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What is Gasification? 

Gasification converts any carbon-containing material into 
synthesis gas, composed primarily of carbon monoxide and 
hydrogen (referred to as syngas) 

Syngas can be used as a fuel to generate electricity or steam, 
as a basic chemical building block for a large number of uses 
in the petrochemical and refining industries, and for the 
production of hydrogen 

Gasification adds value to low- or negative-value feedstocks 
by converting them to marketable fuels and products 
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Extreme Conditions:  
415 psia or more 
2,600 F 
Corrosive slag and H2S gas 

Products (syngas) 
CO (Carbon Monoxide) 
H2 (Hydrogen) 
[CO/H2 ratio can be adjusted] 
 
By-products 
H2S (Hydrogen Sulfide) 
CO2 (Carbon Dioxide) 
Slag (Minerals from Coal) 

Gas 
Clean-Up 

before 
Product 

Use 

Courtesy: Eastman Chemical 

The Gasifier 

Presenter
Presentation Notes
A basic oxygen-blown gasifier configuration is depicted.  Coal, water and oxygen are fed at the top…heated to high temperature which results in a mixture of gases and slag from water quenching the ash.
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Gasification – Differences from Combustion 

Add water and high pressure 
Use less air or oxygen 
Gasification exit gases are at high pressure, so smaller 
volume, smaller reactors 
Combustion makes heat + CO2 + H2O  
Gasification makes less heat + carbon monoxide + hydrogen 
(CO + H2); called Syngas 
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Clean 
Electricity 

Transportation Fuels 
(Hydrogen) 

 

Building Blocks for 
Chemical Industry 

So what can you do with CO and H2 ? 
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Water-Gas-Shift (WGS) Reaction 

Dry syngas is ~ 40% CO + 50% H2 

For each CO molecule the WGS reaction creates one H2 molecule 
and one CO2 molecule 

CO + H2O + catalyst            CO2 + H2 

After the WGS reaction, the CO2 and H2 can be separated 
High pressure CO2 results in lower cost sequestration 
Hydrogen can be burned to make power 

     2H2 + O2             2H2O 
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Overview of Energy Systems Options 
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Acetic Anhydride 
Acetic Acid 

Courtesy:  Eastman Chemical 

Methanol 

 Ammonia 

  Fertilizer (Urea) 

   Liquid Fuels (Diesel) 

     Hydrogen 

Syngas 

Chemicals and Products from Gasification 
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Benefits of Gasification 

Feedstock flexibility 
Wide range of coals, petcoke, liquids, wastes, biomass can be 
utilized 

Product flexibility 
Syngas can be converted to high valued products: electricity, 
steam, hydrogen, liquid transportation fuels, chemicals, SNG 

Environmental superiority 
Pollutants can be economically controlled to extremely low levels 
(SO2, NOX, CO, Hg, etc.) 
Reduced water consumption 
Potential solid wastes can be utilized or easily managed 
High efficiency / low CO2 production 
CO2 can be easily captured for sale or 
geologic storage (sequestration) 
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Why the Interest in Coal Gasification? 

Continuing fuel price fluctuation – natural gas and 
transportation fuels  

Energy security – the U.S. has a lot of coal 

Gasification can be used to make hydrogen (H2), fertilizer, 
chemicals, transportation fuels from coal 

Can be the lowest cost option to make power with carbon 
dioxide (CO2) capture and storage 

Excellent environmental performance for power generation 
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Gasification Systems Program Goal 

“Federal support of scientific R&D is 
critical to our economic competitiveness“ 

  
Dr. Steven Chu, Secretary of Energy 

November 2010  

The goal of the Gasification Systems Program is 
to reduce the cost of electricity, while increasing 
power plant availability and efficiency, and 
maintaining the highest environmental standards 
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Gasification Systems Program 

Focus to reduce the cost of gasification, while increasing plant 
availability and efficiency, and maintaining the highest 
environmental standards 
 
FE Program Target: IGCC with CSS that has less than 10% 
increase in COE and 90% capture 
    
Increasing focus on low rank coal (LRC) gasification 
EIA forecasts significant growth in western coal production; low 
rank western coal cost per Btu predicted to remain at about half 
that of eastern coal 

Industry interest in cost-sharing LRC R&D 

Potential for economic boost to U.S. regions with LRC reserves 
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Gasification Systems Program 
Key Technologies 

Feed Systems 
Oxygen separation 
Expand fuel flexibility 
Increase efficiency 

Gasifier Optimization and Plant Supporting Systems 
Improve reliability 
Increase efficiency 

Syngas Supporting Systems 
Hydrogen and carbon dioxide separation 
Control multi-contaminants to extremely low levels 
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Feed Systems 
–  Oxygen separation 
–  Expand fuel flexibility 
–  Increase efficiency 

Syngas Supporting 
Systems 
–  Control multi-contaminants 
    to extremely low levels 
–  Separate CO2 from hydrogen 
 

Oxygen 

CO2 

H2 rich stream Water  
Gas Shift 

Key Gasification Systems R&D Areas 
Hot Compressed Air 

Feedstock 
Clean fuel gas 

Gasifier Optimization & 
 Plant Supporting Systems 
–  Improve reliability 
–  Increase efficiency 

Raw  
fuel 
gas 
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APCI Oxygen Membrane 
 6.9% capital cost reduction 
  (36.0% O2 plant capital cost reduction) 
 5.0% COE reduction 

Oxygen 

CO2 

H2 Rich Stream 
Water  

Gas Shift 
 Process improvement 
   and intensification 

 
 

Gasification Systems Projects  
Anticipated Benefits 

         Hot Compressed Air 

PWR Coal Feed Pump 
 1.0% COE reduction 

Feedstock 

Clean Fuel Gas 

Raw  
Fuel 
Gas 

 Low-rank Coal  
Alternative Feedstocks 
 Energy security 
 Carbon footprint  
  reduction 

RTI Warm Gas Cleaning 
in combination with   

Eltron H2-CO2 Membrane 
 2.6 % pt efficiency increase 
 12.0% COE decrease 

Improvements in Reliability, Availability, and Maintainability 
 Refractory durability  
 Heat removal/integration 
 Temperature control and 
   measurement 

 Dynamic simulator 
 CFD gasifier modeling 
 Slag model development 

 Syngas cooler plugging 
   and fouling mitigation 
 Plant availability and total 
   cost improvement studies  
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APCI Oxygen Membrane 
 6.9% capital cost reduction 
  (36.0% O2 plant capital cost reduction) 
 5.0% COE reduction 

Oxygen 

CO2 

H2 Rich Stream 
Water  

Gas Shift 

Gasification Systems Project Benefits 
         Hot Compressed Air 

PWR Coal Feed Pump 
 1.0% COE reduction 

Feedstock 

Clean Fuel Gas 

Raw  
Fuel 
Gas 

ORD Pd Sorbent 

RTI Warm Gas Cleaning 
in combination with   

Eltron H2-CO2 Membrane 
 2.6 % pt efficiency increase 
 12.0% COE decrease 

NCCC WGS 
Optimization 

 Low-rank Coal  
Alternative Feedstocks 

      Goal is competitive use of LRC 

Improve RAM  
Goal is 10% Improvement 
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Low Rank Coal Program Pathway 
Why It’s the Right Time 

Gasification industry interviews show interest in low rank coal  
Most projects are cost shared with industry 
Industry use is objective of Gasification Program R&D 

Low rank coals present unique challenges and opportunities 
for gasification and IGCC 
High inherent moisture, high in alkali metals (Na, K, Ca) 
High oxygen content, high reactivity, low sulfur and Low Cost 

NETL systems analysis has shown low rank coal gasification 
has the potential to be economically competitive 
Altitude vs Shipping 
Limited gasifier types 

About half of the world, and U.S., coal reserves are low rank – 
a global market opportunity for advanced IGCC technology 
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U.S. Low Rank Coal Resources and Prices 

Low rank: lignite and sub-bituminous coal 
About 50% of the U.S. coal reserves 
Nearly 50% of U.S. coal production 
Lower sulfur 

 
 

 
 

 
 
 
 
EIA forecasts significant growth in western coal production; 
declining eastern coal production  
Low rank western coal cost per Btu will stay at about half that 
of eastern coal 
 

Year 
Lignite 
Price 
($/ST) 

PRB 
Price 
($/ST) 

Bitum. 
Price  
($/ST) 

2010 16.77 13.93 53.40 

2011 16.41 13.15 51.87 

2015 16.67 13.00 48.70 

2020 17.31 13.92 48.23 

2025 17.83 15.31 49.03 
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Energy Outlook 
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Recoverable 
Reserves at Active 
Mines 

3,968 

1,731 

Identified 
Resources 
Measured, 
Indicated, and 
Inferred 

483 Demonstrated Reserve Base 
Measured and Indicated, 
Specified Depths and 
Thicknesses 

Estimated 
Recoverable 

Reserves  

Total 
Resources 
Identified and 
Undiscovered 

258 

19.2 

U.S. Coal Resources 
billion short tons 

U.S. Fossil Fuel Reserves 
billion barrels of oil equivalent 

U.S. Energy Information Administration, Annual Energy Review, September 2012 

U.S. Fossil Fuel Resources 

Bituminous
473

Subbituminous
325

Lignite
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Anthracite
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Presenter
Presentation Notes
Notes:Barrels of Oil Equivalent(BOE): Oil, natural gas and coal have been converted to BOE by using rule-of-thumb heat values in the chart for comparison using the same basis.NG: EIA estimates that there are 2,203 trillion cubic feet (Tcf) of natural gas that is technically recoverable in the United States. Recoverable Reserves at Active Mines: The amounts of coal that can be recovered from reserves at active U.S. coal mines that produced at least 10,000 short tons of coal during the reporting year. As of January 1, 2009, the recoverable reserves at producing mines were 17.9 billion short tons. (One short ton is 2,000 pounds.) Total resources: is an estimate of the total amount of coal, including undiscovered in the United States. Currently, total resources are estimated to be about 4 trillion short tons.  Total Resources includes several categories of coal with various degrees of geologic assurance and data reliability (not all coal is feasible to mine). Identified Resources: Coal deposits whose location, rank, quality, and quantity are known from geologic evidence supported by engineering measurements. Included are beds of bituminous coal and anthracite (14 or more inches thick) and beds of subbituminous coal and lignite (30 or more inches thick) that occur at depths to 6,000 feet. The existence and quantity of these beds have been delineated within specified degrees of geologic assurance as measured, indicated, or inferred. Also included are thinner and/or deeper beds that presently are being mined or for which there is evidence that they could be mined commercially. Demonstrated Reserve Base: is the sum of coal in both measured and indicated resource categories of reliability, representing 100% of the in-place coal that could be mined commercially at a given time. EIA estimates the Demonstrated Reserve Base to measure 489 billion short tons. Estimated Recoverable Reserves: include only the coal that can be mined with today’s mining technology, after accessibility constraints and recovery factors are considered. EIA estimates there are 263 billion short tons of U.S. recoverable coal reserves, about 54% of the Demonstrated Reserve Base. Based on U.S. coal consumption for 2008, the U.S. recoverable coal reserves represent enough coal to last 234 years. However, EIA projects in the most recent Annual Energy Outlook (April 2009) that U.S. coal consumption will increase at about 0.6% per year for the period 2007-2030. If that growth rate continues into the future, U.S. recoverable coal reserves would be exhausted in about 146 years if no new reserves are added. Types of Coal in the Demonstrated Reserve Base Bituminous coal: accounts for over half (53%) of the Demonstrated Reserve Base. Bituminous coal is concentrated primarily east of the Mississippi River, with the greatest amounts in Illinois, Kentucky, and West Virginia. Subbituminous coal: (37% of the reserve base) is west of the Mississippi River, mostly in Montana and Wyoming.Lignite: the lowest-rank coal, accounts for about 9% of the reserve base. Lignite is found mostly in Montana, Texas, and North Dakota. Anthracite: the highest-rank coal, makes up only 1.5% of the reserve base. Anthracite is concentrated almost entirely in northeastern Pennsylvania. �
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Sources: U.S. data from EIA, Annual Energy Outlook 2012er: World data from IEA, World Energy Outlook 2011 

726 QBtu / Year 
80% Fossil Energy 

108 QBtu / Year 
77% Fossil Energy 

+ 14% 

Energy Demand 2009 
95 QBtu / Year 

83% Fossil Energy 

481 QBtu / Year  
81% Fossil Energy 

28,844 mmt CO2 43,320 mmt CO2 

5,425 mmt CO2 8,806 mmt CO2 

Energy Demand 2035 

United States 

World 

+ 51% 

Presenter
Presentation Notes
IEA – WEO data from Current Policies Scenario (former Reference Scenario)
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U.S. Coal Resources 

Low rank: lignite and sub-bituminous coal 
About 50% of the U.S. coal reserves 
Nearly 50% of U.S. coal production 
Lower sulfur 

Bituminous coal 
About 50% of the U.S. coal reserves 
Higher heating value 
Lower moisture and mineral content 

 

EIA forecasts significant growth in western coal production; 
declining eastern coal production  

Low rank western coal cost per Btu will stay at about half that 
of eastern coal 
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Oil and Gas Price Comparison 

Crude refiners' cost projected to be $13.44/MMBtu  greater 
than Henry Hub spot price for natural gas in Jan. 2012. 

Example: 
$18.15/MMBtu 

$4.71/MMBtu 

Presenter
Presentation Notes
Slide 14. Energy Analysis Slide Library: Folder – “Energy Market/Natural Gas Industry.”  EIA Short Term Energy Outlook, Table 2.  The projected oil and gas price tells the story of why producers will be focusing on liquids versus gas.  With flat gas price projections, there is little incentive for companies to make expensive investments in horizontal gas wells when oil prices are much higher.
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Average World Oil Price Projections 
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High Oil Price Case 

Low Oil Price Case 

Projection Historical 

Source: EIA AEO 2012 (early release), Figure 5 

Presenter
Presentation Notes
Slide 08. Energy Analysis Slide Library: Folder Energy Market > Energy Security & Supply. Source: EIA AEO 2012 – early release, Figure 5
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Source: IEA World Energy Outlook 2010, Current Policies Scenario 

Carbon Capture is a Global Issue 

The European Union are 
anticipated to maintain level 
of CO2 release through 
2035; 2020 for U.S. 

China and India CO2 
emissions will substantially 
increase into 2035 

By 2020, China’s CO2 
emissions will eclipse U.S. 
and the European Union, 
combined 

By 2015, China aims to cut 
CO2 emissions per unit 
economic growth by 16 
percent of 2011 levels 
 

China + 3,873 
Million  Metric Tons 
from 2005-2016. 

China 

U.S. 

India 

European Union 

CO2 Emissions 
million metric tons 

Presenter
Presentation Notes
China and India CO2 emissions will substantially increase into 2035.European Union maintains level of release through 2035; 2020 for US.
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Active DOE Cooperative Agreements 
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RTI Warm Gas Cleanup 
ORD Pd Sorbent 
APCI Sour PSA - scoping study 
TDA Integrated CO2 Removal & 
WGS* - scoping study 
NCCC WGS Optimization 
Eltron H2/CO2 Membrane 

Oxygen 

CO2 

H2 rich stream Water  
Gas Shift 

Gasification Systems Program Projects 

FEED SYSTEMS 
APCI Ion Transport Membrane 
PWR Dry Coal Feed Pump  
GE Posimetric Pump*  
 – scoping study 
EPRI CO2-Coal Slurry*  
 – scoping study 

GASIFIER OPTIMIZATION AND PLANT SUPPORTING  SYSTEMS 
VPI Temperature Sensor  
REI Syngas Cooler Fouling 
NCCC Transport Gasifier Optimization* 
ORD Low Rank Coal Optimization* 

GTI Real-Time Flame Monitor Sensor 
GE Improve Availability and Reduce Costs 
ORD Improve Refractory 
ORD Conversion and Fouling 

*Low-rank Coal Alternative Feedstocks 

SYNGAS PROCESSING SYSTEMS 

ORD: NETL’s Office of Research and Development 
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National Carbon Capture Center at the 
Power Systems Development Facility  

Southern Company Services 

Location: Wilsonville, AL 

Subcontractors 
American Electric Power 
Arch Coal 
Electric Power Research Institute 
Luminant 
NRG 
Peabody Energy 
Rio Tinto 

Development and commercial scale-up of modular industrial 
scale gasification-based processes and components 

Presenter
Presentation Notes
SubcontractorsAmerican Electric Power – LargeCompanyArch Coal – Large CompanyEPRI –  Non-profitLuminant – Large CompanyPeabody Coal – Large CompanyRio Tinto – Large CompanyNRG Energy, Inc  – Large Company

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/00749.html�
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National Carbon Capture Center 
Southern Company Services 

Goal 
Accelerate path to cost-effective CO2 capture technology for all 3 
major areas of CO2 Capture; post combustion, pre-combustion, 
oxy-combustion 
Technology 
Flexible testing facilities from bench to engineering-scale 
Project tasks 
Modifications underway to enhance and enlarge pre-combustion 
CO2 capture testing infrastructure to enable testing of membranes, 
sorbents and solvents  
 

Presenter
Presentation Notes
National Carbon Capture Center established at Power Systems Development Facility in Wilsonville, ALNew Cooperative Agreement DE-NT0000749 effective October 1, 2008 for five years through September 31, 2013The objective of the NCCC-PSDF is to develop technologies under realistic conditions that will reduce the cost of advanced coal-fueled power plants with CO2 capture. It is a flexible facility for the testing of processes for pre-combustion CO2 capture, post-combustion CO2 capture and oxy-combustion.

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/00749.html�
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National Carbon Capture Center (NCCC) 
Advanced Gasification and H2 Separation – Results in 2012 

Fuel flexibility, filter materials, sensor development  
Two gasification tests using PRB coal totaling > 1250 hours thru Dec. 2012 
– Continued evaluating & improving new gasifier temperature control scheme 
– Continued long-term evaluation of hot gas filter elements 
– Conducted sensor development involving sapphire thermowell for gasifier 

service, coal-flow measurement device, vibration type level detector, and TDL 
– Conducted oxygen-blown gasification testing with biomass co-feed  
– Replaced gasifier standpipe (15 years) 

Carbon capture 
Modifications continue to enhance and enlarge pre-combustion CO2 
capture testing infrastructure to enable testing of membranes, sorbents, 
and solvents (upgrade SCU to 1000 lb/hr and MTR CO2 membrane 10x). 
Evaluated: 
‒ Hydrogen and CO2 membranes from four developers 
‒ CO2 capture with new solvents 
‒ Water-gas shift catalyst performance 
‒ CO2 capture sorbents 

Presenter
Presentation Notes
TDL – Stanford University’s Tunable Diode LaserSCU – Syngas conditioning unitMTR – Membrane Technology & Research

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/00749.html�
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National Carbon Capture Center (NCCC) 
Advanced Gasification and H2 Separation 

Accomplishments through 2012 include: 
30 major gasification test campaigns 
Over 18,100 hours of gasification operation 
Successful engineering scale demonstration of advanced power systems 
technologies, including hot gas filtration and high-pressure solids handling systems 
Developed gasifier suitable for low-rank fuels use; modified gasifier to improve 
carbon conversion and syngas heating value 
Extensive successful operation on a variety of coals including: lignite, 
subbituminous, and bituminous  
Identified suitable filter elements to achieve the long-term high collection efficiency 
required by commercial turbines (routinely operated filtration system with outlet 
solids concentrations in the syngas less than 0.1 ppmw) 
Identified failsafe devices that reliably seal off failed filter elements, thus enhancing 
reliability and protecting downstream components 
TRIGTM technology being used in CCPI demonstration, Kemper County, MS 
Supported DOE’s SOFC development programs with fuel cell tests on syngas 
Conducted air- and oxygen- blown gasification testing with biomass/coal co-feed 
Demonstrated advanced syngas cleanup technologies such as mercury sorbents 

 

Presenter
Presentation Notes
TRIG – Transport Integrated GasificationCCPI – Clean Coal Power InitiativeSOFC – solid oxide fuel cell

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/00749.html�
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Power Systems Development Facility (PSDF) 
 Project History - Accomplishments 

History - Established by DOE in early ‘90s   

To accelerate development of more efficient advanced 
coal-based power plant technologies 

Research centered around high-temperature, high-
pressure filtration 

Signed over 115  non-disclosure agreements (NDA)s with 
developers to support advancement of their technologies 

Air-blown Transport Gasifier commenced operation in 1999 
 
 

Presenter
Presentation Notes
The Power Systems Development Facility at Wilsonville, Alabama has been a major project component of the gasification program for the past decade and the current team of participants is led by the Southern Company.  At this facility, components of new technology contributions have been tested and developed.  The transport reactor gasification has been developed and substantial test data generated to enable the engineering and design basis for a demonstration plant to be built and operated at Kemper County, Mississippi.In support of technology development to utilize coal for efficient, affordable, andenvironmentally clean power generation, the Power Systems Development Facility(PSDF), located in Wilsonville, Alabama, has routinely demonstrated gasificationtechnologies using various types of coals. The PSDF is an engineering scaledemonstration of key features of advanced coal-fired power systems, including aTransport Gasifier, a hot gas particulate control device, advanced syngas cleanupsystems, and high-pressure solids handling systems.Results of the technology development work conductedat the PSDF through January 31, 2009 include twenty-one major gasification test campaignscompleted, for a total of more than 11,000 hours of gasification operation. Thisoperational experience has led to significant advancements in gasification technologies.Development of advanced power systems at the PSDF focuses specifically on identifyingways to reduce capital cost, enhance equipment reliability, and increase efficiency whilemeeting strict environmental standards. Testing involves pressurized feed systems,syngas cooling, sensor development, ash cooling and depressurization, and syngascleanup.Not only did the PSDF achieve the goal of developing several types of first-of-a-kindtechnologies (e.g., the Transport Gasifier, continuous ash depressurization systems, apressure decoupled advanced coal feeder, a piloted syngas burner, etc.), it successfullyintegrated these components into a reliable gasification process for generating data forscale-up to commercial applications.

