets in the U.S. 
as well. Production *Note:   Eastman is developing other gasification projects in Texas:
capacity is in excess 
of 200 million 
standard cubic feet 
per day

p g g p j
• Longview, TX – two natural gas gasification units built to produce syngas for chemicals production
• TX Energy, LLC (Beaumont, TX) - $1.6B project to produce hydrogen, ammonia, and methanol from petcoke or coal

Eastman 100% equity and operator and syngas off-taker; CO2 captured and used for enhanced oil recovery (EOR);
expected commercialization 2011-2012; now in FEED; world-scale demonstration of carbon capture and storage (CCS)
when it comes on line.
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Proposed IGCC Power Plants By Planned Date in ServiceProposed IGCC Power Plants By Planned Date in Service
Plant/ProjectPlant/Project OwnerOwner CapacityCapacity

Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

BP Carson Refinery BP Carson 400-500 MW Fluor/GE Under construction (as of 2008) 2011 (according Yes: CO2 capture
Project (Texas) Hydrogen 

Power/Edison 
Mission Energy

( )
to EIX website) -
2013 (SNL)

2

Cash Creek Project 
IGCC (Kentucky)

Erora Group LLC 630 MW 
(nominal) 
/770 MW 
(gross)

GE (formerly 
Texaco)

Air permit received
Clean Water Act permit filed
Additional regulatory approval 
needed to move ahead in Kentucky

2012 (as of 5/08) No

needed to move ahead in Kentucky

Edwardsport IGCC 
(Indiana)

Duke 630 MW GE (formerly 
Texaco)

Under construction
Vectren pulled out 8/2007
EPAct tax credits awarded
Indiana air permit received 1/08
Cost estimate revised up to $2.35B 
(18% increase); Indiana commission 

2012 Yes: DOE awarded 
Duke Energy Indiana $1 
million to study the 
permanent storage of 
CO2 from the plant; 
"Our goal is to make 
this one of the nation's 

to rule in Fall ‘08 on new cost
Indiana Court of Appeals affirmed 
regulators’ approval (10/2008)

first demonstrations of 
carbon capture and 
sequestration at a 
power plant"

Taylorville Energy 
Center IGCC (Illinois)

Tenaska*/Erora/
Christian County 
Generation LLC

525 MW
(down from 
630 MW)

Hybrid IGCC Air permit issued 6/2007
Illinois legislation (S.B. 1987) passed 
7/2008 by House requiring to

2014 (as of 
11/2008)

Yes: Interested in 
development, awaiting 
federal legislation) 7/2008 by House requiring  to 

perform a detailed cost study, and 
requiring most of state’s utilities, to 
purchase 5% of its output when 
construction is finished; Senate 
approved 11/2008
Land acquired 11/2008
Construction to begin late 2010Construction to begin late 2010

*Note:  Tenaska is also developing a coal plant (Trailblazer Energy Center) which is designed to capture 85% to 90% of the CO2 produced and deliver it via pipeline to Permian Basin 
oil fields for use in enhanced oil recovery and, ultimately, geologic storage; estimated commercial operation date is June 2014.
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Freeport Gasification Hunton Energy 600 MW x 2 GE (formerly Project relocated to Freeport 2010 (according Yes: Through a newFreeport Gasification 
Plant (formerly 
Lockwood IGCC) 
(Texas)

IGCC/SNG

Hunton Energy 600 MW x 2 GE (formerly 
Texaco), Conoco 
Phillips, and Royal 
Dutch/Shell are 
bidding

Project relocated to Freeport, 
Texas
Air permit filed 6/2008

2010 (according 
to company 
website)

Yes: Through a new 
plant configuration the 
facility will capture and 
sequester 35-75% of its 
CO2, to be sold to a 
consolidator for 
enhanced oil recovery.

