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Introduction to Gasification Technologies Program 
 
Gasification technologies represent the next generation of solid-feedstock-based energy 
production systems. Gasification breaks down virtually any carbon-based feedstock into its basic 
constituents. This enables the separation of pollutants and greenhouse gases to produce clean 
gas for efficient electricity generation and production of chemicals and clean liquid fuels. In a time 
of electricity and fuel-price spikes, flexible gasification systems provide for operation on low-cost, 
widely available feedstocks.  
 
Gasification Technologies can provide a stable, affordable energy supply for the nation.  
Gasification-based systems provide high efficiency with near zero pollutants. They provide 
flexibility in the production of a wide range of products including electricity, fuels, chemicals, 
hydrogen, and steam. And perhaps most important, in a time of electricity- and fuel-price spikes, 
flexible gasification systems provide for operation on low-cost, widely-available feedstocks. 
 
Mission/Vision Statement:  

Fostering the commercialization of gasification-based processes for the conversion of 
carbon-based feedstocks to some combination of electricity, steam, fuels, chemicals, and 
hydrogen. It is envisioned that the program will lead to gasification-based processes that 
will be more attractive economically, have higher availability and thermal efficiencies, and 
demonstrate superior environmental performance compared to competing technologies.  

The strategy envisioned by the Gasification Technologies Team to accomplish our goals and 
objectives is covered by three programmatic Key Activities: 1) Gasification Systems Technology, 
2) Vision 21, and 3) Systems Analysis/Product Integration. The first two Key Activities, basically 
comprise the technology research and development component of the Gasification product line. 
The former activity focuses on improving the economics and performance of advanced 
gasification processes; whereas, the Vision 21 activity concentrates on the development of step-
out technologies for maximizing thermal efficiency, minimizing emissions, and concentrating 
carbon dioxide for eventual disposal or use. The research and development conducted under 
these two Key Activities are similar and complementary in nature. Therefore, the Research and 
Development (R&D) strategy for the Gasification Technologies product is integrated to achieve 
the maximum efficiency of programmatic funding and is grouped into three distinct areas: 1) 
Advanced Gasification, 2) Gas Cleaning and Conditioning, and 3) Gas Separations. 

The third Key Activity, Systems Analyses/Product Integration, concentrates on the integration of 
all technologies developed under the Gasification product line as well as applicable technologies 
being developed in other product lines. The work performed in this second element is grouped 
into three areas: 1) Process Engineering and Analyses, 2) Technology Integration/Demonstration, 
and 3) Product Outreach. 

The strategy encompasses a diversified portfolio of technologies needed to achieve the desired 
cost, performance, and environmental targets required to realize widespread commercial 
deployment of the technology in the next decade, and ultimately the performance targets for 
future plants. It includes a mix of near-, mid-, and long-term R&D projects as well as laboratory, 
proof-of-concept, and demonstration projects to foster the commercial deployment of the 
technologies. 

In the R&D program, the Advanced Gasification area focuses on the development of the transport 
gasifier through a coordinated program. Efforts are also being directed to develop technologies 
for co-feeding coal and alternative feedstocks to high pressure gasifiers, the development of 
advanced materials, instrumentation and controls, and exploring novel advanced gasifier 
concepts for application to Vision 21. The Gas Cleaning and Conditioning area focuses on novel 
gas cleanup technologies that support near-zero emissions goals. Work is continuing on the 
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development of high temperature, attrition resistant sorbents and reactor models for the transport 
desulfurization reactor, particulate filters, and novel cleaning approaches operating at 
temperatures above 250oC to meet near-zero emission requirements. The Gas Separation area 
primarily focuses on developing technologies for hydrogen separation and air separation and 
developing concepts for carbon dioxide mitigation, separation, and utilization. The Products/By-
Products area focuses on the development and utilization of process and waste streams to 
generate value-added marketable products and to minimize waste disposal. New approaches for 
recovering the sulfur from process waste streams will be explored and a strategy will be 
developed and implemented to explore new products and markets for gasifier ash and slag, 
particularly from co-feed operations. 

The System Engineering/Product Integration activity continues to provide updated analyses of 
gasification-based processes, identify impediments to commercial deployment, and develop R&D 
performance targets. Specifically, analyses are being conducted on novel warm gas cleaning 
technologies, CO2 concentration using regenerable sorbents, membrane-based air and hydrogen 
separation technologies and co-feeding applications. A strategy is being developed for the 
validation of advanced models of gasification-based technologies and processes in support of 
Vision 21. 

The Product Outreach activities focuses on assisting in the commercialization of gasification-
based technologies, both domestically and internationally, through education of the public, 
industry official, environmental groups, and local, state, and Federal legislators of the benefits of 
these technologies to the future development  
and security of our nation.  

For more information on the Gasification Technologies program, visit our website: 
http://www.netl.doe.gov/coal/Gasification/index.html 
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GASIFICATION DATABASE  
  
  
A database of gasification projects worldwide is a powerful tool that can 
be used to assess the role of gasification technology in current world 
energy markets and its potential to contribute to meeting future energy 
demand cleanly and efficiently. The U.S. Department of Energy has 
sponsored the conduct of surveys and preparation of a database of 
information gathered from the surveys along with the participation of 
the Gasification Technologies Council. Initial surveys were conducted in 
1999 and updates have been prepared in 2001, a partial update of major 
facilities in 2003, and a complete update in 2004. The initial surveys and 
database preparation were done by SFA Pacific, Inc. and the survey 
and update in 2004 was conducted by Childress Associates.  
 
Output from the Excel summary spreadsheet is list on the next few 
pages.  The summary table contains all of the plants and selected fields.  
The surveys and database files are made available to the public through 
the following website to support the needs for information on the extent 
and status of commercial gasification projects worldwide.  
 
http://www.netl.doe.gov/coal/Gasification/database/database.html 
 
This website provides links to the data sheets for individual projects 
that can be accessed through the Access and PDF files below, as well as 
to the entire Excel spreadsheet file that summarizes all of the available 
data in a form that can be downloaded and manipulated to provide your 
own summary tables and charts. Overview categorical summaries are 
also provided in the PDF file listed on the website. 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

Sasol Chemical Industries 
(Pty.) Ltd./Sasol Ltd. 

Brisbane H2 Plant Australia GE 2000 Operating 2 110 Natural gas & 
Ref. off-gases 

H2 

Beijing No. 4 Chemical Araucária Ammonia Plant Brazil Shell 1979 Operating 3 451.1 Asphalt residue Ammonia 
China National 
Petrochemical 
Corp./Sinopec 

Brazilian BIGCC Plant Brazil TPS 2006 Development 1 68.4 Biomass Electricity 

CNPC Ningxia Dayuan 
Refining & Chemical Ind. 
Co. Ltd. 

 Canada Shell 2006 Development 4 1025 Asphalt H2, Steam & 
Power 

China National 
Petrochemical 
Corp./Sinopec 

Beijing Oxochemicals Plant China GE 1995 Operating 1 43.7 Heavy oil Oxochemicals 

Dalian Chemical Industrial 
Corp. 

Daqing Oxochemicals Plant China GE 1986 Operating 1 28.7 Visbreaker 
residue 

Oxochemicals 

Lu Nan Chemical Industry 
(Group) Co./CNTIC 

Ningxia Syngas Plant China GE 1988 Operating 3 341.8 Visbreaker 
residue 

Gases 

Shanghai Coking & 
Chemical (Shanghai 
Pacific) 

Urumqi Ammonia Plant China GE 1985 Operating 3 286.6 Visbreaker 
residue 

Ammonia 

Weihe Fertilizer Co. Dalian Ammonia Plant China GE 1995 Operating 2 286.6 Visbreaker 
residue 

Ammonia 

Zhenhai Refining & 
Chemical Co. 

Lu Nan Ammonia Plant China GE 1993 Operating 2 71.8 Bit. coal Ammonia 

Ube Ammonia Industry Co. 
Ltd. 

Shanghai Coking & Chemical China GE 1995 Operating 3 209.2 Anthracite Methanol, Town 
gas & Acetic acid 

Shell MDS (Malaysia) Sdn. 
Bhd. 

Shaanxi Ammonia Plant China GE 1996 Operating 3 278.9 Coal Ammonia 

Linde AG Zhenhai Ammonia Plant China GE 1983 Operating 3 287.1 Visbreaker 
residue 

Ammonia 

Air Products & Chemicals, 
Inc. 

Puyang Ammonia Plant China Sasol Lurgi Dry 
Ash 

2000 Operating 4 312 Anthracite Ammonia 

Dakota Gasification Co. Nanjing Ammonia Plant China GE 2002 Operating 2 300.8 Eureka pitch & 
Vacuum residue 
oil 

Ammonia 

Eastman Chemical Co. Shaanxi Ammonia Plant China Sasol Lurgi Dry 
Ash 

1987 Operating 4 312 Anthracite Ammonia 

Frontier Oil & Refining Co. 
(Texaco Inc.) 

Wujing Gas Plant No. 2 China GTI (IGT) U-GAS 1994 Operating 8 410.1 Bit. coal Fuel gas & Town 
gas 

Premcor, Inc. Jilin Ammonia Plant China GE 2001 Operating 2 286.6 Visbreaker 
residue 

Ammonia 

Motiva Enterprises LLC Hefei City Ammonia Plant China GE 2000 Operating 3 191.4 Coal Ammonia 
Global Energy, Inc. Zibu Methanol/Oxochemicals 

Plant 
China Shell 1987 Operating 2 97.7 Vac. residue Methanol & 

Oxochemicals 
Coffeyville Resources 
Refining and Marketing, 

Fushun Oxochemicals Plant China Shell 1991 Operating 1 8.2 Vac. residue Oxochemicals 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

LLC 
T & P Syngas 
(Texaco/Praxair) 

Hohhot Ammonia Plant China Shell 1996 Operating 2 287.1 Vac. residue Ammonia 

Tampa Electric Co. Lanzhou Ammonia Plant China Shell 1998 Operating 2 287.1 Natural Gas Ammonia 
Dow (former Union Carbide 
Corp.) 

Juijiang Ammonia Plant China Shell 1996 Operating 2 287.1 Vac. residue Ammonia 

Air Liquide (Rhone-
Poulenc) 

Dong Ting Ammonia Plant China Shell 2005 Development 1 466.2 Coal Ammonia 

BASF AG Hubei Ammonia Plant China Shell 2005 Development 1 466.2 Coal Ammonia 
Henan  China Shell 2005 Construction 0 177.7 Coal  
Air Liquide (Dow Stade 
GmbH) 

 China Shell 2005 Development 0 287.1 Coal  

Mitteldeutsche Erdöl-
Raffinerie GmbH 

 China Shell 2005 Development 0 273.4 Coal  

Rheinbraun  China Shell 2005 Development 0 273.4 Coal  
SAR GmbH  China Shell 2005 Development 0 464.8 Coal  
api Energia S.p.A.  China Shell 2006 Development 0 205.1 Coal  
ISAB Energy  China Shell 2006 Development 0 464.8 Coal  
SARLUX srl  China Shell 2006 Development 0 464.8 Coal  
Nuon Power Buggenum  China Shell 2005 Development 1 232 Coal Ammonia 
Shell Nederland Raffinaderij 
BV 

 China Shell 2005 Development 1 191 Coal Ammonia 

Elcogas SA  China Shell 2005 Development 1 465 Coal Ammonia 
GE Plastics España  China Shell 2006 Development 1 232 Coal Methanol 
Global Energy, Inc.  China Shell 2006 Development 1 465 Coal Ammonia 
BP Chemicals, Ltd.  China Shell 2006 Development 1 465 Coal Ammonia 
Mitsubishi Petrochemicals  China Shell 2006 Engineering 2 861 Coal H2 for direct coal 

liquefaction 
Kemira Chemicals Oy  China Shell 2007 Engineering 1 424 Coal Methanol 
Lucky Goldstar Chemical 
Ltd. 

China 1 China GE 2005 Construction 1 279.6 Coal Methanol 

Chemopetrol a.s. China 2 China GE 2005 Development 1 174.3 Coal Methanol 
DEA Mineraloel AG China 5 China GE 2006 Development 3 284.3 Coal Methanol 
Falconbridge Dominicania Jinling China GE 2005 Development 1 287.1 Coal Ammonia 
Veba Oil Refining & 
Petrochemicals GmbH 

China 4 China GE 2005 Development 1 287.1 Coal & Petcoke Ammonia & Urea 

Fertilizer Corp. of India Ltd. China 3 China GE 2005 Development 3 287.1 Coal & Petcoke Ammonia & H2 
Sekundärrohstoff-
Verwertungszentrum 
Schwarze Pumpe GmbH 

Haolianghe Ammonia Plant China GE 2004 Operating 1 201.6 Coal Ammonia 

Oxochimie S.A. Gas Plant No. 2 China GE 1997 Operating 1 104.6 Coal Methanol, Town 
gas & Acetic acid 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

Nippon Petroleum Refining 
Co. 

Most Gasification Plant Czech Republic Shell 1971 Operating 6 492.1 Vac. residue Methanol & 
Ammonia 

Nanjing Chemical Industry 
Co. 

Vresova IGCC Plant Czech Republic Sasol Lurgi Dry 
Ash 

1996 Operating 26 636.4 Lignite Electricity & Steam 

BOC Gases Thermoselece Vresova Czech Republic GSP 2005 Construction 1 787.4 Lignite Electricity 
Nitrogen Works of Societé 
el Nasr d' Engrois 

Santo Domingo Syngas Plant Dominican 
Republic 

Shell 1971 Operating 12 196.9 Bunker C fuel oil Reducing gas 

Sasol (Pty) Ltd. Suez Ammonia Plant Egypt Koppers-Totzek 1966 Operating 3 106.4 Ref. off-gases Ammonia 
Sasol (Pty) Ltd. Oulu Syngas Plant-I Finland Shell 1965 Operating 1 41 Bunker C fuel oil Syngas 
China National Technology 
Import Co. (CNTIC) 

Varkaus ACFBG Plant Finland FW ACFBG 2001 Operating 1 32 Packaging 
wastes 

Syngas 

IBIL Energy Systems Ltd. 
(IES) 

Kymijärvi ACFBG Plant Finland FW ACFBG 1998 Operating 1 48 Biofuels Electricity & 
District heat 

Shanghai Pacific Chemical 
(Group) Co., Ltd. 

Pietarsaari ACFBG Unit Finland FW ACFBG 1983 Operating 1 28 Biofuels Syngas 

Chinese Petroleum Corp. Norrsundet ACFBG Unit Finland FW ACFBG 1984 Operating 1 20 Bark Syngas 
Gujarat Narmada Valley 
Fertilizers Co. Ltd. 

Gorazde Ammonia Plant Former 
Yugoslavia 

LP Winkler 1952 Operating 1 16.4 Lignite Ammonia 

Ube Ammonia Industry Co. 
Ltd. 

Methanol Plant Former 
Yugoslavia 

GE 1987 Operating 1 210.5 Natural gas Methanol 

Jilin Chemical Industrial 
Corp. 

Pont-de-Claix Syngas Plant France GE 1989 Operating 1 38 Natural gas CO & H2 

Huainan General Chemical 
Works 

Lavéra Syngas Plant France GE 1977 Operating 1 80.8 Natural gas Oxochemicals 

PRAOIL Ludwigshafen H2 Plant Germany GE 1968 Operating 4 134 Fuel oil H2 
Praxair (EniChem) Stade Syngas Plant Germany GE 1991 Operating 1 36.1 Natural gas CO 
BASF AG Leuna Methanol Anlage Germany Shell 1985 Operating 6 984.3 Visbreaker 

residue 
H2, Methanol & 
Electricity 

Chemische Werke Hüls AG Ville Methanol Plant Germany GE 1985 Operating 3 305.1 Coal Methanol 
Chemische Werke Hüls AG SAR Plant-II Germany GE 1986 Operating 1 164 Vac. residue Oxochemicals & 

H2 
Mitsui Wesseling Methanol Plant-VI Germany Shell 1969 Operating 2 177.7 Heavy cracked 

residue 
Methanol 

BASF AG Gelsenkirchen-Scholven 
Ammonia/Methanol Plant 

Germany Shell 1973 Operating 4 587.8 Vac. residue Ammonia & 
Methanol 

Celanese Chemical 
(Ruhrchemie) 

Schwarze Pumpe 
Power/Methanol Plant 

Germany GSP 1992 Operating 1 164 Waste oil/slurry 
tar 

Electricity & 
Methanol 

Millenium (Quantum) Ludwigshafen Oxochemicals 
Plant 

Germany GE 1966 Operating 1 136.7 Heavy fuel oil Oxochemicals 

Hoechst Celanese Marl Oxochemicals Plant Germany GE 1967 Operating 1 82 Heavy fuel oil Oxochemicals 
Akzo Nobel/Berol-Kemi Marl Oxochemicals Plant Germany GE 1969 Operating 1 82 Vac. residue & 

heavy fuel oil 
Oxochemicals 

Daicel Ludwigshafen Methanol Plant Germany GE 1974 Operating 4 341.8 Vac. residue & Methanol 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

heavy fuel oil 
Ultrafertil S.A. Oxochemicals Plant Germany GE 1977 Operating 1 131.2 Heavy fuel oil & 

vac. residue 
Oxochemicals 

Qilu Petrochemical Ind. Schwarze Pumpe 
Power/Methanol Plant 

Germany Sasol Lurgi Dry 
Ash 

1964 Operating 7 410.1 Municipal waste Electricity & 
Methanol 

Quimigal Adubos Fuel Gas Plant Germany Sasol Lurgi CFB 1996 Operating 1 100 Biomass, Wastes 
& Carbon ash 

Fuel gas 

Fushun Detergent Co. Schwarze Pumpe 
Power/Methanol Plant 

Germany BGL 1999 Operating 1 155.6 Household waste 
& Bit. coal 

Electricity & 
Methanol 

Inner Mongolia Fertilizer 
Co. 

Schwarze Pumpe 
Power/Methanol Plant 

Germany Sasol Lurgi MPG 1968 Operating 5 196.9 Oil & Slurry Electricity & 
Methanol 

Lanzhou Chemical 
Industrial Co. 

Brunsbüttel Ammonia Plant Germany Shell 1978 Operating 4 642.5 Hvy vis. residue Ammonia 

Juijiang Petrochemical Co. Wesseling Syngas Plant Germany GE 2000 Operating 1 205.1 Residual oil Methanol 
Lucky Goldstar Chemical 
Ltd. 