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/00749.html�
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Ion Transport Membrane (ITM) 
Air Products and Chemicals, Inc. (APCI) 

Goal: Low cost oxygen production 
Technology: O2 separation from air utilizing peroskovite 
ceramic membrane technology  
Project tasks (planned completion date 9/30/2015) 
Conduct preliminary testing of 1 TPD modules in the ISTU to establish 
module performance 
Design, build and test 100 TPD test system with at least thirty 1 TPD ITM 
modules (construction continuing) 
(ARRA) Measure flux and purity performance of ceramic ITM modules 
designed for use in advanced energy systems and industrial systems with 
low carbon emissions 
(ARRA) Develop project-quality cost estimations for a 2000 TPD Test Unit 
that will meet requirements for a test facility that addresses technical risk to 
enable a demonstration of the technology at large scale 
Team Members: Ceramatec, Inc., The Pennsylvania State University, 
Concepts NREC, Williams International, LLC 
 

Presenter
Presentation Notes
Technology acceleration through American Recovery and Reinvestment Act (ARRA)5% decrease in COE 0.3 percentage point improvement in efficiencyPredicted to reduce TPC by $130/kW and the COE by $4.0/MWh  6.9% capital cost reduction	 (36.0% O2 plant capital cost reduction) 5.0% COE reductionPhase III - June 30, 2012 - Construction of the ISTU is continuing and the ITM vessel has been delivered and installed. ��Phase V - June 30, 2012 - Equipment orders have been placed for the CerFab. Building modifications have begun to prepare the CerFab building for the proper electrical and ventilation needs. ���

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-sep/40343.html�
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Ion Transport Membrane (ITM)  
Development of ITM Oxygen Technology  

 0.5 TPD 
Stack Progression to commercial 

size wafers 

 1.0 TPD Stack 

© Air Products and Chemicals, Inc.  2010.  All Rights Reserved 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-sep/40343.html�
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½-TPD module 
(multiple membranes) 

Ion Transport Membrane (ITM)  
Air Products and Chemicals, Inc. (APCI) 

Ion Transport Membrane (ITM) 
Supported thin-film, ceramic planar devices  
Fast, solid state electrochemical transport of oxygen 
Pressure-driven; compact 
All the layers are composed of the same ceramic material 
 

Presenter
Presentation Notes
The Ion-Transport Membrane (ITM) oxygen process uses non-porous, mixed ion and electron conducting materials operating typically at 800-900 degrees Celsius (oC).  Ion and electron flow paths occur through the membrane counter-currently, and the driving force for oxygen separation is determined by the oxygen partial pressure gradient across the membrane, typically 200-300 pound-force per square inch gauge (psig) on the feed side and low to sub-atmospheric pressure on the permeate side.  ITMs allow the rapid transfer of oxygen ions, achieving high flux which is orders of magnitude higher than polymeric membranes, with theoretically infinite selectivity.  This property enables compact and efficient gas separator equipment designs.  ITM module architecture is typically planar designs composed of layers of featured ceramic materials joined to fabricate large, multi-passage membrane architectures satisfying all flow distribution, heat exchange, and mechanical strength requirements. 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-sep/40343.html�
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Membrane Air Separation Advantages 
Cryo-ASU vs. ITM in IGCC 

G-Class cases include full air-side integration of advanced gas turbine and oxygen plant 

Improved Efficiency 

Better Economics 

Source: Air Products and Chemicals, Inc. 

IGCC 
Efficiency 

Cryo-ASU ITM with 
F-Class GT 

ITM with  
G-Class GT 

No CCS BASE 0.8% 2.9% 
With CCS BASE 0.3% 2.2% 

Oxygen Plant 
Cost  

Cryo-ASU ITM with 
F-Class GT 

ITM with  
G-Class GT 

No CCS BASE -24.9% -34.8% 
With CCS BASE -24.5% -36.3% 

Levelized Cost 
of Electricity 

Cryo-ASU ITM with 
F-Class GT 

ITM with  
G-Class GT 

No CCS BASE -1.6% -5.0% 
With CCS BASE -2.1% -4.9% 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-sep/40343.html�
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High Pressure Solids Pump 
Pratt & Whitney Rocketdyne 

Goal: Reliable and consistent dry feed for  high pressure IGCC    
leading to lower cost 

Technology: Bulk solids form multiple stable “bridges” between 
parallel moving walls to feed dry solids across  
1,000+ psi pressure gradient 

Project tasks (Project decision point 3/31/2013, recipient has tasks 
planned through 9/30/2013) 
Complete initial test series on nominal 600 tpd prototype pilot-scale 
dry solids pump and complete economic analysis 

Team Members:  
Pratt & Whitney Rocketdyne 
Albany Research Center 
University of North Dakota Energy & Environmental Research 
Center, Oak Ridge National Laboratory 

Presenter
Presentation Notes
1% decrease in COE 0.7 percentage point increase in efficiencyPredicted to reduce TPC by $10/kW and the COE by $1/MWh 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/42237.html�
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High Pressure Solids Pump 
 Pratt & Whitney  Rocketdyne  

Normal 
Loads 

Normal 
Loads 

Coal 
Plug 

Load + 
Friction 

Coal Plug 
Gas Load 
+ Friction 

Normal 
Loads 
Shear 
Load 

Normal 
Loads 

Tractive 
Force 

Pump operation relies on ability of bulk 
solids to form multiple stable “bridges” 
or arch between parallel wall structure, 
bridges can support very large loads 
Increasing load is transferred to 
sidewalls, making the bridge more 
stable,  further increasing load will 
ultimately fail the sidewall 
Extrusion or “pumping” occurs when  
sidewalls are moved mechanically and 
material is released by separating the 
walls 
In “lock-up” there is no “slip” or relative motion between material 
and moving walls, device exhibits “positive displacement” with a 
volumetric displacement of unity 
 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/42237.html�
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Benefits of Dry Feed System  
General Electric Company 

Goal: Evaluate and demonstrate the benefits of novel dry-feed 
technologies to effectively, reliably, and economically feed low-rank 
coal into commercial IGCC systems 

Technology: The advanced technologies analyses will be based 
around the Posimetric® pump currently under development by GE  

Project tasks (planned completion date 3/30/2013) 
Complete report on test data supporting the potential value of the 
advanced technologies 
Complete performance for Posimetric Feed System 
Complete performance and economic calculations for baseline 
plant. 
Team Members:  
General Electric Company 

Presenter
Presentation Notes
General Electric Company (Houston, Texas)—The use of the nation’s large reserves of low-cost, low-rank coals in IGCC systems is currently limited by the capabilities of available coal feed systems. General Electric and partner Eastman Chemical Company (Kingsport, Tenn.) will evaluate and demonstrate the benefits of novel dry-feed technologies to effectively, reliably, and economically feed low-rank coal into commercial IGCC systems. Investigators will complete comparative techno-economic studies of two IGCC power plant cases, one without and one with advanced dry feed technologies. The study will focus on IGCC systems with 90　percent carbon capture, but the dry feed system will be applicable to all IGCC power generating plants and other industries requiring pressurized syngas. (DOE share: $695,194; recipient share: $173,798; duration: 12 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ge-feed-low-rank.html�
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CO2 Slurry Feed 
Electric Power Research Institute, Inc. (EPRI) 

Goal: Reduce the cost and improve the efficiency of IGCC with 
carbon capture 

Technology: High purity CO2 stream as the carrier fluid to feed low 
rank coal into the gasifier  

Project tasks (planned completion date 3/31/2013) 
Complete plant-wide technical and economic analyses of low rank coals 
using both liquid CO2 and water slurry feeds 
Complete Technology Development Roadmap on the novel technology 
designed to reduce the cost of low rank coal gasification 

Team Members:  
Electric Power Research Institute 
Dooher Institute of Physics and Energy 
Worley Parsons Group, Inc. 
Columbia University 
 

Presenter
Presentation Notes
Electric Power Research Institute, Inc. (Palo Alto, Calif.)—Slurries of liquid carbon dioxide (CO2) and low-rank coal can potentially lower the cost and increase the efficiency of IGCC power plants with carbon capture. The Electric Power Research Institute will confirm the potential advantages of these slurries by conducting plant-wide technical and economic simulations, developing a preliminary design and cost estimate of a slurry preparation and mixing system, and performing laboratory tests for increasing the knowledge and understanding of maximum solids loading capability for three coals. EPRI will team with Dooher Institute of Physics and Energy (Garden City, N.Y.), Worley Parsons Group, Inc. (Houston, Texas), Columbia University (New York, N.Y), and ATS Rheosystems/REOLOGICA (Bordentown, N.J.). (DOE share: $817,316; recipient share: $204,329; duration: 12 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/epri-co2slurry-low-rank.html�
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Development of Prototype Commercial 
Gasifier Sensor  

 Gas Technology Institute  

Goal: Develop and demonstrate a reliable, practical, and cost 
effective prototype sensor capable of monitoring gasifier interior 
temperature and other operational conditions in real time 

Technology: Further development and demonstration of the Real 
Time Flame Monitoring of Gasifier Burner and Injectors sensor 
technology 

Project tasks (planned completion date 7/31/2014) 
Complete design of the purging system, complete sensor soft 
Prepare and test sensor software package, confirm sensor 
accuracy is ±30º F 
Design, build, and install sensor purging system 

Team Members: Gas Technology Institute, Wabash River, 
ConocoPhillips Company, North Carolina State University 

Presenter
Presentation Notes
- As of 9/19/2011, the project has successfully completed a multi-day test of the sensor at the Wabash River Gasification Facility. The water cooled probe that contained the fiber optics remained open during the test and optical images of the gasifier were obtained. Data processing and interpretation of the optical images are being performed. Negotiations are underway to determine if additional testing is feasible.

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/8350.html�
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Single Point Sapphire Temperature Sensor 
Virginia Polytechnic Institute 

Goal: Develop an accurate temperature measurement system 
capable of withstanding harsh conditions for use in commercial  
full-scale gasification systems 

Technology: A broadband polarimetric differential interferometric 
temperature sensor with a single-crystal sapphire to make an 
optically-based measurement 

Project tasks (If no cost time extension approved by DOE, project 
will end on 12/31/2013) 
Recipient plan includes two additional test campaigns to 
demonstrate viability of the sensor as well as the packaging 
Team Members: 
Virginia Polytechnic Institute 
Eastman Chemical Company  

Presenter
Presentation Notes
As of 6/30/2012, the project completed is first attempt to test the temperature at Eastman's gasifier. The sensor was crushed during stat up but it is unclear if the cause was due to some significant change in refractory or some issue with the sensors. Once there is an outage, the remaining fractions of the sensor will be retrieved and studied. The VT team is now preparing a sensor for testing in NETL's aerothermal rig. This test is planned for July, 2012. ��

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/40685.html�
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Mitigation of Syngas Cooler Plugging & Fouling 
Reaction Engineering International 

Goal: Improve the availability of IGCC plants through improving the 
performance of the syngas cooler through reduced plugging and 
fouling 

Technology: Combination of laboratory scale experiments to 
evaluate deposit strength and computational fluid dynamic 
modeling to evaluate designs to mitigate fouling and plugging 

Project tasks (planned completion date 9/30/2014) 

Perform deposit bond strength test using ash from gasifier 
Complete computational fluid dynamic modeling of strategies to 
mitigate syngas cooler plugging and fouling for 5 scenarios 

Team Members:  
Reaction Engineering International, Salt Lake City 
University of Utah, Salt Lake City 

Presenter
Presentation Notes
Reaction Engineering International (REI) (Salt Lake City, Utah)—In an IGCC plant, syngas coolers—heat exchangers located between the coal gasifier and the combustion turbine—offer high efficiency, but their reliability is generally lower than other process equipment in the gasification island. Downtime events associated with the syngas cooler are typically a result of ash deposits. REI, along with researchers from the University of Utah, will evaluate ash deposition and plugging in industrially relevant syngas cooler designs and evaluate methods to mitigate fouling and plugging. Improving the performance of the syngas cooler through reduced plugging and fouling will improve the reliability, availability and maintainability of IGCC plants. (DOE share: $702,186; recipient share: $175,865; duration: 24 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/rei-fouling.html�
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 IGCC Affordability and Availability  
General Electric Company 

Goal: Reduce the time to technological maturity and enable IGCC 
plants to reach higher values of availability in a shorter period of 
time at a lower installed cost 
Technology: Studies for identification and technical evaluation of 
concepts to reduce total installed cost and improve availability with 
broad applicability to the IGCCC industry including; integrated 
operations philosophy, modularization of gasification /IGCC plant, 
active fouling removal, improved slag handling 

Project tasks (planned completion date 9/30/2014) 
Develop a conceptual design for improved slag handling 
Develop a conceptual design for an improved slip form structure 
Prepare two preliminary designs 

Team Members:  
General Electric Company 

Presenter
Presentation Notes
General Electric Company (Houston, Texas)—General Electric and partner Eastman Chemical Company, Kingsport, Tenn., will work on the following four tasks, which were selected based on their broad applicability to the IGCC industry to better benefit the public: integrated operations philosophy, modularization of gasification/IGCC plant, active fouling removal, and continuous slag handling. (DOE share: $7,685,969; recipient share: $1,921,492; duration: 36 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ge-improve-availability-cost.html�
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Warm Gas Cleanup 
Research Triangle Institute (RTI) 

Goal: Higher efficiency, ultra clean syngas cleanup 

Technology: Highly reactive sorbent in an integrated transport 
reactor system 

Project tasks (planned completion date 9/30/2015) 

Upload geological characterization data into NATCARB database 
Complete design, construction and commissioning of the Warm 
Gas Cleanup demonstration (50 MWe) (construction continuing) 
Achieve 5000 hours of cumulative planned operating time on pre-
commercial scale high temperature desulfurization unit 
Team Members: Research Triangle Institute, Tampa Electric 
Company, Eastman Chemical Company , BASF Corporation , The 
Shaw Group Inc. , Sud Chemie Inc. , AMEC, TECHNIP USA 
 

Presenter
Presentation Notes


http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-clean/00489.html�


49 

Warm Gas Cleanup – RTI 
Previous Testing at Eastman Chemical 

RTI Warm Gas Cleanup Technologies 
Cleans multi-contaminants from coal-derived  
syngas while creating pure sulfur product 

High Temperature Desulfurization Process  
> 99.9 % removal of both H2S and COS  
(to < 5 ppmv levels) 
> 3,000 hours of operation at 0.3 MWe 

 Direct Sulfur Recovery Process 
> 99.8 % SO2 conversion to elemental sulfur 
96 % ammonia removal 
90 % mercury and arsenic removal 

Pilot Plant Operation at  
Eastman’s Gasification Facility,  

Kingsport, TN  

High 
Temperature 

Desulfurization 
Process  

Direct Sulfur 
Recovery 
Process  

Multi-contaminant 
Control Test System 

Presenter
Presentation Notes


http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-clean/00489.html�
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Advanced CO2 Capture Technology for  
Low Rank Coal IGCC Systems 

TDA Research, Inc 
Goal: Demonstrate technical and economic potential for an 
integrated CO2 scrubber/ water gas shift catalyst  

Technology: Highly reactive sorbent in an integrated transport 
reactor system 

Project tasks (planned completion date 9/30/2013) 
Test sorbents/catalysts to determine working capacity and plant 
efficiency 
Complete testing with protoype unit 
Complete techno-economic analysis 
Team Members:  
TDA Research, Inc. 
University of California at Irvine 
Southern Company 
ConocoPhillips 

Presenter
Presentation Notes
TDA Research, Inc. (Wheat Ridge, Colo.)—Teaming with the University of California at Irvine, Southern Company (Birmingham, Ala.), and ConocoPhillips (Houston, Texas), TDA Research will demonstrate the technical and economic viability of a new IGCC power plant designed to efficiently process low-rank coals. The plant uses an integrated CO2 scrubber/water gas shift (WGS) catalyst to capture more than 90 percent of the CO2 emissions, while increasing the cost of electricity by less than 10 percent compared to a plant with no carbon capture. The team will optimize the sorbent/catalyst and process design, and assess the efficacy of the integrated WGS catalyst/CO2 capture system, first in bench-scale experiments and then in a slipstream field demonstration using actual coal-derived synthesis gas. The results will feed into a techno-economic analysis to estimate the impact of the WGS catalyst/CO2 capture system on the thermal efficiency of the plant and cost of electricity. (DOE share: $500,000; recipient share: $125,000; duration: 12 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-sep/tda-co2-low-rank.html�
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Hydrogen Transport Membrane (HTM) 
Eltron Research, Inc. 

Goal: Lower cost H2 separation and CO2 capture for IGCC 

Technology: Dense metal membrane to separate H2 from  
shifted syngas, leaving CO2 at high pressure 

Project tasks (planned completion date 9/30/2015) 
Complete testing of lab- and bench-scale units at Eltron (ongoing) 
Complete testing of 5-12 lb/day H2 production unit using real coal-
derived synthesis gas (ongoing) 
Design, construct, and evaluate performance of pilot-scale unit  
Team Members:  
URS 
 

Presenter
Presentation Notes
14% decrease in COE 2.6 percentage point increase in efficiencyPredicted to reduce TPC by $420/kW and the COE by $12/MWh 	

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/42469.html�
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Hydrogen Transport Membrane (HTM) 
 Eltron Research, Inc.  

Hydrogen Transport Membrane 
High CO2 retentate pressure  
Allows capture of high pressure CO2  
High hydrogen recoveries  >90% 
Essentially 100% pure hydrogen 
Low cost, long membrane life 

Conceptual design of  
commercial membrane unit 

Eltron Research & Development Tech Brief http://www.eltronresearch.com/docs/Hydrogen_Membrane_Technology_Summary.pdf 

Presenter
Presentation Notes


http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/42469.html�


53 

Reliability, Availability & Maintainability R&D 
Recently Awarded Projects 

Mitigation of Syngas Cooler Plugging and Fouling  
(Reaction Engineering International) 
Experimental Testing: Deposit bond strength and characterization 
Modeling: Investigate deposit behavior in the syngas cooler 
section, evaluate  process conditions and equipment designs for 
mitigation of syngas cooler plugging and fouling 
Field Test: Validate specific means to implement mitigation 
methods 
Feasibility Studies to Improve Plant Availability  
and Reduce Total Installed Cost in IGCC Plants (GE) 
Work on tasks, with broad applicability to the IGCC industry 
Integrated operations philosophy 
Modularization of gasification/IGCC plant  
Active fouling removal 
Improved slag handling 
 

Presenter
Presentation Notes
Reaction Engineering International (REI)Salt Lake City, UTDOE share: $702,186Recipient share: $175,865Duration: 24 monthsGeneral Electric CompanyHouston, TXDOE share: $7,685,969Recipient share: $1,921,492Duration: 36 months

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/rei-fouling.html�
http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ge-improve-availability-cost.html�
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NETL Office of Research & Development 
Gasification Projects 

Refractory Improvement 
Develop improved performance refractory liners 
Model gasifier slag 
Manage slag viscosity and refractory wear, evaluate additives 
Conversion and Fouling 
In slagging gasifiers using coal, petcoke or blends 

– Improve the carbon conversion efficiency to syngas 
– Reduce convective syngas cooler fouling 

Low-Rank Coal Optimization 
Pretreatment and kinetic co-feed experimental efforts 
Demonstrate the models the NCCC/TRIG under co-feed conditions 
Warm Syngas Cleanup 
Conduct both lab and pilot-scale R&D for cost efficient sorbents for trace 
contaminant capture 
Advanced Virtual Energy Simulation Training And Research 
(AVESTARTM) Center 
Establish the world-class center for addressing key operational and control 
challenges arising in IGCC plants with carbon capture 



55 

 
NETL In-House R&D (ORD-RUA) 
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NETL Office of Research & Development 
Gasification Projects 

Refractory Improvement 
Develop improved performance refractory liners that are  
carbon feedstock flexible (coal, western coal, petcoke) 
Model gasifier slag for refractory interactions, downstream  
phases and material interactions (syngas coolers) 
Manage slag viscosity and refractory wear, evaluate additives 

 
Conversion and Fouling 
In slagging gasifiers using coal, petcoke or mixtures of  
them to:  

– Improve the carbon conversion efficiency to syngas 
– Reduce convective syngas cooler fouling 

Collaborate with industry to ensure proper technology development 
and transfer 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-refractory.html�
http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-coversion-fouling.html�
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NETL Office of Research & Development 
Gasification Projects 

Low-Rank Coal Optimization 
Pretreatment and kinetic co-feed experimental efforts to  
support and validate the development of a hierarchy of  
device scale gasifier models with uncertainty quantification 
Demonstrate the models with UQ for the NCCC/TRIG under  
co-feed conditions and optimize co-feed performance 

Warm Syngas Cleanup 
Conduct both lab and pilot-scale R&D for cost efficient  
sorbents for trace contaminant capture of high efficiency  
coal gasification plant 

Advanced Virtual Energy Simulation Training and  
Research (AVESTARTM) Center 
Training Center:  3D virtual simulation of IGCC plant  
Establish the world-class center for addressing key operational  
and control challenges arising in IGCC plants with carbon capture 

 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-low-rank-coal-optimization.html�
http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-clean/ord-warm-gas-cleanup.html�
http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/1610238.html�
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Refractory Improvement 
NETL Office of Research and Development  

Refractory Development for Mixed Feedstock Use 
Determine mechanisms of wear in NETL refractory materials  
under development.    
Determine refractory corrosion mechanisms in current generation 
commercial refractory liner materials exposed to coal slag,  
important for understanding how to overcome limitations in current 
refractory liner materials 
 
Slag Management (Current Emphasis) 
Determine critical information needed for slag management in 
gasifiers, which will be tracked in commercial gasifiers and 
predicted in models to increase gasifier RAM 

Presenter
Presentation Notes
Petcoke contains vanadium at high levels.  Behavior of vanadium oxide in gasification environments has been established. Approaches to slag management for controlling solid-liquid-gas phases originating in carbon feedstock mineral impurities have accurately predicted refractory corrosion.