Mesaba Coal IGCC 
(Minnesota)

Note: another unit 
proposed

Excelsior Energy 606 MW ConocoPhillips 
(formerly Dow-
Global E-gas)

Permits filed 8/2006, awaiting PUC 
approval
EPAct tax credits awarded
Draft EIS issued 10/2007
CCPI Round 2 project
Power purchase agreement with 
Xcel denied.  PUC has set 

2012 Yes: The plant would 
initially capture 30% of 
its CO2 emissions and 
transport them via a yet 
to be determined 
pipeline to the Williston 
Basin, ND for enhanced 

5/1/2009 deadline for negotiations 
to conclude with Xcel
Final federal environmental impact 
statement expected Q1-2009

oil recovery.  The initial 
CO2 capture would be 
via a “bolt-on” process

American Falls 
Energy Center (Idaho)

Southeast Idaho 
Energy/Idaho Power

500 MW Not Available Air permit submitted to Idaho DEQ 
7/2007
Construction to begin mid 2009

2012 No

Construction to begin mid-2009
Apr. 2008 revisited application
Still under review by Idaho DEQ
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Kemper County IGCC Southern Company 600 MW KBR (TRIG) Received Department of Energy 2013 Yes: Facility is plannedKemper County IGCC 
project (Mississippi)

Southern Company 600 MW KBR (TRIG) Received Department of Energy 
certification and IRS approval of 
tax credits 

Draft air permit

DOE draft environmental impact 
statement; up for funding under the 
Clean Coal Power Initiative

2013 Yes: Facility is planned 
to have the capability of 
capturing about 25% of 
the CO2 produced; the 
CO2 would be piped off-
site about 60 miles to 
the southwest for 
geologic sequestration 
via enhanced oil 

Construction to commence 2010 recovery (SNL)

NextGen
(South Dakota)

Basin Electric Power 
Coop.

700 MW Not available Unclear whether IGCC or SCPC

Site selected 2/2008

2014 No

Hyperion Energy 
Center 

Hyperion Refining, 
LLC

Not available Not available Air permit filed (12/2007) After 2015 Yes:  Plant is designed 
to be carbon capture 

(South Dakota) Draft Prevention of Significant 
Deterioration preconstruction air 
quality permit (9/2008)

Construction expected to begin in 
2009

ready for over 90% of 
the CO2 from 
gasification

Lower Columbia 
Cl E IGCC

Summit Power 
G

600 MW Not available Site changed from Oregon to 
Texas

Not available Yes: Interested in 
development awaitingClean Energy IGCC 

(now Texas)
Group Texas development, awaiting 

federal legislation

Pampa IGCC (Texas) Babcock & Brown 800 MW Not available Announced 8/2007 Not available No

Great Lakes Energy & 
Research Park 
(Michigan)

Mid-Michigan 
Energy

750 MW Not available Working with the Michigan 
Economic Development Corp. for 
tax incentives

Not available Yes: Carbon capture for 
CO2 injection in oil 
industry

Has not yet filed for permits
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

TBD (Texas) Luminant (Energy Not available Not available RFP issued Not available Yes: To be built withTBD (Texas) Luminant (Energy 
Future Holdings)

Not available Not available RFP issued

Detailed proposals to be submitted 
by 6/2008

Not available Yes: To be built with 
ability to capture CO2

Ely Energy Center, 
Phase II (Nevada)

Sierra Pacific 
Resources

2 X 500 MW Not available Phase II of a project currently in 
Phase I of a super-critical coal 
plant; Phase two of the project will 
use integrated coal gasification

Not available No, evaluating

use integrated coal gasification, 
and will be operational once this 
technology is commercial viable
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Great Falls Energy Montgomery Energy 287 MW Not available Construction began 2001 Nov 2008 NoGreat Falls Energy 
Center IGCC 
(Montana)

Montgomery Energy 
Partners

287 MW Not available Construction began 2001

Being re-permitted and converted 
from gas-fired plant to a IGCC/gas-
fired plant

Nov. 2008

Active as of 
3/2008

No

Roundup Power 
Project IGCC/CTL 
(Montana)

Bull Mountain 
Development Inc.