Fondotoce Gasification Plant Germany ThermoSelect 1999 Operating 3 34.2 MSW Electricity 

Sekundärrohstoff-
Verwertungszentrum 
Schwarze Pumpe GmbH 

Nangal Ammonia Plant India Shell 1978 Operating 3 287.1 Bunker C fuel oil Ammonia 

Rüdersdorfer Zement 
GmbH 

Sanghi IGCC Plant India GTI (IGT) U-GAS 2002 Operating 1 109.1 Lignite Electricity & Steam 

EPZ Narmada Ammonia/Methanol 
Plant 

India GE 1982 Operating 3 405.3 Ref. residual oil Ammonia & 
Methanol 

Fabrika Azotnih Jendinjenja Panipat Ammonia Plant India Shell 1978 Operating 3 287.1 Bunker C fuel oil Ammonia 
Sekundärrohstoff-
Verwertungszentrum 
Schwarze Pumpe GmbH 

Bathinda Ammonia Plant India Shell 1979 Operating 3 287.1 Bunker C fuel oil Ammonia 

ExxonMobil Neyveli Syngas Plant India Shell 1979 Operating 2 109.4 Bunker C fuel oil Syngas 
Esso Singapore Pty. Ltd. Paradip Gasification H2/Power 

Plant 
India Shell 2006 Development 3 888.6 Petcoke H2 & Electricity 

Sokolovska Uhelna, A.S. api Energia S.p.A. IGCC Plant Italy GE 2001 Operating 2 525.6 Vac. visbreaker 
residue 

Electricity & Steam 

Sydkraft AB ISAB Energy IGCC Project Italy GE 1999 Operating 2 1203 ROSE asphalt Electricity 
Corenso United Oy Ltd. SARLUX IGCC Project Italy GE 2000 Operating 3 1271.2 Visbreaker 

residue 
Electricity, H2 & 
Steam 

Sekundärrohstoff-
Verwertungszentrum 
Schwarze Pumpe GmbH 

Gela Ragusa H2 Plant Italy GE 1963 Operating 2 157.2 Natural gas H2 

Hoechst Celanese Ravenna Syngas Plant Italy GE 1958 Operating 2 95.7 Natural gas CO 
Hydro Agri Brunsbüttel 
GmbH 

Sulcis IGCC Project Italy Shell 2006 Development 2 956.9 Coal Electricity 

Exxon Chemical Co. Agip IGCC Italy Shell 2005 Development 2 456.6 Visbreaker 
residue 

Electricity & H2 

National Fertilizer Ltd. Ube City Ammonia Plant Japan GE 1984 Operating 4 293.9 Coal & petcoke Ammonia 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

National Fertilizer Ltd. Yokkaichi Syngas Plant Japan Shell 1961 Operating 2 54.7 Bunker C fuel oil Syngas 
Neyveli Lignite Corp. Ltd. Negishi IGCC Japan GE 2003 Operating 2 792.9 Vac. residue Electricity 
Air Products (ICI) Ube City CO Plant Japan GE 1982 Operating 1 27.3 Petcoke CO 
Sunoco CO Plant Japan GE 1961 Operating 2 82 Crude oil CO 
Dow (former Union Carbide) Methanol Plant Japan GE 1982 Operating 2 75.2 Vac. residue Methanol 
MSK-Radna Bintulu GTL Plant Malaysia Shell 1993 Operating 6 1032.4 Natural gas Mid-distillates 
Texas Eastman Buggenum IGCC Plant Netherlands Shell 1994 Operating 1 465.9 Bit. coal Electricity 
BP Samsung Pernis Shell IGCC/Hydrogen 

Plant 
Netherlands Shell 1997 Operating 3 637.3 Visbreaker 

residue 
H2, Electricity & 
Steam 

Lahden Lämpövoima Oy Americentrale Fuel Gas Plant Netherlands Sasol Lurgi CFB 2000 Operating 1 84 Demolition wood Electricity 
Oy W. Schauman Ab Mills  Poland Shell 2008 Development 3 620 Asphalt H2, Steam & 

Power 
Norrsundet Bruks Ab Barreiro Ammonia Plant Portugal Shell 1984 Operating 2 328.1 Vac. residue Ammonia 
ASSI Rodao ACFBG Unit Portugal FW ACFBG 1985 Operating 1 15 Bark Syngas 
Portucel Pearl GTL Qatar Shell 2009 Development 18 10936 Natural Gas Distillate, Naphtha 

& Paraffins 
DEA Mineraloel AG Singapore Syngas Plant Singapore GE 2000 Operating 2 220.1 Ref. residue H2 & CO 
ATI Sulcis Chawan IGCC Plant Singapore GE 2001 Operating 2 363.6 Residual oil Electricity, H2 & 

Steam 
Indian Oil Corp. Ltd. Sasol-I F-T Syngas Plant South Africa Sasol Lurgi Dry 

Ash 
1955 Operating 17 970.6 Bit. coal FT liquids 

AGIP Raffinazione S.p.A. Sasol Synfuels South Africa Sasol Lurgi Dry 
Ash 

1977 Operating 40 7048 Subbit. coal Gas & Chemicals 

Sokolovska Uhelna, A.S. Gasification East Plant South Africa Sasol Lurgi Dry 
Ash 

1982 Operating 40 7048 Subbit. coal Gas & Chemicals 

Sinopec/Shell Naju Ammonia Plant South Korea Shell 1969 Operating 1 68.4 Vac. Residue Ammonia 
Sinopec/Shell Yochon Oxochemicals Plant South Korea Shell 1996 Operating 1 52.5 Bunker C fuel oil Oxochemicals 
Air Liquide America Corp. CO Plant South Korea GE 1997 Operating 1 82 Naphtha CO 
Unspecified Owner Puertollano GCC Plant Spain PRENFLO 1997 Operating 1 587.8 Coal & petcoke Electricity 
Sistemas de Energia 
Renovavel 

Cartagena Syngas Plant Spain GE 1997 Operating 1 22 Natural gas CO 

Excelsior Energy Stenungsund Oxochemicals 
Plant 

Sweden GE 1980 Operating 1 27.3 Heavy fuel oil Oxochemicals 

Steelhead Energy Värnamo IGCC Demonstration 
Plant 

Sweden FW PCFBG 1993 Operating 1 14.4 Biofuels Electricity & 
District heat 

Vanguard Synfuels Karlsborg ACFBG Unit Sweden FW ACFBG 1984 Operating 1 27 Bark Syngas 
Lake Charles Cogeneration 
LLC 

Kaohsuing Syngas Plant Taiwan GE 1984 Operating 2 293 Bitumen H2, CO & 
Methanol SG 

Rentech Development Mai Liao Refinery Taiwan GE 2004 Operating 1 147.6 Naphtha Methanol 
Shuanghuan Chemical Hull Syngas Plant United Kingdom GE 1989 Operating 1 124.5 Natural gas Acetyls 
Liuzhou Chemical Billingham Oxochemicals Plant United Kingdom GE 1959 Operating 3 82 Natural gas Oxochemicals 
Sinopec-Shell LaPorte Syngas Plant United States GE 1996 Operating 2 252.7 Natural gas H2 & CO 
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 Gasification Database-Output of Select Fields 

Plant Owner Plant Name Country Techn. Start 
Year 

Status Number 
of 
Gasifiers

MW Feed Products 

Sinopec Great Plains Synfuels Plant United States Sasol Lurgi Dry 
Ash 

1984 Operating 14 1900.3 Lignite & Ref. 
residue 

SNG & CO2 

Sinopec Kingsport Integrated Coal 
Gasification Facility 

United States GE 1983 Operating 2 218.7 Bit. coal Acetic anhydride & 
Methanol 

Dahua Chemicals El Dorado Gasification Power 
Plant 

United States GE 1996 Operating 1 11 Petcoke, Ref. 
waste & Natural 
gas 

Electricity & HP 
steam 

Yuntianhua Chemicals Delaware Clean Energy 
Cogeneration Project 

United States GE 2002 Operating 2 519.5 Fluid petcoke Electricity & Steam 

Yunzhanhua Chemicals Convent H2 Plant United States GE 1984 Operating 2 257 H-Oil bottoms H2 
Opti Canada Wabash River Energy Ltd. United States E-GAS 

(Destec/Dow) 
1995 Operating 2 590.6 Petcoke Electricity 

Lotos Reffinery Gdansk Coffeyville Syngas Plant United States GE 2000 Operating 2 292.7 Petcoke Ammonia & UAN 
Qatar Petroleum Texas City Syngas Plant United States GE 1996 Operating 1 278 Natural gas H2 & CO 
Liuzhou Chemicals Polk County IGCC Project United States GE 1996 Operating 1 451.1 Coal/Petcoke Electricity 
Shuanghuan Chemicals Taft Syngas Plant United States GE 1995 Operating 1 59.1 Natural gas Oxochemicals 
Anqing Sinopec Lima Energy IGCC Plant United States E-GAS 

(Destec/Dow) 
2008 Development 1 1005.7 Coal & MSW Electricity 

Dahua Chemicals LaPorte Syngas Plant United States GE 1979 Operating 2 656.2 Natural gas Methanol & CO 
Yuntianhua Chemicals Oxochemicals Plant United States GE 1979 Operating 2 68.4 Naphtha & fuel oil Oxochemicals 
Yunzhanhua Chemicals Baytown Syngas Plant United States GE 2000 Operating 2 347.2 Deasphalter pitch Syngas 
Shenhua Houston Oxochemicals Plant United States Shell 1977 Operating 3 287.1 Natural gas Oxochemicals 
Yongcheng Chemicals Baton Rouge Oxochemicals 

Plant 
United States Shell 1978 Operating 3 77.9 Heavy fuel oil Oxochemicals 

China 1 (Expansion) Oxochemicals Plant United States GE 1983 Operating 1 54.7 Natural gas Oxochemicals 
China 2 Texas City Syngas Plant United States GE 1983 Operating 2 113.5 Natural gas Oxochemicals 
BP/Formosa Oxochemicals Plant United States GE 1998 Operating 1 47.8 Natural gas Oxochemicals 
China 5 Longview Gasification Plant United States GE 2002 Operating 2 213 Natural gas Syngas & Steam 
Jinling Mesaba Energy Project United States E-GAS 

(Destec/Dow) 
2009 Development 3 0 Coal Electricity 

China 4 Steelhead Energy United States E-GAS 
(Destec/Dow) 

2010 Development 2 0 Coal Electricity & 
Syngas 

China 3  United States E-GAS 
(Destec/Dow) 

2008 Development 1 0 Petcoke Power, Hydrogen 
& Steam 

Haolianghe Ammonia Plant CITGO Lake Charles United States E-GAS 
(Destec/Dow) 

2009 Development 4 0 Petcoke Power, Hydrogen 
& Steam 

Shanghai Chemical & 
Coking (Shanghai Pacific) 

Rentech & Royster Clark United States E-GAS 
(Destec/Dow) 

2009 Engineering 0 59.1 Coal FT Liquids 
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INTRODUCTION
The United States is heavily dependent on fossil energy (i.e., pe-
troleum, natural gas, and coal). Today, coal and natural gas are
used to generate approximately 50% and 16%, respectively, of
the nation’s electricity, while petroleum supplies nearly all of the
fuel for the transportation sector. According to both public- and
private-sector forecasts,1 the nation’s electricity and transporta-
tion fuels demand will continue to be fossil fuel-based for the
foreseeable future. This continued use, however, must be matched
by combining energy availability at reasonable prices with in-
creasingly clean environmental performance throughout the en-
ergy life cycle of production, conversion, and end-use.

Gasification—a process that converts any carbon-containing
material into synthesis gas, composed primarily of carbon
monoxide (CO) and hydrogen (H2)—is one technology that
offers considerable potential to enhance the United States’
energy security and economic competitiveness through the
production of clean energy, transportation fuels, and chemicals,
using indigenous U.S. coal resources. In fact, more than 160
commercial gasification plants are currently in operation,
under construction, or in the planning and design stages in
28 countries worldwide.

Gasification-based technologies can be used to convert coal
or other carbon-containing resources into a high-value, clean

gas for use as a fuel for combined-cycle power generation or as
a feedstock for the production of liquid fuels and chemicals.
Moreover, these systems have the advantage of being capable
of co-generating electricity and fuels/chemicals efficiently,
economically, and in an environmentally acceptable man-
ner. Environmental performance of these systems can be
tailored to specific requirements. In addition, due to the high
efficiency of these systems, emissions of carbon dioxide (CO2)
are inherently low.

PROGRAM GOALS FOR GROWING MARKETS
The U.S. Department of Energy’s (DOE) gasification program
focuses on developing advanced technologies for improving
process efficiency, environmental performance, and plant
economics. The program’s research and development (R&D)
goals shown in Table 1 are consistent with the joint DOE, Coal
Utilization Research Council (CURC), and EPRI R&D roadmap.
Together with developments from DOE’s turbine, fuel cell, and
sequestration programs, gasification for power generation is
targeted to achieve near-zero emissions of criteria pollutants
and sequester CO2 at thermal efficiencies in excess of 60%.
Such high efficiencies not only help reduce emissions, but also
conserve coal resources for future generations. Related technical
objectives include modularity and standardization of plant
design, improved plant availability, and feedstock and product
flexibility. Achieving these goals will help make gasification
the technology of choice for a range of market applications,
thereby helping the U.S. industry maintain its economic com-
petitiveness in the global market.

THE GASIFICATION PROCESS
In the gasification process, carbon-based feedstocks (e.g., coal,
biomass, petcoke, oil residual) are converted in the gasifier—
in the presence of steam and oxygen at high temperatures
and moderate pressure—to synthesis gas, commonly referred
to as “syngas.” The chemistry of gasification is complex and
involves many chemical reactions. In the initial stages of gas-
ification, the rising temperature of the feedstock in the gas-
ifier initiates devolatilization of the feedstock and the breaking
of weaker chemical bonds to yield tars, oils, phenols, and
hydrocarbon gases. These products generally react further to
form H2, CO, and CO2. The fixed carbon that remains after
devolatilization is reacted with oxygen, steam, CO2, and H2

to further contribute to the final gas mixture. The water-gas
shift reaction alters the H2/CO ratio in the final mixture, but
does not greatly impact the heating value of the synthesis gas.
Methane (CH4) formation via two reactions is favored by high
pressures and low temperatures and is therefore important in
lower-temperature gasification systems. CH4 formation is a
highly exothermic reaction that does not consume oxygen
and therefore increases the efficiency of gasification and the
final heating value of the synthesis gas. Overall, approximately

This article looks at the U.S. Department of Energy’s gasification
program and builds a case for the technology’s role in meeting the
demands of growing energy markets.
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70% of the feed fuel’s heating value is associated with the
CO and H2 components of the gas, but can be higher de-
pending on the gasifier type. In an accompanying article,
Holt describes different types of gasifiers and provides more
information on the process.2

Depending on the gasification technology employed, sig-
nificant quantities of water, CO2, and CH4 can be present in
the synthesis gas, as well as several minor and trace compo-
nents. Under the substoichiometric-reducing conditions of
the gasifier, most of the fuel’s sulfur converts to hydrogen
sulfide (H2S), but some (3–10%) also converts to carbonyl
sulfide (COS). Nitrogen bound with the fuel generally con-
verts to gaseous nitrogen, but some ammonia and a small
amount of hydrogen cyanide also forms. Most of the chlo-
rine content of the fuel is converted to hydrogen chloride
gas and some particulate-phase chlorides. Trace elements as-
sociated with both organic and inorganic components of the
feedstock, such as mercury and arsenic, are released during
gasification and partition between the different ash fractions
(e.g., fly ash, bottom ash, slag) and gaseous emissions. The
synthesis gas must be cleaned of these minor and trace com-
ponents to predetermined levels consistent with further
downstream processing. To clean the synthesis gas, chemi-
cal and physical solvents, such as methyl diethanolamine
and methanol, operating at near ambient temperatures or
lower are employed. The selection of the technology for gas
cleanup (e.g., Selexol, Rectisol) is dependent on the purity
requirements of downstream operations. The cleanup pro-
cess results in nearly all of the sulfur being removed from the
fuel gas as elemental sulfur, leading to very low emissions of
sulfur oxides from the gas turbine. Eliminating fuel-bound
nitrogen from the synthesis gas in the gas cleaning system
and providing diluent or moisture to the fuel gas prior to the
turbine will also result in very low levels of nitrogen oxides
emissions, even in the absence of selective catalytic reduc-
tion technology.

Once the synthesis gas is sufficiently cleaned, various
options exist for its utilization, including the production of

electricity via integrated gasification combined cycle (IGCC)
or the production of chemicals, H2, and reformable liquid
fuels.

• In the IGCC process, the clean synthesis gas is sent
to a combustion turbine, where it is combusted to
produce electricity. The energy contained in the ex-
haust gas from the gas turbine is recovered in a
heat-recovery steam generator for the production
of additional electricity in a steam turbine. Approxi-
mately two-thirds of the total electricity produced
in the IGCC plant is produced by the gas turbine.

• For the production of H2, the synthesis gas is routed
to the water-gas shift reactor, where the CO in the
gas is reacted with water over a catalyst to produce
a product stream containing only CO2 and H2. The
H2 and CO2 are then separated. The H2 can be used
in the gas turbine, highly efficient fuel cells, or dis-
tributed for use as a fuel in the transportation sec-
tor, while the CO2 can be sequestered.

• For the production of a reformable liquid fuel, the
synthesis gas is partially shifted to a predetermined
H2/CO ratio and then catalytically converted to a
saturated hydrocarbon product via conventional
Fischer-Tropsch synthesis. The reaction can be
viewed as a polymerization process, with CO mol-
ecules being added one by one to a growing chain
that may terminate at any length. The most com-
mon catalysts are cobalt and iron. The reaction is
highly exothermic, and must be carried out in reac-
tors with good heat-removal capabilities (e.g.,
tubular fixed bed, fluidized bed, slurry). The Fischer-
Tropsch by-product can then be shipped to the point
of use, where it can be catalytically reformed to
produce the needed H2. Through the appropriate
adjustment of the H2/CO ratio and other catalysts,
chemicals such as methanol, dimethyl ether, and
higher alcohols can also be produced from the clean
synthesis gas while still achieving near-zero emis-
sions of criteria pollutants.

The low-cost production of H2 from fossil fuels, particu-
larly coal, is a key factor that will impact the successful intro-
duction of H2 into the transportation and utility energy
sectors. Advanced technologies for the production of H2 will
be required to achieve the level of cost necessary to mini-
mize the impact to the consumer. While natural gas currently
represents the primary fossil energy resource for H2 produc-
tion, coal and other solid carbonaceous resources offer
viable options for producing the large quantities of H2 that
will be required to fuel future world energy needs. Because of
its unique process and environmental attributes, gasification
is viewed as a key technology in the transition to a H2

economy in the United States.

Table 1. DOE/CURC/EPRI R&D roadmap targets for coal-based power
generation.

2004 2010 2020

Plant efficiency 40–42 45–50 50–60
(% higher heating value)
Emissions <New Source 1/10 NSPS Near zero

Performance emissions
Standards (NSPS)

Plant capital cost 1200 900–1000 800–900
($/kW)
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DOE’S GASIFICATION PROGRAM
DOE’s gasification program seeks to implement strategic, time-
phased R&D to develop lower-cost, lower-risk technologies to
improve the economic environmental performance of existing
systems, develop advanced technologies for a new generation of
gasification systems by 2010, and put into operation advanced
integrated energy plants by 2020.3 The gasification program is
currently structured in five technology areas: advanced gasifica-
tion, gas cleaning and conditioning, advanced gas separation,
product and by-product utilization, and systems analysis/tech-
nology integration.4 Each area is described below, preceded by
that area’s primary goal.

Advanced Gasification
To further develop fuel flexibility, higher efficiency and reliability,
and improved economic and environmental performance.  Research
is being conducted on advanced gasifier concepts so that higher
performance can be achieved and the variety of possible feed-
stocks can be expanded. Advanced materials, instrumentation,
and controls are being developed to improve system reliabil-
ity and availability, operational control, and overall system
performance. Computational Fluid Dynamic (CFD) modeling
is being employed to better understand the dynamics inside
the gasifier and to provide insight into improving the overall
performance of the gasifier, as well as specific components.

Gas Cleaning and Conditioning
To evaluate novel concepts to meet rigid synthesis gas quality speci-
fications for fuel cells and catalytic conversion processes.  The
goal is to achieve near-zero emissions while simultaneously
reducing capital and operating costs and improving overall
plant thermal efficiency. Novel gas cleaning approaches are
undergoing development to achieve these goals. Processes
that operate at mild temperatures (300–700 oF) and incorpo-
rate multicontaminant controls to reduce the number of unit
operations are being explored. Contaminants of interest in-
clude particulates, sulfur, ammonia, chlorides, and trace met-
als (e.g., mercury, arsenic, cadmium, selenium).

Advanced Gas Separation
To investigate alternatives to energy intensive separation meth-
ods, such as cryogenic separation.  A major initiative is the de-
velopment of cost-effective air separation membranes that
have shown considerable promise in achieving improvements
in cost and efficiency compared to conventional cryogenic
air separation technologies. H2 recovery and CO2 removal
are becoming important, and a new suite of technologies
that offer various options, depending on the end-use appli-
cation of the H2 and CO2, are being developed.

Product and By-Product Utilization
To enhance project revenues through the elimination of waste

streams.  The sale of value-added by-products from waste
streams and the minimization of waste disposal can substan-
tially improve the economics of gasification processes. By-
products include pressurized CO2, ash/slag, sulfur and/or
sulfuric acid, and ammonia. DOE’s gasification program seeks
to expand market options, such as improving the quality of
slags and improving the use of sulfur by-products. This area
has had limited activity in recent years due to higher pro-
gram priorities.

Systems Analysis/Technology Integration
To achieve improvements in plant economics and performance
through effective integration of all process units.  This area tar-
gets integration of all relevant gasification technologies, re-
gardless of the end product. Economic analyses, performance
assessments, and market studies provide guidance for future
research and development and deployment opportunities.
Numerous outreach activities are being conducted, such as
environmental workshops and training sessions, to inform
and educate the public, industry officials, environmental
groups, and local, state, and federal legislators and regula-
tors about gasification and its potential environmental and
economic benefits.

ONGOING RESEARCH AND TECHNOLOGY ISSUES
The development of advanced technologies can play a sig-
nificant role in reducing costs and improving the efficiency
and performance of gasification-based processes. Figure 1 il-
lustrates some of the critical technology issues that have been
identified by industry as contributing factors in gasification
achieving its full potential. These issues are the focus of DOE’s
gasification program (further information can be found
online at www.netl.doe.gov/coal/gasification/). The following
discussion will further elaborate on some of those issues and
the approach being taken for mitigation.