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-refractory.html�
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Advanced Refractory For Gasifiers 

New refractory chemistry 
 Increases mechanical durability 
 Reduces slag penetration 

Phosphate modified high-chrome 
 oxide refractory material Conventional refractory after  

rotary slag testing 

Rotary Slag Test 

Presenter
Presentation Notes
from R&D facts – Materials Science – Improved Refractory Materials for Slagging Gasification Systems 02/2007 http://www.netl.doe.gov/publications/factsheets/rd/R&D063.pdf

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-refractory.html�
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Current refractory goal is to refine/evaluate composition in 
commercial gasifiers 
 
Cr+6 formation in high Cr2O3 refractories is thermodynamically 
predicted not to be an issue with current carbon feedstock 
Low oxygen partial pressure results in low Cr+6 formation 
Gasification environment has O2 partial pressure about 10-8 

 

Advanced Refractories for Gasifiers 
NETL Office of Research and Development  

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-refractory.html�
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Conversion and Fouling 
NETL Office of Research and Development  

Modeling 
Evaluate and validate sub-models for particle-slag interaction, 
particle fragmentation, and mineral matter chemistry  
(sulfur release) and implement into CFD model  
Develop and evaluate reduced order model to predict mineral 
matter split between slag and fly ash for entrained-flow gasifier 
Convective Syngas Cooler Fouling 
Literature survey of deposition models 
Investigate gasifier ash deposits to determine problematic ash 
characteristics 
Kinetics 
Effect of pressure on pyrolysis kinetics 
Preliminary gasification kinetics at high pressure 
Slag Characterization 
Continue to characterize coal and petcoke blends, characterize ash and 
slag, begin studies of FeS and VOx behavior in slag 
 
 
 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-coversion-fouling.html�
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Control of Ash in IGCC 
Regional University Alliance 

Goal:  Solutions to IGCC Ash Management Problems  
Unconverted carbon in gasification flyash 
Syngas cooler fouling 

Development of Models and Techniques to improve IGCC 
plant operations 
Adaption of “Particle Population Model” used  
for predicting CFB ash splits 
Inorganic transformations and char/slag interactions 
Particle trajectories and deposition modeling 
Gasification kinetics 

Coordinate and leverage R&D at NETL and  
three universities (PSU, CMU and WVU) 

1. Particles contact and 
coalesce with slag 

2. Particles do not contact slag 
3. Particles contact but do not 

coalesce with slag 

Fuel 
Oxygen 
Water 

Syngas + Flyash 

1 

2 
3 

Presenter
Presentation Notes


http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-coversion-fouling.html�
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Low Rank Coal Optimization 
NETL Office of Research and Development  

Kinetics:  
Development of NETL’s Carbonaceous Chemistry for Computational 
Modeling (C3M) software to bridge coal kinetics software (PCCL, CPD, 
etc) and available kinetic experiments with CFD software (MFIX, Fluent, 
Barracuda), other models 
Provide modelers and experimentalist with a virtual kinetic laboratory  

Fuel Pretreatment 
Expand and further test the grinding laws developed in FY11 
Correlate the NETL lab scale results with large scale grinding energies 

Multiphase Models 
NETL’s open source suite of multiphase solvers such as MFIX-DEM, MFIX 
continuum, MFIX-PIC and multiphase Reduced Order Models will be used 
to aid in the design and optimization of operating conditions and 
establishing performance trends in the NCCC/TRIG with uncertainty 
quantification 

Presenter
Presentation Notes
Reducing and quantifying uncertainty and time-to-solution is the primary need for industrial wider use of multiphase CFD

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/ord-low-rank-coal-optimization.html�
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Warm Syngas Cleanup 
NETL Office of Research and Development  

Elevated temperatures results in higher IGCC thermal 
efficiency 
Palladium-based sorbents are currently among the most 
promising candidates for high-temperature capture of 
mercury, arsenic, selenium, phosphorus and the other trace 
elements 
Progress: 
2007 - License agreement between the NETL and sorbent 
manufacturer Johnson Matthey 
2008 - The technology received the R&D 100 award 
2009 to present - Over 99% removal of mercury, arsenic, and 
selenium from dirty syngas slipstreams at 550oF over several 
weeks testing at the National Carbon Capture Center 
Present - Identifying an optimum form of the palladium sorbent 
(loading, support, alloy)  

Presenter
Presentation Notes
Host site agreement for larger-scale tests of the palladium sorbent at conditions relevant for polishing downstream of the RTI sorbent, or in lieu of the RTI sorbent.Updated cost study completedInitiate lab-scale testing of the sorbents for cadmium and antimony capture from simulated fuel gases.

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/gas-clean/ord-warm-gas-cleanup.html�


65 

Advanced Virtual Energy Simulation Training 
And Research (AVESTAR™)

 
Center  

NETL Office of Research and Development  
Features 
R&D, Training, and Education for the Operation and Control of Advanced 
Energy Systems with CO2 Capture and Storage 
Real-time Dynamic Simulators with Operator Training 
System (OTS) Capabilities  
3D Virtual Immersive Training Systems (ITS)  
Benefits 
OTS for normal and faulted operations, plant  
start-up, shutdown, and load following/shedding 
ITS for added dimension of plant realism 
OTS/ITS for training both control room and  
plant field operators, promoting teamwork 
Work force development in IGCC plant and CO2 capture operations 
Advanced R&D in process dynamics, model predictive control,  
sensors, RT optimization, 3D virtual plants, and more 

For more information on AVESTAR and IGCC training courses, please send email to AVESTAR@netl.doe.gov  

Presenter
Presentation Notes
OTS - Operator Training SystemITS  - Immersive Training Systems IGCC plant with CO2 captureDeployment: OTS:3/2011; ITS:7/2011Major Project PartnersInvensys, WVU, NETL-RUA, FCS, Industry CollaboratorsAEP, BP, Doosan, Great River Energy, Southern Company

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-gas/1610238.html�
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DOE Supported Gasification 

Demonstration Projects 
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Southern Company, CCPI-2 Kemper County  
IGCC-Transport Gasifier w/Carbon Capture 
~$2.67B Total; $270M DOE EOR – 3 M TPY 

2014 start  

Summit TX Clean Energy, CCPI-3 
Commercial Demo of Advanced IGCC  

w/ Full Carbon Capture 
~$1.7B – Total, $450M – DOE 

EOR – 3M TPY 2018 start 

HECA, CCPI-3 
Commercial Demo  
of  Advanced IGCC  

w/ Full Carbon Capture 
~$4B – Total, $408M – DOE 
EOR – 3M TPY 2018 start 

DOE Supported IGCC Demonstration Projects 
Clean Coal Power Initiative, Industrial Capture & Storage 

Presenter
Presentation Notes
Current 20110105*Southern Company: IGCC-Transport GasifierDOE contribution $294 million ($23.5 million of the DOE contribution was spent at the Orlando site before it was relocated to Kemper County, MS where $270 million of the  DOE contribution will be spent)
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CCPI Pre-combustion 
Capture and Storage Approaches 

Plant Type Sequestration 
Feedstock 

Power Industrial Saline EOR Rate* 

Pre-combustion  

HECA (IGCC-Polygen) X X X 2.55 NM Sub-bituminous 
Coal/Petcoke Blend 

Southern-Kemper Co. (IGCC) X X 3.0 MS Lignite 

Summit Texas (IGCC-Polygen) X X X 2.2  WY Sub-bituminous 
Coal 

*Rate in million metric tons per year 
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CCPI Gasification Projects 

 CCPI 
Round     Project CO2 Capture  

Technology 
Storage 

Reservoir 
 CO2 Seq.  
MM TPY 

Seq.  
Start 

2 Southern: Kemper Selexol® EOR 3.0 2014 

3b Summit: TCEP Rectisol® EOR 2.7 2017 

3a HECA Rectisol® EOR 3.0 2019 

Kemper HECA 

Summit 

2.65 
2.7 
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Southern Company Services, Inc. CCPI-2 
 Advanced IGCC with CO2 Capture  

Plant Site Plant Site 

Status 
 Plant construction >50% complete 

 CO2 off-take agreements signed 
 Lignite mine under development 
 Subsystems (water treatment, cooling 

towers, etc.) to begin pre-commissioning 
 Combustion turbine startup: Jul 2013 
 Gasifier heat-up: Dec 2013 

Key Dates 
 Project Awarded: Jan 30, 2006 
 Project moved to MS: Dec 5, 2008 
 NEPA Record of Decision: Aug 19, 2010 
 Initiate excavation work: Sept 27, 2010 
 Operations: May 2014 

• Kemper County, MS 
• 582 MWe (net); 58 MWe duct firing; 2 TRIGTM 

gasifiers, 2 Siemens combustion turbines, 1 
Toshiba steam turbine 

• Fuel: Mississippi lignite 
• ~67-69% CO2 capture (Selexol® process);          

3,000,000 tons CO2/year  
• EOR; Denbury Onshore LLC, Treetop 

Midstream Services LLC  
• Total DOE Project: $2.01 billion;                  

DOE Share: $270 million (13%) 
• Total estimated plant cost: ~ $3 billion 
 

Presenter
Presentation Notes
Current: 07272012Project Manager: Diane Revay MaddenThe facility will generate 582 MWe net with duct heating.  It generates 524 MWe on syngas.As per the cooperative agreement the Total CCPI Project Cost for Kemper is currently at $2.01 billion DOE contribution $ 270 million  THE REAL TOTAL PROJECT COST IS ~ $2.8 BILLION  (this includes the items not cost shared under the CCPI agreement but also does not include the lignite mine costs, CO2 pipeline costs, and AFUDC costs)Project is in the Engineering, Procurement and Construction Phase of the projectConstruction:  		Installing auger cast pilings and caissons (initiated in February 2011, completed in July 2012)		Forming and pouring of major foundations (initiated in March 2011)		Underground piping (initiated in April 2011)		Steel erection in gasification area initiated in October 2011		Setting of mechanical equipment initiated in October 2011		Installation of the offsite pipelines are underway (some nearing completion)Process Flow of Kemper County IGCC ProjectTransport gasifiers:  Each of the two gasifiers would consist of an upright looped set of piping with a total height of approximately 185 ft.  Lignite, which would be injected near the top of the mixing zone, and air, which would be fed into the bottom of the mixing zone, would mix with gasifier ash recirculated through the J‑valve from the standpipe. Approximately 435 tph of compressed air would be supplied to the gasifier during operation. Oxygen in the air would be consumed by carbon present in the recirculating ash, forming primarily carbon monoxide (CO). This reaction would release the heat required to maintain vessel temperature. The hot recirculating ash would heat the lignite rapidly, minimizing tar formation, and the lignite would be converted to syngas.  Syngas and gasification ash would pass from the mixing zone up the riser and then to staged solids separation devices where larger, denser particles would be removed in stages and collected into the standpipe. The combined ash would pass down the standpipe and through the J‑valve into the mixing zone, while the syngas would continue to the gas coolers and filter devices. Since a vast majority of the solids would remain in the gasifier, gasification ash would be removed periodically from the gasifier to maintain constant gasifier bed inventory.High-Temperature Syngas Cooling:  Syngas leaving each gasifier cyclone would pass via piping to a high-temperature syngas cooler that would lower the gas temperature before it enters a particulate filter system. The heat transferred would be used to raise the temperature of high-pressure superheated steam.  The syngas cooler would consist of three stages: an evaporator, a superheater, and an economizer. The evaporator would include a natural circulation steam drum operating at above steam turbine inlet pressure and at saturated temperature. The steam raised in the evaporator would be passed to a superheater that would heat the steam to the steam turbine inlet temperature. This steam would be mixed with superheated steam exiting the combined-cycle unit’s HRSG before passing into the steam turbine. Boiler feedwater would enter the economizer and would be heated to near saturation before entering the steam drum.Particulate Collection:  After cooling, syngas would pass via piping to the particulate filter system for final particulate removal. The filter system would use rigid, barrier-type filter elements to remove essentially all of the particulate matter (PM) in the syngas stream. Pulses of recycled, filtered syngas would be used to remove accumulated PM from the filters. CO2, Sulfur, and Mercury Removal:  Carbon, sulfur, and mercury removal would begin in the low-temperature gas cooling section of the IGCC plant. To remove carbon from the syngas in the acid gas removal system, approximately 90 percent of the CO in the syngas must first be converted to CO2. This step would occur in a water gas shift (WGS) reactor, according to the equation CO + H2O ↔ CO2 + H2. The syngas leaving the gasifier and entering the WGS would not contain enough water to convert the necessary CO to CO2. So, the syngas must first pass through a saturation column where the hot syngas would evaporate warm water, increasing the water content of the syngas. This saturation column would also remove essentially all chlorine and fluorine from the syngas. The purge water from the saturation column would go to the sour water system for removal of any dissolved gases. The syngas would flow through two WGS reaction vessels in series, producing a significant amount of heat, which would raise the temperature of the syngas. This heat would be recovered and used elsewhere in the gasification process and the syngas cooled to approximately 400 degrees Fahrenheit (°F).To remove sulfur in the acid gas system, the syngas would then enter a carbonyl sulfide (COS) hydrolysis reactor. This step would be necessary, because the sulfur removal process operates best when COS in the syngas is first converted to hydrogen sulfide (H2S). After final ammonia removal, the syngas would flow to the acid gas removal process for H2S and CO2 removal.  In this process, the syngas would be contacted with a solvent to remove H2S from the syngas stream. The H2S in the solvent would be stripped from the solvent and converted to concentrated H2SO4. The stripped solvent would be returned to the sulfur removal process. After the H2S removal step, the syngas would then flow through a second solvent contactor where the CO2 is removed from the syngas.The syngas would reenter the low-temperature gas cooling area after the H2S and CO2 removal processes. The syngas would be heated and then flow through a reactor containing alumina-based metal sulfide to remove mercury from the syngas. After mercury removal, the syngas would be heated to the temperature required for entering the gas turbine. Upon exiting the low-temperature gas cooling system and mercury removal, approximately 95 percent of the sweet syngas would flow to the CT, while the remaining 5 percent would pass to the syngas recycle system. Some of the recycled syngas would be sent to the pulse-gas reservoirs and used to pulse clean the high-temperature, high-pressure filters, while the remainder would be used for aeration in the gasifier and as an oxygen-deficient gas supply for auxiliary processes.Sulfur removed in the acid gas removal system would be recovered in the wet gas sulfuric acid (WSA) process. The acid gas containing H2S would be converted to SO2 with air in an incinerator. Steam would be generated in a waste heat boiler, and water vapor and SO2 would be carried through a catalytic converter where SO2 would be catalytically oxidized into sulfur trioxide (SO3). Finally, SO3 would be condensed as concentrated H2SO4 in the WSA condenser.Prior to compression the removed CO2 stream must be dried to meet pipeline specifications. This could be achieved in several ways, but the facility would plan to accomplish this by passing the removed CO2 stream through a standard gas dessicant drying unit. To meet pipeline specifications for delivery for EOR, the acid gas removal process would be designed to ensure the purity of the CO2 stream was approximately 99 percent with less than 1 percent inert gases. The CO2 would then be compressed to the 2,100 pounds per square inch (psi) required to enter the pipeline.
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Summit Texas Clean Energy, LLC CCPI-3 
 Advanced IGCC-Polygen  

• Penwell, Ector County, TX 
• 200 MW (net), 0.7 MMT/yr Urea; greenfield IGCC 
 with Siemens gasification & power Block 

– SFG-500 gasifiers (2 x 50%) 
– High H2 SGCC6-5000F combined cycle (1 x 1) 

• Fuel: PRB sub bituminous coal  
• 90% CO2 capture – ~2,700,000 tons CO2/year 

– 2.2 MM tonnes EOR; 0.5 MM to Urea production 
– 2-stage Water Gas Shift, Linde Rectisol ® AGR 

• EOR: Permian Basin Oilfields 
• Total DOE Project: $1.727 billion; DOE Share: $450 million (26%) 
• Total Plant Cost ~$2.6 billion 

Key Dates 
 Project Awarded: Jan 2010 
 Air Permit; Dec 2010 
 NEPA Record of Decision: Sep 2011 
 Financial Close: Jun 2013  
 Construction: 3rd Q2013 
 Operation: Nov 2017 

Status 
 Urea contract: Jan 2011 
 CO2 contract(s): Nov 2011 
 Power off-take contract: Dec 2011 
 Chexim signed for debt financing MOU: 

Sep 2012 
 Sinopec signed EPC agreement: Dec 

2012 

Presenter
Presentation Notes
Current 20110502Project Manager: Jason LewisImportant to note that the federal project budget does not include contingency or management reserve, which are sizable $$ that are not allowable costs under federal financial assistance but are otherwise legitimate costs to the project. With these factored the real cost to Summit would be about $2,200 million or more.
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Hydrogen Energy California CCPI-3 
 Advanced IGCC-Polygen  

• Kern County, CA 
• Up to 300 MWe (net) with load following;         

greenfield IGCC, 1.0 MMT/yr Urea/UAN 
– MHI oxygen-blown gasifier (1 x 100%) 
– MHI G-class air cooled combustion turbine (1) 

• Fuel: Sub-bituminous coal/petcoke 
• 90% CO2 capture – 3,020,000 tonnes CO2/year 

– 2.57 MM tonnes EOR; 0.45 MM Urea production 
– 2-stage Water Gas Shift, Linde Rectisol ® AGR 

• EOR: Elk Hills oilfield 
• Use of brackish water for power production; ZLD 
• Total DOE Project: $4 billion; DOE: $408 million (10%) 
• Total Plant Cost: ~$5 billion 

IGCC Poly-generation with   
Integrated Carbon Capture & Sequestration 

Key Dates 
 Project Awarded: Sep 2009 
 New Owner, SCS Energy: Sep 2011 
 Financial Close: Dec 2013 
 Start of Construction: Sep 2014 
 Start of Operation: Apr 2019 

Status 
 NEPA public scoping meeting: Jul 2012 
 Power/Fertilizer/CO2/EPC discussions in 

progress 
 Draft PSA/EIS: Mar/Apr 2013 
 FEED  completion: Jun 2013 
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Systems Analysis 
Gasification Systems Program 
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NETL’s Program Analysis Support  
On-going and Planned Gasification Studies 

Low Rank Coal: 
Parallel screening studies for Gasification FY11 awards 
Cost and Performance Baseline for TRIG™  
– PRB and ND Lignite Air Blown IGCC 
– Texas Lignite Air and Oxygen Blown IGCC 

Co-feeding of biomass to meet 90% equivalent CCS 
IGCC with CCS Pathway Study: Low Rank Coal 
Co-production assessments 
Altitude versus shipping sensitivity analysis  

IGCC availability studies: 
Identifying gaps for conventional technologies 
Setting targets for advanced technologies 

 
General advanced technology assessments: 

IGCC with CCS Pathway:  Bituminous Coal, Updates 
– DOE IGCC portfolio + PWR  compact gasifier assessment 
– Pressure sensitivity analysis 
Updated WGCU assessment  - learnings from TECO design  

Presenter
Presentation Notes
PWR w/ CCS preliminary results:  PWR gasifier only (quench with a convective cooler) has an efficiency = GE radiant quench, 3 %pts greater than a GE quench.  Preliminary results show COE savings of >5%.  Benefit will be greater if PWR claims on availability are incorporated.



75 

Technical Approach 

1.  Extensive Process Simulation (ASPEN) 
 All major chemical processes and equipment are simulated 
 Detailed mass and energy balances 
 Performance calculations (auxiliary power, gross/net power output) 
 
 2.  Cost Estimation 

 Inputs from process simulation (Flow 
Rates/Gas Composition/Pressure/Temp.) 
 Sources for cost estimation  

WorleyParsons  
Vendor sources where available 

 Follow DOE Analysis Guidelines 
 



76 

Systems Analysis 

Bituminous Baseline Study 
 

Full presentation available at: 
http://www.netl.doe.gov/energy-analyses/baseline_studies.html  

http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/pubs/BitBase_FinRep_Rev2.pdf�
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Study Matrix 

Plant 
Type 

ST Cond. 
(psig/°F/°F) 

GT 
Gasifier/ 

Boiler 

Acid Gas Removal/ 
CO2 Separation / Sulfur 

Recovery 

CO2 

Cap 

IGCC 

1800/1050/1050 
(non-CO2 

capture cases) 
 

1800/1000/1000 
(CO2 capture 

cases) 

F 
Class 

GEE 
Selexol / - / Claus 

Selexol / Selexol / Claus 90% 
CoP 

E-Gas 
MDEA / - / Claus 

Selexol / Selexol / Claus 90% 

Shell 
Sulfinol-M / - / Claus 

Selexol / Selexol / Claus 90% 

PC 
2400/1050/1050 Subcritical 

Wet FGD / - / Gypsum 
Wet FGD / Econamine / Gypsum 90% 

3500/1100/1100 Supercritical 
Wet FGD / - / Gypsum 

Wet FGD / Econamine / Gypsum 90% 

NGCC 2400/1050/1050 F 
Class HRSG 

- / Econamine / - 90% 

GEE – GE Energy 
CoP – Conoco Phillips  

Presenter
Presentation Notes
Total 14 Cases.  3 Different gasifiers, subcritical and supercritical PC steam plants, Natural gas and SNG

http://www.netl.doe.gov/energy-analyses/pubs/BitBase_FinRep_Rev2.pdf�
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IGCC Performance Results 

GE Energy E-Gas Shell 
CO2 Capture NO YES NO YES NO YES 

Gross Power (MW) 748 734 738 704 737 673 

Auxiliary Power (MW) 

Base Plant Load 25 26 24 28 22 25 

Air Separation Unit 98 115 86 111 85 103 

Gas Cleanup/CO2 Capture 3 19 3 20 1 19 

CO2 Compression - 31 - 31 - 30 

Total Aux. Power (MW) 126 191 113 190 108 177 

Net Power (MW) 622 543 625 514 629 497 

Heat Rate (Btu/kWh) 8,756 10,458 8,585 10,998 8,099 10,924 

Efficiency (HHV) 39.0 32.6 39.7 31.0 42.1 31.2 

Energy Penalty1 - 6.4 - 8.7 - 10.9 
1CO2 Capture Energy Penalty  = Percent points decrease in net power 
plant efficiency due to CO2 Capture 

http://www.netl.doe.gov/energy-analyses/pubs/BitBase_FinRep_Rev2.pdf�
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PC and NGCC Performance Results 

Subcritical Supercritical NGCC 
CO2 Capture NO YES NO YES NO YES 

Gross Power (MW) 583 673 580 663 565 511 

Base Plant Load 28 45 25 41 10 12 

Gas Cleanup/CO2 Capture 5 29 5 27 0 10 

CO2 Compression - 49 - 45 - 15 

Total Aux. Power (MW) 33 123 30 113 10 37 

Net Power (MW) 550 550 550 550 555 474 

Heat Rate (Btu/kWh) 9,277 13,046 8,687 12,002 6,798 7,968 

Efficiency (HHV) 36.8 26.2 39.3 28.4 50.2 42.8 
Energy Penalty1 - 10.6 - 10.9 - 7.4 
1CO2 Capture Energy Penalty  = Percent points decrease in net power 
plant efficiency due to CO2 Capture 

http://www.netl.doe.gov/energy-analyses/pubs/BitBase_FinRep_Rev2.pdf�
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IGCC Economic Results 
GE Energy E-Gas Shell 