300 MW Not available On hold: Pursuing a new air permit 
for IGCC/coal-to-liquids; previous 
air permit for a non-IGCC plant 

2008 No

( ) p p
deemed invalid 

Colt Coal IGCC 
(Illinois)

No new news since 
2/2005

Colt LLC/Steelhead 
Development Co.

544 MW Not available Discussions with community 2009 No

Lake Charles 
Cogeneration 
(Louisiana)

CITGO Petroleum 
Corp./TECO

670 MW Not available Oil-fueled combined cycle

No information on either company 
website

2009 No

Glenrock IGCC 
(Wyoming)

Buffalo Managers 
LLC/Montgomery 
Energy Partners

1,100 MW Not available Canceled due to transmission 
constraints, rising costs, limited 
available technology guarantees 

d f l bid f f di

First phase 
anticipated to be 
operational in 
2009

No

and unsuccessful bid for funding 2009

Lima Energy IGCC 
(Ohio)

Global Energy 540 MW Lurgi Construction began in 2005
Construction halted in 10/2006 due 
to financial concerns
Sierra Club sued in 1/2008 alleging 
Global Energy proceeded with 
construction without valid permits

12/2010 (as of 
9/2007)

Yes: Facility being 
designed to separate 
and isolate CO2
produced in the 
methanation process

construction without valid permits
Requested extension of air permit
Project on hold; plans to complete 
new financing and resume 
construction
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Southwestern Electric AEP 600 MW Not available Plant will be PC rather than IGCC 2010Southwestern Electric 
Power (Arkansas)

AEP 600 MW Not available Plant will be PC rather than IGCC 
due to fuel availability

2010

Matoon, Illinois FutureGen 275 MW Not available Matoon site selected in Fall 2007
FutureGen restructured in early 
2008; DOE will only fund CCS 
portion; no projects specified

2010

Orlando Gasification Southern Company 285 MW KBR (TRIG) Canceled due to risk over carbon 2010Orlando Gasification 
Project (Florida) aka 
Stanton B

Southern Company, 
OUC

285 MW KBR (TRIG) Canceled due to risk over carbon 
markets

2010

Pocatello IGCC 
(Idaho)

No new news as of 
4/2007

Southeast Idaho 
Energy/Idaho Power 
Co.

250 MW Not available Due to high costs, permitting and 
emissions concerns, the focus will 
be on gas-fired and renewable 
generation

2010 No

4/2007
Note: Status on SNL is “Planned”; 
Sierra Club states the project is 
canceled

Huntley 
(New York)

NRG Energy 750 MW 
each

Mitsubishi Project canceled in July 2008 when 
NYPA dropped out and due to 
project costs

2011

Southern Illinois 
Clean Energy Center 
(Illinois)

Steelhead Energy 
(Madison Power)

545 MW ConocoPhillips 
(formerly Dow-
Global E-gas)

Canceled: Air permitting not 
moving forward

2011

Montville IGCC 
(Connecticut)

NRG Energy 750 MW Mitsubishi Could not meet RFP timeline for 
delivery

2012 No
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Glades Power Park Florida Power and 2 x 980 MW Unclear May be State PSC disapproved 6/2007 2012Glades Power Park 
(Florida)

Florida Power and 
Light

2 x 980 MW Unclear.  May be 
ultra supercritical 
pulverized coal 
rather than IGCC

State PSC disapproved 6/2007 2012

Nueces IGCC (Texas) Tondu 600 MW Shell Project terminated 2012

Bowie IGCC (Arizona) Southwestern Power 
Group

600 MW Not Available Project terminated 2013

Mountaineer IGCC 
(West Virginia)

AEP 630 MW GE (formerly 
Texaco)

Draft air permit
Filed for environmental permit
Received approval from WV to 
build the facility 3/2008; but WV to 
rescind since VA did not approve
P j t h ld VA PUC d i d