Gasification
The reliability and performance of the gasifier is a key factor
affecting the commercial deployment of gasification tech-
nologies. Today, single-train IGCC plants, such as the Wabash
River plant in Indiana and the Tampa Electric plant in Florida,
have typically not achieved plant availabilities in excess of
80% for any sustained period of time. However, for gasifica-
tion to be accepted for utility applications, single-train avail-
abilities in excess of 90% are required. For other applications,
such as refineries and chemical plants, the availability of the
gasifier must be >97%. Today, these high availabilities can
only be accomplished through the use of a spare gasifier, but
at a cost to the plant. To achieve these high availabilities,
several areas of the gasifier require improvement.5

Feed injectors are considered to be the weakest links in
the process for achieving high availabilities, particularly with
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slurry-fed systems. A typical injector has a life expectancy of
only 2–6 months, whereas a minimum of 12 months is
desired. CFD modeling around the injector may help to
elucidate the factors that lead to failure. New materials and/
or coatings for existing materials are needed to provide pro-
tection from sulfidation and corrosion at high reactor
temperatures. The Gas Technology Institute, under DOE spon-
sorship, is developing a diagnostic technique to characterize
the environment around the injector flame with the hope of
obtaining information crucial to improving the life of injec-
tors. This technique will be installed and tested in the gasifier
at the Wabash River plant in the coming year. DOE is also
embarking on a new project with Boeing to develop a new
injector device based on rocket engine technology that is
hoped to achieve the target life and improve carbon conversion
in the gasifier.

Injector life is also related to whether a dry or wet feed
system is used. In a dry feed system, injector life is typically
longer, possibly due to the absence of large amounts of evapo-
rating water. Although improved life has been reported, op-
erations with dry feed systems at high pressures are
problematic in the feed system because of the use of lock
hoppers. To help eliminate lock hoppers, a high-pressure dry
feed pump is currently being developed by Stamet. This tech-
nology is slated for testing at DOE’s Power Systems Develop-
ment Facility in Alabama in conjunction with the transport
gasifier. This new pump technology offers promise for sig-
nificant cost reductions for dry feed systems.

For gasifiers employing refractories to protect the pres-
sure vessel (e.g., ChevronTexaco, now owned by GE, and
E-gas), new materials must be developed and demonstrated

that have useful lives in
excess of three years. De-
pending on how aggressive
the gasifier is operated to
achieve the desired level of
carbon conversion and the
feedstock itself, these liners
typically last 6–18 months.
To rebrick these gasifiers
typically requires three
weeks of downtime and
costs between $1 million
and $2 million. If a gasifier
must be rebricked at least
once per year, the availabil-
ity is automatically reduced
by 5–6 percentage points.
Albany Research has devel-
oped a new high chromium
refractory material that has
shown considerable resis-

tance to slag attack under simulated gasifier conditions.6 This
material is being tested in a commercial coal gasifier to confirm
its performance under actual gasifier conditions. Actively cooled
gasifiers would mitigate the refractory problem, but these routes
are usually more expensive. In addition to the new feed injec-
tors, Boeing will also develop a new actively cooled liner that is
potentially less expensive than other approaches.

Thermocouples used to measure the temperature inside
the gasification zone are reported to last only 30–45 days.
Failure of the thermocouples is largely due to corrosion re-
sulting from slag penetration into the refractory and stresses
caused by temperature cycles. When the thermocouple is lost,
the gasifier temperature is typically controlled based on a prior
calibration of expected temperature versus the methane con-
tent of the exit gas. New instrumentation capable of operating
in the gasification environment with an expected lifetime of at
least one year is required. DOE has sponsored considerable work
on the development of new high-temperature measurement
methodologies. Currently, an infrared pyrometer developed
by ChevronTexaco has been installed in the gasifier at the
Tampa Electric plant, an optical fiber device developed by
Virginia Polytechnic Institute has been installed in the
Wabash River gasifier, and a modified thermocouple assem-
bly developed by Albany Research is undergoing testing at
the Eastman gasification plant in Tennessee.

The gasifier technologies being deployed today were
developed many years ago, and therefore only incremental
improvements can be made to the overall technology. To pro-
vide significant improvements, innovative approaches must
be explored. The transport gasifier being pioneered by South-
ern Company has shown significant promise for a variety of

Figure 1. Overview of technical issues related to gasification-based processes.
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feedstocks and works especially well on low-
rank coals and lignites. The chemical looping
concepts being developed by Alstom and GE
Global Research, offer a new direct route to
the production of hydrogen and the capture
of CO2 through the use of solid sorbents. In
these concepts, air and coal are fed to the
system, and pure streams of H2 and CO2 are
produced. Multiple reactors are employed
with transfer of solids between the beds. For
instance, air is fed to one of the reactors
where the oxygen is absorbed on an oxygen
transport material. This material is transferred
to a second bed where the oxygen desorbs
and reacts to generate heat for the gasifica-
tion reactions. Although the technologies are
in the very early stages of development and numerous prob-
lems associated with the transfer of hot solids between the
vessels must be resolved, preliminary studies have shown
the potential for significant capital cost reductions and
efficiency improvements if the performance goals can be
achieved.

Synthesis Gas Cleaning Technologies
Current synthesis gas cleaning technologies employ chemi-
cal or physical solvents and operate at near ambient tem-
perature or lower. In an IGCC plant, these technologies
generally constitute 12–15% of the total capital cost of the
plant. Amine-based systems are suitable for meeting today’s
emission requirements, but they are not capable of achiev-
ing future potential regulations nor are they applicable for
chemicals production. For the latter, more expensive and
energy intensive technologies such as Rectisol must be em-
ployed. Industry would like to have technologies that are
capable of achieving the performance of a Rectisol unit, but
at equal or lower cost than an amine system.

Several technologies currently under development have
potential for achieving just that. A novel sorbent-based tech-
nology with a transport reactor is currently being commis-
sioned in conjunction with a coal gasifier that can achieve
sulfur levels as low as 1 part per million (ppm) in the synthe-
sis gas stream while operating at moderate process condi-
tions (500–700 oF). Such temperatures are consistent with
downstream process applications and obviate the need for
cooling and reheating, which impart an efficiency penalty
on the system. Integrated operations with a coal gasifier are
necessary to demonstrate the impact of trace contaminants
in the coal-derived synthesis gas on the performance,
longevity, and regenerability of the sorbent and to evaluate
its attrition resistance.

Selective catalytic oxidation technologies being developed
have the potential for achieving sulfur levels well below 1

ppm while operating at moderate process temperatures. In
this approach, a small quantity of oxygen is injected into
the synthesis gas stream where it reacts with H2S over a cata-
lyst to directly form elemental sulfur. However, to achieve
the desired performance, either the COS in the raw gas stream
must be hydrolyzed to H2S or a new catalyst must be devel-
oped to directly convert COS to elemental sulfur.

Preliminary engineering analyses of these two technolo-
gies have shown significant improvements over current com-
mercial technologies. While achieving greater than an order
of magnitude reduction in sulfur over amine-based systems
and comparable performance to Rectisol, the capital cost of
the technology is expected to be reduced by at least $60–
$80/kW compared to amine-based technologies. In addition
to the capital cost reduction, there is a concomitant increase
in thermal efficiency of 1–2 efficiency points.

For the above two approaches to be commercially attrac-
tive at moderate process temperatures, technologies are
needed that can remove other trace contaminants at similar
process conditions. Technologies for ammonia, chlorides, and
mercury removal are currently being developed, and testing
in conjunction with a coal gasifier is expected within the
next two years. Although not regulated at this time, the gas-
ification program is also focused on the removal of arsenic,
selenium, and cadmium with emphasis on multicontaminant
removal technologies to achieve near-zero emissions of all
contaminants.

Gas Separation Technologies
Cost-effective and efficient gas separation technologies are
vital in any chemical process operation and will impact the
overall cost of the system. For the production of H2 from
coal, gas separation operations occur in two major areas:
(1) the separation of oxygen from air for use in the gasifier
and (2) the separation of the shifted synthesis gas stream
into pure H2 and CO2 streams.

Table 2. Performance comparison of IGCC technology with advanced air separation
membranes and conventional cryogenic technology.8

Ion Transfer Cryogenic
Air Separation Air Separation %

Unit Unit Difference

IGCC net power (MW) 438 409 +7
Net IGCC efficiency (% higher heating value) 40.4 39.5 +2
Oxygen power requirement (kWh/t) 147 235 -37
Oxygen plant size (t/day) 3200 3040 +5
Oxygen plant cost ($/t/day) 13,000 20,132 -35
Total IGCC cost ($ thousands) 447,000 448,000 —
IGCC specific cost ($/kW) 1020 1094 -7
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Cryogenic technologies are currently employed for the
production of oxygen; however, this process is extremely
capital- and energy-intensive. Cryogenic air separation units
in an IGCC plant typically constitute 12–15% of the plant’s
total capital costs and can consume upwards of 10% of the
plant’s gross power output. Advanced dense ceramic mem-
branes possessing both ionic and electronic conductance
are being developed as a high-temperature approach for air
separation. Air Products and Chemicals Inc. is developing a
planar membrane technology, while Praxair is focusing on
a tubular design. A preliminary engineering analysis com-
paring these advanced membranes with conventional cryo-
genic technologies has been performed and the results are
presented in Table 2.7 The advanced membranes have the
potential for reducing the capital cost of an IGCC plant by
$75–$100/kW with a corresponding 1–2 point gain in ther-
mal efficiency. Although many challenges exist in material
composition and processing to produce defect-free chemi-
cally and thermally stable membranes with commercially
relevant fluxes, significant progress has been made over the
past few years. Integration of the membranes with a gas
turbine is critical for achieving the stated performance; how-
ever, recent indications are that no critical issues exist with
the integration of a gas turbine that cannot be overcome
through design modifications. The first commercial offer-
ing of these membrane-based technologies is expected to
occur near the end of this decade.

Separation of H2 from shifted synthesis gas, either
derived from coal or natural gas, is a key unit operation of
any fossil-energy-based H2 production system.8 Membrane
technologies have been and continue to be explored quite
extensively by many. Table 3 presents the results of an en-
gineering analysis comparing conventional coal gasification

technologies for producing H2 with that employing ad-
vanced membranes and other technologies.9 As shown, the
cost of the H2 using conventional technology is approximately
$8.20/106 Btu, which is equivalent to natural gas costing
$5.50/106 Btu. Employing the advanced technologies reduces
the cost of the H2 to approximately $5.90/106 Btu, equivalent
to natural gas at $3.60/106 Btu. If a two-train gasification
system is employed and electricity is co-produced, the cost
of H2 drops to a value of $4.00/106 Btu, or an equivalent
natural gas cost of approximately $2.15/106 Btu. As can be
seen, there is substantial incentive to develop advanced H2/
CO2 separation, as well as other technologies.

Membranes can usually be divided into either organic
or inorganic. Organic membranes appear to have limited
applications for coal-based H2 production routes because of
their extreme sensitivity to process conditions and trace con-
taminants. Instead, the bulk of the work for H2 separation
is focused on inorganic membranes. Inorganic membranes
can be further classified as either porous or dense, and the
latter can be further subdivided into metallic or solid elec-
trolytes (ceramic). Of the porous membranes being devel-
oped, the most promising appears to be the K25 membrane
developed by Oak Ridge National Laboratory (ORNL). (Note:
The engineering analyses in Table 3 were based on ORNL’s
membrane). Because of the manufacturing process employed
in producing this membrane, the pore size and distribution
can be precisely controlled to allow primarily H2 to diffuse
through the pores, thereby achieving very high separation
factors. Although classified by the U.S. government for many
years, the membrane technology was recently declassified
for H2 separation applications; the manufacturing process,
however, still remains classified. DOE and ORNL are cur-
rently initiating an effort to develop a large-scale module
for performance testing on coal-derived shifted synthesis
gas. Testing is expected to begin in 2006.

As an alternative to the porous membranes, dense ceramic
solid electrolyte membranes have also been under intense
investigation; however, the required operating temperature
of the membrane is much too high for applications to coal-
based H2 production, and H2 fluxes have not achieved the
level of commercial significance. Interest in this approach
is beginning to diminish.

Considerable effort has also been devoted to metallic
membranes, most of which are based on palladium. Although
initially thought to be promising, these membranes have been
found to be susceptible to degradation from the presence of
both sulfur and CO. However, Eltron Research has recently
reported metal alloys that have shown very high H2 fluxes at
temperatures of 750 oF. In fact, the performance of the mate-
rial at this stage of development rivals that of the ORNL K25
membrane. The composition of the alloy has not been dis-
closed, pending the filing of a patent application; however,

Table 3. Summary of H2 production costs with carbon sequestration
using conventional and advanced technologies.9

Case 1 Case 2 Case 3

Gasifiera Conventional Advanced Advanced
Separation system PSAc Membrane Membrane
Carbon sequestration Yes (87%) Yes (100%) Yes (100%)
Hydrogen production (million 119 158 153
standard cubic feet/day)
Coal as received (t/day) 3000 3000 6000
Efficiency (% higher heating value) 59 75.5 59
Excess power (MW) 26.9 25 417
Capital ($MM) 417 425 950
RSPb of hydrogen 8.18 / 1.10 5.89 / 0.79 3.98 / 0.54
($/106Btu) / ($/kg)

aConventional gasification technology assumes Texaco quench gasification; advanced gasification
technology assumes advanced E-gas gasification. bRSP = required selling price. cPSA = pressure
swing absorption.
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the materials used are not expensive. Again, the stability of
these membranes in the presence of trace contaminants from
coal must be determined. DOE plans to further develop and
scale up this technology for testing on coal-derived gas.

Although considerable effort is being devoted to mem-
branes, there needs to be a more diversified approach to hy-
drogen separation technology development that does not rely
solely on the use of membranes. Other novel concepts, for
instance, employ chemical solvents (e.g., fluorinated hydro-
carbons and solid amine-based sorbents). One of the more
promising approaches today is the CO2 hydrate process be-
ing developed jointly by Nexant Inc., Simteche, and Los
Alamos National Laboratory. In this approach, the shifted
synthesis gas is mixed with cold water containing a promoter
to form a hydrate, which captures CO2. The CO2 is released
from the hydrate by the application of heat or reducing pres-
sure. Unlike membrane-based technologies, this approach
results in both high-pressure H2 and CO2 streams. The origi-
nal engineering analysis of this approach is currently being
updated based on the most recent experimental data.

CLEAN, AFFORDABLE ENERGY OPTIONS
In addition to power generation, new markets are emerg-
ing that will benefit significantly from the flexibility, envi-
ronmental improvements, economic successes, and
efficiency gains of gasification. Two examples of emerging
markets are repowering and polygeneration.

Repowering of Existing Coal Plants
As demand for power production increases, the nation’s coal
plants face the need for ever-cleaner power production. Re-
powering of these plants with gasification can offer major
benefits: improved environmental performance, reduced
capital investment, feedstock flexibility, and capacity in-
creases due to improved process efficiency.

Multiproduction Facilities for Industry
Feedstock and product options will become increasingly im-
portant as the United States continues to make the difficult
transition from a regulated environment to having market-
based energy options. Gasification offers the most flexible
route to using variable feedstocks and producing electric
power, fuels, H2, chemicals, or steam. Feedstock flexibility—
with feedstocks that include coal, biomass, petroleum “bot-
toms” (i.e., coke and residuum), and waste materials—will
ensure that stable, low-cost fuel sources can be economically
utilized. The ability to vary the product slate will improve plant
economics and support market stability.

CONCLUSION
In today’s business environment, markets and market driv-
ers are changing at a rapid pace. Environmental performance

is a much greater factor for U.S. industry now than in previ-
ous years as emission standards tighten and market growth
occurs in areas where total allowable emissions are capped.
In addition, the reduction of CO2 emissions is one of the
major challenges facing industry in response to global cli-
mate change. To help meet these challenges, there is a need
for more environmentally sound, flexible, efficient, and reli-
able systems, while still meeting the ever-present demand for
increased profitability. Gasification is one technology that is
poised to meet these requirements. Today, the majority of
existing applications have been geared toward the production
of a single product or a constant ratio of two or more products
per facility. In the future, the potential of gasification in ex-
panding markets is in its use of low-cost and blended feed-
stocks and its multiproduct flexibility. With deregulation,
rapidly changing market demands, fluctuation in natural gas
prices, and increased environmental concerns, gasification will
become the cornerstone technology for market flexibility as
advanced technologies reduce capital and operating and main-
tenance costs of gasification-based plants, achieve near-zero
emissions of all major air pollutants, and demonstrate higher
thermal efficiencies and the capture of CO2.

DISCLAIMER
References in this article to any specific commercial product,
process, or service are to facilitate understanding and do not
imply endorsement by the authors or the U.S. Department
of Energy.
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Select Publications/Reports       
 
*All Publications and reports can be downloaded from the following URL: 
http://www.netl.doe.gov/coal/Gasification/pubs/reports.html 
 

Report Title Source 
Coal-Based Integrated Coal Gasification Combined Cycle: Market 
Penetration Recommendations and Strategies 

Booz/Allen/Hamilton 

Deploying IGCC in this Decade with 3Party Covenant Financing   Harvard University 

Tampa Electric Integrated Gasification Combined-Cycle Project - 
Project Performance Summary 

Tampa Electric 

Capital and Operating Cost of Hydrogen Production from Coal 
Gasification 

CTC and Parsons 

Eastman Chemicals from Coal Complex  Eastman Chemicals 
& Air Products 

Removal of Trace Contaminants from Coal-Derived Synthesis Gas  Air Products & 
Eastman Chemicals 

Major Environmental Aspects of Gasification-Based Power 
Generation Technologies  

SAIC 

Updated Cost and Performance Estimates for Fossil Fuel Power 
Plants with CO2 Removal 

EPRI 

Gasification Markets & Technologies - Present and Future: An 
Industry Perspective  

NETL/DOE 

Wabash River Coal Gasification Repowering Project -Project 
Performance Summary 

PSI Energy & 
Global Energy 

Current and Future IGCC Technologies: Bituminous Coal to Power Mitretek 
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Advanced Gasification Projects 

*In-House Project not included
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Advanced Gasification Congressional Districts List 
 
 

 
Project Title Contractor (Prime/Sub*) 

Congressional 
District 

ALSTOM CT-01 
Parsons* PA-06 

ABB Lummus Global, 
Inc.* VA-05 

Hybrid Combustion-Gasification Chemical Looping Coal 
Power Technology Development 

PEMM Corporation* 
NY-19 

Advanced Refractories for Gasifiers Albany Research 
Center 
 

OR-04 

Development of an Acoustic Sensor for On-line Gas 
Temperature Measurement in Gasifiers 

Entertechnix 
WA-08 

GE Energy and 
Environmental 
Research Corporation 

CA-48 

Southern Illinois 
university* IL-12 

Fuel-Flexible Gasification-Combustion Technology for 
Production of H2 and Sequestration-Ready 

California Energy 
Commission* CA-05 

Real Time Flame Monitoring of Gasifier Burner and Injectors GTI 
IL-06 

Advanced Gasification Systems Development Rocketdyne CA-27 
"Transport Gasifier / PSDF" Southern Company 

Services AL-06 

SRI International CA-14 Diffusion Coatings for Corrosion-Resistant Components in 
Coal Gasification Systems ConocoPhillips* TX-18 
Single-Crystal Sapphire Optical Fiber Sensor 
Instrumentation 

Virginia Tech VA-09 

"Transport Gasifier / PSDF" UNDEERC ND-01 

Arizona Public Service AZ-01 
GTI* IL-06 
Nexant* CA-08 
WorleyParsons Group* PA-06 
ETEC* AZ-04 
Air Products* PA-15 
San Diego Gas & 
Electric* 

CA-52 

Salt River Project* AZ-05 

Development of a Hydrogasification Process for Co-
Production of Substitute Natural Gas (SNG) and Electric 
Power from Western Coals 

BHP New Mexico Coal* NM-03 
RTI NC-04 
UNDERC* ND-01 

Co-Production of Substitute Natural Gas / Electricity via 
Catalytic Coal Gasification 

Great Point Energy* MA-08 
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Co-Production Advanced Technology / Process Concepts RTI NC-04 

Continuous Pressure Injection of Solid Fuels into Advanced 
Combustion System Pressures 

Stamet, Inc. CA-37 
 

(NETL projects not included)
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* Fact Sheet under construction 

AAddvvaanncceedd  GGaassiiffiiccaattiioonn  
 
Advances in the gasifier itself to enhance efficiency, reliability, and feedstock flexibility 
and economics are crucial for gasification system improvements. Research is being 
conducted on advanced gasifiers, such as the transport gasifier, so higher performance 
goals can be reached and the variety of possible feedstocks can be further expanded. 
Advanced refractory materials and new process instrumentation are being developed to 
improve system reliability and availability, operational control, and overall system 
performance. Studies of alternative feedstocks (biomass and waste from refineries, 
industries, and municipalities) will improve gasifier flexibility and utility. Data from fluid 
dynamic models are being used to develop and improve advanced gasification. Promising 
developments will be tested and evaluated in large demonstration and/or commercial-
scale gasifiers. 
 