CO2 Capture NO YES NO YES NO YES 

Plant Cost ($/kWe)1 

Base Plant 1,426 1,708 1,423 1,804 1,719 2,164 

Air Separation Unit 312 429 281 437 285 421 

Gas Cleanup/CO2 Capture 249 503 209 500 213 521 

CO2 Compression - 71 - 76 - 75 

Total Plant Cost ($/kWe) 1,987 2,711 1,913 2,817 2,217 3,181 

Capital COE ($/MWh) 43.4 59.1 41.7 61.5 48.2 69.2 

Fixed COE ($/MWh) 11.3 14.8 11.1 15.5 12.1 16.7 

Variable COE ($/MWh) 7.3 9.3 7.2 9.8 7.8 9.9 

Fuel COE ($/MWh) 14.3 17.1 14.0 18.0 13.3 17.9 

CO2 TS&M COE ($/MWh) 0.0 5.2 0.0 5.5 0.0 5.6 

Total COE2 ($/MWh) 76.3 105.6 74.0 110.3 81.3 119.4 

CO2 Avoided B v A ($/ton) - 54 - 68 - 77 

CO2 Avoided B v SCPC ($/ton) - 82 - 91 - 108 

1Total Plant Capital Cost (Includes contingencies and engineering fees but not owner’s costs) 
280% Capacity Factor, 17.73% Capital Charge Factor, Coal cost $1.64/106Btu 

http://www.netl.doe.gov/energy-analyses/pubs/BitBase_FinRep_Rev2.pdf�
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Plant Cost Comparison 
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Cost of Electricity Comparison 

Coal cost $1.64/106Btu, Gas cost $6.55/106Btu 
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CO2 Avoided Costs 
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Systems Analysis 

Bituminous IGCC Pathway Study 

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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IGCC Advanced Technology Assessments 

Technology Advancements 

Coal Feed System Slurry Feed  Coal Feed Pump 

Oxygen Production Cryogenic Air Separation  Ion Transport Membrane 

Gas Cleanup Selexol  Warm Gas Cleanup 

 Turbine Adv F Turbine                     Adv H2 Turbine     Next Gen Adv Turbine 

CO2 Separation Selexol  H2 Membrane 

Capacity Factor                  80%                              85%             90% 

Steam 
Bottoming 

Cycle 

Oxygen 
Production 

Hydrogen 
Turbine  

Flue Gas 
To Stack 

Hot 
Flue 
Gas 

H2 Fuel 

N2 

O2 

Air Air 

Gasifier 
and Syngas 

Cooling 

Gas 
Cleanup 
and Shift 

CO2 
Separation 

CO2 
Compression 

Coal 
Feed 

Raw 
Syngas 

CO2 
Transport, 

Storage and 
Monitoring 

CO2 

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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CO2 transport, 
storage and 
monitoring cost 

Advanced IGCC Systems 
Driving Down the Cost 
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PRELIMINARY RESULTS – SUBJECT TO CHANGE 

Presenter
Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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CO2 emissions value to 
incentivize CCS drops 
from $65 to $10 per tonne 
with successful R&D 
– Measured by cost of CO2 
     avoided with CO2 TS&M 

CO2 power plant gate 
sales price for CO2-EOR 
to incentivize CCUS drops 
from $50 to $5 per tonne 
with successful R&D 
– Measured by cost of CO2 
     removed excluding CO2 
     TS&M 

CO2 transport, 
storage and 
monitoring cost 

Advanced IGCC Systems 
Driving Down the Cost 
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Supercritical PC 
without capture

IGCC with Carbon Capture
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without capture

IGCC with Carbon Capture

PRELIMINARY RESULTS – SUBJECT TO CHANGE TS&M: Transportation, storage, and monitoring 

Presenter
Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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IGCC 
with CCS 

has lowest COE 
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Assumes capacity factor = availability (i.e. all plants including NGCC are base load). 
Assumes bituminous coal at delivered price of $1.64/MMBtu 

Supercritical PC 
without CCS 

has lowest COE 

USC PC was not included in this comparative 
analysis of bituminous coal options. 

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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Assumes capacity factor = availability (i.e. all plants including NGCC are base load). 
Assumes coal price of $1.64/MMBtu 

Today’s NGCC 
without CCS 

has lowest COE 

 
Given a first-year 

CO2 emission price 
between $0 and $60/tonne, 

and using 2nd-Gen 
technology: 

  
• CCS becomes economically viable 

 
• Coal with CCS is preferred at first-year 

CO2 prices of $15/tonne or higher 
 

• Coal is preferred over natural gas at      
gas prices above $7/MMBtu                    
(instead of $11/MMBtu) 
 

• 2nd-Gen technology for natural gas 
could increase CCS market space 

PRELIMINARY RESULTS – SUBJECT TO CHANGE 

http://www.netl.doe.gov/energy-analyses/pubs/AdvancedPowerSystemsPathwayVol2.pdf�
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Systems Analysis 
Low Rank Coal Baseline Study: 

IGCC Cases 
 

Full presentation available at: 
http://www.netl.doe.gov/energy-analyses/baseline_studies.html  

 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/pubs/LR_IGCC_FR_20110511.pdf�
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IGCC Cases: 
Technical 
Design Basis 

Southern 
Company TRIG 

ConocoPhillips 
E-Gas 

Shell 
SCGP 

Siemens 
(GSP/Noell) 

Gasifier Transport Slurry; entrained Dry-fed entrained 

Coal Type PRB PRB & ND Lignite 

Location/Elevation Montana/3400 ft PRB: Montana/3400 ft 
Lignite: ND/1900 ft 

Coal Drying Indirectly heated 
fluidized bed NA WTA process 

Oxidant Oxygen 

AGR for CO2 capture plants 2-Stage Selexol 

Gas Turbine Advanced F-class (Nitrogen dilution and air integration maximized) 

Steam Cycle (psig/F/F) 1800/1050/1050 (non-CO2 capture cases)       1800/1000/1000 (CO2 capture cases) 

Carbon Capture 83% 90% 

Availability 80% 

Slag

Fuel Gas

Dry Coal

O2

HP 
Steam

http://www.netl.doe.gov/energy-analyses/pubs/LR_IGCC_FR_20110511.pdf�
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Presenter
Presentation Notes
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Lowest Cost Power Generation Options 
Western (3400 ft):  Today’s NGCC versus Today’s Coal (PRB) 
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Presenter
Presentation Notes
The relationship between technologies and CO2 emission pricing can also be considered in a “phase diagram” type plot The lines in the plot represent cost parity between different pairs of technologies, combining the CO2 emissions price and natural gas price sensitivities to determine the lowest cost generating option at all combinations of these economic parameters.  The darker lines represent the Montana site cases and the lighter lines represent the North Dakota site cases.The lowest cost technology selection for the given CO2 emission and natural gas price follows the same trend for both the Montana and North Dakota site: NGCC dominates at low natural gas prices.  The PC cases are the next attractive technology once natural gas prices exceed the colored horizontal lines.  The black vertical lines demarcate the economic conditions where including CO2 capture to the base plant configuration results in the lowest overall COE.  The slopes of the lines are a function of the relative CO2 intensities of the technologies as well as the natural gas cases sensitivity to fuel price.When the parity charts are overlayed, it becomes apparent that the NGCC cases occupy a larger area as the lowest cost generating option at the North Dakota site, due in part to the reduced combustion turbine derate at lower elevation.  The vertical black break even lines for the Montana site occur at slightly higher CO2 emissions prices compared to the North Dakota site.
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Key Findings & Next Steps 
Transport gasifier provides low cost IGCC power  
Slurry-fed gasification still competitive for high-moisture PRB coal 
Western location/low rank coal gasification COE on par with 
midwest/bituminous coal gasification  
IGCC with carbon capture COE essentially equivalent to PC PRB 
All coal systems, with and without carbon capture, face 
challenges competing in today’s U.S. market 

– No carbon policy 
– Current natural gas prices 

Opportunities for IGCC 
– State-of-the-Art: Co-production, CO2 utilization via enhanced oil 

recovery  
– 2nd Gen: R&D and demonstration for advanced technologies 

http://www.netl.doe.gov/energy-analyses/pubs/LR_IGCC_FR_20110511.pdf�


100 

Systems Analysis 
Low Rank Coal IGCC  

Pathway Study 
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Systems Analyses for Advanced IGCC 

Objectives:   
– Evaluate improved performance and cost resulting from 

DOE-funded R&D  
– Identify enabling technologies within the portfolio 
– Show relative contribution of different R&D efforts 
– Identify/highlight gaps for low rank coal R&D pathway 

 
Approach: 

– Begin with established cost and performance of conventional IGCC 
• CoP E-Gas selected as reference plant 

– Substitute conventional technologies with advanced technologies in 
a cumulative fashion assuming successful R&D 

– Evaluate cost and performance in a manner consistent with 
baseline studies 

101 
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Advanced Technology Progression 

Technology Progression 

Gas Cleanup Physical Solvent  Warm Gas Cleanup (WGCU) 

CO2 Separation Physical Solvent  H2 Membrane 

Gas Turbine     Advanced F-Class  Advanced Hydrogen Turbine 

Oxygen Production Cryogenic Air Separation  Ion Transport Membrane (ITM) 

Availability                  80%             85%                   90% 
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CO2 transport, 
storage and 
monitoring cost 

Advanced IGCC Systems – PRB Coal 
Driving Down the Cost 

PRELIMINARY RESULTS – SUBJECT TO CHANGE 
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Presenter
Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.
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CO2 emissions value to 
incentivize CCS drops from 
$70/tonne to $25/tonne with 
successful R&D 
– Measured by cost of CO2 

avoided with CO2 TS&M 
CO2 power plant gate sales 
price for CO2-EOR to 
incentivize CCUS drops from 
$50/tonne to $25/tonne with 
successful R&D 
– Measured by cost of CO2 

removed excluding CO2 
TS&M 

CO2 transport, 
storage and 
monitoring cost 

Advanced IGCC Systems – PRB Coal 
Driving Down the Cost 

PRELIMINARY RESULTS – SUBJECT TO CHANGE 
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Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.
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CO2 transport, 
storage and 
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Advanced IGCC Systems 
Driving Down the Cost 

PRELIMINARY RESULTS – SUBJECT TO CHANGE 
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Presenter
Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.
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CO2 emissions value to 
incentivize CCS drops from 
$70/tonne to $10-25/tonne 
with successful R&D 
– Measured by cost of CO2 

avoided with CO2 TS&M 

CO2 power plant gate sales 
price for CO2-EOR to 
incentivize CCUS drops from 
$50/tonne to $10-25/tonne 
with successful R&D 
– Measured by cost of CO2 

removed excluding CO2 
TS&M 

CO2 transport, 
storage and 
monitoring cost 

Advanced IGCC Systems 
Driving Down the Cost 

PRELIMINARY RESULTS – SUBJECT TO CHANGE 
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Presenter
Presentation Notes
  Capture Cases:IGCC cases represent cumulative implementation of technologies; Nominal 600 MW net power output but will vary +/- 200 MW90% CO2 capture for IGCC, ~99% for IGFC; compression to 2,200 Psi50 Mile Pipeline transport (flat terrain), 4,500 feet storage in saline formation100 years of MVA Current SOA:  Represents today’s “conventional” IGCC with CCS technology (Case 2 from NETL “Baseline” Study).  Two-stage water gas shift converts syngas to H2-rich fuel.  Two-stage Selexol provides H2S and CO2 separation.  Advance F turbine powered by H2-rich fuel.  80% capacity factor Coal Pump:  Eliminates need for slurry feed improving the gasifier cold gas efficiency.  Benefit of elimination of slurry water is somewhat dampened because additional steam injection is now required downstream of gasifier for water gas shift relative to reference. Adv. Materials:  Advancements in materials lead to gains in reliability, availability and maintainability, modeled here as an increase in the capacity factor from 80% to 85%. Warm Gas Cleanup:  RTI transport desulfurizer (zinc oxide sorbent) and direct sulfur reduction processes replace Selexol H2S removal and Claus plant.  Still requires low temperature CO2 removal with Selexol.  Elimination of sour water stripper, improved heat recovery and reduced cost are primary benefits.   Hydrogen Membrane:  Coupling warm gas cleanup with a CO2 separation process at temperature and pressure (such as a H2 membrane) improves process efficiency primarily due to reduced CO2 compression auxiliary load and improved heat recovery.  Target costs of the H2 membrane are significantly lower than that of Selexol, resulting in a significant reduction in COE. 1st Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature and improved materials to handle high H2 fuel content.  This step also allows air integration with ASU, reducing the main air compressor parasitic load.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction. ITM for O2 separation:  Minimal impact on process efficiency.  Most of the COE benefit is associated with projected costs below that of cryogenic ASU. Next Generation Advanced H2 Turbine:  Improved process efficiency achieved through higher firing temperature, improved turbine efficiency.  Increase in power rating of the turbine results in economies of scale, adding further to the cost reduction.  Because of the significant increase in power rating, these results show a decrease to a single-train system (from a 2-train system).  If a 2-train system were maintained, the result would be a 1GW unit that has a COE 8% above that of the reference PC non-capture case. Adv. Process Control/Operating Experience:  The benefits of advanced process control and operating experience gained from demonstrations is modeled as a capacity factor improvement from 85% to 90%.
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Lowest Cost Power Generation Options 
Western (3400 ft):  Today’s NGCC versus Today’s Coal (PRB) 
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NGCC 
with capture 

has lowest COE 

IGCC 
with capture 

has lowest COE 

NGCC 
without capture 
has lowest COE 

Assumes capacity factor = availability (i.e. all plants including NGCC are base load). 

Supercritical PC 
without capture 
has lowest COE 

Presenter
Presentation Notes
The relationship between technologies and CO2 emission pricing can also be considered in a “phase diagram” type plot The lines in the plot represent cost parity between different pairs of technologies, combining the CO2 emissions price and natural gas price sensitivities to determine the lowest cost generating option at all combinations of these economic parameters.  The darker lines represent the Montana site cases and the lighter lines represent the North Dakota site cases.The lowest cost technology selection for the given CO2 emission and natural gas price follows the same trend for both the Montana and North Dakota site: NGCC dominates at low natural gas prices.  The PC cases are the next attractive technology once natural gas prices exceed the colored horizontal lines.  The black vertical lines demarcate the economic conditions where including CO2 capture to the base plant configuration results in the lowest overall COE.  The slopes of the lines are a function of the relative CO2 intensities of the technologies as well as the natural gas cases sensitivity to fuel price.When the parity charts are overlayed, it becomes apparent that the NGCC cases occupy a larger area as the lowest cost generating option at the North Dakota site, due in part to the reduced combustion turbine derate at lower elevation.  The vertical black break even lines for the Montana site occur at slightly higher CO2 emissions prices compared to the North Dakota site.
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Lowest Cost Power Generation Options 
Western (3400 ft):  Today’s NGCC versus 2nd Gen IGCC (PRB) 

Today’s NGCC 
with capture 

has lowest COE 

2nd Gen 
IGCC 

with carbon capture 
has lowest COE 

Today’s NGCC 
without capture 
has lowest COE 

Assumes capacity factor = availability (i.e. all plants including NGCC are base load). 

Today’s 
PC 

without 
capture 

has 
lowest 

COE 
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Presenter
Presentation Notes
The relationship between technologies and CO2 emission pricing can also be considered in a “phase diagram” type plot The lines in the plot represent cost parity between different pairs of technologies, combining the CO2 emissions price and natural gas price sensitivities to determine the lowest cost generating option at all combinations of these economic parameters.  The darker lines represent the Montana site cases and the lighter lines represent the North Dakota site cases.The lowest cost technology selection for the given CO2 emission and natural gas price follows the same trend for both the Montana and North Dakota site: NGCC dominates at low natural gas prices.  The PC cases are the next attractive technology once natural gas prices exceed the colored horizontal lines.  The black vertical lines demarcate the economic conditions where including CO2 capture to the base plant configuration results in the lowest overall COE.  The slopes of the lines are a function of the relative CO2 intensities of the technologies as well as the natural gas cases sensitivity to fuel price.When the parity charts are overlayed, it becomes apparent that the NGCC cases occupy a larger area as the lowest cost generating option at the North Dakota site, due in part to the reduced combustion turbine derate at lower elevation.  The vertical black break even lines for the Montana site occur at slightly higher CO2 emissions prices compared to the North Dakota site.
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Findings of Study and Gaps 

Current DOE portfolio provides 5 points efficiency gain,  
30% reduction in COE relative to today’s IGCC with CCS 
High pressure gasification may be needed to enable  
advanced technologies in current R&D portfolio 

– Managing WGCU pressure drop, hydrogen membrane  
driving force, meeting fuel gas pressure needs for  
advanced hydrogen turbine 

Evaluation of alternatives to slurry-fed gasification for  
2nd Gen IGCC recommended 
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Conventional IGCC Compared  

to PC and NGCC 
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Fundamental Comparison of  
IGCC with Advanced PC-Fired Plant 

                                      IGCC                              
PC 
Operating Principles  Partial Oxidation Full Oxidation 
Fuel Oxidant Oxygen Air 
Temperature ≤ 3000 F ≤ 3200 F 
Pressure 415-1000 psia Atmospheric 
Sulfur Control Concentrate Gas Dilute Gas 
Nitrogen Control Not Needed Pre/Post Combustion 
Ash Control Low Vol. Slag Fly/Bottom Ash 
Trace Elements  Slag Capture ESP/Stack 
Wastes/By-products Several Markets Limited Markets 
Efficiency (HHV) 39-42% 37-40% 

Presenter
Presentation Notes
Update the Efficiency HHV based on the Cost and Performance Baseline for Fossil Energy Plants - Volume 1: Bituminous Coal and Natural Gas to Electricity, DOE/NETL-2010/1397,  Nov 2010 
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Comparison of Air Emission Controls:  
PC vs. IGCC 

Sulfur NOx PM Mercury 

PC 
Post 

Combustion 

FGD 
system 

Low-NOx burners 
and  
SCR 

ESP  
or 

 baghouse 

Inject 
activated 
carbon 

IGCC 
Pre 

Combustion 

Chemical 
and/or 

physical 
solvents 

Syngas saturation 
and  

N2 diluent  
for  

GT and SCR 

Wet scrubber,  
high temperature 

cyclone,  
barrier filter 

Pre-sulfided 
activated  

carbon bed 

Steve Jenkins 2009 GTC Workshop  http://www.gasification.org/uploads/downloads/Workshops/2009/Kingsport/02Jenkins.pdf 
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Effect of Coal Quality on PC and IGCC Plant 
Heat Rates and Capital Costs 

Source: EPRI (Booras and Holt), “Pulverized Coal and IGCC Plant Cost and Performance Estimates”, GTC Conference, October 2004     

Presenter
Presentation Notes
EPRI has calculated and reported the penalties to both heat rates and capital costs associated with the use of low-rank coals.  The graph shows the relative increases in heat rates and capital costs as compared to the use of Pittsburgh #8 high Btu coal which is shown as a relative value of 1 at the far right of the curves.  As the rank of the coal decreases (and coal heating value decreases to the left), the penalties increase.  Penalties for IGCC systems are about double the penalties for PC systems.
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Conventional Coal Plant 
(Illustration only) 

Source:  EPRI 

River or Reservoir 

Boiler Condenser 

Generator 

Turbine 
Steam Line 40 MW 

electricity  
generated 

15 MW 
lost to stack 

45 MW 
lost to cooling water 

Net Coal to Power 
100 MW / 40 MW = 

 
40% Efficiency 

100 MW 
fuel input coal 
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Net Natural Gas to Power 
100 MW / (19 + 38) MW = 

 
57% Efficiency 22 MW 

lost to stack 

Heat Recovery 
Steam Generator 

21 MW 
lost to condenser 

Gas Turbine & Generator 

19 MW 
electricity  
generated 

Steam Steam 

38 MW 
electricity  
generated 

Natural Gas Combined Cycle  
(Illustration only) 

100 MW 
fuel input 

natural gas 

Steam Turbine & Generator 
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Steam Turbine & Generator 

Gasification Island 
• Converts coal to synthesis gas 
• Cleans & conditions synthesis gas 

Heat Recovery 
Steam Generator 

Gas Turbine & Generator 

Steam Steam 

Natural gas is replaced 
by coal-based fuel gas 
• Synthesis gas 

Coal-Based IGCC Power Plant 
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Coal-Based IGCC Power Plant  

Steam Turbine & Generator 
Heat Recovery  

Steam Generator Gas Turbine & Generator 

Steam 
Steam 

Slag 
By-product 

Net Coal to Power 
100 MW / (30 + 21 – 10) MW = 

 
41% Efficiency 

Steam 

18 MW 
lost  to 
stack 

10 MW 
electricity  
to ASU 

100 MW 
fuel input coal 

Synthesis 
gas 21 MW 

electricity  
generated 

30 MW 
electricity  
generated 

26 MW 
lost to 

condenser 
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Gasification-Based Energy Conversion Systems 

RESOURCES GASIFIERS ENVIRONMENTAL 
CONTROL 

ENERGY 
CONVERSION  PRODUCTS 

Steam 
Electric 
Power 

Liquid Fuels 
Chemicals 
Methanol 

SNG 
Hydrogen 
Ammonia/ 
Fertilizers 

Slag 
Sulfur/ 
Sulfuric 

Acid 

Gas Turbine 
Heat Recovery 

Steam Generator 
(HRSG) 

Steam Turbine 
Boiler 

Syngas 
Conversion to 

Fuels & 
Chemicals 
Catalytic 

Conversion 
Shift Conversion 
Fischer-Tropsch 

Fuel Cell 
H2 Turbine 

Particulate Removal 
and Recycle 

Filtration, 
Water Scrubbing 

Chloride and Alkali 
Removal 

Water Scrubbing 
Acid Gas Removal 

Amine Processes 
Rectisol, Selexol 

COS Hydrolysis 
Sulfur Recovery 

Claus Process 
SCOT Process 
Sulfuric Acid Plant 

Water Treatment 
Process Water, BFW 

Tail Gas Treating 
Turbine NOx Control 

Nitrogen/Steam 
Dilution 
SCR 

Syngas Mercury 
Capture 
Syngas CO2 Capture 

OXYGEN-BLOWN 
 

Entrained Flow 
GE Energy, E-Gas, 
Shell, Prenflo, Noell, 
Huaneng CERI, OMB 

Fluidized Bed 
HT Winkler, U-Gas 

Moving Bed 
British Gas Lurgi 
(BGL) 
Lurgi (Dry Ash) 

Transport Reactor 
KBR 

 
AIR-BLOWN 

Fluidized Bed 
HT Winkler, GTI U-
Gas, 
KRW  

Sprouting  Bed 
British Coal,  
Foster Wheeler 

Entrained Flow 
Mitsubishi 

Transport Reactor 
KBR 

Air/Oxygen 

Coal 

Biomass 

Petroleum 
Coke 

Heavy Oil 

Refinery 
Wastes 

MSW 

Orimulsion 

Other 
Wastes 
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Commercial IGCC Plants 
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Commercial IGCC Plants in the U.S. 
Active and Under Construction  

(excluding DOE supported demonstration projects) 

Wabash River Coal Gasification Repowering Project 
262 MWe coal/petcoke (1995 - present)  

Tampa Electric Polk Power Station 
250 MWe coal/petcoke (1996 - present)  

Duke Energy’s Edwardsport Integrated Gasification  
Combined Cycle Station 
618 MWe coal (2013 start up) 

 

Presenter
Presentation Notes
PICTURES:Edwardsport – topTampa – middleWabash – bottom

http://www.princeton.edu/~hotinski/Resources/NETL_tampa_gasification_large.jpg�
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Wabash River IGCC 
SG Solutions − West Terre Haute, Indiana 

Power generation 
Combustion turbine:   192 MWe 
Steam turbine:            105 MWe 
Internal load:               -35 MWe 
Net output:                  262 MWe 

Plant startup July 1995 

E-Gas gasifier  
ConocoPhillips  

2,500 tons/day coal or 
petcoke  

Bituminous coal 
1995 thru August 2000 

Petcoke 
2000 thru Present 

DOE CCT Round IV 
Repowering project 
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Gasifier Structure 

Combustion 
Turbine 

Steam Turbine 

Sulfuric Acid  
Recovery 

ASU 

Coal Preparation 

Admin Bldg & 
Control Room 

Wabash River IGCC Plant Aerial Photo 

Presenter
Presentation Notes
This is an aerial photo of the Wabash River IGCC Plant.
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Polk Power Station Unit 1  
Tampa Electric Co. − Mulberry, FL 

GE Gasifier  
Oxygen blown 
Slurry fed 
Entrained flow 
Refractory lined 
Feedstock 2,200 tons/day  
Coal and petcoke blend 
CT is GE 7F 
Single train configuration  
One gasifier supplying one CT 
Acid gas removal via  
MDEA and COS hydrolysis 
DOE Clean Coal  
Technology Program 
Plant startup July 1996 

Polk Power Station, Unit  

Power generation 
Combustion turbine:    192 MWe 
Steam turbine:             123 MWe 
Internal load:               - 55 MWe 
Other auxiliaries:   - 10 MWe 
Net output                   250 MWe 

Courtesy: Tampa Electric Co. 