2012 Yes: Testing of a chilled 
ammonia CO2
sequestration process is 
scheduled to begin at 
Mountaineer in 2009

Project on hold: VA PUC denied 
cost approval 4/2008; 
reconsideration denied twice after 
that – late Apr. and May; VA 
unwilling to reconsider project; 
AEP still evaluating IGCC

Wallula IGCC United Power Co. 700 MW Not Available DELAYED: Temporarily cancelled 
site study, but continuing to 

2013 Yes: CO2 sequestration 
in underground basalt y, g

evaluate
g

formations at plant 
startup; United has a 
pilot study on carbon 
sequestration

Twin River Energy 
Center IGCC (Maine)

National RE/sources 700 MW Not available Moratorium on coal gasification in 
Maine; no licenses or permits can 
be issued until 2011

2013 No

Status unclear
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

Xcel Energy IGCC Xcel Energy 300-350 MW Not Available DELAYED: Due to rising 2016 if Xcel Yes: Interested inXcel Energy IGCC 
(Colorado)

Xcel Energy 300 350 MW Not Available DELAYED: Due to rising 
construction costs; still evaluating

2016, if Xcel 
proceeds

Yes: Interested in 
development, awaiting 
federal legislation

Great Bend IGCC 
(Ohio)

American Electric 
Power (AEP)

629 MW GE (formerly 
Texaco)

Air permit filed 10/2006
PUC approval for rate change 
approved in 4/2006; decision 
challenged in OH Supreme Court, 
which could delay project seven

2017 (pushed 
back after cost 
estimate almost 
doubled)

No

which could delay project seven 
years
OH siting board approved 
construction in 4/2007
Project on hold as of 10/2008

Mountain Island 
Energy/ Sage Island

Terra Systems Inc. 400 MW Not available Company formed in 7/2006 to build 
an IGCC plant

Not available No
Energy/ Sage Island 
Energy (Idaho)

No new news since 
10/2006

an IGCC plant

Status unclear

Wyoming Coal 
Gasification Project

WIA / PacifiCorp 500 MW Not available Agreement made to explore 
options

Not available

No recent news

Agrium IGCC (Alaska) Agrium Inc. 254 MW Shell or 
ConocoPhillips 
(formerly Dow-
Global E-gas)

Primarily a fertilizer plant selling 
excess power to the grid

Not Available

Pacific Mountain IGCC 
(Washington)

EnergyNorthwest 680 MW ConocoPhillips 
(formerly Dow-
Global E-gas)

Project terminated 9/2008 Not available
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Proposed IGCC Power Plants By Planned Date in Service 
(Cont’d)(Cont d)

Plant/ProjectPlant/Project OwnerOwner CapacityCapacity
Gasification Gasification 
TechnologyTechnology StatusStatus

Estimated In Estimated In 
Service DateService Date Mention of CCS?Mention of CCS?

First Energy/Consol First Energy/Consol Not available Not available Announced intent to evaluate Not availableFirst Energy/Consol 
Energy (Ohio)

No new news since 
2004

First Energy/Consol 
Energy

Not available Not available Announced intent to evaluate 
IGCC in late 2004

Not available

Global Energy Pioneer 
(Kentucky) 

Global Energy 
Pioneer

550 MW Not available No information after 2004 Not available

Indian River 
(Delaware)

No new news since 
2007

NRG Energy 750 MW Mitsubishi SNL status is “Terminated” Not available                                                          

Tondu Reference Tondu Not available Shell Did not move forward due to Not applicableTondu Reference 
Plant (Illinois)

Tondu Not available Shell Did not move forward due to 
zoning problems

Not applicable

Good Spring IGCC
(Pennsylvania)

Future Power PA, 
Inc.

150 MW Not available Announced 11/2008

Planning stages

Not available Not available

Marion Gasification Madison Power 600 MW Not available Announced 11/2008 Not available Not availableMarion Gasification
(Illinois)

Madison Power 
Corp.

600 MW Not available Announced 11/2008

Planning stages

Not available Not available
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