 
Advanced Gasification Project Fact Sheets 
 

Project Title Primary Contractor Fact 
Sheet 
Listing 

Hybrid Combustion-Gasification Chemical 
Looping Coal Power Technology 
Development 

ALSTOM 
AG-6 

Advanced Refractories for Gasifiers Albany Research Center 
 AG-8 

Development of an Acoustic Sensor for 
On-line Gas Temperature Measurement in 
Gasifiers 

Entertechnix 
AG-10 

Fuel-Flexible Gasification-Combustion 
Technology for Production of H2 and 
Sequestration-Ready 

GE Energy and 
Environmental 
Research Corporation 

AG-12 

Real Time Flame Monitoring of Gasifier 
Burner and Injectors 

GTI AG-14 

Advanced Gasification Systems 
Development 

Rocketdyne AG-16 

"Transport Gasifier / PSDF" Southern Company 
Services AG-18 

Diffusion Coatings for Corrosion-Resistant 
Components in Coal Gasification Systems 

SRI International AG-20 

Single-Crystal Sapphire Optical Fiber 
Sensor Instrumentation 

Virginia Tech AG-22 
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* Fact Sheet under construction 

Power Systems Development Facility 
(PSDF) 

UNDEERC AG-24 

Development of a Hydrogasification 
Process for Co-Production of Substitute 
Natural Gas (SNG) and Electric Power 
from Western Coals 

Arizona Public Service 

AG-26 

Co-Production of Substitute Natural Gas / 
Electricity via Catalytic Coal Gasification 

RTI AG-28 

Co-Production of Substitute Natural 
Gas / Electricity via Catalytic Coal 
Gasification 

RTI 
AG-30 

Continuous Pressure Injection of Solid 
Fuels into Advanced Combustion System 
Pressures 

Stamet, Inc. 
AG-32 
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Gasification Technologies
and Advanced Research

HYBRID COMBUSTION-GASIFICATION CHEMICAL

LOOPING COAL POWER TECHNOLOGY

DEVELOPMENT

Description
Gasification technologies can provide a stable, affordable energy supply for the nation,
while also providing high efficiencies and near zero pollutants. With coal expected to
remain a major fuel source and the feedstock for gasification-based power systems, the
issue for the power generation industry is how this will square with tougher carbon dioxide
(CO2) emission controls. ALSTOM is researching ways to meet these demands through
chemical looping gasification technology.

ALSTOM is developing a hybrid gasification process using high temperature chemical
and thermal looping technologies.  The process is based on the oxidation, reduction,
carbonation, and calcination of calcium-based compounds to chemically react with coal,
biomass, or opportunity fuels in two chemical loops and one thermal loop.

An example of the integrated hybrid gasification process is shown in the following
diagram. In this chemical looping process, calcium compounds are used to carry oxygen
and heat between the various reaction loops. The first chemical loop uses calcium sulfide
(CaS) and calcium sulfate (CaSO4) reactions to gasify the coal.  With the addition of
steam, the syngas is converted to hydrogen (H2) and CO2.  The CO2 is then removed
from the gas using another chemical loop based on calcium oxide (CaO) and calcium
carbonate (CaCO3). These compounds are then directed to another reactor where a “thermal”
loop, using a bauxite heat transfer medium, drives off the CO2 for use or sequestration.
The overall system produces concentrated streams of CO2 and H2 without the need for
a costly and energy intensive cyrogentic oxygen production unit.

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Robert R. Romanosky
Advanced Research
Technology Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4721
robert.romanosky@netl.doe.gov

Suresh Jain
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-5431
suresh.jain@netl.doe.gov

ALSTOM Power Plant Laboratories
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CONTACTS (cont.)

Herbert E. Andrus, Jr.
Principal Investigator
ALSTOM Power
2000 Day Hill Rd.
Windsor, CT  06095
860-285-4770
herbert.e.andrus@power.alstom.com

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNERS

ALSTOM
Windsor, CT

Parsons Energy &
Chemical Group, Inc.
Wyomissing, PA

ABB Lummus Global, Inc.
Houston, TX

PEMM Corporation
Fishkill, New York

PROJECT COST

Total Project Value:
$3,994,095

DOE/Non-DOE Share:
$3,195,276 / $798,819

Primary Project Goal
The primary project goal is to develop and verify the high temperature chemical and
thermal looping process concept at a small-scale pilot facility.  The pilot tests will enable
ALSTOM to design, construct, and demonstrate a pre-commercial, prototype version of
this advanced system.

Advanced Chemical Looping Process

Accomplishments
• ALSTOM has completed CaS/CaSO4 testing to demonstrate syngas production from

coal with the CaS/CaSO4 loop.

• ALSTOM has completed engineering studies and bench-scale tests on the chemical
looping process and determined that this process has the potential to meet ultra-clean
low emissions targets, including CO2 capture, at a cost and efficiency that is about the
same as today’s power plants.

• ALSTOM has funded and built the required small-scale pilot facility at its Power Plant
Laboratories in Windsor, Connecticut.

Benefits
This project will benefit the power industry by developing an efficient, cost effective
integrated hybrid gasification process that will be capable of producing hydrogen for gas
turbines, fuel cells or other applications, while also producing a concentrated stream of
CO2 for use or eventual sequestration.

Based on previously performed engineering and economic studies at ALSTOM, hybrid
gasification chemical looping coal power technology has been shown to have the
potential to capture all CO2 emissions, while also exceeding all current environmental
regulations (e.g. NOX, SOX, etc.). These studies also show chemical looping technology
meeting or exceeding current integrated gasification combined cycle efficiencies and
costing less than $800 per kilowatt without CO2 capture and less than $1,000 per kilowatt
including CO2 capture for the world-wide power generation market.
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Richard Dunst
Project Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA 15236-0949
412-386-6694
Richard.Dunst@netl.doe.gov

James Bennett
Principal Investigator
Albany Research Center
1450 Queen Avenue SW
Albany, OR 97321
541-967-5983
jbennett@alrc.doe.gov

Gasification
Technologies

Refractory Bricks

ADVANCED REFRACTORIES FOR GASIFIERS

Description

Current generation refractory and thermocouple materials used in slagging gasifiers
employed in integrated gasification combined cycle (IGCC) power systems have
unacceptably short service lives, limiting the reliability and cost-effectiveness of
gasification as a means to generate power.  Premature refractory failure results from
the extreme environment inside an operating gasifier, where materials are attacked by
residual ashes and corrosive gases at high temperature.  As a result of these severe
conditions, the best of the refractory liner materials available today have a predicted
service life of no more than two years.  Actual service lives tend to be shorter in duration.

Thermocouple life in a gasifier is even shorter than that of the refractory lining, with a
typical service life ranging from 45 days to four months.  As a result, long-term reliable
temperature measurement within a gasifier is problematic, making process control
difficult.  Like the refractory lining, thermocouple failure is typically the result of
exposure to the harsh operating environment inside the gasifier.

To identify modes of failure in the gasification environment, the project will investigate
the mechanisms of material failure as a first step toward identifying/developing ways to
extend the lifetime of primary refractory liners and thermocouple assemblies.  Critical
tests simulating material failure will be used to select candidate materials for further
testing.  The research will also examine the feasibility of applying refractory repair
techniques as a way to shorten system downtime.  Material research will consider
developing high thermal conductivity materials that have better resistance to thermal
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CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNER

Albany Research Center

COST

Total Project Value
$2,293,600

DOE/Non-DOE Share
$2,293,600 / $0

cycling, as well as resistance to abrasion and slag corrosion.  To understand the failure
mechanisms of thermocouples, research will primarily focus on solutions that more
effectively protect the thermocouple wires from exposure to the corrosive gasifier
environment.

Primary Project Goals

The goals of the project are to identify material failure mechanisms, identify and develop
materials that will extend the lifetime of primary refractor liners in slagging gasifier
systems, shorten system downtime caused by refractory repair and maintenance, develop
repair materials that can reduce installation time and cost, and develop improved
thermocouples/temperature-monitoring techniques.

Accomplishments

• The mechanism of failure of the refractory bricks has been identified. Forensic analyses
of refractory brick removed from commercial gasifiers combined with laboratory studies
of refractory behavior in simulated gasifier environments indicate that slag penetration
and attack of the refractory is the primary cause of the rapid degradation of the refractory
lining in slagging gasifiers.

• Albany Research Center (ARC) has developed improved refractory materials for slagging
gasifiers by designing a refractory chemistry and microstructure that can effectively
reduce slag penetration and attack. By altering the chemistry of the high chromium
oxide refractory matrix through the addition of a small amount (< 10 weight percent
total) of phosphate- and oxide-based materials, slag penetration into the refractory brick
can be significantly reduced and its mechanical durability can be greatly increased. As a
result, the degree of damage and the volume of material loss that exposure to the gasifier
environment causes to the refractory are significantly diminished.

• Post-mortem analyses of spent thermocouples removed from commercial gasifiers
indicate that as with the refractories, slag penetration and attack is one of the principle
mechanisms of rapid thermocouple failure in the gasifier environment.  To reduce
thermocouple susceptibility to slag attack, ARC has designed and has begun testing
thermocouple assemblies that incorporate a more slag-resistant thermocouple sheath
and a more slag-resistant filler material.

Benefits

This project will benefit gasification technology development by addressing the need for
improved materials to contain and monitor gasification processes.  The research will
identify the primary failure mechanisms of refractories and thermocouple assemblies in a
gasifier environment, and based on that understanding, design improved products for
this application with a lifetime of at least three years.  If successful, the research will
double the lifetime of current-technology refractory linings, resulting in savings of up to
$2 million (depending on the size of the gasifier) every three years.   In addition, down-time
for refractory relining will be cut in half.
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Gasification
Technologies

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Kamalendu Das
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4065
kamalendu.das@netl.doe.gov

DEVELOPMENT OF AN ACOUSTIC SENSOR FOR

ON-LINE GAS TEMPERATURE MEASUREMENT

IN GASIFIERS

Description

Acoustic measurements utilize the generation and transmission of sound waves in
gases, liquids, and solids to gather information about specific process characteristics
and material properties. The propagation velocity of sound through gases depends
on temperature. This relationship has been used to develop a powerful acoustic
pyrometer, which can be used to measure temperatures in aggressive particle laden
combustion environments such as utility and chemical recovery boilers. Building
on expertise in the digital processing of sound signals, Enertechnix has developed
acoustic measurements to detect leaks in boilers and to verify the operation of sonic
cleaning devices. In this project, acoustic pyrometry is being developed to measure
gas temperatures in high-pressure, high-temperature coal gasifiers.  The development
of a senor that can accuracy measure gasification conditions in such harsh conditions
will increase the reliability and efficiency of gasifier systems.

Enertechnix Acoustic Pyrometer
Installed on a Coal Gasifier
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CONTACTS (cont.)

Peter Ariessohn, Ph.D.
Principal Investigator
Enertechnix, Inc.
P. O. Box 469
Maple Valley, WA  98039
425-432-1589; 206-251-2505
peter.a@enertechnix.com

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNER

Enertechnix, Inc.

PROJECT COST

Total Project Value:
$747,906

DOE/Non-DOE Share:
$598,325 / $149,581

This three-year project will be conducted in three phases in collaboration with Global
Energy and with support from General Electric Company.  Phase I will develop a detailed
understanding of sound generation, coupling, and propagation as it relates to temperature
measurement in a gasifier; demonstration of suitable designs for critical components; and
development of a detailed design for an experimental prototype.  Phase II will consist of the
fabrication of the prototype, including laboratory testing and field testing at the Wabash
River Gasifier, and development of a conceptual design for an engineering prototype. Phase II
will include the fabrication and bench testing of the engineering prototype sensor, designing
components for interfacing the sensor to a gasifier, demonstration of sensor performance
through rigorous testing at the Wabash River Gasifier, and development of a conceptual
design for a commercial sensor.

Primary Project Goal

The primary goal of this project is to develop an acoustic pyrometer, a relatively new
non-intrusive technique, to continuously monitor gas temperature in a gasifier where
the environment is quite severe and to demonstrate a fully functional sensor at the
Global Energy Gasification facility at Wabash River.

Accomplishments

• Completed a detailed study of sound generation, propagation, and coupling issues
and identified suitable approaches to address those issues

• Developed a conceptual design and specifications for an experimental prototype
sensor

• Demonstrated suitable designs for critical components through laboratory testing

• Developed a detailed design for an experimental prototype sensor and fabricated
necessary components for the experimental prototype sensor

Benefits

The development of a sensor for on-line gas temperature measurement in coal gasifiers
should provide the ability to extend gasifier refractory lifetime, while increasing overall
reliability, optimizing carbon conversion, and providing better gasifier control.
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Gasification
Technologies

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Kamalendu Das
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4065
kamalendu.das@netl.doe.gov

George Rizeq
Principal Investigator
GE Global Research
18A Mason
Irvine, CA 92618
949-330-8973
rizeq@research.ge.com

FUEL-FLEXIBLE GASIFICATION-COMBUSTION

TECHNOLOGY FOR PRODUCTION OF HYDROGEN

AND SEQUESTRATION-READY CARBON DIOXIDE

Description
Projections of increased demands for energy worldwide, coupled with increasing
environmental concerns have given rise to the need for new and innovative technologies
for coal-based energy plants. Incremental improvements in existing plants will likely
fall short of meeting future capacity and environmental needs economically. Thus, the
implementation of new technologies at large scale is vital. In order to prepare for this
inevitable paradigm shift, it is necessary to have viable alternatives that have been
proven both theoretically and experimentally at significant scales. The U.S. DOE’s
Gasification Technologies program aims to support these development needs through
funding the development of enabling technologies such as the GE Global Research
Unmixed Fuel Processor (UFP).

GE Global Research is developing the innovative UFP technology for conversion of coal
to hydrogen and electricity with inherent CO2 separation. It is expected to meet or exceed
all environmental requirements economically.  The technology utilizes three circulating
fluidized beds to convert coal, steam and air into separate streams of (1) hydrogen-rich
gas that can be utilized in fuel cells or turbines, (2) sequestration-ready CO2, and (3) high
temperature and pressure vitiated air to produce electricity in a gas turbine. The process
produces near-zero emissions and is projected to have higher process efficiency than
conventional technologies with CO2 separation. This project integrates experimental
testing, modeling and economic studies to demonstrate the UFP technology.

Early in the project, UFP feasibility was demonstrated at bench scale. A pilot-scale system
was designed, fabricated and tested. Additional bench-scale testing will characterize bed
material attrition and lifetime,
while pilot plant testing will
identify final disposition of
pollutants and optimized pilot
plant operating performance.

The UFP technology makes use
of three circulating fluidized
bed reactors containing a CO2
sorbent and an oxygen transfer
material (OTM). Coal is partially
gasified with steam in the first
reactor, producing H2, CO and
CO2. As CO2 is absorbed by the
CO2 sorbent, CO is also depleted Conceptual design of the UFP technology
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COST

Total Project Value
$6,612,559

DOE/Non-DOE Share
$4,688,166/$1,924,393

from the gas phase via the water-gas shift reaction. Thus, the first reactor produces a H2-rich
product stream suitable for use in fuel cells or turbines. Gasification of the char, transferred
from the first reactor, occurs with steam fluidization in the second reactor. The OTM is
reduced as it provides the oxygen needed to oxidize CO to CO2 and H2 to H2O. The CO2
sorbent is regenerated as the hot moving material from the third reactor enters the second
reactor. This increases the bed temperature forcing the release of CO2 from the sorbent,
generating a CO2-rich product stream suitable for sequestration. Air fed to the third
reactor re-oxidizes the oxygen transfer material via a highly exothermic reaction that
consumes the oxygen from the air fed. Thus, reactor 3 produces oxygen-depleted air at
high temperature/pressure for a gas turbine, as well as generates heat that is transferred
to the first and second reactors via solids transfer. Solids transfer occurs between all
three reactors, allowing for the regeneration and recirculation of both the CO2 sorbent
and the oxygen transfer material. Periodically, ash and bed materials will be removed
from the system and replaced with fresh bed materials to reduce the amount of ash in
the reactor and increase the effectiveness of the bed materials.

Primary Project Goal
The primary goal of this project is the development of a novel technology for conversion of
coal to H2 and electricity with inherent CO2 separation meeting the technical, environmental
and economic performance targets of the DOE and the utility industry. The current R&D
program focus is to assess the technical and economic feasibility of the integrated UFP
technology through bench and pilot-scale testing, and to reduce the technical risk associated
with key aspects of the technology.Accomplishments

• Constructed bench-scale high pressure, high temperature fluid bed system

• Successfully completed pilot plant construction

• Demonstrated operation
of pilot plant with coal

• Completed preliminary cost and performance analysis

Benefits
The UFP technology represents a significant advancement in clean and efficient utilization
of coal for energy and hydrogen production. The UFP module offers the potential for
reduced cost and increased process efficiency relative to conventional gasification and
combustion systems, and near-zero emissions of pollutants such as NOX and SOX while
providing inherent separation of CO2 for sequestration. Preliminary economics for the UFP
technology show a 6 percent increase in CO2 capture, a 21 percent increase in efficiency
(LHV), and a 15 percent decrease in the cost of electricity compared to the current IGCC
with CO2 capture technologies.

UFP pilot plant & auxiliary systems (left) & bench-scale system (right)
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REAL TIME FLAME MONITORING OF GASIFIER

BURNER AND INJECTORS

Description
Combustion scientists and engineers have studied radiant emissions of various flames for
many years. For some time, technologists have understood the rich potential for flame
sensors to maintain burners at optimum performance, decrease emissions of carbon
monoxide (CO) and nitrous oxides (NOX), determine burner wear, and precisely turn down
burners. Sensors monitoring broad infrared, visible, and ultraviolet regions are routinely
used today to monitor flames. These sensors allow furnace operators to manually adjust
appropriate burner controls to change, for example, flame length or firing rate as well as to
maintain safe and stable combustion. However, the sensitivity and design of these sensors
makes them incapable of deeper qualitative and quantitative monitoring and analyses of
complicated combustion processes, such as in the coal gasification processes.

This project will develop a sensor that goes beyond the capabilities of existing combustion
sensors, developing a flame monitor to help minimize the maintenance costs of gasifier
operation. The flame characteristics monitored by this sensor will be flame shape, flame
mixing patterns, flame rich/lean zones distribution, and hydrocarbon oxidation dynamics,
flame stability and flame temperature. The sensor will be tested first at lab scale on natural
gas flame, at bench scale in the vertical coal slurry oxygen enriched air combustor, and at
pilot scale in an oxygen-fired, high pressure pilot-scale slagging gasifier. Both the bench
and pilot scale work will be performed at CANMET Energy Technology Center (CETC) at

Instrumentation Used For Accessing CETC Gasifier Flames Using Fiber Optic Coupling
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DOE/Non-DOE Share:
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Ottawa, Canada. Field demonstration tests will be performed on an oxygen-fired commercial-
scale gasifier at the Wabash facility, with ConocoPhillips as the industrial partner. The result of
this project is expected to be a simplified, industrially-robust flame characteristics sensor able
to provide reliable information on the wear of coal gasifier feed injectors, thereby improving
injector life in gasification systems.

Primary Project Goal
The primary goal of this project is to develop a reliable, practical, and cost-effective means
of monitoring coal gasifier feed injector flame characteristics using a modified version of an
optical flame sensor already under development.

Accomplishments
• Completed existing sensor modification to detect UV, visible and/or near IR wavelengths

for optimum flame monitoring and laboratory testing equipment set-up.

• Completed lab-scale testing of the flame sensor on natural gas flames.

• The sensor was modified for the pilot scale testing at the CETC oxygen-fired, high
pressure pilot-scale slagging gasifier, and was successfully tested on a natural gas
mockup of this gasifier.