Presenter
Presentation Notes
Additional Plant DetailsOperating pressure 400 psi nominalGasifier vessel refractory lined (largest built)Radiant plus convective syngas coolers for heat recoveryCT is GE 7F w/ MNQC combusters, larger 1st stage nozzleDiluent N2 plus syngas saturation for NOx controlModest air extraction rate from CT to ASUASU by Air Products, 2100 tons/day oxygen productionSulfuric acid plant by Monsanto, (unique to Florida)Acid gas removal via MDEA and COS hydrolysis
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Polk Power Station Aerial Photo 
Gasifier Structure 

ASU 

Coal Silos 

Combustion 
Turbine 

Steam 
Turbine 

Sulfuric 
Acid Plant 

Admin Bldg & 
Control Room 

Slurry Preparation 

Presenter
Presentation Notes
This is a 2001 aerial photo of Polk Power Station.In the left center of the photo is the administration/control building.  Just west (above in the photo) is the Air Separation Plant.  Immediately to the right (north) of the ASU is the gasifier structure, the tallest structure on site.  Hot Gas Cleanup is the slightly shorter adjacent structure.  The two 5000 ton coal silos can be seen north and west of the gasifier.  The slurry preparation building is immediately east of the silos.  Further east is the sulfuric acid plant.  
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Edwardsport 618 MW IGCC Project 
Duke Energy 

2 x GE Gasifier  

2 x GE 7 FB combustion turbines 
232 MWe each 

GE steam turbine 
320 MWe  

1.5 million tons of coal per year  

Total project cost:  
$ 3.5 billion 
$133.5 million Federal investment tax credit award 
$460 million in local, state and federal tax incentives 

 
Commercial Operations Mid-2013 

Gasifier being installed at Duke Energy’s Edwardsport Station 

Image courtesy of Duke Energy Indiana 

Presenter
Presentation Notes
http://www.energybiz.com/article/12/07/dukes-coal-gasification-plant-slammed-high-costs (7/4/12)Construction of the plant is complete, and the full project is going through several months of testing and tweaking. Plant is expected to come on-line in December 2012; commercial operations mid-2013.http://www.pennenergy.com/articles/pennenergy/2013/january/commission-caps-cost-recovery-on-dukes-edwardsport-igcc-plant.htmlhttp://ghgnews.com/index.cfm/at-the-major-ccs-projects-edwardsport-futuregen/More plant details:618 MW IGCC plant Claus process sulfur removal system An activated carbon bed for the absorption of mercury on each of the two gasifier trains Two heat recovery steam generators, each equipped with selective catalytic reduction (SCR) for nitrogen oxide control A multiple cell cooling tower No thermal discharge into the White River Potential for the capture and geologic storage of CO2 An alliance between Duke Energy Indiana, GE, and Bechtel to support the project 
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ELCOGAS 
Puertollano, Spain 

PRENFLO gasifier 
Pressurized entrained flow  
gasifier now offered by Uhde 

Oxygen blown 

2,600 tons/day coal and petcoke 

Commercial operation began in 1996 with natural gas 

In 1998 began operating on 50/50 petcoke / local Spanish coal 
(~ 40% ash) 

Siemens V94.3 gas turbine  

Independent power project  
without a power purchase  
agreement (PPA) 

IGCC Plant Puertollano, Spain 

Power generation 
Combustion turbine   182.3 MWe 
Steam turbine            135.4 MWe 
Internal load              - 35.0 MWe 
Net output                 282.7 MWe 

Source: “Integrated gasification combined cycle technology: IGCC – Its actual application in Spain: ELCOGAS, Puertollanl” Manuel Treviño Coca 
Image Source: www.elcogas.es/shared/enter_img2_r1_c1.jpg   
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ELCOGAS Plant Aerial Photo 

SL/Rt   05.10.99    

Gasifier 
Structure 

ASU Fuel  
Yard 

Gas Turbine 

Steam 
Turbine 

Heat Recovery 
Steam Generator 

Coal 
Preparation 

Plant 

Sulfur Removal 
& Recovery General 

Offices 
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http://www.gasification.org/Docs/2005_Papers/05CHHO.pdf 

Vresova IGCC Power Plant  
 Vřesová, Czech Republic 

1970 Town Gas Production 

1996 Converted to IGCC 

26 Lurgi Gasifiers 
Entrained flow 
Dry coal feed - Lignite 

1 Siemens SFG-200 
Entrained 
Added 2007 
Oxygen blown – Full quench 
Feedstock: Phenols, tars, petrol,  
etc. created during gasification 

2 GE Combustion turbines 
FRAME 9 E (9171 E) 

ABB ES Steam turbine 
 

Power generation 
Combustion turbine:   309 MWe 
Steam turbine:            114 MWe 
Internal load:             -  25 MWe 
Net output:                 398 MWe 

Vřesová IGCC Plant, Czech Republic 

Presenter
Presentation Notes
In 2007 a new gasifier was commissioned to utilize tar and other liquid by-products resulting from the gasification of brown coal in the 26 existing Lurgi gasifiers.The former town gas plant Vresova, Czech Republic, was converted to 400 MWe combined cycle power generation in 1996. Three main production technologies currently form the processing part of Sokolovská úhelná: The coal preparation plant prepares the coal charge for gas production in the pressurised gas works and in the classic thermal power plant. Pressure gas works implements the production of the energy gas. Electricity and technological steam for further operations of the processing part is made in the Energy Section with a classic heating plant and the combined cycle power plant. Twenty-six Lurgi-type fixed-bed gasifiers processing brown coal from the company's own local open cast mines form the basis of the plant. The raw gas from the gasifiers is treated by the Rectisol process and fed into two GE licensed 9E gas turbines. In 2007 a Siemens liquids gasifier was commissioned to provide additional syngas from tars produced by the fixed-bed gasifiers. Note: Power Generation description does not include 175MWth provided by the Siemens SFG-200 added in 2007 (still looking for new plant totals)
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Nuon IGCC Plant 
Buggenum, The Netherlands 

Shell Gasification  
Offered jointly with Krupp Uhde 

Gas turbine: Siemens V94.2 

2,000 tons/day feedstock 
Bituminous coal 
Biomass 

Plant startup 1993 

Power generation 
Combustion turbine:   155 MWe 
Steam turbine:            128 MWe 
Internal load:             -  30 MWe 
Net output:                 253 MWe 

 

Buggenum IGCC Plant 

http://www.gasification.org/Docs/2005_Papers/05CHHO.pdf 

Only large-scale biomass 
installation in operation today 
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SL/Rt   05.10.99    

Nuon Plant Aerial Photo 

Gasifier 
Structure 

ASU 

Gas & Steam 
Turbine 

Heat Recovery 
Steam Generator 

Coal Preparation Plant 

Note: Sulfur Removal & Recovery (out of view)  

Courtesy: Nuon 
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Clean Coal Power R&D IGCC Demonstration Plant 
Nakoso, Japan 

Mitsubishi Gasifier 
– 250 MWe 
– Air-blown 
– Entrained flow 
– Dry coal feed 

1,700 tons/day coal 
– Suited to wide range of coals  

Water wall structure 
Gas clean-up  

– MDEA chemical absorption  
Plant startup September 2007 

Clean Coal Power R&D 
 Joint project of 

– Mitsubishi Heavy Industries, 
– Ministry of Economy, Trade 

and Industry, and 
– Several EPC companies 

Presenter
Presentation Notes
Introduction�Integrated coal Gasification Combined Cycle (IGCC) is a new coal utilized power generation technology that achieves higher thermal efficiency and better environmental performance for the next generation.�In Japan, the development of original air-blown IGCC technology has been pushed forwarded as a national project.�The reliability, economy and performance of an air-blown IGCC system has been improved through a 200t/d pilot plant project, followed by feasibility studies, trial design studies and preparatory verification tests.�Now, the development of IGCC in Japan has proceeded to a 250MW demonstration plant project as the final phase before commercialization.�MHI's IGCC system integrated air-blown entrained flow gasifier, cold gas clean-up unit, and gas turbine combined cycle power generation unit will be adopted into the demonstration plant.��Features of MHI's IGCC System �1. High thermal efficiency Air-blown gasifier with lower auxiliary power consumed for oxygen production than oxygen-blown gasifier is adopted.The net thermal efficiency of commercial plants with 1500°C class gas turbine is about 20% higher relatively than conventional coal-fired plants.2. High environmental performance The emission of CO2, NOx, SOx, and dust are reduced due to high thermal efficiency.3. Coal flexibility The low rank coal, which have been unacceptable for conventional coal-fired boilers because of their low ash fusion points is suitable for IGCC. This could extend our source of coal.4. Better coal ash disposal Coal ash is discharged in the figure of slag, which occupies half the volume of fly ash from conventional coal-fired plant and causes no leaching of trace element.MHI's Air-blown Two Stage Entrained Flow Gasifier �1. Air-Blown Lower auxiliary power consumption than oxygen-blown2. Two Stage Best balance of syngas calorie for GT combustion and high temperature for melting ashGas and slag effective quenching at 2nd stage with coal gasification endothermic reaction3. Dry Coal Feed More thermally efficient than slurry feedThe air-blown gasifier converts pulverized coal to synthesis gas (syngas). Char in the syngas is removed in a cyclone and porous filter, while H2S is removed in a desulfurization unit. Air for the gasifier is extracted from the combustion turbine's compressor. The design of the gasifier must deal with melting ash. The gasifier has a membrane waterwall that eliminates the need for a problematic refractory lining. MHI's two-stage approach to gasification relies on a combustor that burns coal and recycled char at high temperature at a high air/fuel ratio, and a reductor that uses the combustor's hot gas output for gasification, lowers the level of unburned carbon in the ash, and smoothly discharges molten slag. The hot gas leaving the reductor is cooled by an internal gas cooler/steam generator integrated into the HRSG. Any char in the syngas is separated out by the cyclone or porous filter and recycled to the combustor. According to MHI, the carbon conversion efficiency of the system is 99.8%. The porous filter is the final dust removal step before the exit gas enters a commercial methyl-diethanol-amine (MDEA) and carbonyl sulfide (COS) converter/acid gas– removal system. This unit essentially washes the syngas to remove sulfur and trace elements. It sends the sulfur in the form of H2S to the sulfur conversion/recovery unit, where it is oxidized and absorbed in a high-performance limestone-gypsum unit that produces high-grade, saleable gypsum. The MHI 701DA-type combustion turbine was selected for the demonstration plant based on its good track record in combined-cycle and other low-Btu fuel gas projects. MHI notes that with syngas projects, additional fuel mass flow is required to provide the turbine with the necessary energy content—about 17% of airflow compared to about 2% for natural gas. However, a fully integrated IGCC plant uses about 15% of the compressor's discharge to power the gasifier. For this reason, the MHI turbine is closely balanced for mass flow moving through the turbine section of the unit; only the compressor casing had to be modified to include an air extraction port. 



132 

Clean Coal Power R&D IGCC Demonstration Plant 
 Aerial Photo 

Gasifier 

Gas 
& 

 Steam 
Turbine 

Heat 
Recovery 

Steam 
Generator 

Gas  
Clean-up 

Photo: BLOOMBERG NEWS 

Presenter
Presentation Notes
Test plant for integrated gasification combined-cycle (IGCC), manufactured by Mitsubishi Heavy Industries Ltd. in Fukushima Prefecture, Japan.
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IGCC Availability History 

Source: Dr. Jeff Phillips Sr. Program Manager, Advanced Coal, EPRI 
http://www.gasification.org/uploads/downloads/Workshops/2010/02phillips%20-%20IGCC%20101e.pdf 

 Excludes impact of operation on back-up fuel 

IGCC design goal 
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IGCC Plants in the U.S. 
No Longer Operating 

Southern California Edison’s Cool Water Coal Gasification 
Plant  
100 MWe coal (1984-1988) 

 
Dow Chemical's Louisiana Gasification Technology Inc (LGTI) 
Project  
160 MWe coal (1987-1995) 

 
Valero Delaware City Refinery’s Delaware Clean Energy 
Cogeneration Project  
160 MWe (& steam) petcoke (2002 – 2009) 

Presenter
Presentation Notes
PICTURES:Edwardsport – topTampa – middleWabash – bottom
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IGCC Technology in Early Commercialization 
Nation’s 1st Commercial-scale IGCC plants 

Each achieving: > 97% sulfur removal  > 90% NOx reduction 

  

*Power Magazine                   ** Gasification Power Block 

Wabash River  
ConocoPhillips Gasifier 
1996 Power plant of the Year Award* 
Achieved 77% availability ** 

 

Tampa Electric  
General Electric Gasifier 
1997 Power plant of the Year Award* 
First dispatch power generator 
Achieved 90% availability ** 
 

http://www.netl.doe.gov/coalpower/gasification/pubs/images/04540211.jpg�
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Edwardsport 630 MW IGCC Project 
Duke Energy 

2 x GE Gasifier  

2 x GE 7 FB combustion turbines 
232 MWe each 

GE steam turbine 
320 MWe  

1.5 million tons of coal per year  

Operational mid 2013 - in startup 

Total project cost:  
$3.5 billion 
$133.5 million Federal investment tax credit award 
$460 million in local, state and federal tax incentives 

Gasifier being installed at Duke Energy’s Edwardsport Station 

Image courtesy of Duke Energy Indiana 

Presenter
Presentation Notes
1/3/2013Construction of the facility is “virtually complete.” It has completed gasification of coal and produced electricity during initial start-up and testing. Duke expects to begin commercial operations at the plant in the middle of 2013. Indiana state regulators approved a cost cap of US$2.6 billion in construction costs that the project can pass along to customers, requiring Duke Energy to absorb US$900 million of the cost overruns. One of the first plants to be announced under the GE and Bechtel IGCC alliance 630 MW IGCC plant The retirement of the current circa 1940's 160 MW Edwardsport power plant A Clauss process sulfur removal system An activated carbon bed for the absorption of mercury on each of the two gasifier trains Two heat recovery steam generators, each of which will be equipped with selective catalytic reduction (SCR) for nitrogen oxide control A multiple cell cooling tower No thermal discharge into the White River Potential for the capture and geologic storage of CO2 An alliance between Duke Energy Indiana, GE, and Bechtel to support the project Certificates of Public Convenience and Necessity Duke Energy Indiana filed an application and supporting testimony in the fall of 2006 with the Indiana Utility Regulatory Commission for Certificates of Public Convenience and Necessity (CPCN) to construct the Edwardsport IGCC Plant in Edwardsport, Indiana.  The hearing took place in June 2007 and the IURC approved the plant in November 2007.Air Quality Electric utilities continue to face increasingly stringent emission reduction requirements.  The Edwardsport IGCC Plant will reduce sulfur dioxide, nitrogen oxide, mercury and particulate emissions (PM-10) well below all federal standards.  Water Quality The Edwardsport IGCC Plant will use less than one tenth of the water per day as compared to the current plant. Project Support Knox County has also granted the project substantial financial incentives. In addition, the project received the maximum amount of $133.5 in federal tax credits under the Clean Coal Facilities Investment of the Energy Policy Act of 2005 demonstrating the support for and interest in this type of clean coal technology at the national level.The project will receive a total of approximately $460 million in federal, state, and local tax incentives
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Coal/Petcoke-Based U.S. IGCC Plants 
Operational Performance 

*  Syngas firing is usually 100-200˚F lower 

Cool Water 
California 

LGTI 
Louisiana 

Wabash River 
Indiana 

Tampa Electric  
Florida 

Valero 
Delaware  

Net Power Output 
MWe 100 160 262 250 240 

Efficiency, % 
(HHV basis) 37.5 40.2 37.5 

Gasification 
Technology GE E-Gas E-Gas  GE  GE 

Feedstock Bituminous Low sulfur 
subbituminous Petcoke Coal and 

petcoke blend Petcoke 

Gas Turbine GE 107E 2 x Siemens 
SGT6-3000E GE 7FA GE 107FA 2 x GE 7FA 

Firing Temp,˚F 
(˚C) 
on natural gas* 

2350 (1287) 2350 (1287) 2350 (1287) 

NOX Control 

Steam dilution 
to  

combustion  
turbine 

Steam dilution 
to  

combustion 
turbine 

Steam dilution to  
combustion  

turbine 

Nitrogen and 
steam dilution to  

combustion 
turbine 

Nitrogen and 
steam dilution 

to  
combustion 

turbine 

Presenter
Presentation Notes
Wabash efficiency % was 39.7 for high sulfur bituminous coal, higher efficiency using petcoke
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Worldwide Gasification Database 
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Worldwide Gasification Capacity & Planned Growth 
Cumulative by Year 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  
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Worldwide Gasification Capacity & Planned Growth 
by Feedstock 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  
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Worldwide Gasification Capacity & Planned Growth 
by Product 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  
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Worldwide Gasification Capacity & Planned Growth 
by Region 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  
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Worldwide Gasification Capacity & Planned Growth 
by Technology 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  
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Closing  
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… the Benefits 

GASIFICATION 
Stable, affordable, high-efficiency energy supply with a minimal 
environmental impact 
Feedstock Flexibility/Product Flexibility  
Flexible applications for new power generation, as well as for 
repowering older coal-fired plants 
 
BIG PICTURE 
Energy Security -- Maintain coal as a significant component in the 
U.S. energy mix  
A Cleaner Environment (reduced emissions of pollutants) 
The most economical technology for CO2 capture 
Ultra-clean Liquids from Coal -- Early Source of Hydrogen 
 

Presenter
Presentation Notes
Technology owned by DOW and licensed by UOPAdvantages:Acid gas partial pressure is key driving force for Selexol process  High loadings at high acid gas partial pressures.Solubility of individual compounds follow Henry’s law  the solubility of a compound in the solvent is directly proportional to its partial pressure in the gas phase
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Visit NETL Gasification Website 
www.netl.doe.gov/gasification-portal.html 

Google the term “Gasifipedia” 

http://www.netl.doe.gov/technologies/coalpower/gasification/portfolio/�
http://www.netl.doe.gov/gasification-portal.html�
http://www.netl.doe.gov/gasification-portal.html�
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Background Slides 
Table of Contents 

Active Projects-with Fact Sheet Information 
History 
Gasification & IGCC Fundamentals 
Gasifier Types 
Environmental Information 
Systems Analysis 
–Bituminous Baseline Study 
–Low Rank Coal Baseline Study 
–New Coal Power R&D Goals for 2025 & Beyond 
Historic Gasification Plants Examples 
Commercial Gasification Plants Examples 
Carbon Capture & Sequestration 
Active DOE Cooperative Agreements Fuels Program Projects 
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Background Slides 

Active Projects with 
Fact Sheet Information 
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ITM Oxygen Technology for Integration in IGCC and 
Other Advanced Power Generation Systems 

Project Overview: The goal of the ITM (ion-transport membrane) oxygen project is to develop, 
scale-up, and demonstrate a novel air separation technology for producing oxygen at one-
third of the cost and energy required by conventional cryogenic processes and for integration 
with IGCC and other large scale advanced power generation systems. 

Strategic Center for Coal Gasification Division           July 2010  

Air Products and Chemicals, Inc. 
Performance Date: 10/01/1998 – 06/30/2014 

Total Budget 
Total DOE Participant 

$291,223,533 $198,527,378 $92,696,155 
Hyperlink to Fact Sheet 

Benefits: ITM Oxygen production technology will produce low-cost, high-quality tonnage 
oxygen that will enhance the performance of IGCCs. System studies confirm the ITM benefits 
in IGCC power generation which include reduction in plant specific cost per kilowatt-hour, 
plant efficiency increase, and savings in oxygen production cost.  

Commercial-scale ITM Oxygen Module 

Presenter
Presentation Notes
Award Number: FT40343M1 Number:1229Program Area (Technology Manager): Gasification Systems (Jenny Tennant)FPM Name: Susan MaleyFile Name of the NETL Fact Sheet: Proj 136 July 2009 new formatURL: http://www.netl.doe.gov/publications/factsheets/project/Proj136.pdf

http://www.netl.doe.gov/publications/factsheets/project/Proj136.pdf�


150 

Arrowhead Center to Promote  
Prosperity and Public Welfare in New Mexico 

Project Overview: The project is a research and policy initiative to enhance environmentally responsible 
fossil fuel energy production and use, thereby contributing to economic development in the state of New 
Mexico. The project is engaging stakeholders and assessing: (1) the impact of the fossil fuel industry on 
water resources in New Mexico and (2) how the increasing worldwide demand for fossil fuels will impact 
energy production in New Mexico.  

Strategic Center for Coal Gasification Division           March 2011 

New Mexico State University 
Performance Date: 10/01/2008 – 09/30/2012 

Total Budget 
Total DOE Participant 

$1,181,175  $944,940  $236,235 
Hyperlink to Fact Sheet 

Benefits: This project provides timely, in-depth, cutting-edge economic analysis of the issues that are critical to 
the development and production of New Mexico’s fossil fuels for delivery and utilization to help in 
meeting the nation’s energy needs. The outreach activities will provide the public sector and industry 
policy-makers with the information and analysis needed to enhance the development New Mexico’s 
energy economy. 

Presenter
Presentation Notes
Award Number: NT0004397M1 Number: 6235Program Area (Technology Manager): Gasification Systems (Jenny Tennant)FPM Name: Arun BoseFile Name of the NETL Fact Sheet:URL: http://www.netl.doe.gov/publications/factsheets/project/NT04397.pdf

http://www.netl.doe.gov/publications/factsheets/project/NT04397.pdf�
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Background Slides 

History 
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Early History of Gasification 
1st Replacement for Candles and Lanterns   

“Town gas” (syngas) lighting in factories made the  
night shift possible, ushering in the Industrial Age  
1790’s:  William Murdoch experimented with various types of gas, 
settling on coal gas as the most effective 
1804:  Coal gas first patented for lighting 
1813:  London and Westminster Gas Light and Coke Company  
illuminated Westminster Bridge with syngas lights on New Year's 
Eve in 1813 (wooden pipes) 
1816:  Baltimore 1st U.S. city to light streets with syngas 

New technologies sprang up based on the new fuel source: 
gas heaters, stoves and ovens, refrigerators, washing 
machines, gas engines and gas central heating  
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Recent History 
By the mid-1900’s syngas had fallen out of public use,  

replaced by electricity and natural gas 
New drivers, new niches in 1900’s 

Politics isolated countries without oil used gasification to 
convert coal into transportation fuels 
Germany and Japan during World War II  
South Africa to meet its energy needs during Apartheid 

Increased global needs, gasification used to: 
Make plastic, fertilizer, etc. (1960’s) 
Refine oil (1980’s)   

– Refining oil requires hydrogen 
– Pet coke (refinery waste) is gasifier fuel 

Make clean power (1990’s) 
– DOE co-funded clean coal demonstration facilities 
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Major Gasification Milestones 
1842   Baltimore Electric Town Gas 
1887   Lurgi Gasification Patent 
1910   Coal Gasification Common in U.S. / Europe for Town Gas 
1940   Gasification of Natural Gas for Hydrogen in Chemical Industry (Ammonia) 
1950   Gasification of Coal for Fischer-Tropsch (F-T) Liquids (Sasol-Sasolburg) 
1960   Coal Tested as Fuel for Gas Turbines (Direct Firing) 
1970’s IGCC Studies by U.S. DOE 
1970    Gasification of Oil for Hydrogen in the Refining Industry 
1983    Gasification of Coal to Chemicals Plant (Eastman Chemical) 
1984    First Coal IGCC Demonstration (Cool Water Plant) 
1990’s First Non-Recourse Project Financed Oil IGCC Projects (Italy) 
1993    First Natural Gas Gasification F-T Project (Shell Bintulu) 
1994    NUON/Demkolec’s 253 MWe Buggenum Plant Begins Operation 
1995    PSI Wabash, Indiana Coal IGCC Begins Operation (DOE CCT IV) 
1996    Tampa Electric Polk Coal IGCC Begins Operation (DOE CCT III) 
1997    First Oil Hydrogen/IGCC Plant Begin Operations (Shell Pernis) 
1998    ELCOGAS 283 MWe Puertollano Plant (Spain) 
2007    Clean Coal Power R&D 250 MWe IGCC Plant Begins Operation (Japan) 
2012    China Huaneng Group 250 MWe IGCC 1st Phase (China) 
2014    Kemper County Energy Facility w/ 65% CO2 capture (DOE CCPI Round II) 

Today IGCC is an Accepted Refinery and Coal Plant Option 
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Worldwide Gasification Capacity & Planned Growth 
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Mississippi Power 
Kemper County 

US  - 2014 

Huaneng Group 
GreenGen 1st Phase 

China – 2012 

Duke Energy 
Edwardsport   

US  – 2013 

Clean Coal Power 
Nakoso IGCC 
Japan - 2007 

Sasol II 
1977 

Sasol III 
1982 

      Gasification of Coal 
to Chemicals Plant 

Eastman Chemical  
1983 

      1st US Commercial-Scale 
Coal Gasification Plant 

   Great Plains Synfuels 
1984 

1st Coal IGCC 
Demonstration 

Cool Water Plant 
1984 

      NUON / Demkolec 
     253 MWe IGCC 

   Buggenum Plant 
1994 

      1st Natural Gas 
Gasification F-T Project  

       Shell Bintulu 
1993 

      Coal IGCC Project 
       DOE CCT IV 

      Wabash River 
1995 

      Coal IGCC Project 
DOE CCT III 

Tampa Electric Polk 
1996 

      1st Non-Recourse 
Finance 

     Oil IGCC Projects – Italy 
     Financial Close Achieved 

1996 

ELCOGAS 
IGCC Project 
Puertollano 

1997 

1st Oil Hydrogen 
IGCC Project  

Shell Pernis 
1997 

1842 Baltimore Electric Town Gas 
1887 Lurgi Gasification Patent 
1910 Coal Gasification Common in  

U.S. / Europe for Town Gas  
1925 Fischer-Tropsch (F-T) Patent 
1940 Gasification of Natural Gas for Hydrogen in 

Chemical Industry (Ammonia) 
1955 Gasification of Coal for F-T Liquids Sasol I 

Based on: 2010 Worldwide Gasification Database 
http://www.netl.doe.gov/technologies/coalpower/gasification/worlddatabase/index.html  

Presenter
Presentation Notes
Years in red indicate that the plant is under constructionLegend: Blue area under the curve – Plants in operationRed area under the curve – Plants under constructionGreen area under the curve – Plants in planning stages 
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Background Slides 

Gasification & IGCC Fundamentals  
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Let’s Start with Combustion Chemistry 

 
 
 

Combustion with Oxygen 
 
 
 

C + O2               CO2 
 
 
 

H2 + 1/2 O2            H2O 
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Gasification Chemistry 

 
 

Gasifier Gas 
 Composition 

(Vol %) 
 

H2         25 - 30 
CO        30 - 60 
CO2        5 - 15 
H2O        2 - 30 
CH4        0  -  5 

 
H2S       0.2 - 1 
COS      0 - 0.1 
N2          0.5 - 4 
Ar          0.2 - 1 

NH3 + HCN   0 - 0.3     
 

Ash/Slag/PM 

 

Gasification with Oxygen 
C + 1/2 O2                CO 

 
Combustion with Oxygen 

C + O2               CO2 
 

Gasification with Carbon Dioxide 
C + CO2               2CO 

 
Gasification with Steam 
C + H2O            CO + H2 

 
Gasification with Hydrogen 

C + 2H2           CH4 
 

Water-Gas Shift 
CO  + H2O           H2  + CO2 

 
Methanation 

CO + 3H2            CH4 + H2O 
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Chemical Reactions in Coal Combustion 
Examples of Important Reactions 

Reaction Reaction heat  
(kJ/mol) 

C + CO2 → 2 CO + 172.3 
C + H2O → CO + H2 + 175.1 
C + O2 → CO2 – 393.4 
C + ½O2 → CO – 110.5 

CO + H2O → H2 + CO2 +     2.7 
CO + ½O2 → CO2 – 282.9 
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Chemical Reactions in Coal Gasification 
Examples of Important Reactions 

Reaction Reaction heat, (kJ/mol) Process 

Solid-gas reactions (liquid H2O) 

C + O2  →  CO2 -393.4 Combustion 

C + 2H2   →  CH4 -74.9 Hydrogasification 

C + H2O  →   CO + H2 + 175.1 Steam – carbon 

C + CO2 →   2CO +172.3 Boudard 

Gas-phase reaction 

CO + H2O  → H2 + CO2 2.7 Water-gas shift 

CO + 3H2  → CH4 + H2O -249.9 Methanation 

Presenter
Presentation Notes
The heat or reaction of water (liquid) at standard conditions is -285.6 kJ/mol
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Examples of Important Chemical Reactions 
in Coal Combustion 

 -393.4 
kJ/mol 

-285.6kJ/mol 

 Heats of Reaction 

C       +       O2  CO2 

H2      +       ½O H2O           

+   

+   

Presenter
Presentation Notes
This slide depicts a few of the many important chemical reactions (with corresponding heats of reaction Δ H° x 103, 25°C ) in coal gasification.Here we are using the liquid heat of reaction for water -285.6 kJ/mol at standard pressure and temperature.The bottom reaction “Water gas shift” is almost neutral
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Examples of Important Chemical Reactions 
in Coal Gasification 

 172.3 
kJ/mol 

175.1  
kJ/mol 

 Heats of Reaction 

2.7 
kJ/ mol 

+   

+   

C       +       CO2  2CO 

C       +       H2O CO      +    H2           

   CO      +        H2O   CO2    +     H2           

+   

+   

+   

Presenter
Presentation Notes
This slide depicts a few of the many important chemical reactions (with corresponding heats of reaction Δ H° x 103, 25°C ) in coal gasification.Here we are using the liquid heat of reaction for water -285.6 kJ/mol at standard pressure and temperature.The bottom reaction “Water gas shift” is almost neutral
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Gasification Phase Diagram  
An Example – Coal: Illinois #6, Dry Feed 
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Potential Feedstocks 

       

IGCC isn’t necessarily “coal” 
gasification, other feedstocks 
could include 
Petroleum coke 
Biomass 
Blends of the above 
Natural gas reforming  

All Potential Feedstocks Should Be Included in Permit Application 

Steve Jenkins 2009 GTC Workshop http://www.gasification.org/uploads/downloads/Workshops/2009/Kingsport/02Jenkins.pdf 

Presenter
Presentation Notes
Center photo is pet cokeLeft most photograph are eucalyptus trees being harvested for the biomass trials that took place at the TECO’s IGCC

http://www.mii.org/reclcoal.html�
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Integrated Gasification Combined Cycle 
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Gasification-Based Production Options 
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Coal, 
Petroleum coke, 

Biomass, 
Waste, etc. 

Particulate 
Removal 

Gas 
Cleanup 

Shift 
Reactor 

Synthesis Gas 
Conversion 

Fertilizer & 
Chemicals 

Carbon Dioxide  
Utilization & Storage 

Hydrogen 

Gasifier 

Generator 

Electric 
Power 

Electric 
Power 

Electric 
Power 

Heat Recovery 
Steam Generator 

Air 

Steam 

Steam Turbine 

Stack 
Steam 

Air 

Air 

Combustor 
Fuel Cells 

Gas 
Turbine 

Compressed Air 

Air Separator 

Oxygen 

Slag By-product 

Sulfur By-product 

Fly ash By-product Gaseous 
Constituents 

Solids 

Hydrogen 
Separation 

Generator 

Particulates 

Feed 
Pump 

Syngas 
Cooler 

Key Gasification Systems R&D Areas 

Presenter
Presentation Notes
A variety of different energy conversion devices can be incorporated into a gasification-based system to convert the syngas into the types of products identified above.  The contemporary IGCC designs considered in this paper utilize a gas turbine to combust the cleaned syngas to produce about 60% of the gross power output.  The hot exhaust gas from the gas turbine is sent to a heat recovery steam generator (HRSG) to produce steam for a steam turbine that generates the remainder of the plant’s electricity. IGCC power systems use a gasifier to convert a carbon-based feedstock into syngas consisting of  a mixture of carbon monoxide (CO) and hydrogen (H2) with some carbon dioxide (CO2) and traces of other gases.  The syngas is cleaned of particulates, sulfur, and other contaminants and is then combusted in a high-efficiency combustion turbine/generator.  Heat from the turbine exhaust gas is extracted in a heat recovery steam generator (HRSG) to produce steam to drive a steam turbine/generator. 
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Background Slides 

Gasifier Types 
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Gasifier Examples 

 GE Energy 
(Chevron-Texaco) 

 KBR 
Transport 

 ConocoPhillips 
E-Gas 

Shell 
SCGP 

Siemens 
SFG 

Slag 

Fuel Gas 

Dry Coal 

O2 

HP  
Steam 
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Syngas 

Gasifier Examples (continued) 

BGL MHI 

BOTTOM ASH 
REMOVAL

GASIFIER

CYCLONES

AIR / O2 / STEAM

COAL

AIR / O2 / STEAM

FLUIDIZED 
BED

SYNGAS

BOTTOM ASH 
REMOVAL

GASIFIER

CYCLONES

AIR / O2 / STEAM

COAL

AIR / O2 / STEAM

FLUIDIZED 
BED

SYNGAS

GTI 
Fluid Bed 
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GE Energy Gasifier 
 

Coal-water slurry feed 
Entrained-flow 
Oxygen-blown 
Refractory-lined gasifier 
Two versions offered 
Radiant cooler 
Quench 
Slagging 
Good for bituminous coal, pet coke,  
or blends of pet coke and low-rank 
coals  
67 Plants operating 
6,334 MWth Syngas  
Edwardsport nearing commercial operation 
3 U.S. Plants in planning 

Presenter
Presentation Notes
Nearing completionEdwardsport IGCC Projects in planningHydrogen Energy CaliforniaTaylorville Energy Center IGCCFaustina Hydrogen Products LLC
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Entrained-flow  
Two-stage gasifier 
80% of feed to first stage (lower) 
Advanced E-STR gasifier feeds 100% to second 
stage (upper) 
Coal-water slurry feed 
Oxygen-blown 
Refractory-lined gasifier 
Continuous slag removal system, dry 
particulate removal 
Good for a wide range of coals 
Pet coke to PRB to bituminous and blends 
1 Plant operating – Wabash River IGCC 
590 MWth Syngas  
7 Plants in planning – 6 U.S., 1 Korea 

ConocoPhillips (E-Gas) Gasifier 

Fuel Gas 

Second 
Stage 

Char 

Slag Quench Water 
Oxygen  
(from Air 
Separation 

Plant) 

Coal Slurry 

Slag/Water 
Slurry 

Presenter
Presentation Notes
Announced ProjectsU.S.Rentech Strategic Fuels and Chemicals Center Lima Energy IGCC Plant Mesaba Energy ProjectMississippi Gasification Kentucky NewGas Sweeny Gasification Project KoreaPOSCO Gwangyang SNG Project
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Shell Gasifier 

Entrained flow gasifier 
Dry feed 
coal is crushed and dried  
Oxygen-blown 
Waterwall in gasifier 
Good for wide variety of feedstocks, 
from pet coke to low-rank coals  
45 plants operating 
28,800 MWth Syngas  
6 plants under construction 
including Magnum, 1 Vietnam, 4 China 
3 projects in FEED 

Slag 

Syngas                

HP  
Steam 

Dry 
Coal 

95% O2 

Presenter
Presentation Notes
Projects under constructionNuon Power – The NetherlandsVinachem - Vietnam China:Datang MTP Hebi Coal & Electticity Co., Ltd Datong  YYTH Shuifu Projects in FEED plannigPowerfuel  - United KingdomKorea West Power Co. (KOWEPO) – South KoreaPerdaman Chemicals and Fertilisers Pty Ltd 
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Mitsubishi Gasifier 

Entrained bed  
Dry feed system 
Suitable for low rank coal with  
high moisture content 
Two-Stage feeding 
Air Blown 
Membrane waterwall 
Slagging 
Developed in the 80’s by Central 
Research Institute of the Electric 
Power Industry Japan 
1 Demonstration plant in operation 
250 MWe, Nakoso, Japan, 2007 
1 project in planning  
ZeroGen, Queensland 
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Siemens SFG Gasifier 

Entrained flow gasifier 
Dry feed 
Oxygen-blown 
Top fired reactor 
Cooling screen reactor 
Good for wide variety of feedstocks 
Bituminous to low-rank coals 
Siemens provides gasification island  
and power block 
Plants in operation 
Freiberg Pilot Plants, 3 MW & 5 MW 
Vrěsová  2008 
Shenhua Ningxia Coal Group - 2010 
Clean Coal Power Initiative Project 
Summit Power - Texas Clean Energy Project 

Presenter
Presentation Notes
Vrěsová: Carbon chemical products (i.e., phenols, tars, and petrol), created during gasification of lignite in 26 Lurgi generators Schwarze pumpe not in operationSecure Energy Decatur Gasification – coal to gasolineThe Secure Energy Decatur Gasification Plant is a coal to gasoline conversion facility planned for an existing industrial site in Decatur, Illinois. The plant will convert up to 1.5 million tons per year of high-sulfur Illinois coal into high quality gasoline. The design of the plant was changed in Jan. of 2010 to gasoline.Target production date is the second half of 2014. The on-line date depends upon SEI obtaining project financing. The construction schedule for the plant is 33-36 months. Source: http://www.secureenergyinc.com/facility.html accessed 11/17/10Projects plannedDecatur coal-to-gasoline PlantSummit Power - Texas Clean Energy Project Taylorville Energy Center Jincheng Project Coal to UREA Project *Genesee IGCC Facility (on-hold but will complete FEED) 



176 

PRENFLO™ Gasifier/Boiler (PSG) 
Pressurized entrained flow gasifier 
with steam generation 
Uhde  
Oxygen blown 
Dry feed system 
Membrane wall 
Waste heat boiler 
Able to gasify variety of solid fuels  
Hard coal, lignite, anthracite, refinery 
residues, etc. 
Demonstration plant  
Fürstenhausen, Germany (48 TPD) 
1 Operating Puertollano, Spain 
World’s largest solid-feedstock-based 
IGCC plant 
5 Plants in planning, including Good Spring IGCC 

Integrated Gasification Combined Cycle Technology: IGCC It’s Actual Application in Spain: ELCOGAS, Puertollano. Manuel Treviño Coca 

Presenter
Presentation Notes
PSG – pressurized steam gasifier
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PRENFLO™ Gasifier (PDQ) 

Pressurized entrained flow gasifier with 
direct quench (PDQ) 
License, EPCM, process guarantees by 
Uhde  
Oxygen blown – membrane wall - compact 
Dry feed system - full water quench 
Able to gasify a wide variety of solid fuels  
Hard coal, lignite, anthracite, refinery residues, etc. 
World’s largest solid-feedstock-based IGCC 
plant in Puertollano, Spain 
Plants in planning, include 
TransGas Development – coal-to-gasoline 
 

Raw gas 

Burner 

Slag 

Feed,  
oxygen 

Feed,  
oxygen 

Presenter
Presentation Notes
CHARLESTON, W.V., Oct. 28 /PRNewswire/ -- TransGas Development Systems, LLC today announced an agreement with SK Engineering & Construction Co., Ltd leading to engineering, procurement and construction of its first U.S. coal to gasoline plant to be located in Mingo County, West Virginia called Adams Fork Energy.The Adams Fork Energy project will convert regional coal into premium grade ultraclean gasoline, producing 18,000 barrels per day (756,000 gallons). "When fully developed the Adams Fork project will be the largest coal to gasoline project in the world," said Adam Victor, President and CEO of TransGas Development Systems LLC. First, coal is gasified to produce synthesis gas, using Uhde PRENFLO PDQ gasifiers. The synthesis gas will then be cleaned to remove all impurities, turning most into marketable byproducts. Next, the synthesis gas will be converted into methanol, which in turn will be converted into gasoline utilizing ExxonMobil Research and Engineering Company's (EMRE) MTG process. 
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Lurgi Gasifier 

Moving bed gasifier 

Lock hoppers 
Distributor 
Quench cooler 
Dry feed system 
Dry bottom ash 
Extensive experience with low rank 
coals 
7 Plants in operation, 17,569 MWth 
syngas including 
Great Plains Synfuels Plant 

– 14 gasifiers 
Sasol II & III 

– 80 gasifiers 
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British Gas/ Lurgi (BGL) Gasifier 

Moving bed gasifier 
“Slagging” version of Lurgi 
Dry feed - oxygen-blown 
Refractory-lined 
Good for wide range fuel 
coal, tires, wood waste 

Demonstration plant 
Westfield 1986 – 1990 
500 TPD 

1st Commercial plant Schwarze Pumpe 
Operated 2000 -2005 
BGL-1000 
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Multi Purpose (MPG) Gasifier 

Moving bed gasifier 

Oxygen-blown 

Good for wide range of feedstocks 
Petcoke/ coal slurries and waste 

Quench configuration for coal/petcoke 
feedstock 

MPG technology developed from 
Lurgi’s fixed-bed gasification process 

“Reference plant” (oil) 
Schwarze Pumpe in operation since 1968 

Presenter
Presentation Notes
Details - http://www.dieter-ulber.de/lurgi-english/mpg_details.html
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SES (U-Gas) Gasifier 
Fluidized bed gasifier 
Dry feed system 
Coal and coal/biomass blends 
Highly efficient  
Air or oxygen blown 
Non-slagging/bottom ash 
20+ years experience including  
plants in Shanghai and Finland  
Synthesis Energy Systems (SES) 
acquired U-GAS® technology  
from GTI in 2003 
2 plants in operation 
Yima JV, Hunan Province, 2012 