Benefits
A reliable real time flame monitor for gasifier injectors will allow gasifier operators to more
accurately plan for injector replacement, thereby increasing gasifier reliability and decreasing
the frequency of injector replacements, ultimately saving money. The sensor data on real
flame characteristics may also assist in the development of better, longer-lasting injectors,
which would also lead to gasifier operation savings.

Sensor Optical Access Assembly Installed at the Gasifier Mockup 2-D Optical Sensor Positioned for Data Acquisition
from the Natural Gas Test Burner
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ADVANCED GASIFICATION SYSTEMS

DEVELOPMENT

Description
Rocketdyne will apply rocket engine technology to gasifier design, allowing for a
paradigm shift in gasifier function, resulting in significant improvements in capital
and maintenance costs.  Its new gasifier will be an oxygen-blown, dry-feed, plug-flow
entrained reactor able to achieve carbon conversions of nearly 100 percent by
rapidly heating low coal particles at rates up to 2,000,000 ºF/second.  The gasifier’s
high heating rates make possible very short gasification residence times, increased
thermal efficiency, and carbon conversions approaching 100 percent.  Another result
of the high heating rates is that the reactor is one tenth the size of an equivalent
conventional gasifier, which will reduce capital costs.

This project is the first step in realizing Rocketdyne’s gasifier vision, and in removing
the economic barriers that have prevented the widespread commercial deployment of
coal-based gasification systems. The project objectives are to:

• Design a dense phase dry solids feed system for feeding high pressure pulverized coal
to an 18-element dry coal feed injector system.  The injector elements will be sized
nearly full-scale (approximately 3 ton/hour flow rate each) with long-life rapid-mix
features.

• Test mechanically cooled refractory liner coupons.  This liner concept is expected
to double the life of a gasifier’s refractory liner.  This will significantly reduce
maintenance costs.

Conceptual drawing of Rocketdyne’s gasification system
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• Complete the preliminary design of a high pressure dry feed coal pump, with
supporting engineering analysis to help predict pump performance.

• Perform a conceptual design and hardware definition of an 18 tons per day pilot
plant gasifier embodying the Rocketdyne vision. This is the first step towards
combining all of Rocketdyne’s advanced, and economically beneficial, concepts
into one integrated test unit.

• Complete preliminary design of a high pressure dry feed coal pump.

Both the long-life rapid-mix injectors and the actively cooled liners are based on
Rocketdyne’s rocket technologies. The injector design uses multi-element injection
to rapidly mix the coal with hot steam and oxygen while rapidly dispersing the coal
across the reactor’s cross-section. Water cooling circuits are embedded inside the
rocket engine style face plates to ensure long life of the injector unit – over one year.
The liner also is actively cooled, using slots in the refractory to carry coolant through
and heat away, resulting in a frozen layer of slag inside the gasifier. This frozen layer
of slag has been shown in lab tests to protect the refractory underneath.

Primary Project Goals
• Test cooled refractory liner coupons in a slagging gasifier.

• Test injector durability and mixing potential in full flow cold tests.

• Complete the conceptual design of a novel 18 tons per day, highly efficient, long-
life entrained flow gasifier, including long-life, rapid-mix injectors and the cooled
refractory liner.

Accomplishments
• Cooled liner coupon tests are ongoing at the CANMET Energy Technology

Centre (CETC)  pilot-scale gasifier in Ottawa, Canada.

• The conceptual design for the 18 tpd pilot scale gasifier has been completed and
submitted to DOE.

• Construction of the 400 tpd dry, high pressure feed system has begun at the
University of North Dakota Energy & Environmental Research Center.

• A peer review of the PWR gasifier and feed system vision was held on 1/24/06.
The peer reviewers believed that the PWR dense phase coal pump, uniform flow
splitting and mechanically cooled liner are concepts that, if successfully developed,
are likely to have a beneficial impact on the gasifier industry because they could be
adapted for use with other gasifiers.

Advanced Gasification Systems through Rocket Engine Technology

Benefits
A DOE system study was performed to
compare the cost of the conceptual PWR
compact gasifier to other commercial
IGCC gasifiers.  The results show the
PWR gasifier has the potential to reduce
the cost of electricity by up to 21%, and
the cost of  hydrogen by 25% over
conventional technologies.

Shuster
Text Box
AG-17



04/2005

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Ronald Breault
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
Morgantown, WV 26507-0880
304-285-4486
ronald.breault@netl.doe.gov

Randall E. Rush
Principal Investigator
Southern Company Services, Inc.
P.O. Box 1069
Highway 25 North
Wilsonville, AL 35186
205-670-5842
rerush@southernco.com

Gasification
Technologies

WILSONVILLE POWER SYSTEMS DEVELOPMENT

FACILITY

Description

The Power Systems Development Facility (PSDF) at Wilsonville, AL is a research
center designed to test advanced coal-based electric power technologies, including
gasification and gas cleanup processes.  The facility serves as a highly flexible test
center, where private developers can evaluate innovative power system components
at a central location.  Current testing at the PSDF includes coal gasification studies,
new instrumentation development, improved gas cleanup assessment, pressurized
feed system evaluation, and coal-derived syngas testing in both gas turbines and
fuel cells.  The facility contains the following four systems for developing advanced
coal-based generation: (1) a transport reactor capable of operating as a gasifier to
supply syngas for test purposes, (2) a particulate control device (PCD) to evaluate
filters for particulate removal from gases at high temperatures and pressures, (3) a gas
cleanup train for evaluating different removal techniques for a variety of pollutants – this
slipstream unit can accommodate a wide variety of small scale testing, and (4) a gas
turbine generator train with a novel combustor for burning syngas. During normal
operations, the gases created in the Transport Reactor flow through the PCD, then
to the gas turbine combustor where it is burned to generate electricity.  Syngas can also
be directed to the gas cleanup train.
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Primary Project Goals

The U.S. Department of Energy’s goal is to develop power systems that are more efficient
and at least 10 times cleaner than today’s standards by the year 2010. The PSDF serves
as the proving ground for many new advanced power systems and technologies. The facility
performs integrated system and component testing at an industrially relevant scale of
operation via a government/industry partnership.

Accomplishments

• Since September 1999, the reactor has operated as a gasifier, generating syngas for over
6,400 hours as of the first quarter of 2005.

• The gasification testing features both air- and oxygen-blown modes of operation.

• The facility has seen much progress in high temperature gas cleanup techniques and
has successfully operated both a fuel cell and the gas turbine on syngas.

• Tests on various coals and biomass have been conducted in the Transport Gasifier.

• The PCD module has already seen extensive testing in gasification mode.  The module
provides the means for evaluating several different types of high-temperature, high-
pressure filter elements and has proven reliable in removing particulates in the syngas to
less than 0.1 ppmw.  The data collected from the PCD module will enable future users of
advanced coal-based power technologies to design an effective particulate control system.

• The gas cleanup unit has performed screening on a variety of processes for the removal
of sulfur and ammonia.  Future work will also assess processes for the removal of mercury,
trace metals, and other pollutants. The slipstream unit enables the PSDF to accommodate a
wide variety of small scale testing.

• A solid oxide fuel cell has operated on coal-derived syngas.  In addition, the gas turbine
has generated electricity using syngas from the gasifier while it was operating on the
electric grid.  These studies will assist electricity generation developers in designing
future syngas-based equipment.

• The PSDF has supported the development of many power-generation related products
and continues to work with companies to provide similar assistance.

Benefits

To meet the growing demand for electricity, coal will continue to supply at least half of
the nation’s electricity needs. Yet, future coal systems must become increasingly clean
and more efficient for the United States to fully realize the potential of its most abundant
fossil fuel. The PSDF gives U.S. industry the world’s most cost-effective, flexible test
center for evaluating the critical components of tomorrow’s coal-based power-generating
systems.  Capable of operating from pilot to near-demonstration scales, the facility is
suitably flexible and adaptable to a variety of industry needs.  When compared with the
costs of building each of the technologies in use at the PSDF at stand-alone facilities,
construction at one site saved more than $32 million.  In addition, the transport gasifier
technology developed at the PSDF has been selected for commercial-scale development
under a Clean Coal Power Initiative Round 3 award at the Orlando, Florida Stanton
Energy Center.
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DIFFUSION COATINGS FOR CORROSION-
RESISTANT COMPONENTS IN COAL

GASIFICATION SYSTEMS

Description
Corrosion of materials at elevated temperatures degrades the performance of many
industrial processes, including coal gasification.  The extent to which the materials
undergo corrosion is influenced by the prevailing chemistry, temperature, and other
parameters in the gasification process.  Coal gasification occurs when controlled levels
of oxygen and steam react with coal at high temperatures.  The gas stream leaving a
slagging type gasifier is typically at temperatures exceeding 900 ºC. Heat exchangers
or syngas coolers are used to partially recover the sensible heat in the coal gas.  The
materials selected for these heat exchanger components must be resistant to corrosive
gases such as hydrogen sulfide (H2S) and hydrogen chloride (HCl) at high temperatures.
Because the H2S level is significantly higher than other corrosive gases, the corrosion
caused by sulfidation of the alloys is a major concern.

This project will develop high-temperature coatings for metal components of advanced
coal gasification systems that are resistant to H2S and other gaseous species present in
the coal gas stream. This project involves a collaborative effort between SRI International
and ConocoPhillips.  A significant aspect of the proposed program is to test coating

Figure 1.  Schematic diagram
of the FBR-CVD system

Figure 2.  Diffusion of Cr into the stainless steel
during Cr- deposition in the FBR-CVD system
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performance at various temperatures using simulated coal gas and also in the actual gas
stream in the SG Solution’s plant that uses ConocoPhillips E-gas technology.  Initially,
SRI will review available information and select several coating compositions that are
suitable for service in the coal gasifier environment.  SRI will coat selected formulations
on steel coupons using the fluidized-bed reactor chemical vapor deposition (FBR-CVD)
approach and perform screening tests at various temperature, time, and H2S levels.  Based on
these findings, SRI will select one or more superior coating formulations for detailed testing.
These tests will include exposure to simulated coal gas at high pressure, mechanical testing,
metallographic analysis, and condensate exposure to simulate conditions during a power
plant maintenance shutdown.  Coupons of components such as tube sheets or fasteners
will be coated and subjected to performance tests at the gasifier test facility.  SRI will
evaluate the test results and select reliable coatings for long-term testing of up to
2,000 hours; SRI will conduct an assessment of the technical merits, perform preliminary
economic cost estimates of the preferred schemes, and discuss technology transfer with
potential manufacturers.

Primary Project Goal
The primary project goal is to develop high-temperature coatings for metal components
of advanced coal gasification systems that are corrosion-resistant to hydrogen sulfide
and other gaseous species present in coal gas streams.

Accomplishments
• Selected coating formulations based on literature review and performed preliminary

screening tests with simulated gas streams

• Completed laboratory screening tests of coating formulations with simulated gas streams

• Down-selected coating formulations based on analysis of the screening test data.

Benefits
The developed coating will significantly increase the life of the equipment used for
advanced coal gasification systems; thereby reducing maintenance costs, equipment
downtime, and ultimately resulting in overall plant savings.

Figure 3.  Appearance of coated and uncoated alloys after exposure to H2S containing
simulated coal gas at 900°C.
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ON-LINE SELF-CALIBRATING SINGLE CRYSTAL

SAPPHIRE OPTICAL SENSOR FOR TEMPERATURE

MEASUREMENT IN COAL GASIFIERS

Description
Current methods to measure temperature inside a coal gasifier fail prematurely due to
the extremely harsh conditions including high temperature (1300 °C) and high rates of
corrosion and erosion. Since temperature measurement is a critical control parameter,
premature failure impacts the efficiency and reliability of the entire system. Development
of a new, robust and accurate temperature measurement system is needed to withstand
the harsh conditions for an extended period of time thus allowing more efficient gasifier
operation.

The Photonics Laboratory at Virginia Tech has developed a novel temperature sensor
based on Broadband Polarimetric Differential Interferometry (BPDI) for application
in ultra high temperature harsh environments, such as those found in coal gasification
systems. The sensor manipulates the birefringence of light as it is reflected by a single
crystal sapphire prism and disc to determine the temperature of the surroundings. This
approach is based on the measurement of the optical path difference (OPD) between
two orthogonally polarized light beams in the sapphire disk. The use of single crystal
sapphire was chosen for its high temperature stability and high corrosion resistance.

Primary Project Goal
The primary goal of this project is to develop an accurate temperature measuring system
that is capable of withstanding harsh conditions for use in commercial full-scale
gasification systems.

Accomplishments
Phase I of the program evaluated various sensor designs and selected a BPDI-based design
for its self calibrating capability, simplicity, and accuracy. Laboratory demonstration of the
sensor showed that the sensor was capable of accurately measuring temperature from room
temperature up to 1600 °C with a resolution of approximately 0.26 °C. Laboratory testing
also showed that the single crystal sapphire material was highly resistant to penetration or
corrosion from coal slag that is formed in coal gasifiers and is highly erosive and corrosive.

The data generated in laboratory testing showed excellent repeatability and compared well
with that for the B-type thermocouple used as the standard.  An example of some of the data
generated in the laboratory-testing phase is shown in Figure 1. The schematic setup of the
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CONTACTS (cont.)

Anbo Wang, Director
Center for Photonics
Technology
Bradley Department of
Electrical Engineering
Virginia Polytechnic Institute
and State University
Blacksburg, VA 24061-0111
540-231-4355
awang@vt.edu

Gary Pickrell, Associate
Director
Center for Photonics
Technology
Department of Materials
Sciences and Engineering
Virginia Polytechnic Institute
and State University
Blacksburg, VA 24061-0111
540-231-4677
pickrell@vt.edu

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNER

Virginia Polytechnic
Institute and State
University

PROJECT COST

Total Project Value:
$1,339,942

DOE/Non-DOE Share:
$1,066,482 / $273,460

Figure 1. BPDI temperature sensor laboratory testing
results compared to B-type thermocouple.

Figure 2. Schematic of the single-crystal sapphire
based optical high temperature sensor.

system is shown in Figure 2. Current research efforts have been focused on designing the
sensor’s mechanical packaging. Virginia Tech has teamed with ConocoPhillips Wabash
River Power Plant to finalize the design of the sensor and test the sensor prototype at full
scale. The mechanical structure has been simplified and the stability of the system increased
with a new sensing probe design. The sensor will be tested in 2005 to assess performance and
survivability.

Benefits
The development of the single-crystal sapphire temperature senor that can accurately
measure gasification conditions in such harsh conditions will increase the reliability
and efficiency of gasifier systems.
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Ronald Breault
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4486
ronald.breault@netl.doe.gov

Michael Swanson
Principal Investigator
University of North Dakota Energy
and Environmental Research Center
15 North 23rd Street
P.O. Box 9018
Grand Forks, ND  58202
701-777-5239
mswanson@eerc.und.nodak.edu

ADVANCED HIGH TEMPERATURE, HIGH-PRESSURE

TRANSPORT REACTOR

Description
Today, coal supplies over 55 percent of the electricity consumed in the United States
and will continue to do so well into the next century. One of the technologies being
developed for advanced electric power generation is an integrated gasification combined
cycle (IGCC) system that converts coal to a combustible gas, cleans the gas of pollutants,
and combusts the gas in a gas turbine to generate electricity. The hot exhaust from the
gas turbine is used to produce steam to generate more electricity from a steam turbine
cycle. The utilization of advanced hot-gas particulate and sulfur control technologies
together with the combined power generation cycles make IGCC one of the cleanest
and most efficient ways available to generate electric power from coal. One of the
strategic objectives for U.S. Department of Energy (DOE) IGCC research and
development program is to develop and demonstrate advanced gasifiers and second-
generation IGCC systems. Another objective is to develop advanced hot-gas cleanup
and trace contaminant control technologies. One of the more recent gasification
concepts to be investigated is that of the transport reactor gasifier, which functions
as a circulating fluid-bed gasifier while operating in the pneumatic transport regime
of solid particle flow.   The University of North Dakota Energy and Environmental
Research Center will develop and study performance of the Transport Reactor
Development Unit (TRDU) under a variety of operating conditions using a wide
range of fuels while demonstrating acceptable performance of hot-gas filter elements
on the hot, dust-laden fuel gas stream coming from the TRDU.

The pilot-scale TRDU has an exit gas temperature of up to 980 °C (1800 °F), a gas
flow rate of 325 scfm (0.153m3/s), and an operating pressure of 120 psig (9.3 bar).
The TRDU system can be divided into three sections: the coal feed section, the TRDU,
and the product recovery section.  The TRDU proper, as shown in Figure 1, consists
of a riser reactor with an expanded mixing zone at the bottom, a disengager, and
a primary cyclone and standpipe. The standpipe is connected to the mixing section
of the riser by an L-valve transfer line. All of the components in the system are
refractory-lined and designed mechanically for 150 psig (11.4 bar) and an internal
temperature of 1090 °C (2000 °F).

Primary Project Goal
The objective of this work is to make modifications to the reactor riser for the design,
setup, and testing of riser gas- and solid-sampling equipment and then to collect
samples on several coals at several conditions. The data collected will be used to
tune the MFIX CFD code which will then be used to predict the performance of
commercial scale plants.
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PARTNERS

University of North Dakota,
Energy and Environmental Research
Center

Kellogg Brown and Root

Southern Company Services, Inc

COST

Total Project Value
$1,691,894

DOE/Non-DOE Share
$1,353,514 / $338380

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Accomplishments
One 200-hour  test on Mississippi lignite has been completed to date in the pilot-scale
TRDU at the Energy and Environmental Research Center (EERC). Test data regarding
both solids and gas compositions were taken at various levels within the riser.

Benefits
This TRDU gasifier concept provides excellent solid/gas contacting of relatively
small particles to promote high gasification rates and also provides the highest
coal throughput per unit cross-sectional area of any other gasifier, thereby reducing
capital cost of the gasification island.  Another benefit of this system is the work on
the advanced high temperature-gas cleanup and trace contaminant control technologies.
Collectively, this system may increase overall plant efficiency.

Figure 1.  TRDU and Hot-Gas Vessel in the EERC Gasification Tower
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Gary J. stiegel
Gasification Technology Manager
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Laboratory
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Elaine Everitt
Project Manager
National Energy Technology 
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P.O. Box 880 
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304-285-4491
elaine.everitt@netl.doe.gov

Raymond Hobbs
Principal Investigator
Arizona Public Service
P.O. Box 53999 
Phoenix, AZ  85072
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raymond.hobbs@aps.com
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Gasification 
Technologies

Development of a HyDrogasification 
process for co-proDuction of substitute 
natural gas (sng) anD electric power 
from western coals Description

Description
In the next two decades, electric utilities serving the Western United States must 
install 60GW of new electric power generation to meet new loads, making selection 
of technology for the next generation of electric power plants of critical importance.  
Future natural gas price increases and potential natural gas shortages create significant 
risk of high cost and unreliability for natural gas fueled power plants.  Arizona Public 
Services (APS) is investigating the production of substitute natural gas (SNG) from 
coal. This technology will

• Protect both existing and future power plants against fuel shortages and price shocks

• Allow the continued use of high-efficiency combined-cycle power plants

• Facilitate locating power plants near load centers to minimize the need for 
transmission lines and improve system reliability

• Minimize both fresh water use and wastewater production

• Provide the opportunity to economically introduce, renewable power-generation fuel

Today’s electric power generation infrastructure has grown highly dependent on 
natural gas. Given the vast coal resources of the United States, efficient production 
of SNG from coal offers supply and price stability as well as an already-existing 
transportation infrastructure.

 

Proposed APS Advanced Hydrogasification Process
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PaRtnERs

Arizona Public Service

Gas Technology Institute 

Nexant, LLC 

WorleyParsons Group, Inc. 

Electric Transportation Energy 
Corporation (ETEC)

Air Products

San Diego Gas & Electric

Salt River Project

BHP New Mexico Coal

 
awaRd datE

March 31, 2006

 
End datE

March 31, 2011

 
Cost

total Estimated Cost
$12,951,552
 
doE/non-doE share
$8,905,158 / $4,046,394

 
CUstoMER sERVICE

1-800-553-7681
 
wEBsItE

www.netl.doe.gov

APS has assembled an experienced cross-functional team that will develop a 
commercially viable advanced gasification process that will produce pipeline-quality 
SNG and electricity, with near zero emissions (including CO

2
 capture) using western 

coals.  APS’s IGCC concept uses hydrogasification as its basis to produce SNG and 
electricity.  As a fuel source for existing natural gas infrastructure, SNG will protect 
the fuel supply of existing natural gas-fired electric generation.