– Phase 1: 2,400 tonnes/d high ash Yima coal to 
300,000 tonnes/y methanol 

– Phase 2 & Phase 3: additional 300,00 and 
600,000 tonnes/y methanol planned 

Zao Zhuang New Gas Company 2008 
– 520 MWth Syngas 

 

Presenter
Presentation Notes
Project in Operation (GTC 2012):ZZ - Zao Zhuang (“ZZ”) – Shandong Province JV with Shandong Hai Hua Coal Chemical Co. Ltd (96% SES/ 4% HH) 		Coal gasification to methanol 	2 x 400 mtpd (1 operating & 1 backup) Designed for 22,000 Nm3/hour of clean syngas 	Project in Development(GTC 2012):Yima, coal-to-methanol – Henan Province (1/7/2013 SES Press Release)Henan Province, China - Mazhuang Coal Chemical Industrial Park 	3 x 1,200 mtpd (2 operating & 1 backup) 	Integrated coal gasification to methanol (300,000 mt/yr) 	Gasification complete, methanol by late 2012; COD – approx 6 months later 	
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High Temperature Winkler Gasifier 
Fluidized bed gasifier 
Dry feed 
Oxygen or air-blown 
Dry bottom ash 
Developed to utilize lignite coal 
Suited to gasifying broad range of 
feedstocks 
Lignites, hard coals with a high ash melting 
point, and biomass 
Berrenrath demonstration plant  
In operation 1986 - 1997 
67,000 operating hours 
3.6 million tonnes dry lignite processed to 
produce methanol 
Sundrop Fuels and Uhde have  
proposed a biofuels plant in  
Louisiana 

Oxygen / Air 
Ash 

Raw 
gas 

Feedstock 

Presenter
Presentation Notes
May 2012 - Sundrop Fuels and Uhde have signed FEED and License Agreement  for “Drop-in” Biofuels Production Facility in Louisiana1/6/10 Uhde announced that it has taken over the HTW coal gasification process from RWE PowerIts main advantages are its improved feedstock utilisation, its much bigger gasifier capacities for large-scale plants and the avoidance of by-products. The demonstration plant was closed because it was not competitive with natural gas prices at the time but was other wise a successIn 1978 an HTW pilot plant came on-stream at RWE in Frechen near Cologne, Germany, following initial operating experience in an atmospheric HTW pilot plant at RWTH Aachen University. This pilot plant is still being used for gasification tests today. Proof of the industrial-scale maturity of the process was delivered through operation of the Uhde-designed HTW demonstration plant again at RWE, this time in Berrenrath near Cologne, between 1986 and 1997.��The plant processed a total 3.6 million tonnes of brown coal to generate synthesis gas for the production of methanol. At the same time, the use of plastics waste was also successfully demonstrated on an industrial scale.��Two years after this demonstration plant came on-stream, Uhde successfully commissioned the first commercial large-scale HTW plant for the gasification of biomasses in Oulu, Finland, in 1988. This Oulu plant used peat as feedstock for the production of ammonia. In addition, intensive testing and engineering work for application of the HTW process in modern IGCC (integrated gasification combined-cycle) power plants was carried out during the 1990s. In 2000 Uhde applied the HTW process for power generation from household waste for the first time in Japan.Uhde is currently working on a new engineering contract for an HTW gasification plant in Sweden for VärmlandsMetanol AB. The aim of the plant will be to convert wood into methanol. Outside of Europe Uhde is currently pursuing additional HTW projects, for example in Australia and India.��
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Alter NRG WPC Plasma Gasifier 

Plasma gasification 

Atmospheric pressure 

Slagging 

Capable of gasifying broad range of 
feedstock  

Marketed for waste-to-energy and 
re-powering of solid-fuel power 
plants 

Relatively smaller gasifier 

Plasma 
Torch 

Continuous 
flow of slag 

Cupola Well 
Melting Area 

> 2732 F 

Feedstock Syngas 
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Kellogg Brown & Root (KBR) Gasifier 
Transport Gasifier 

Oxygen or air-blown 
Air blown for power generation 
Oxygen for liquid fuels and chemicals 

High reliability design 
Non-slagging 
No burners 
Coarse, dry coal feed  

1 Plant under construction 
Kemper County 560 MWe, 2014 

1 Plant in planning 
Dongguan TMEP, China 2011 

 

Presenter
Presentation Notes
560 MW 2x1 IGCCOwned by Mississipppi Power CompanyElectricity for the facility will serve Mississippi Power Company’s customersLocated in Kemper County Mississippi adjacent to Mississippi Lignite ReservesFEED by Southern Company and KBRAwarded $133 million tax creditsJune 2013 CODIn Guangdong, at Dongguan, the first phase of relatively small coal fuelled IGCC is understood to be under construction, in the form of a repowering project. This first phase, due to be commissioned in February 2011, consists of converting two oil fired 60 MW turbines to run on syngas from a gasifier. The gasifier design in this case is not Chinese, but uses Transport Integrated Gasification (TRIG) technology developed by KBR and Southern Company, with DoE support, in the USA. In September 2009 KBR announced it had been awarded a contract by Beijing Guoneng Yinghui Clean Energy Engineering Co, Ltd. to provide licensing, engineering services and proprietary equipment for the project, which is the first commercial implementation of TRIG. The project, known as the Dongguan IGCC power plant, is, according to the KBR press release of September 2009, envisaged as the first phase of what will eventually be a 920 MW IGCC, to be called the Sun State IGCC power plant, to be developed by Beijing Guoneng.http://www.allbusiness.com/energy-utilities/coal-industry-clean-coal/14595204-1.html
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Huaneng Clean Energy Research Institute (CERI) 

Entrained-flow  

Dry feed 

Oxygen blown 

Slagging  

Two-stage design  

Membrane wall (no refractory) 

8 plants in operation in China 
3,862 MWth Syngas 

GreenGen - began operations April 2012 
China’s first near-zero emissions coal-
based power plant  

4 projects in planning in China 

Presenter
Presentation Notes
Huaneng Clean Energy Research Institute "Huaneng CERI" formerly Thermal Power Research Institute "TPRI" 1st stage - 70-85% fuel + steam + oxygen injected reacts exothermically creating ~1,500 C2nd stage < 25% fuel + steam (no oxygen) injected Hot syngas from 1st stage creates endothermic reaction in 2nd stageGreenGen, a joint venture led by Huaneng (51% holding), with seven other shareholders (Datang, Huadian, Guodian, China Power Investment Corp, Shenhua, SDIC, China Coal, each with 7%), will eventually incorporate carbon capture and storage. But the first phase of the project, which has Asian Development Bank funding, consists of a ‘conventional’ bituminous coal fuelled 250 MW IGCC plant, employing a Siemens E-class (V94.2) gas turbine. The plan is to subsequently upgrade to produce hydrogen and to run a fuel cell facility as well as a hydrogen fired turbine, with an eventual installed capacity of 400 MW, with CCS also incorporated.The 2000 t/d dry-feed gasifier is of an air-blown two-stage type developed in China by TPRI (Thermal Power Research Institute), which is owned by Huaneng (52%), plus Huadian, China Power Investment Corp, Datang and Guodian (12% each). It operates at a pressure of 3-3.5 MPa, with a syngas flow rate of 165000Nm3/h.Intriguingly, there has also been a proposal to use the same technology in a 270 MW anthracite fuelled IGCC plant proposed in the USA – the Good Spring project.Future Ventures is currently in the process of amending its permits to increase the capacity of the Good Spring IGCC Project from a 150 MW project to a 270 MW project. The waste water discharge permit was obtained from the PA DEP in the third quarter of 2009.�The air quality permit was obtained from PA DEP in April 2010.The ash disposal permit was obtained from the PA DEP in the second quarter of 2009.http://www.immersivemedia.com/news/story.php?id=291Shilin: 300,000 tpa methanol- 1,000 tpd bituminous coal with SGQ.Gasifier set Sept 2010. Startup 2011GreenGen: 250 MW IGCC- 2000 tpd bituminous coal with SGC.Gasifier set Oct 2010. Startup 2011Manzhouli: 600,000 tpa methanol- 3000 tpd lignite with SGC.Start-up 2012Good Spring: 270 MW IGCC- 2300 tpd anthracite coal with SGQ.Startup 2014CHNG Xinjiang SNG Project: Substitute Natural Gas- 8 x 3300tpd with SGQ gasifiers��
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ECUST OMB Gasifier 

Entrained flow 
Opposed multi-burner (OMB) 
technology 
4 opposed burners 
Coal-water slurry feed - oxygen blown 
Quench chamber  
Spray and bubbling bed 
9 Plants operating 
19 gasifiers, all in China 
First start-up in 2005 
12 Plants in planning 
Mostly chemicals (MeOH, NH3, H2)  
and some power 
Developed in the 1990s at East China 
University of Science and Technology 

Presenter
Presentation Notes
List of all operating and proposed projects: http://accessintelligence.imirus.com/Mpowered/book/vche11/i2/p20OMB technology Developed by East China University of Science and Technology (ECUST), Tianchen Chemical Engineerig Co and the National Engineering and Research Centre for Coal Slurry Gasification and Coal Chemistry Industry in 2004. AnnouncedCoal-from-chemicals facilities operated by the Yankuang Corp (Yulin) and the Cathy Coal Chemicals Co (Guotai) (both employing indigenously developed ICCT OMB gasifiers)
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Gasifier Configurations 
Moving Bed Entrained Flow 

Transport Fluidized Bed 

2500 2000 1500 1000 500 0 

Coal 
Sorbent  

Air 

Gasifier 
Bottom 

Gasifier 
Top 

Coal, Char 
Recycle, Gas 

Product 
Gas, Ash 

Spent 
Solids 
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Comparison of Gasifier Characteristics 

Gasifier Type Moving Bed Fluidized Bed Entrained 
Flow 

Transport 
Flow 

Feed fuel characteristics 
Ash Conditions Dry Slagging Dry Agglomerate Slagging Dry 
Coal Feed ~ 2 in ~ 2 in ~ 1/4 in ~ 1/4 in ~ 100 Mesh ~1/16in 

Fines Limited Better than 
 dry ash Good Better Unlimited Better 

Preferred feedstock 

lignite, 
reactive 
bituminous, 
anthracite, 
wastes 

bituminous, 
anthracite, 
petcoke, 
wastes 

lignite, 
reactive 
bituminous, 
wastes 

lignite, 
bituminous, 
cokes, 
biomass, 
wastes 

lignite, reactive 
bituminous, 
anthracite, 
petcoke 

lignite, sub-
bituminous, 
reactive 
bituminous, cokes, 
biomass, wastes  

Ash content limits no limits <25% preferred no limits no limits <25% preferred no limits 
Preferred ash melting 
temperature, °F  >2,200 <2,400 >2,000 >2,000 <2,400 >2,200 

Operating characteristics 
Exit gas temperature, °F 800-1,200 800-1,200 1,700-1,900 1,700-1,900 >2,300 1,500-1,900 
Gasification pressure, atm 30 30 1 1-30 <79 10 - 48 
Oxidant requirement low low moderate moderate high moderate 
Steam requirement high  low moderate moderate low moderate 

Key technical issue utilization of fines and 
hydrocarbons carbon conversion raw gas cooling 

control carbon 
inventory and 
carryover 
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CO2 Emissions for All Cases 
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Raw Water Withdrawal and Consumption  
per MWnet (Absolute) 
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Criteria Pollutant Emissions: Montana Site, PRB 

0.002 0.001 0.002 0.001
0.004

0.001 0.002 0.001

0.119

0.002

0.119

0.002

0.102

0.002

0.062

0.050

0.059

0.049

0.061

0.051 0.052

0.044

0.070 0.070 0.070 0.070 0.070 0.070

0.009 0.009
0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007

0.013 0.013 0.013 0.013 0.013 0.013

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Shell Shell 
w/CO2 

Capture

TRIG TRIG 
w/CO2 

Capture

Siemens Siemens 
w/CO2 

Capture

CoP CoP 
w/CO2 

Capture

SC PC SC PC 
w/CO2 

Capture

USC PC USC PC 
w/CO2 

Capture

CFB CFB 
w/CO2 

Capture

NGCC NGCC 
w/CO2 

Capture

Em
is

si
on

s,
 lb

/M
M

Bt
u

SO2

NOx

Particulate

Presenter
Presentation Notes
Low NOx burners (LNB) with overfire air and selective catalytic reduction in the PC cases and low bed temperature and selective non-catalytic reduction in the CFB cases achieve the 0.07 lb/MMBtu NOx emission limit.  A NOx emissions limit of 15 ppmv was achieved in the IGCC cases using LNBs and syngas dilution to the combustion turbine.  NGCC emissions were limited using dry LNB and an SCR to achieve 2.5 ppmv.  For these concentration based emissions limits, the resulting emissions on a lb/MMBtu basis for the coal-based systems vary slightly because of the variable coal feed rates and flue gas volumes generated among cases.A dry FGD with baghouse in PC cases and cyclones and a baghouse in the CFB cases were able to achieve the 0.013 lb/MMBtu PM emission limit.  A combination of cyclones, candle filters, and scrubbers were assumed to achieve the IGCC particulate limit of 0.0071 lb/MMBtu.Sulfur emissions are uniformly low and vary with coal type and technology type.  The AGR in the IGCC cases removes upwards of 99 percent of the sulfur as H2S, which is then recovered in the Claus plant as elemental sulfur.  In-bed limestone injection in the CFB cases is assumed to have an SO2 removal efficiency of 94 percent while the spray dryer absorbers used in the PC cases is assumed to have a removal efficiency of 93 percent.  While PRB and lignite coals have the similar sulfur content on an as-received basis, more lignite coal is required to generate the same amount of electricity because of its lower heating value.  As a consequence, more SO2 is emitted at a constant capture efficiency in the lignite coal cases.In combustion-based CO2 capture cases the sulfur concentration is reduced even further to maintain the performance of the amine-based solvents through the use of a dry polishing scrubber ahead of the absorber.
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Criteria Pollutant Emissions: ND Site, Lignite 
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CO2 Emissions: Montana Site, PRB Coal 
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Presenter
Presentation Notes
In cases with no CO2 capture, NGCC emits 56 percent less CO2 than the lowest PC case and 54 percent less CO2 than the lowest IGCC case per unit of net output comparing each respective site.  The NGCC CO2 emissions reflect the lower carbon intensity of natural gas relative to coal and the higher cycle efficiency of NGCC relative to IGCC and PC.  Based on the fuel compositions used in this study, natural gas contains 41 lb carbon/MMBtu and the PRB and ND lignite coals contain 59 lb/MMBtu of heat input.The CO2 reduction goal in this study was a nominal 90 percent, which is achieved for all cases except the TRIG IGCC, which remove 83% of the CO2, in part due to the high cold gas efficiency and high methane concentration.  The result is that the controlled CO2 emissions follow the same trend as the uncontrolled cases, i.e., the NGCC case emits less CO2 than the IGCC cases, which emit less than the PC cases.Among the non-capture coal cases the highest efficiency cases have the lowest emissions, after accounting for the carbon intensity of the fuels.  The range of emissions rates for the CO2 capture cases is tightened after 90% of the carbon is captured and sequestered. 
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CO2 Emissions: North Dakota Site, Lignite Coal 
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IGCC without Mercury Removal and with it IGCC with Mercury Removal 

COAL SLURRY 

OXYGEN 

BFW 

SLAG 
FINES 

PARTICULATE 
REMOVAL 

HP 
STEAM 

SYNGAS 
COOLER 

COS 
HYDROLYSIS 

WATER 

AIR 

STEAM TURBINE 

BFW 

HRSG 

GAS 
TUBINE 

ACID GAS 
REMOVAL 

CONDENSER 

MERCURY 
REMOVAL 

Presenter
Presentation Notes
A very simple and well established technology for mercury removal can be easily incorporated into the IGCC plant flow diagram as shown in this second view.Environmental performance can be significantly enhanced with nearly-complete removal of mercury by installation of mercury adsorbing carbon beds upstream of the gas cleaning system and can be achieved with bituminous, subbituminous, and petcoke feeds.System is located in a reducing gas environment, at high pressure, low volumetric flow, prior to combustion dilution.  Because the volume of high pressure syngas treated is much less (by a ratio of 200:1) compared to the stack gas volume, the size and cost of treatment equipment is significantly reduced compared to post-combustion treatment processes.Technology has been demonstrated in commercial operation at Eastman Chemical’s Kingsport, Tennessee plant with over 90 percent volatile mercury removal from its coal-based syngas since its initial plant start-up in 1983 (almost 30 years), with no evidence of any detectable mercury contamination.  Provides years of significant design/operating data.
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Mercury Removal System 
Performance and Cost (in 2007 dollars) 

Remove  95% of mercury 
Stable adsorption of mercury in carbon 
beds as mercury sulfide 
Incremental capital costs of $4 – 7/kW for 
carbon-bed removal system 
Incremental cost of electricity of $0.16 – 
0.32/MWh for O&M and capital repayment  
<0.4% of the cost of electric (COE) for an 
IGCC plant where COE is $74 - 81/MWh 
Estimated cost of mercury removal in IGCC 
compares favorably (<10%) to costs of 90% 
removal in conventional PC power plant 

Estimates for IGCC plant 
based on the 640 MWe 
nominal plants used in 
NETL’s “Cost and 
Performance Baseline for 
Fossil Energy Power Plants” 
study* 

DOE/NETL Report: “Cost and Performance Baseline for Fossil Energy Plants”, Revision 2 November 2010 
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Gasifier Slag  
Very similar to slag from coal-fired boilers, except 
It is not regulated as a coal combustion byproduct under RCRA 

Does not have the same Bevill exclusion from Subtitle C (hazardous 
wastes) 

Gasification slag does have a Bevill exclusion as a mineral 
processing waste 

Mineral processing wastes, as listed in 40 CFR 261.4(b)(7) 
include “Gasifier ash from coal gasification” 
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Background Slides 
Systems Analysis 

Bituminous Baseline Study 
 
 
 

Full presentation available at: 
http://www.netl.doe.gov/energy-analyses/baseline_studies.html  

 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
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Coal
Oxygen

Gasifier
*GE/Texaco
*CoP/E-Gas

*Shell

Combined 
Cycle Power 

Island

Cryogenic 
ASU

Syngas 
Cooler

Steam Claus
Plant

Sulfur

Reheat/
Humid.

Fuel Gas

Syngas 
Cooler/
Quench

Particulate
Removal

H2S Removal
*Selexol
*MDEA

*Sulfinol

Hg Removal
Carbon Bed

Current Technology 
IGCC Power Plant 

Emission Controls: 
PM:     Water scrubbing and/or candle filters to get 0.0071 lb/MMBtu  
NOx:   N2 dilution to ~120 Btu/scf LHV to get 15 ppmv @15% O2 

SOx:   AGR design target of 0.0128 lb/MMBtu; Claus plant with tail gas 
recycle for ~99.8% overall S recovery 

Hg:      Activated carbon beds for ~95% removal 
Advanced F-Class CC Turbine: 232 MWe 
Steam Conditions: 
 1800 psig/1050 F/1050 F (non-CO2 capture cases)  
 1800 psig/1000 F/1000 F (CO2 capture cases) 
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Coal
Oxygen

Gasifier
*GE/Texaco
*CoP/E-Gas

*Shell

Water Gas 
Shift

Combined 
Cycle Power 

Island

Cryogenic 
ASU

Syngas 
Cooler

Steam

2-Stage 
Selexol

Claus
Plant

Su u

CO2 
Comp.

CO2

Steam

Reheat/
Humid.