The R&D focus for a coal hydrogasification-based process for co-production of SNG 
and electricity with near-zero emissions will be conducted in a phased approach to 
evaluate the APS Advanced Hydrogasification Process (AHP), which integrates a 
hydrogasification reactor and a de-carbonizer to efficiently produce SNG and at the 
same time co-produce electricity with CO

2
 capture.   In Phase I, the hydrogasification 

concept will be defined through laboratory testing of the individual technology 
components (hydrogasification, high temperature sulfur, and CO

2
 capture) as 

well as preliminary system engineering and economic analysis. In Phase II, the 
technology concept will be proven through bench-scale testing of the following:

• Individual technology components 

• Engineering and economic evaluation of the integrated plant

• Development of a process-design package for an integrated engineering-scale 
field test 

In Phase III, an engineering-scale facility will be constructed and tested in a real-
world application.

Primary Project Goal
The primary goal of this project is to develop the APS Advanced Hydrogasification 
process that integrates a hydrogasification reactor and a de-carbonizer to efficiently 
produce SNG and co-produce electricity with CO

2
 capture.

Objective and Benefits
The objective of the project is to develop and demonstrate at an engineering-scale, a 
coal hydrogasification-based process for co-production of SNG and electricity with 
near-zero emissions, meeting the following performance targets: 

(1) Overall process efficiency greater than 50 percent 

(2) SNG cost less than $5/million Btu 

(3) Capture and sequestration of CO
2
 equivalent to 90 percent of emissions from 

power production 

(4) Water usage to be at least 50 percent less than SNG from gasification / syngas 
methanation 

(5) Ability to use low-rank Western coals

Accomplishments as of August 2006:
• Identified a Fruitland formation of western sub-bituminous coal  under control of 

a project participant that will act as the hydrogasifier fuel; completed chemical 
characterization of the coal; and have conducted initial TGA reactivity tests at 
500 psi and 1500, 1600 and 1700 °F

• Conducted thermodynamic equilibrium analyses for various temperature (1500, 
1600 and 1700 °F), pressure (500, 700, 1000 and 1500 psi), and gas makeup to 
identify the optimum conditions for methane production in the hydrogasifier.

• Fine-tuning is underway for an ASPEN process model that includes optimizations 
suggested by the results of TGA analysis.
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Gasification 
Technologies

Co-ProduCtion of ElECtriCity and 
HydrogEn using a novEl iron-BasEd 
Catalyst

Description
 
Gasification based technology, such as integrated gasification combined cycle 
(IGCC), is the only environmental friendly technology that provides the flexibility 
to co-product hydrogen, substitute natural gas (SNG), premium hydrocarbon liquids 
including transportation fuels, and electric power in desired combinations from 
coal and other carbonaceous feedstocks.  Our nation has vast reserves of low-cost 
coal available for gasification.  Rising costs and limited supply of crude oil and 
natural gas provide a strong incentive for the development of coal gasification based 
co-production processes.

 
Research Triangle Institute (RTI) in cooperation with the BOC Group and 
Süd-Chemie Inc. will develop a CO

2
 sequestration ready process for the 

co-production of hydrogen and electricity from coal.  This technology will be based 
on the development of the steam-iron process, using a novel dual-bed fluidized-bed 
reactor and/or transport reactor system circulation an attrition-resistant iron-based 
“catalyst” with nanometer sized iron crystallites, between a reducer and an oxidizer.  
The technology uses the steam-iron redox cycle to produce high purity hydrogen as 
illustrated below:
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Cost
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DoE/non-DoE share
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Albany, OR  97321-2198
541-967-5892

2175 University Avenue South 
Suite 201
Fairbanks, AK 99709
907-452-2559

3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507-0880
304-285-4764

626 Cochrans Mill Road
P.O. Box 10940
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412-386-4687

One West Third Street, Suite 1400
Tulsa, OK  74103-3519
918-699-2000

CUstoMER sERVICE

1-800-553-7681

WEBsItE

www.netl.doe.gov

Although the steam-iron process has been known and practiced in the past. It was 
abandon due to catalyst degradation and the inability to make the cyclic process 
truly continuous.  Recently, interest has been revived in the process, particularly 
in Europe and Japan, due to its potential ability to make high purity, high-pressure 
hydrogen.  This project will develop an attrition-resistant nano-particle iron-based 
“catalyst”, on a rugged support, for use in a coupled transport reactor to address the 
past deficiencies.  Preliminary preparation and test at RTI of the nano-particle iron 
“catalyst” has shown very promising results.  

Primary Project Goal
 
The primary goal of this project is to develop a CO

2
 Sequestration ready process 

for the co-production of hydrogen and electricity from coal using the steam-iron 
redox cycle.

Benefits
 
The technology from this project will enable co-production of high purity hydrogen 
and electricity from an advanced IGCC plant at an economic cost.

Laboratory-scale steam-iron process reactor system
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Co-ProduCtion of SubStitute natural 
GaS / eleCtriCity via CatalytiC Coal 
GaSifiCation

Description
The United States has vast reserves of low-cost coal, estimated to be sufficient for 
the next 250 years.  Gasification-based technology, such as integrated gasification 
combined cycle (IGCC), is the only environmentally friendly technology that 
provides the flexibility to co-produce hydrogen, substitute natural gas (SNG), 
premium hydrocarbon liquids including transportation fuels, and electric power in 
desired combinations from coal and other carbonaceous feedstocks.  Rising costs 
and limited domestic supply of crude oil and natural gas provide a strong incentive 
for the development of coal gasification-based co-production processes.  This project 
addresses the co-production of SNG and electricity from coal via gasification in a 
central station facility. 

 
Research Triangle Institute (RTI) will develop and evaluate a system for producing 
SNG and electricity from lignite or subbituminous coals.  In the proposed process, 
coal is initially preprocessed in a transport pyrolyzer at temperatures between 
1,200 and 1,600 °F to convert the coal into a mixture of gas phase carbon species, 
hydrogen, and solid char fines. The char is utilized to generate electricity, and the 
gaseous effluent from the transport pyrolyzer is upgraded to a methane-rich syngas 
in a catalytic fluidized-bed reactor.  An active catalyst material loaded on a support 
will remain fixed in the catalytic reactor while the catalyst promotes the conversion 
of the gas phase carbon species and hydrogen to methane.  Sulfur species, ammonia, 
and carbon dioxide (CO

2
) remaining in the syngas will be treated in gas clean-up 

steps to produce a clean SNG and a high-pressure sequestration-ready CO
2
 

by-product stream.  

 
The project will be carried out in a three-phase program.  In Phase I, experimental 
bench-scale testing will be conducted to demonstrate the technical and economic 
feasibility of the transport pyrolysis process; the catalytic fluidized-bed process 
will be evaluated for producing a methane-rich syngas; a process for evaluating 
simultaneous carbon monoxide shift and CO

2
 capture will be explored; and char 

combustion experiments will be conducted.  In Phase II, bench-scale optimization 
studies will be conducted for the transport pyrolysis process and catalytic fluid-bed 
gas processing.  If preceding phases indicate technological and economic merit, the 
project will proceed to Phase III where a field test system will be designed, built and 
tested at an appropriate industrial host site.  

Gasification Technologies 
Hydrogen & Syngas Technologies

ContaCts

Gary J. stiegel
Gasification Technology Manager
National Energy Technology 
Laboratory
626 Cochrans Mill Road 
P.O. Box 10940 
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov
 
Daniel C. Cicero
Hydrogen & Syngas Technology 
Manager
National Energy Technology 
Laboratory
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV  26507
304-285-4826
daniel.cicero@netl.doe.gov
 
Elaine Everitt
Project Manager
National Energy Technology 
Laboratory
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV  26507
304-285-4491
elaine.everitt@netl.doe.gov
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Primary Project Goal
 
The goal of this project is to develop commercial application for co-production of 
electricity and SNG at a cost of less than $5 per MMBtu while also achieving near 
zero emissions.  

Accomplishments
 
Multi-cycle parametric testing of RTI’s regenerable CO

2
 sorbent for greater than 

90 percent CO
2
 removal has been completed, and the testing demonstrated the 

technical feasibility of RTI’s regenerable sorbent material for the proposed process.

 
Char combustion experiments have been initiated, and preliminary results indicate 
that greater than 75 percent of heavy metals in the char derived from Illinois 
bituminous coal and Freedom lignite remain trapped on the ash during combustion.  

Benefits
 
The efficient production of SNG from abundant, domestic coal will result in supply 
and price stability to an electric power generation infrastructure that has grown 
highly dependent on natural gas.

ContaCts (cont.)

Brian turk
Principal Investigator
Research Triangle Institute
3040 Cornwallis Rd. 
Research Triangle Park, NC  27709
919-541-8024
bst@rti.org

 
Cost

total Estimated Cost
$3,759,270
 
DoE/non-DoE share
$3,006,792 / $752,478

 
aDDrEss

national Energy 
technology Laboratory
1450 Queen Avenue SW 
Albany, OR  97321-2198 
541-967-5892
 
2175 University Avenue South 
Suite 201 
Fairbanks, AK  99709 
907-452-2559
 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV  26507-0880 
304-285-4764
 
626 Cochrans Mill Road 
P.O. Box 10940 
Pittsburgh, PA  15236-0940 
412-386-4687
 
One West Third Street, 
Suite 1400 
Tulsa, OK  74103-3519 
918-699-2000

 
CustomEr sErviCE

1-800-553-7681
 
WEBsitE

www.netl.doe.gov
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Proposed Process for the Co-Production of SNG and Electricity via Catalytic Coal Gasification
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

John Stipanovich
Project Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-6027
john.stipanovich@netl.doe.gov

Derek Aldred
Principal Investigator
Stamet, Inc.
8210 Lankershim Blvd. #9
North Hollywood, CA  91605
818-768-1025
dlaldred@stametinc.com

CONTINUOUS PRESSURE INJECTION OF SOLID

FUELS INTO ADVANCED COMBUSTION SYSTEM

PRESSURES

Description
Operators and designers of high-pressure combustion systems universally agree that
one of the major problems inhibiting the success of this technology relates to solid
materials handling at high pressures. Continuing problems feeding coal into high-
pressure gas environments and the well-recognized complexity of existing handling
systems has limited acceptance of advanced combustion and gasification technology.
Limitations inherent in the batch process character of existing lock hopper and piston
pump paste systems prevent controlled, continuous level delivery of the coal, imposing
gas losses, high maintenance costs and substantial risks of downtime. This project is
aimed at developing the Stamet Posimetric® High Pressure Solids Feeder to provide
the simple, accurate and reliable feed system needed to maintain the lead of the U.S.
in advanced combustion system design and supply.  The Posimetric® feeder has only
one moving part, a rotating spool which rotates within a stationary housing. Material
entering the feeder becomes locked between the disks and is carried round as the spool
rotates until it reaches the outlet port. This principle of lockup minimizes relative
motion so the pump experiences very little wear. At the outlet a moving solids seal is
continuously created, used as a seal and then dismantled as it is displaced by fresh
material as the feeder operates into pressure. The solids pass through the feeder in a
continuous unbroken stream, at a rate directly proportional to the speed of rotation.

Commercial Feeder Layout
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PARTNERS

Stamet, Inc.

Marketing Technology Services

CQ Inc.

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Layout of Stamet Posimetric® Pressure Feeder

Primary Project Goal
The overall objective of this project is the development of a mechanical rotary-disk
feeder for continuously feeding dry granular coal into high-pressure environments.
This type of feeder will enhance the commercial viability of high-pressure coal
gasifiers and fluidized bed combustors.  The current phase of the project is exploring
feeding into environments at pressures of up to 1000 psi.

Accomplishments
• Short-term testing at the intermediate pressures of 300 and 500 psi, at feed rates

of approximately 150 pounds per hour, have been accomplished. Long term
testing at these pressures commenced February 2006.

• Stamet has studied the results of the test program and in conjunction with industry
gasification operators developed the expected configuration for a commercial
feeder.

Benefits
Major benefits of these feeders will include:

• Significant capital cost reduction with preliminary cost estimates indicating
savings in the order of $100/kW.

• Significant operation cost reduction, with the virtual elimination of make-up gas
for lock hopper operation, and reduced energy cost to raise coal into plant storage
bins.

• Greatly simplified control systems, combined with the ease of maintenance of a
machine with one moving part, should provide for improved reliability and
availability of the system.

• Stabilized operation of the combustor/gasifier from controlled feed rates and
accurate turn down offering optimized performance.
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Gas Cleaning & Conditioning 

*In-House Project not included

Gas Cleaning & Gas Cleaning & 
ConditioningConditioning ProjectProject

Congressional 
District of Primary 
Contractor

Congressional 
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Gas Cleaning & Conditioning Congressional Districts List 
 
 
 
Project Title Contractor (Prime/Sub*) 

Congressional 
District 

Evaluation of a Cyclone and Hot Gas Filter System ConocoPhillips 
TX-18 

Novel Technologies for Gaseous Contaminants Control RTI 
 NC-04 

Siemens 
 PA-18 

Novel Gas Cleaning/Conditioning for Integrated Gasification 
Combined Cycle (IGCC) 

Gas Technology Institute* IL-06 
Gas Technology 
Institute IL-06 

Development of an Integrated Multi-Contaminant Removal 
Process 

University of California, 
Berkley* CA-09 

RTI 
NC-04 

SRI International* 
CA-14 

Nexant, Inc.* 
CA-08 

Eastman Chemical 
Company* TN-01 

Süd-Chemie, Inc.* 
KY-03 

Integrated Warm Gas Multicontaminant Cleanup 
Technologies for Coal-Derived Syngas 

URS Corporation*  
CA-08 

A Novel Sorbent-Based Process for High Temperature 
Trace Metal Removal 

TDA Research, Inc 
CO-07 

Advanced Gasification Mercury/Trace Metal Control with 
Monolith Traps 

University of North 
Dakota Energy and 
Environmental Research 
Center 
 

ND-01 

Coal Gas Cleanup Catalyst Development Oak Ridge National 
Laboratory TN-03 

(NETL projects not included) 
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* Fact Sheet under construction 

GGaass  CClleeaanniinngg  &&  CCoonnddiittiioonniinngg 
 
In the Gas Cleaning and Conditioning area, the goal is to achieve near-zero emissions 
while simultaneously reducing capital and operating costs. Novel gas cleaning and 
conditioning technologies are undergoing development to reach this goal. Processes that 
operate at mild to high temperatures and incorporate multi-contaminant control to parts-
per-billion levels are being explored. These include a two-stage process for H2S, trace 
metals, HCl, and particulates removal; membrane processes for control of H2S, Hg, and 
CO2; and sorbents for NH3 control. Both ceramic and metallic filters are being assessed. 
Furthermore, investigation of technologies for mercury removal is currently underway. 
Promising technologies will be scaled-up and integrated into existing demonstration 
facilities. 
 
 
 
Gas Cleaning & Conditioning Project Fact Sheets 
 

Project Title Primary Contractor Fact 
Sheet 
Listing 

Evaluation of a Cyclone and Hot Gas 
Filter System 

ConocoPhillips GC-4 

Novel Technologies for Gaseous 
Contaminants Control 

RTI GC-6 

Novel Gas Cleaning/Conditioning for 
Integrated Gasification Combined Cycle 
(IGCC) 

Siemens (Westinghouse) 
GC-8 

Development of an Integrated Multi-
Contaminant Removal Process Applied to 
Warm Syngas Cleanup 

Gas Technology 
Institute GC-10 

Integrated Warm Gas Multicontaminant 
Cleanup Technologies for Coal-Derived 
Syngas 

RTI 
GC-12 

A Novel Sorbent-Based Process for High 
Temperature Trace Metal Removal 

TDA Research, Inc. 
 GC-14 

Advanced Gasification Mercury/Trace 
Metal Control with Monolith Traps 

University of North 
Dakota Energy and 
Environmental 
Research Center 

GC-16 

Coal Gas Cleanup Catalyst Development* Oak Ridge National 
Laboratory GC-18 

Shuster
Text Box
GC-3



Page left blank to accommodate 2-sided printing



04/2005

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Jenny Tennant
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4830
Jenny.Tennant@netl.doe.gov

Gasification
Technologies

EVALUATION OF A CYCLONE AND HOT GAS

FILTER SYSTEM

Description

The Wabash River Coal Gasification Plant uses an oxygen-blown E-Gas gasifier,
owned by ConocoPhillips, which produces fuel gas containing significant amounts
of fine particulates. Currently, particulates are cleaned from the fuel gas with metal
candle filters. These filters require two plant shut-downs per year for cleaning/
replacement, and are costly to install and replace. During the U.S Department of
Energy-supported project “Gasification Plant Cost and Performance Optimization
Study”, DE-AC26-99FT40342, performed by Nexant, it was determined that particulate
removal system optimization would have a significant impact on plant economics.
As a result of the study, ConocoPhillips has decided to incorporate those finding
into the Wabash plant.  The plan is to develop a hybrid cyclone-filter particulate
cleanup system that would reduce the load on the candle filter. The cyclone is expected
to remove up to 95 percent of the char, which will result in a smaller candle filter
system and longer filter life. Thus both capital and maintenance costs will be reduced.
This project will evaluate the potential of this hybrid system using a slipstream from
the Wabash River Coal Gasification Plant. The vision is to use a hybrid cyclone-filter
hot gas particulate cleanup system in the next generation E-Gas plant.
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CONTACTS (cont.)

Albert Tsang
Principal Investigator
ConocoPhillips Co.
600 North Dairy Ashford
Houston, TX  77079-1175
Albert.c.tsang@conocophillips.com

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNER

ConocoPhillips

COST

Total Project Value
$899,994

DOE/Non-DOE Share
$719,995 / $179,999

Primary Project Goal
To develop a hybrid particulate cleanup system that will reduce the load on the candle
filter, resulting in reducing the:  (1) maintenance frequency to once per year and (2) initial
cost of the particulate clean-up system.

Accomplishments
• Completed engineering design for the addition of the hot gas cyclone to the dry char

filtration slipstream unit.

• Equipment fabrication and procurement completed for the prototype hybrid cyclone-
filter dry particulate removal system components.

• Completed construction of the cyclone-filter hybrid slip stream unit.

Benefits
Based on the study performed by Nexant, cyclone filter systems have near 100 percent
availability without any increase in scheduled outages. For the preferred Spare Solids
Processing Case in that study, switching to the cyclone particulate removal system will
increase the plant availability by 0.5 percent, increase the power output by 8.5 MW, reduce
the plant cost by $12 million, and reduce the O&M cost. This change would increase the
return on investment (ROI) by 1.5 percent for the above cases. Therefore, the success of this
project will result in reduced capital and maintenance costs of coal syngas generation or
power production systems.

Filter vessel installed at Wabash plant
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Suresh Jain
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-5431
suresh.jain@netl.doe.gov

Raghubir P. Gupta
Principal Investigator
Research Triangle Institute
3040 Cornwallis Road
P.O. Box 12194
Research Triangle Park, NC 27709-
2194
919-541-8023

Gasification
Technologies

NOVEL TECHNOLOGIES FOR GASEOUS

CONTAMINANTS CONTROL

Description
Gasification is the cleanest and most thermally efficient way to convert the energy
content of coal and other carbonaceous feedstocks into more useful products such
as electricity, hydrogen, clean fuels, and value-added chemicals.  The product of
gasification – synthesis gas (commonly called “syngas”) – is a mixture of hydrogen
(H2) and carbon monoxide (CO) and represents the building block from which all
of these valuable products are generated.  Developing reliable and cost-effective
gasification technologies can ensure that the U.S. energy requirements will be met
using coal as an abundant, low-cost, and domestic resource.

One major roadblock in market penetration of gasification technologies is that the
use of coal and other carbonaceous feedstocks in a gasifier produces several gaseous
contaminants, including hydrogen sulfide (H2S), carbonyl sulfide (COS), ammonia
(NH3), hydrogen cyanide (HCN), hydrogen chloride (HCl), arsine (AsH3), mercury
(Hg) and alkali vapors.  If allowed to remain in the syngas, these contaminants
can damage downstream process equipment as well as cause serious harm to the
environment.  To remove these contaminants, highly efficient and cost-effective
technologies are needed to retain the high cycle thermal efficiency inherent to
gasification.  To this end, Research Triangle Institute (RTI) and its industrial partners
are developing sorbent-based processes that remove the above contaminants from
coal-derived syngas.  They also are being designed to remove these contaminants
at moderate temperatures (i.e. 450 to 700 oF).

One of the main components of this project is the High Temperature Desulfurization
System (HTDS).  HTDS is a sorbent-based technology that may eventually replace
amine systems as the primary method for H2S and COS removal (desulfurization)
from syngas.  This system has the major advantage of removing sulfur species
at temperatures of 450 to 700 ºF, unlike existing amine systems where required
cooling of the syngas results in large economic and thermal penalties.

The key to maximizing the advantages of HTDS is to have a sorbent that is both
regenerable and robust enough to withstand the system’s harsh operating conditions.
As part of the current project, RTI has developed and commercialized a specialized,
zinc oxide- (ZnO) based breakthrough desulfurization sorbent (named “T-2749,”)
that meets these criteria.  In 2004, R&D Magazine recognized “T-2749” with an
R&D 100 Award.

In addition to sulfur removal technologies, this project is actively involved in
developing processes to remove the other contaminants found in coal-derived
syngas, including a sorbent-based process that removes NH3 at temperatures of
400 to 500 ºF; disposable sorbents designed for fixed-bed operation and used
to treat HCl, arsine, and Hg vapors at 400 to 600 oF; and membrane systems for
separation of H2S and CO2 from the syngas stream.
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PARTNERS

Research Triangle Institute (RTI)

Eastman Chemical Company

Membrane DuPont Air Liquide
(MEDAL)

University of Texas

North Carolina State University

Prototech Company

SRI International

Kellogg, Brown, and Root

ChevronTexaco

Süd-Chemie, Inc.

COST

Total Project Value
$20,320,372

DOE/Non-DOE Share
$15,326,608 / $4,993,764

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

This research program is focused on developing these technologies and large-scale
demonstrations at Eastman’s coal gasification facility and moving closer to near-zero
emissions coal-fired power generation.  The desulfurization process, if successfully
demonstrated, would be primed for commercial demonstration and implementation
within the next three to five years.

Primary Project Goals
The overall goal of this project is to demonstrate syngas cleaning technologies that
are thermally efficient and cost effective for treating H2S, COS, NH3, Hg, arsine and
alkali vapors in pilot plant testing with coal-derived syngas.  The specific goals are to:

• Demonstrate the removal of sulfur species (H2S and COS) to <60 parts per billion
volume – ppbv levels using a combination of sorbent and membrane-based
technologies.

• Demonstrate NH3 removal technologies (process and sorbent) that achieve less than
10 parts per million volume (ppmv) of the contaminant in the treated syngas stream.

• Demonstrate removal to < 10 ppbv levels for HCl, AsH3, and Hg vapors using
inexpensive, disposable materials.

• Lead to gas cleanup capital cost reductions of $60-80/kWe and cycle efficiency
improvements of >1 efficiency points.

Accomplishments
• Designed, built, and tested the HTDS

pilot test unit capable of processing
16,000 standard cubic feet per hour
(scfh) of syngas at 1,000 pounds per
square inch gauge (psig) and 600 to
900 °F.

• Demonstrated H2S and COS reduction in
coal derived syngas from 8,300 ppmv
(dry basis) to below 2 ppmv (analytical
detection limit).

• Scaled up sorbent production to 8,000 lb
batch.

• Identified reverse selective membrane
materials where H2S is 40 times more
permeable than H2.

• Demonstrated ability of regenerable
ammonia sorbent to reduce NH3
concentrations from 500 ppmv to less
than 40 ppmv in a simulated syngas
bench scale testing system.

• Identified two leading candidates
capable of removing mercury from
simulated syngas at temperatures
between 400 and 570 °F.

Benefits
This combination of technologies has the potential of achieving near-zero emissions
of all targeted pollutants and may replace conventional amine systems that are currently
used for syngas cleanup.  This project has the potential to improve coal gasification
technology for producing electricity, hydrogen, liquid fuels, and chemicals allowing
the U.S. to become less dependant on foreign sources of these products.

Eastman Company’s High Temperature
Desulfurization System
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Gasification
Technologies

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Suresh Jain
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-5431
suresh.jain@netl.doe.gov

Dennis A. Horazak
Principal Investigator
Siemens Westinghouse Power
Corporation
4400 Alafaya Trail, MC Q3-025
Orlando, FL  32826-2399
407-736-5131
dennis.horazak@siemens.com

THE ULTRA-CLEAN GAS CLEANUP PROCESS

FOR INTEGRATED GASIFICATION COMBINED

CYCLE (IGCC)

Novel Gas Cleaning / Conditioning for IGCC

Description
Coal gasification generates a raw gas that requires considerable cleaning and removal
of particulate and several vapor-phase contaminants to very low levels before the gas
can be used in applications such as integrated gasification combined cycle (IGCC)
power generation or fuel/chemical production.  Conventional gas cleaning processes
cool the raw gas to a low temperature, resulting in the nearly complete removal of
condensable species from the gas.  This condensate stream is used to absorb highly
water-soluble contaminants from the gas (halides and ammonia), generating a dry gas
and a highly contaminated condensate stream that requires extensive processing.  Syngas
is followed by “dry-gas” treatment in a low-temperature, gas-solvent absorption contactor
to remove sulfur species.  In IGCC applications, the clean, dry gas must be re-humidified
to generate a fuel gas that can be fired in the turbine combustors with acceptable NOX

emissions.  This “dry-gas” cleaning technology, while highly effective for gas cleaning,
results in a complex process that has high overall power and thermal energy consumption.
In addition, none of the conventional gas-sorbent contactors can achieve the very low
gas contaminant levels that will be required in future IGCC plants or the extremely
low contaminant levels required in many fuel/chemical applications.

The Siemens Westinghouse Power Corporation (SWPC) is conducting a program with GTI
to develop a Novel Gas Cleaning process that uses a new type of gas-sorbent contactor,
the “filter-reactor.”  The filter-reactor is both a barrier filter that achieves very efficient
removal of particulate from the gas, and a gas-sorbent reactor used for once-through
sorbent, gas-contaminant polishing.  The filter-reactor behaves, in principle, as a fixed bed
reactor but having several potential advantages over conventional gas-sorbent contactors.
Injected sorbent particles distribute uniformly on the filter-reactor elements, providing very
efficient gas-sorbent contacting conditions, and several polishing functions, using once-
through sorbents, can be simultaneously performed in a single vessel. The filter-reactor
outlet particle loading is extremely low, and it might operate efficiently using cheap, fine,
unsupported sorbent particles.  The proposed Ultra-Clean gas cleaning process is operated
under “humid-gas” conditions and is configured in a series of stages of gas-sorbent
filter-reactors that will chemically react with specific contaminants (halide species,
sulfur species, mercury species, etc.).  Sorbents identified in laboratory testing under
the Base Program will be used to achieve near-zero emissions of all targeted pollutants.
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CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNERS

Siemens Westinghouse
Power Corporation

GTI

PROJECT COST

Total Project Value
$4,332,785

DOE/Non-DOE Share
$3,425,343/$907,442

Primary Project Goals
The process goals are to: (1) provide improved plant performance and economics when
meeting future IGCC fuel gas cleaning requirements, and when meeting the stringent gas
cleaning requirements for chemical plant synthesis applications (e.g., H2S <60 ppbv,
HCl <10 ppbv, particulate <0.1 ppmw, mercury 95-99 percent removal) and (2) lead to gas
clean up capital cost reductions of $60-80/kWe and cycle efficiency improvements of
>1 percentage points.

Accomplishments
To date, the program has accomplished the following:

• Completed comprehensive laboratory evaluations to select appropriate sorbents for
sulfur, halide, and mercury species

• Identified the filter-reactor contacting stages performance requirements

• Identified the likely ranges of operating conditions for the filter-reactors in the process

• Devised commercial, integrated, humid-gas cleaning process configurations that
apply the filter-reactor contacting stages

• Generated process material, energy balances, and conceptual equipment designs for
commercial applications

• Quantified the overall, conceptually-based, gas cleaning performance and cost potential
for IGCC and chemical synthesis applications

• Designed and constructed a bench-scale, coal gas test facility on a GTI, 10 ton/day coal
gasifier facility to test the critical barrier filter-reactor components of the process and to
demonstrate its ability to achieve the performance goals

• Initiated testing and completed the first and second test campaigns using coal-derived
syngas from the GTI’s 10 tons per day coal gasifier facility.

Benefits
The Ultra-Clean Process provides several potential benefits.  Conventional gas-sorbent
contactors are prone to plugging, transient pressure drop increases, sorbent particle
attrition and elutriation, and the need to operate with high-cost, highly durable,
specially fabricated sorbent particles.  The filter-reactor minimizes such issues.  Also,

the Novel Gas Cleaning process builds upon
prior humid-gas cleaning technologies for
bulk halide and sulfur removal developed
under DOE sponsorship and is integrated
with these bulk removal technologies to
improve performance.  Finally, the filter-
reactor gas-sorbent contactors in this highly
efficient, humid-gas cleaning process have
the potential to provide improved plant
operating conditions and improved thermal
efficiency while being able to achieve near-
zero emissions.  This process is anticipated
to increase the cycle efficiency by more than
1 percentage points and reduce gas clean up
capital costs by $60-80/kWe.

Ultra-Clean Process
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Gasification
Technologies

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Elaine Everitt
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4491
Elaine.Everitt@netl.doe.gov

Howard Meyer
Principal Project Manager
Gas Technology Institute
1700 South Mount Prospect Road
Des Plaines, IL  60018
 847-768-0955
howard.meyer@gastechnology.org

DEVELOPMENT OF AN INTEGRATED

MULTI-CONTAMINANT REMOVAL PROCESS

APPLIED TO WARM SYNGAS CLEANUP

Description
Advanced gasification systems will be needed to provide synthesis gas for advanced
combined cycle power plants for hydrogen production and for chemical conversion
plants. All of these advanced applications will require that sulfur-containing species,
as well as other contaminants in the syngas, be reduced to parts-per-million (ppm) or
in some cases parts-per-billion (ppb) levels.

Acid-gas removal technologies that are either currently available or under development
include: (1) low-temperature or refrigerated solvent-based scrubbing systems using
amines, such as MDEA, or physical solvents (i.e., Rectisol, Selexol, Sulfinol), or (2) high
temperature sorbents. Typically, these gas-cleaning processes operate at temperatures
that are either below or above the temperature of the downstream processing operations
(e.g., for gas turbine fuel systems and catalytic synthesis processes), which are in the
range of 300 to 700 ºF. These temperature differences lead to lower energy efficiencies.
The low-temperature clean-up processes require temperature reductions to below
100 ºF and then reheating to downstream process temperature requirements; the high-
temperature sorbent systems operate at 1000 ºF, leading to unnecessary gas stream
corrosivity.

The development of desulfurization systems that can be matched to the elevated
temperature and pressure conditions of gasification processes (i.e., temperatures in
the range of 300-700 ºF and pressures in the range 400-1,200 psig) and that can be
integrated with the warm-gas cleanup of other contaminants is, therefore, of critical
importance for early commercialization of advanced gasification technologies being
promoted by U.S. DOE in the FutureGen and Clean Coal Power Initiative programs.

GTI will develop an integrated, multicontaminant removal process in which hydrogen
sulfide, ammonia, hydrogen chloride and heavy metals (including Hg, As, Se, Cd)
present in coal-derived syngas will be removed to specified levels in a single process
step.  The solvent-based high pressure University of California Sulfur Recovery Process
(UCSRP-HP) that directly converts hydrogen sulfide to elemental sulfur at 285 ºF to
300 ºF will be evaluated for removal of other contaminants in the same reactor column.
The preliminary process concept has been verified using a batch reactor at the Gas
Technology Institute (GTI) and the results have been found to be promising. The
proposed process is tightly integrated and is expected to be significantly more economic
both in terms of capital and operating costs.
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PARTNERS

Gas Technology Institute
University of California, Berkeley

PROJECT COST

Total Project Value
$449,957

DOE/Non-DOE Share
$359,957 / $90,000

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Data critical to developing and evaluating UCSRP-HP technology for multi-contaminant
removal from coal derived syngas will be obtained. During Phase-I, which is expected
to last 18 months, extensive laboratory experiments will be conducted to investigate
the effect of important process parameters on contaminant removal efficiencies, solvent
stability and to study the reaction kinetics, reactor hydrodynamics and metal-corrosion
related issues. The experiments will be conducted using simulated syngas in a specially
designed high-pressure, high-temperature reactor setup that will be capable of producing
up to 20 lb/day elemental sulfur. Laboratory data will be used to develop a computer
simulation model that will later be used for techno-economic evaluation of the process
and designing a pilot-scale demonstration unit for Phase-II work.

Primary Project Goal
The primary goal of this project is to develop experimental data to demonstrate the
technical feasibility of the UCSRP-HP process for multicontaminant removal from
warm syngas. The specific tasks of the projects include (1) design, construction and
operation of a UCSRP-HP bench-scale unit, (2) investigation of long-term (i.e., 1,000 hrs)
solvent stability, (3) investigation of metal corrosion related issues for selecting suitable
material of construction for the UCSRP reactor, (4) development of an Aspen-Plus based
computer simulation model, and (5) techno-economic evaluation of the process applied
to syngas cleanup for a 500 MWe coal-based IGCC power plant.

Accomplishments
Preliminary studies at GTI indicate that this process is conceptually sound and can be
further developed through proposed work into a promising low-cost technology for
warm syngas cleanup.

The conceptual design for a
high-pressure bench-scale test
unit (design temperature of
450 °F, design pressure of
1000 psig) was completed.
Through a competitive bid
process, a vendor has been
selected to complete detailed
design and to fabricate the test
unit with a delivery date in
Spring 2006.

Benefits
The proposed process is ideal for syngas desulfurization at 285 to 300 oF and at any
given pressure (higher the better) and offers a tighter integration with the process for
removal of trace contaminants and heavy metals. It is expected to be significantly
lower in capital and operating cost compared to conventionally applied amine or
physical solvent based acid-gas removal process followed by Claus/SCOT process. A
techno-economic evaluation of the related low pressure process has found significant
advantages (40% reduction in each of capital and operating cost) for the proposed
scheme compared with conventional treating approaches., i.e., Claus plus SCOT
tail gas treating. Additionally, testing done at GTI has shown negligible chemical
consumption (including catalyst), unlike typical chemical costs of $300 - $1000 per
ton sulfur removed found in competing processes.

High Pressure Laboratory Reactor at GTI.
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Suresh Jain
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV 26507
304-285-5431
suresh.jain@netl.doe.gov

Brian S. Turk
Principal Investigator
Research Triangle Institute
3040 Cornwallis Road
P.O. Box 12194
Research Triangle Park,
NC  27709-2194
919-541-8024
bst@rti.org

INTEGRATED WARM GAS MULTICONTAMINANT

CLEANUP TECHNOLOGIES FOR COAL-DERIVED

SYNGAS

Description
Integrated gasification combined cycle (IGCC) technology offers a means to utilize
coal—the most abundant fuel in the United States—to produce a host of products
ranging from electricity to value-added chemicals, including transportation fuels and
hydrogen, in an efficient and highly environmentally friendly manner. However, the fact
that the overall cost (capital, operating, and maintenance) of this technology is still
higher than natural gas-fired power plants has impeded commercialization of IGCC
technology. Although a number of factors contribute to the overall cost, the cost of
cleaning the syngas to near zero contaminant levels is a major component, accounting
for 7 to 15% of the overall capital cost. The keys to improving the economics of the
syngas cleaning system are reducing these costs and, at the same time, increasing the
thermal efficiency of conversion of coal into electricity and other products.

The extremely heterogeneous nature of coal and other carbonaceous feedstocks used to
produce syngas by gasification presents a very complex and technically challenging
situation for any comprehensive syngas cleaning system. These challenges include:

• Effectively treating multiple contaminants present at significantly different
concentrations

• Effectively treating syngas with varying contaminant concentrations associated with

- Natural variations in coal composition

- Different gasification processes

• Effectively treating syngas to meet different product requirements for various syngas
utilization processes (fuel cell, chemical production, combustion turbine, etc.)

• Developing treatment processes to simultaneously remove multiple contaminants
including trace elements

• Designing treatment systems in spite of large variation in published and/or predicted
concentrations of trace metals in syngas resulting from difficulties with accuracy
and precision of measurement techniques.

The net result of these challenges is that syngas cleaning is a complex and costly
process. Previous attempts to minimize the cost and maximize efficiency have relied
on well-known commercial technologies with the results of reduced thermal efficiency
and increased capital and operating costs.
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PARTNERS

Research Triangle Institute (RTI)

SRI International (SRI)

Nexant, Inc. (Nexant)

Eastman Chemical Company
(Eastman)

Süd-Chemie, Inc. (SCI)

URS Corporation (URS)

PROJECT COST

Total Project Value
$1,334,369

DOE/Non-DOE Share
$1,032,654 / $301,715

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Primary Project Goals
The overall goal of this project is to develop a warm multi-contaminant syngas
cleaning system for operation between 300 and 700 °F and 1,200 psig.  This system
will be composed of a bulk contaminant removal stage and a polishing removal
stage.  The specific goals are to:

• Reduce the H2S and COS to less than 5 parts per million by volume (ppmv) using
the regenerable RTI-3 sorbent in a bulk removal stage

• Reduce the HCl to less than 5 ppmv with the use of disposable sodium bicarbonate
(nahcolite) sorbent in a bulk stage

• Reduce As, Se using the regenerable RTI-3 sorbent

• Reduce sulfur species and HCl to less than 50 ppbv and less than 800 ppbv,
respectively, in the polishing stage

• Conduct system studies to guide material and process development and integration
activities to reduce cost, increase thermal efficiency, and improve syngas cleaning
performance

Accomplishments
Completed NEPA documentation

Benefits
This combination of technologies has the potential of achieving near-zero emissions
of all targeted pollutants in a syngas cleanup system that:

• Can be easily adapted to effectively treat differences in syngas contaminant
concentrations resulting from variations in coal concentrations and gasifier design,

• Can be easily modified in a cost effective manner to adapt contaminant control
performance as required by syngas utilization objectives,

• Can be easily modified with minor retrofitting to improve contaminant control
performance as regulatory requirements change,

• Has had its internal processes fully integrated with both the gasification and
syngas utilization systems, and

• Leverages existing R&D results to accelerate the development and commercial
deployment of this technology.

Process Schematic of Proposed Approach
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Gasification
Technologies

A NOVEL SORBENT-BASED PROCESS FOR HIGH

TEMPERATURE TRACE METALS REMOVAL FROM

COAL-DERIVED SYNGAS

Description
Gasification converts coal and other heavy feedstocks into synthesis gas (syngas) that
can be used either as a fuel for highly efficient power generation cycles or converted
into value-added chemicals and transportation fuels.  However, coal-derived synthesis
gas contains a myriad of trace contaminants, such as mercury (Hg), arsenic (As),
selenium (Se), and cadmium (Cd), that may be regulated in power plants and can
act as poisons for fuel cells or catalysts used in downstream chemical manufacturing
processes.

This project will develop a chemical sorbent-based process to remove all trace metal
contaminants (including Hg, As, Se and Cd) from coal-derived synthesis gas in a
single process step at high temperature (500ºF).  High temperature removal will
greatly improve the overall efficiency of the power cycle, because cold gas clean-
up systems inherently have to condense the water vapor in the syngas, thus reducing
power cycle efficiency by roughly 10% on a relative basis.

In a Small Business Innovative Research (SBIR) Phase II project, TDA Research,
Inc. (TDA) developed a high temperature, expendable sorbent for removing catalyst
poisons (As and Se) from coal-derived syngas; and in a second SBIR Phase II project,
TDA developed a high temperature regenerable Hg sorbent.  Unlike commercially
available sorbents that physically adsorb Hg and must operate at near ambient
temperature, TDA’s sorbent operates at an elevated temperature and removes trace
metals by forming chemical complexes and amalgams.  The SBIR projects have
already demonstrated parts of the concept, including the ability of the Hg sorbent to
operate without deterioration for at least 40 consecutive absorption/regeneration
cycles, that the expendable sorbent has an exceptionally high absorption capacity
for arsenic and selenium, and that simultaneous removal of Hg and other trace
contaminants from simulated coal-derived syngas is achievable.

Primary Project Goal
The primary goal is to develop a novel gas cleaning technology for removing
multiple trace metals (e.g., Hg, As, Se, and Cd) from coal-derived synthesis gas at
high temperature.

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Elaine Everitt
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV  26507
304-285-4491
Elaine.Everitt@netl.doe.gov

Gokhan Alptekin
Principal Investigator
TDA Research, Inc.
12345 West 52nd Avenue
Wheat Ridge, CO  80033
303-940-2349
galptekin@tda.com
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Objectives
The objectives of the project are to:

• Design, build, and install a field prototype test unit on a slipstream at a
gasification facility.

• Evaluate the performance of the prototype unit on real syngas.

• Analyze the removal mechanisms of the trace metals.

• Determine the impact of other impurities in the coal-derived syngas on the
operation of the sorbent.

Accomplishments
In bench-scale tests, TDA has shown that their sorbent can achieve an exceptionally
high absorption capacity for arsenic and selenium using simulated syngas.  TDA also
showed that the sorbent could remove mercury in a regenerable mode for multiple
absorption/regeneration cycles with reasonable capacity and without any degradation
in performance. Thus, most of the aspects and technical feasibility of TDA’s novel
trace metal removal system have already been demonstrated at bench-scale.

Benefits
Gasification systems will benefit from the development of a chemical sorbent-based
process to remove trace metal contaminants from coal-derived synthesis gas at high
temperatures in a single process step.  High temperature removal will improve the
overall efficiency of the power cycle.  This process should also reduce the amount
of sorbent required relative to currently available options, thus reducing costs for
replacement sorbent and waste disposal.

PARTNERS

TDA Research, Inc.

PROJECT COST

Total Project Value
$375,000

DOE/Non-DOE Share
$300,000 / $75,000

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Test apparatus used to evaluate performance of sorbents
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Technologies

CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Jenny Tennant
Project Manager
National Energy Technology
Laboratory
3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV 26507
304-285-4830
jenny.tennant@netl.doe.gov

Michael L. Swanson
Principal Investigator
UNDEERC
15 North 23rd Street
Grand Folks, ND  58202
701-777-5239
MSwanson@undeerc.org

MONOLITH TRAPS FOR MERCURY AND TRACE

METAL CONTROL IN ADVANCED GASIFICATION

UNITS

Description
One of the goals of the Department of Energy’s R&D effort is the development of
ultraclean power plants.  In one promising approach, coal is first gasified to produce
a syngas that is cleaned to near-zero levels of pollutants, including mercury and
other trace metals, before being used to make power, hydrogen or chemicals.  Using
currently available technologies, the syngas must be cooled before pollutant scrubbing
can occur.  A process that removes contaminants in one integrated step at a higher
temperature would increase the efficiency of the cleanup process, reduce the cost
of the cleanup system and, therefore, reduce the cost of ultra-clean, coal-derived
electricity.

The University of North Dakota Energy and Environmental Research Center
(UNDEERC), in partnership with Corning, Inc., will develop an integrated system
to remove the trace metals from coal-derived syngas.  Corning has developed a
high surface-area, impregnated carbon monolith; UNDEERC has developed a Hg
sorbent, functional up to 750 °F.  This project will merge these two technologies,
and also develop sorbents for other metals (As, Se, and Cd).  The monolith is a
fixed, honeycomb-like structure that will force the contaminant-laden syngas to
travel through multiple small channels.  The inside surfaces of the monolith will

Sulfur-impregnated carbon honeycomb monoliths
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be impregnated with the reactive sorbents.  The monolith structure is expected to
result in high syngas/sorbent contacting, low pressure drop, and a long sorbent
life, all of which could result in substantial cost savings compared to the more
usual particle sorbent approach to gas cleanup.

The first three years of the project will include monolith preparation, laboratory
testing (with synthetic syngas), bench-scale gasification testing (with real coal-
derived syngas), and pilot-scale gasification slipstream testing. The final two years
will consist of construction and testing of a test rig to fully integrate monolith
operation and regeneration with UNDEERC’s 300 lb/hr pilot-scale Transport
Reactor Development Unit (TRDU).  Corning is a partner with UNDEERC on this
project, providing not only their monolith technology, but also their facilities,
expertise and substantial project cost share.  Corning will produce the monoliths at
their facility in Corning, New York; the monoliths will be tested at the University of
North Dakota Energy and Environmental Research Center test facility.

Primary Project Goal
The primary goal of this project is to develop a coal-derived syngas cleanup
system that is effective in removing Hg, As, Se, and Cd at a temperature between
300 to 700 °F and typical gasification pressure in a single, integrated system
using a monolith system.

Objectives
The objectives of this project are to:

• Modify the structure, chemical composition, doping profile, and/or flow conditions
of the monolith system to reach the following maximum contaminant levels in
the cleaned syngas: 5 ppb Hg, 5 ppb As, 0.2 ppm Se, and 30 ppb Cd.

• Demonstrate the monolith system in a pilot system with integrated turbine
fail-safe functionality.

Accomplishments
UNDEERC has already developed a Hg sorbent functional up to 750 °F that will
be part of the reactive component on a high surface-area carbon monolith, already
developed by Corning.

Benefits
Two major issues for the continued strength and well being of the U.S. are
environmental protection and national security.  This project will address both
these issues by developing a more economical process for reducing heavy metal
emissions, which will help ensure that the U.S. can use coal, our most abundant
fossil fuel, for ultra-clean power production.

PARTNERS

University of North Dakota Energy
and Environmental Research
Center

Corning, Inc.

PROJECT COST

Total Project Value
$6,243,179

DOE/Non-DOE Share
$4,993,179 / $1,250,000

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov
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Coal Gas Cleanup Catalyst Development* 
- Oak Ridge National Laboratory 
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Advanced Gas Separation 

*In-House Project not included

Advanced Gas Advanced Gas 
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Contractor
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Advanced Gas Separation Congressional Districts List 
 
 

Project Title Contractor (Prime/Sub*) 
Congressional 

District 
ITM Oxygen Technology for Integration in IGCC 
and Other Advanced Power Generation Systems 

Air Products Chemicals 
PA-15 

Development of Mixed-Conducting Dense 
Ceramic Membranes for Hydrogen Separation 

ANL 
IL-13 

NEXANT CA-08 CO2 Hydrate Process for Gas Separation from a 
Shifted Synthesis Gas Stream LANL* NM-03 
Scale-Up of Microporous Inorganic Hydrogen-
Separation Membrane  

ORNL TN-03 

Eltron CO-02 
Coors Tek* CO-06 
Chevron-Texaco* TX-07 
Sud Chemie* KY-03 
McDermott Technologies* OH-16 
ANL* IL-13 

Gas Separation Membranes 

ORNL* TN-03 
(NETL projects not included) 
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* Fact Sheet under construction 

AAddvvaanncceedd  GGaass  SSeeppaarraattiioonn 
 
Advanced gas separation research offers the potential for substantial improvement in 
environmental and cost performance. These technologies will also enhance process 
efficiency. A major program objective is the development of cost-effective oxygen-
separation membranes. These can provide substantial cost reduction for oxygen 
separation compared to conventional cryogenic methods. Improved hydrogen recovery 
and CO2 removal are also important. Currently, the program is developing high-
temperature ceramic membranes for H2 recovery from gas streams, as well as low-
temperature approaches to H2 recovery and CO2 removal. Other novel approaches for O2 
and H2 separation will be investigated under different operating conditions. 
 
 
 
Advanced Gas Separation Project Fact Sheets 
 
 
Project Title Primary Contractor Fact 

Sheet 
Listing 

ITM Oxygen Technology for Integration in 
IGCC and Other Advanced Power 
Generation Systems 

Air Products Chemicals 
GS-4 

Development of Mixed-Conducting Dense 
Ceramic Membranes for Hydrogen 
Separation 

ANL 
GS-6 

CO2 Hydrate Process for Gas Separation 
from a Shifted Synthesis Gas Stream 

NEXANT GS-8 

Scale-up of Hydrogen Transport 
Membranes for IGCC and FutureGen 
Plants* 

Eltron 
GS-10 

Scale-Up of Microporous Inorganic 
Hydrogen-Separation Membrane* 

Oak Ridge National 
Laboratory GS-12 
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

Arun C. Bose
Project Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
Pittsburgh, PA 15236-0940
412-386-4467
arun.bose@netl.doe.gov

Phillip A. Armstrong
Principal Investigator
Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501
610-481-8754
armstrpa@airproducts.com

Gasification
Technologies

DEVELOPMENT OF ION TRANSPORT MEMBRANE

(ITM) OXYGEN TECHNOLOGY FOR INTEGRATION

IN IGCC AND OTHER ADVANCED POWER

GENERATION SYSTEMS

Description
Air Products and Chemicals, Inc. is
currently developing ion-transport
membrane (ITM) oxygen separation
technology for large-scale oxygen and
advanced power production facilities
including gasification.  The ITM Oxygen
process uses non-porous, mixed ion and
electron conducting materials operating
typically at 800-900°C.  Ion and electron
flow paths occur through the membrane
countercurrently, and the driving force
for oxygen separation is determined by
the relative oxygen partial pressure
gradient across the membrane, typically 100-300 pounds per square inch gauge (psig) on the
feed side and low to sub-atmospheric pressure on the permeate side.  The energy of the hot,
pressurized, non-permeate stream is recovered by a gas turbine power generation system.  The
development of ITMs will reduce the capital costs and parisitic load of air separation systems
in comparison to the currently available cryogenic technology. Because air separation is a
critical component of the gasification process for power production, any reductions in the cost
of this component will in turn, reduce the overall costs of gasification, thereby making
gasification more competitive.

Primary Project Goals
The ITM Oxygen project aims to develop, scale-up, and demonstrate a novel air separation
technology for integration with integrated gasification combined cycle (IGCC) and other
advanced power generation systems for large-scale power production.  A three-phase technology
RD&D effort will demonstrate all necessary technical and economic requirements for scale-
up and industrial commercialization.  Phase I objectives focused on materials and process
R&D, and the design, construction, and operation of an approximately 0.1-ton-per-day
(TPD) Technology Development Unit (TDU).  The TDU test data allowed establishment
of cost and performance targets for stand-alone, tonnage-quantity commercial ITM Oxygen
plants and integration schemes of ITM Oxygen with IGCC and other advanced power
generation systems.  Phase II and Phase III activities are currently in progress and will test
the performance of full size ITM Oxygen modules. The objective of Phase II is to produce high
purity oxygen in a 5 TPD engineering prototype facility.  These tests also will generate process
information for further scale-up to a 25 TPD pre-commercial development facility.  In Phase III,
a pre-commercial development facility to produce approximately 25 TPD of commercially pure
oxygen and qualify process schemes for gas turbine-integrated operation will be commissioned.

Commercial-Scale ITM Oxygen Modules
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CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNERS

Air Products and
Chemicals, Inc.

Ceramatec, Inc.

Concepts NREC, Inc.

Siemens Westinghouse

SOFCo Holdings, EFS

GE

The Pennsylvania State
University

University of Pennsylvania

COST

Total Project Value
$89,391,332

DOE/Non-DOE Share
$44,695,666 / $44,695,666

Accomplishments
Phase I
• Developed novel, high-flux materials that withstand the expected commercial operating

environment

• Developed cost-effective ITM Oxygen devices

• Demonstrated commercially anticipated performance under real conditions at the pilot
scale

• Re-confirmed significant overall cost benefits over conventional, cryogenic oxygen
production technology

Phase II
• Designed a Subscale Engineering Prototype (SEP) pilot plant to produce up to 5 TPD

oxygen to verify the performance of commercial-scale modules

• Initiated extensive ceramic wafer and module production in the pilot production
facility to support the SEP testing campaign

• Fabricated a thin, cost-optimized, multi-layer ITM structure that achieved oxygen
production rates exceeding commercial performance targets at anticipated commercial
operating conditions with significant engineering life time

• Built the first commercial-scale ITM Oxygen separation module

• Initiated construction of a five ton-per-day engineering-scale ITM Oxygen production
prototype, with industrial commercialization projected in the latter part of the decade

Benefits
The ITM Oxygen production technology is a radically different approach to producing high-
quality tonnage oxygen, which will enhance the performance of IGCC and other advanced
power generation systems.  Process engineering and economic evaluations of IGCC power
plants, comparing ITM Oxygen with a state-of-the-art cryogenic air separation unit, projected
a one-third decrease in the installed capital cost of the air separation unit and a seven percent
decrease in the installed capital cost of an IGCC facility.  In addition, ITM Oxygen reduces
the power requirement for air separation by approximately 33 percent, which will also
improve power plant output and efficiency.  Moreover, ITM Oxygen is an enabling module
for FutureGen power plants to produce coal-derived synthesis gas (a mixture of hydrogen and
carbon dioxide) that can be used to produce hydrogen fuel.  Oxygen-intensive industries
such as steel, glass, non-ferrous metallurgy, refineries, and pulp and paper would also realize
cost, environmental, and productivity benefits as a result of ITM Oxygen.
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CONTACTS

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

John Winslow
Hydrogen & Syngas Technology
Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-6072
john.winslow@netl.doe.gov

Richard J. Dunst
Project Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-6694
richard.dunst@netl.doe.gov

Gasification Technologies
and Hydrogen & Syngas

DEVELOPMENT OF MIXED-CONDUCTING DENSE

CERAMIC MEMBRANES FOR HYDROGEN

SEPARATION

Description

The development of cost-effective membrane-based reactor and separation technologies
is of considerable interest for advanced coal-based power and fuel production technology
applications. Specifically, the development of mixed conducting dense ceramic
membranes is critical to transitioning to hydrogen-based energy. In the long term,
hydrogen is anticipated to be the fuel of choice for both power and transportation
industries.  For a hydrogen-based energy structure, fossil-fuel based technologies
will be required to generate hydrogen for various uses including energy production
and value-added commercial products.  A cost-effective hydrogen separation technology
is integral to successful fossil-based hydrogen production technologies. Thin, dense
ceramic membranes fabricated from mixed protonic and electronic conductors may
provide a simple, efficient means for separating hydrogen from fossil-based gas streams.

Dense ceramic membranes will be developed to separate hydrogen in a non-galvanic
mode from hydrogen-containing gaseous mixtures such as products from coal
gasification, natural gas partial oxidation, and water gas shift reaction.  These
membranes will consist of either dual-phase ceramic/metal composites or monolithic
mixed protonic and electronic conductors. The work involves identifying and
evaluating materials with suitable hydrogen permeability and the development of
methods for fabricating thin, dense membranes. Chemical, mechanical, and thermal
stabilities of these materials will be studied.

A researcher preparing the membrane for a test.
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CONTACTS (cont.)

U. Balachandran
Principal Investigator
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL  60439
630-252-4250
balu@anl.gov

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

PARTNER

Argonne National
Laboratory

COST

Total Project Value
$4,040,000

DOE/Non-DOE Share
$4,040,000 / $0

Primary Project Goal

The primary goal of this project is to develop thin and dense ceramic membranes fabricated
from mixed protonic and electronic conductors to provide a simple and cost-effective
means for separating hydrogen from coal gasification and other partial-oxidation-product
streams.

Accomplishments

• Tested ceramic membranes sealed to metallic tubing under high pressure to evaluate
the integrity of the seals.

• Evaluated mechanical properties of the membranes before and after exposure to
hydrogen-containing gas mixtures.

• Fabricated and sealed thin membranes to tubes or other appropriate fixtures for
testing and test hydrogen flux.

• Selected a membrane composition and initiated tests for membrane efficiency in
separating hydrogen from simulated coal gas streams.

• A hydrogen-selective membrane developed as part of this project was selected by an
independent judging panel and the editors of R&D Magazine as one of the 100 most
technologically significant products introduced into the marketplace in 2004.

Benefits

Cost-effective ceramic membrane technology will benefit hydrogen-based power production
and transportation where pure hydrogen is needed to power solid oxide fuel cells. The use of
a ceramic membrane to separate hydrogen from a shifted syngas stream will also produce a
higher concentrated CO2 steam which is beneficial for sequestration.  Previous studies have
shown that ceramic membrane technology has the potential to increase hydrogen production
by 32 percent and increase carbon capture by 13 percent over conventional pressure swing
adsorption technology.
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Sequestration and
Gasification Technologies

CO2 HYDRATE PROCESS FOR GAS SEPARATION

FROM A SHIFTED SYNTHESIS GAS STREAM

Background
One approach to de-carbonizing coal is to gasify it to form fuel gas consisting
predominately of carbon monoxide and hydrogen. This fuel gas is sent to a shift
conversion reactor where carbon monoxide reacts with steam to produce carbon
dioxide and hydrogen. After scrubbing the carbon dioxide from the fuel, a stream of
almost pure hydrogen stream remains, which can be burned in a gas turbine or used
to power a fuel cell with essentially zero emissions. However, for this approach to
be practical, it will require an economical means of separating carbon dioxide from
mixed gas streams. Since viable options for sequestration or reuse of carbon dioxide
are projected to involve transport through pipelines and/or direct injection of high
pressure carbon dioxide into various repositories, a process that can separate carbon
dioxide at high pressures and minimize recompression costs will offer distinct
advantages. This project addresses the issue of carbon dioxide separation from
shifted synthesis gas at elevated pressures.

The project is concerned with development of the low temperature SIMTECHE
process. This process utilizes the formation of carbon dioxide hydrates to remove
CO2 from a gas stream. Many people are familiar with methane hydrates but are
unaware that, under the proper conditions, CO2 forms similar hydrates. In Phase 1,
a conceptual process flow scheme was developed. The thermodynamic limits of such
a process were confirmed by equilibrium hydrate formation experiments for shifted
synthesis gas compositions and rapid hydrate formation kinetics were demonstrated
in a bench-scale flow apparatus. Performance projections were then made for a few
selected process configurations, and encouraging preliminary economics were
developed.

Primary Project Goal
The goal of this project is to construct and operate a pilot-scale unit utilizing the
hydrate process for CO2 separation.

Objectives
The program is currently in Phase 2 of a 3-phase plan. The objectives of Phase 2
are: (1) carry out further laboratory-scale tests of the CO2 hydrate concept, including
extended and slightly larger-scale continuous-flow tests; (2) conduct an engineering
analysis of the concept, and develop updated estimates of the process performance
and cost of carbon control; (3) use data developed in the lab to design and build
a pilot plant using a slipstream in an operating IGCC plant. Phase 3 will consist of a
pilot demonstration of the process in the IGCC plant.

CONTACTS

Sean I. Plasynski
Sequestration Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA 15236
412-386-4867
sean.plasynski@netl.doe.gov

Gary J. Stiegel
Gasification Technology Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA  15236
412-386-4499
gary.stiegel@netl.doe.gov

José D. Figueroa
Project Manager
National Energy Technology
Laboratory
626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA 15236
412-386-4966
jose.figueroa@netl.doe.gov
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CONTACTS (cont.)

Gerald Choi
Nexant
101 Second Street 10/Fl.
San Francisco, CA 94105
415-369-1075
gnchoi@nexant.com

PARTNERS

Nexant

Los Alamos National Laboratory
(LANL)

SIMTECHE

COST

Total Project Value
$14,385,000

Nexant
DOE/Non-DOE Share
$5,435,000 / $0

Los Alamos National
Laboratory DOE/Non-DOE
Share
$8,950,000 / $0

CUSTOMER SERVICE

1-800-553-7681

WEBSITE

www.netl.doe.gov

Project196.pmd
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Accomplishments
A bench-scale flow system for the continuous production of carbon dioxide
hydrates was assembled, and operational issues associated with continuous
hydrate production were resolved. The technical feasibility of the SIMTECHE
process was thereby demonstrated. The enhancement of carbon dioxide hydrate
formation and separation by the presence of gaseous and/or liquid promoters was
also demonstrated in equilibrium stills. A larger scale engineering test system
with enhanced cooling capabilities was installed for higher flow velocity and higher
residence time experiments on continuous production of hydrate-water slurries.
Equilibrium conversion of carbon dioxide was demonstrated (at temperatures slightly
higher and pressures slightly lower than optimal design).  Current efforts focus on
demonstrating performance at the design point.

Benefits
The hydrate process will provide a high pressure/low temperature system for
separating CO2 from shifted synthesis gas in an economical manner.

The process can be adapted to an existing gasification power plant for CO2

separation in the production of synthesis gas.

Overall, the process will result in a residual concentrated stream of hydrogen capable
of fueling zero-emission power plants of the future and a concentrated CO2 stream
available for re-use or sequestration.
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*Factsheet Under Development 

 
Scale-up of Hydrogen Transport Membranes for IGCC and FutureGen Plants* 
- Eltron 
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*Factsheet Under Development 
 
Scale-Up of Microporous Inorganic Hydrogen-Separation Membrane* 
- Oak Ridge National Laboratory 
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