Fuel Gas

Syngas 
Cooler/
Quench

Particulate
Removal

Current Technology 
IGCC Power Plant with CO2 Scrubbing 

Emission Controls: 
PM:     Water scrubbing and/or candle filters to get 0.007 lb/MMBtu  
NOx:   N2 dilution to ~120 Btu/scf LHV to get 15 ppmv @15% O2 

SOx:   Selexol AGR removal of sulfur to < 6 ppmv H2S in syngas 
   Claus plant with tail gas recycle for ~99.8% overall S recovery 

Hg:      Activated carbon beds for ~95% removal 
Advanced F-Class CC Turbine: 232 MWe 
Steam Conditions: 1800 psig/1000 F/1000 F 
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Water-Gas Shift Reactor System 

Design:   
 Haldor Topsoe SSK Sulfur Tolerant Catalyst 
 Up to 98.5% CO Conversion 
 2 stages for GE and Shell, 3 stages for E-Gas 
 H2O/CO = 1.8 – 2.25 (to achieve 90% CO2 capture) 
 Overall ∆P = ~30 psia 

H2O/CO Ratio 

1.8 – 2.25 

700-870oF 400oF 

Steam as % of Main 
Steam Enthalpy1 

22 – 40 

Steam Steam 

H2O + CO  CO2 + H2 

1 Recovered from 
Heat Integration 

800psia 
550oF 
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Background Slides 
Systems Analysis 

Low Rank Coal Baseline Study 
 
 
 

Full presentation available at: 
http://www.netl.doe.gov/energy-analyses/baseline_studies.html  

 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
http://www.netl.doe.gov/energy-analyses/baseline_studies.html�
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Project Overview 
Study Matrix 

Plant 
Type 

ST Cond. 
(psig/°F/°F) 

GT 
Gasifier/ 

Boiler 
PRB NDL 

Acid Gas Removal/ 
CO2 Separation / Sulfur Recovery 

CO2 

Capture 
Target 

IGCC 

1800/1050/1050 
(non-CO2 capture 

cases) 
 

1800/1000/1000 
(CO2 capture 

cases) 

F 
Class 

CoP 
E-Gas 

√ -- 
MDEA/ - / Claus -- 

Selexol / Selexol / Claus 90% 

TRIG √ -- 
Sulfinol-M / - / Claus -- 

Selexol / Selexol / Claus 83% 

Shell √ √ 
Sulfinol-M / - / Claus -- 

Selexol / Selexol / Claus 90% 

Siemens √ √ 
Sulfinol-M / - / Claus -- 

Selexol / Selexol / Claus 90% 

PC 

3500/1100/1100 

N/A 

Supercritical √ √ 
SDA / - / - -- 

SDA / Econamine / - 90% 

4000/1200/1200 Ultra-
Supercritical √ √ 

SDA / - / - -- 

SDA / Econamine / - 90% 

CFBC 3500/1100/1100 N/A Supercritical √ √ 
In-Bed Limestone / - / - -- 

In-Bed Limestone / Econamine / - 90% 

NGCC 2400/1050/1050 F 
Class HRSG √ √ 

NA -- 

- / Econamine / - 90% 
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Design Basis 
Geologic Sequestration Opportunities 

North American CO2 Storage Potential 
(Billion Metric Tons) 

Sink Type Low High 

Oil and Gas Fields 226 

Unmineable Coal Seams 56 114 
Saline Formations 2,102 20,043 

U.S. Emissions ~ 5,706.4 million metric tons CO2/yr all sources 

Hundreds of 
Years of 
Storage 
Potential 

Saline Formations Oil and Gas Fields 

Unmineable Coal Seams 

Conservative 
Resource 

Assessment 

Available at http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIV/Atlas-IV-2012.pdf 

Presenter
Presentation Notes
Source for U.S. CO2 emissions: http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2012-ES.pdfhttp://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIV/Atlas-IV-2012.pdf
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Plant Efficiency: Montana Site, PRB Coal 
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Presenter
Presentation Notes
The NGCC with no CO2 capture has the highest net efficiency of the technologies modeled in this study with an efficiency of 50.6 percent at the North Dakota site, slightly higher than the 50.5 percent efficiency at the higher elevation Montana site.The NGCC cases with CO2 capture results in the highest efficiency (43.0 percent for MT site, 42.9 percent for ND site) among all of the capture technologies.The trend for energy efficiency among the IGCC non-capture cases at the MT site is as follows: the dry-fed Shell gasifier (42.0 percent), the lower temperature dry fed TRIG gasifier (39.9 percent), the dry-fed Siemens gasifier without high temperature syngas coolers (37.9 percent), and the slurry-fed, two-stage CoP gasifier (36.7 percent).When CO2 capture is added to the IGCC cases, the efficiency of the different configurations begin to converge, as a larger portion of the auxiliaries is used for the common CO2 capture and compression processes.  The gasifier attributes that contribute to a high efficiency, such as dry feed or high temperature heat recovery with no quench, are negated by the need for shift steam in capture cases.  The Montana site cases range from 30.4 percent for CoP to 32.1 percent for Shell, with TRIG at 31.8 percent and Siemens at 30.6 percent overall net plant efficiency.SC PC without CO2 capture has an efficiency of 38.7 and 37.5 percent for the Montana and North Dakota cases, respectively.  CFB with similar steam conditions follow the same trends, but are slightly more efficient at 38.9 and 38.0 percent efficiency, respectively.  As steam conditions become more aggressive, the USC PC cases have even higher efficiencies of 39.9 and 38.8 percent, respectively.The relative efficiency penalty for adding CO2 capture to the IGCC cases is 21.2 percent on average, the relative penalty for combustion cases is 30.3 percent, and the relative penalty for NGCC is 15.1 percent.The addition of CO2 capture to the combustion cases has the highest relative efficiency penalties out of all the cases studied.  This is primarily because the low partial pressure of CO2 in the flue gas (FG) from a combustion plant requires a chemical absorption process rather than physical absorption.  For chemical absorption processes, the regeneration requirements are more energy intensive.  The relative efficiency impact on a NGCC CO2 capture configuration is less because of the lower carbon intensity of natural gas relative to coal, which more than offsets the reduced driving force for CO2 seapartion due to the lower partial pressure of CO2 in the flue gas.
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Plant Efficiency: North Dakota Site, Lignite Coal 
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Presentation Notes
The North Dakota site lignite IGCC cases have slightly lower efficiency than the MT (PRB) site counterparts, mainly due to the lower rank coal.  The non-capture Shell case decreases from 42.0 to 41.8 percent efficiency, and the Siemens case decreases from 37.9 to 37.6 percent efficiency.  The CO2 capture Shell case decreases from 32.1 to 31.7 percent efficiency, and the Siemens case decreases from 30.6 to 30.0 percent efficiency.
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Plant Cost: Montana Site, PRB Coal 
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Presentation Notes
Among the non-capture cases at the Montana site, NGCC has the lowest TOC at $817/kW followed by the combustion cases with an average cost of $2,352/kW and IGCC with an average cost of $2,935/kW.  At the North Dakota site, NGCC has the lowest TOC at $782/kW (which is lower than at the Montana site due to increased output) followed by PC with an average cost of $2,536/kW and IGCC with an average cost of $3,166/kW, using the lower rank coal.Among the capture cases at the Montana site, NGCC has the lowest TOC of $1,607kW followed by PC with an average cost of $4,018/kW and IGCC with an average cost of $4,028/kW.  At the North Dakota site, NGCC again has the lowest TOC, $1,548/kW, followed by PC with an average cost of $4,340/kW and IGCC with an average cost of $4,404/kW.The average non-capture IGCC cost is 25 percent greater than the average PC cost.  The process contingency for the IGCC non-capture cases ranges from $56-83/kW, while there is minimal process contingency for the SC PC and NGCC non-capture cases.  The differential between IGCC and PC is reduced to 22 percent when the IGCC process contingency is eliminated.The average CO2 capture IGCC cost is roughly equivalent to or slightly greater than the average PC cost.  The process contingencies are universally higher for the more complex, less commercially mature CO2 capture processes and plant configurations: the IGCC capture cases process contingency ranges from $135-164/kW, the PC cases from $107-154/kW, CFB cases $233-251/kW, and $168-174/kW for the NGCC cases.
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Plant Cost: North Dakota Site, Lignite Coal 
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Cost of Electricity: Montana Site, PRB Coal 
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Presentation Notes
In non-capture cases, at the Montana site, the combustion cases have the lowest COE (average 60.5 mills/kWh), followed by NGCC (64.4 mills/kWh) and IGCC (average 80.8 mills/kWh).  At the North Dakota site, the SC PC plant has the lowest COE (61.5 mills/kWh, all combustion cases average 64.7 mills/kWh), followed by NGCC (63.6 mills/kWh) and IGCC (average 85.4 mills/kWh).In capture cases, at the Montana site, NGCC plants have the lowest COE (92.9 mills/kWh), followed by the combustion cases (average 107.7 mills/kWh) and IGCC (average 114.7 mills/kWh), although the TRIG case (105.2 mills/kWh), with an 83% CO2 capture efficiency, is less expensive than the PC technologies.  At the North Dakota site, NGCC plants have the lowest COE (91.4 mills/kWh), followed by the combustion cases (average 115.6 mills/kWh) and IGCC (average 122.8 mills/kWh).The capital cost component of COE is between 61 and 66 percent in all IGCC and PC cases.  It represents only 18 percent of COE in the NGCC non-capture cases and 26 percent in the CO2 capture cases mainly because NGCC cases use a cleaner and less carbon intensive but more expensive fuel.The fuel component of COE ranges from 7-14 percent for the PC and IGCC cases.  The fuel component is 75 percent of the total in the NGCC non-capture cases and 61 percent in the CO2 capture cases.CO2 TS&M is estimated to add 3 to 6 mills/kWh to the COE, which is less than 6 percent of the total for all capture cases.
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Cost of Electricity: North Dakota Site, LigniteCoal 
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CO2 Avoided Cost: Montana Site, PRB Coal 
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Presentation Notes
In non-capture cases, at the Montana site, the combustion cases have the lowest COE (average 60.5 mills/kWh), followed by NGCC (64.4 mills/kWh) and IGCC (average 80.8 mills/kWh).  At the North Dakota site, the SC PC plant has the lowest COE (61.5 mills/kWh, all combustion cases average 64.7 mills/kWh), followed by NGCC (63.6 mills/kWh) and IGCC (average 85.4 mills/kWh).In capture cases, at the Montana site, NGCC plants have the lowest COE (92.9 mills/kWh), followed by the combustion cases (average 107.7 mills/kWh) and IGCC (average 114.7 mills/kWh), although the TRIG case (105.2 mills/kWh), with an 83% CO2 capture efficiency, is less expensive than the PC technologies.  At the North Dakota site, NGCC plants have the lowest COE (91.4 mills/kWh), followed by the combustion cases (average 115.6 mills/kWh) and IGCC (average 122.8 mills/kWh).The capital cost component of COE is between 61 and 66 percent in all IGCC and PC cases.  It represents only 18 percent of COE in the NGCC non-capture cases and 26 percent in the CO2 capture cases mainly because NGCC cases use a cleaner and less carbon intensive but more expensive fuel.The fuel component of COE ranges from 7-14 percent for the PC and IGCC cases.  The fuel component is 75 percent of the total in the NGCC non-capture cases and 61 percent in the CO2 capture cases.CO2 TS&M is estimated to add 3 to 6 mills/kWh to the COE, which is less than 6 percent of the total for all capture cases.
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CO2 Avoided Cost: North Dakota Site, Lignite 
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Background Slides 
Systems Analysis 

New Coal Power 
R&D Goals for 2025 & Beyond 

January 16, 2013 
 
 
 



 

Market-Based R&D Goals for Advanced Coal Power Systems 
A Business Case for Carbon Capture in 2025 and Beyond, 

Based on Competing in the Electricity and CO2 EOR Markets 

2nd-Gen R&D Goals 
for Commercial Deployment of Coal Power in 2025 1 

In 2025, EOR revenues will be required for 2nd-Gen coal power to compete with NGCC 
and nuclear in absence of a regulation-based cost for carbon emissions. 

Goals 
(for nth-of-a-kind plants) 

Performance Combinations 
that Meet Goals 

R&D Portfolio Pathway 
Cost of Captured 

CO2, $/tonne 4 
COE 

Reduction 2 
Efficiency 

(HHV) 
Capital/O&M 
Reduction 3 

Greenfield Advanced USC PC with CCUS 40 20% 37% 13% 

Greenfield Oxycombustion PC with CCUS 40 20% 35% 18% 

Greenfield Advanced IGCC with CCUS ≤ 40 ≥ 20% 40% 18% 

Retrofit of Existing PC with CCUS 45 n/a 

Transformational R&D Goals 
for Commercial Deployment of Coal Power in 2035 1 

By 2035, transformational R&D and a regulation-based cost for carbon emissions 
will enable coal power to compete with NGCC and nuclear without EOR revenues. 

New Plant with CCUS - Higher Efficiency Path <10 5 40% 56% 0% 

New Plant with CCUS - Lower Cost Path <10 5 40% 43% 27% 

Retrofit of Existing PC with CCUS 30 ≥ 40% n/a 
Transformational pathways could feature advanced gasifiers, 3100 ⁰F gas turbines, supercritical CO2 cycles, pulse 

combustion, direct power extraction, pressurized oxy-combustion, chemical looping and solid oxide fuel cells. 

Pre-decisional Draft, Not for Public 
Disclosure 

Presenter
Presentation Notes
2nd generation technologies will be ready for demonstration in 2020, leading to initial commercial deployment in 2025 and attainment of nth-of-a-kind  performance consistent with R&D goals by 2030.  Transformational technologies will be ready for demonstration in 2030, leading to initial commercial deployment in 2035 and attainment of nth-of-a-kind performance consistent with R&D goals by 2040.Relative to the first-year COE of today's state-of-the-art IGCC plant with 90% carbon capture operating on bituminous coal, which is currently estimated at $133/MWh.  For comparison, the first-year COE of today's supercritical PC with carbon capture is estimated to be $137/MWh.  Values are expressed in 2011 dollars.  They include compression to 2,215 psia but exclude CO2 transport and storage (T&S) costs and CO2 EOR revenues.  However, CO2 T&S costs were considered, as appropriate, when competing against other power generation options in the market-based goals analysis. Cost reduction is relative to today’s IGCC with carbon capture.  Total reduction is comprised of reductions in capital charges, fixed O&M and non-fuel variable O&M costs per MMBtu (HHV) of fuel input.  Cost reductions accrue from lower equipment and operational costs, availability improvements and a transition from high-risk to conventional financing.  The ability to secure a conventional finance structure is assumed to result from lowering technical risk via commercial demonstrations. Assumes 90% carbon capture.  First-year costs expressed in 2011 dollars, including compression to 2,215 psia but excluding CO2 T&S costs. The listed values do not reflect a cost for carbon emissions, which would make them lower.  For greenfield (new) plants, the cost is relative to a 2nd-Gen advanced ultra-supercritical PC plant without carbon capture.  For comparison, the nth-of-a-kind cost of capturing CO2 from today's IGCC plant, compared to today's supercritical PC without carbon capture, is $61/tonne.  For retrofits, the cost is relative to the existing plant without capture, represented here as a 2011 state-of-the-art subcritical PC plant with FGD and SCR.  The cost of capturing CO2 via retrofits will vary widely based on the characteristics of the existing plant such as its capacity, heat rate, and emissions control equipment.  The nth-of-a-kind cost of capture for retrofitting the representative PC plant described above using today’s CO2 capture technology would be ~$60/tonne.  (In contrast, today’s first-of-a-kind cost of CO2 capture for a new or existing coal plant is estimated to be $100-140/tonne.)Cost of captured CO2 ranges from $5-7/tonne for the cost reductions and efficiencies noted.  



 

Footnotes for Previous Table 
1. 2nd generation technologies will be ready for demonstration in 2020, leading to initial commercial deployment in 

2025 and attainment of nth-of-a-kind  performance consistent with R&D goals by 2030.  Transformational 
technologies will be ready for demonstration in 2030, leading to initial commercial deployment in 2035 and 
attainment of nth-of-a-kind performance consistent with R&D goals by 2040. 

2. Relative to the first-year COE of today's state-of-the-art IGCC plant with 90% carbon capture operating on bituminous 
coal, which is currently estimated at $133/MWh.  For comparison, the first-year COE of today's supercritical PC with 
carbon capture is estimated to be $137/MWh.  Values are expressed in 2011 dollars.  They include compression to 
2,215 psia but exclude CO2 transport and storage (T&S) costs and CO2 EOR revenues.  However, CO2 T&S costs were 
considered, as appropriate, when competing against other power generation options in the market-based goals 
analysis.  

3. Cost reduction is relative to today’s IGCC with carbon capture.  Total reduction is comprised of reductions in capital 
charges, fixed O&M and non-fuel variable O&M costs per MMBtu (HHV) of fuel input.  Cost reductions accrue from 
lower equipment and operational costs, availability improvements and a transition from high-risk to conventional 
financing.  The ability to secure a conventional finance structure is assumed to result from lowering technical risk via 
commercial demonstrations.  

4. Assumes 90% carbon capture.  First-year costs expressed in 2011 dollars, including compression to 2,215 psia but 
excluding CO2 T&S costs. The listed values do not reflect a cost for carbon emissions, which would make them lower.  
For greenfield (new) plants, the cost is relative to a 2nd-Gen advanced ultra-supercritical PC plant without carbon 
capture.  For comparison, the nth-of-a-kind cost of capturing CO2 from today's IGCC plant, compared to today's 
supercritical PC without carbon capture, is $61/tonne.  For retrofits, the cost is relative to the existing plant without 
capture, represented here as a 2011 state-of-the-art subcritical PC plant with FGD and SCR.  The cost of capturing CO2 
via retrofits will vary widely based on the characteristics of the existing plant such as its capacity, heat rate, and 
emissions control equipment.  The nth-of-a-kind cost of capture for retrofitting the representative PC plant described 
above using today’s CO2 capture technology would be ~$60/tonne.  (In contrast, today’s first-of-a-kind cost of CO2 
capture for a new or existing coal plant is estimated to be $100-140/tonne.) 

5. Cost of captured CO2 ranges from $5-7/tonne for the cost reductions and efficiencies noted.   

Pre-decisional Draft,  
Not for Public Disclosure 
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Background Slides 

Historic Gasification Plants Examples 
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Cool Water IGCC Demonstration Project 
Daggett, California 

First U.S. IGCC demonstration  

Operating period 1984-1989 

Two GE Gasifiers  
(formerly Texaco, ChevronTexaco) 

GE 7E combined cycle 

1,150 tons/day southern Utah 
bituminous coal; 100 MWe Net 

Co-funded by Texaco, GE, EPRI & 
Southern California Edison 

Considerable information provided 
for development of full-scale plant 

Basis for Tampa Electric  
Polk Power Station 

Southern California Edison Site 

Gasifiers moved to Coffeyville 
for use with petcoke 
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Louisiana Gasification Technology Inc Project 
Dow Chemical Plant ― Plaquemine, Louisiana 

Operating Period 1987-1993 

E-Gas ConocoPhillips 
Formerly Dow, Dynergy 

2,400 TPD Powder River Basin (PRB) 
Coal; 160 MWe  

Product gas fueled two 
Westinghouse modified W501D5 gas 
turbines 
80% syngas 
20% natural gas 

85,000 hours on syngas 

160 MWe Net 

http://www.gasification.org/Docs/Penwell%202005/PowerGen%202005_Amick_r1.pdf 
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Valero Refinery  
Delaware City, Delaware 

Operating Period  2002-2009 
2 GE gasifiers (formerly Texaco) 
Oxygen blown 
2 GE 6FA Combustion turbines 
2,100 tons/day feedstock 
petcoke 
Plant startup July 2002 
Power generation 
Combustion turbines:  180 Mwe 
Steam turbine:               60 Mwe 
Net output:                  240 MWe 

Gasification Facility at Delaware City Refinery  

Presenter
Presentation Notes
Refinery now closedPower generation information from GE presentation and GTC database.OutputPrior to its closing the Delaware City refinery’s production included conventional and reformulated gasoline, diesel, low sulfur diesel and home-heating oil. Plus, it has the ability to produce ultra low sulfur diesel.  Major refinery units included:180,000-BPD crude unit 82,000-BPD fluid catalytic cracking unit 47,000-BPD fluid coker 43,000-BPD catalytic reformerhttp://www.valero.com/AboutUs/Refineries/DelawareCity.htm
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Background Slides 
Commercial Gasification  

Plant Examples 
 
 



225 

Snapshot of Syngas Fuel Composition  

Source: D. Todd GE - 2002 

Syngas  Wabash Tampa 
El 

Dorado Pernis ILVA 
Schwarze 

Pumpe Sarlux Fife 

Exxon 
Singapor

e 
Valero 

Delaware d 
Natural 

Gas 
H2 24.8 37.2 35.4 34.4 8.6 61.9 22.7 34.4 44.5 32.0 33.4 trace 
CO 39.5 46.6 45.0 35.1 26.2 26.2 30.6 55.4 35.4 49.5 42.2 ― 
CH4 1.5 0.1 0.0 0.3 8.2 6.9 0.2 5.1 0.5 0.1 0.1 93.9 
CO2 9.3 13.3 17.1 30.0 14.0 2.8 5.6 1.6 17.9 15.8 17.8 14.5 
N2 + Ar 2.3 2.5 2.1 0.2 42.5 1.8 1.1 3.1 1.4 2.2 5.7 48.2 
H2O 22.7 0.3 0.4 ― ― ― 39.8 ― 0.1 0.4 0.1 0.9 
LHVa    

Btu/ft3 209.0 253.0 242.0 210.0 183.0 317.0 163.0 319.0 241.0 248.0 230.4 134.6 
kJ/M3 8224.0 9962.0 9528.0 8274.0 7191.0 12492.0 6403.0 12568.0 9477.0 9768.0 9079.0 5304.0 

GT Temperature 
 °F 570.0 700.0 250.0 200.0 400.0 100.0 392.0 100.0 350.0 570.0 300.0 ― 
°C 330.0 371.0 121.0 96.0 204.0 38.0 200.0 38.0 177.0 299.0 149.0 ― 

H2/CO 
ratio 0.63 0.80 0.79 0.98 0.33 2.36 0.74 0.62 1.26 0.65 0.79 0.46 

Diluent Steam N2 
N2/Stea

m Steam ― Steam Moisture H2O Steam H2O/N2 N2/H2O n/a 
Equivalent LHVb 

Btu/ft3 150.0 118.0 113c 198.0 ― 200.0 ― c 116.0 150.0 115.3 134.6 
kJ/M3 5910.0 4649.0 4452.0 7801.0 ― 7880.0 ― ― 4660.0 5910.0 4543.0 5304.0 

a Pre-diluent, b Post-diluent, c Always co-fired with 50% natural gas, d Confidential 

Presenter
Presentation Notes
Natural gas composition is from the NETL Baseline study: Cost and Performance Baseline for Fossil Energy Power Plants study, Volume 1: Bituminous Coal and Natural Gas to Electricity (May 2007) 
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Dakota Gasification Company - SNG 
 Beulah, North Dakota 

Part of Basin Electric Power Cooperative 

Plant startup 1984 

Coal consumption exceeds 6 million 
tons/year 

Produces more than 54 billion standard 
cubic feet of SNG per year  
Also produces fertilizers, solvents, phenol, 
carbon dioxide, and other chemical  

200 mmscfd CO2 capacity  

EnCana injecting 7,000 tonnes/day 
Increasing oil production by 18,000 
barrels/day 

Apache injecting 1,800 tonnes/day 

CO2 is captured, pressurized, 
and piped 205 miles to 
Saskatchewan for EOR 

Great Plains Synfuels Plant 

Presenter
Presentation Notes
Dakota Gasification Company and the Great Plains Synfuels Plant The Great Plains Synfuels Plant appears as a massive complex of pipes, towers and buildings on the rolling North Dakota prairie. This plant is actually much more: it is part of an American dream. The 1970s energy crisis spawned a vision of greater U.S. energy independence. Abundant lignite resources underlying the North Dakota plains held promise as a vast synthetic fuel source. The Synfuels plant began operating in 1984 and today produces more than 54 billion standard cubic feet of natural gas annually. Coal consumption exceeds 6 million tons each year. 
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Great Plains Synfuels Plant 
 Aerial Photo 
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Dakota Gasification 
Process Schematic 
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Eastman Chemical Company 
Kingsport, Tennessee 

“Coal-to-Chemicals” Facility 
Plant startup 1983 
Texaco gasifiers  
Gasifies 1,200 tons/day Central 
Appalachian medium sulfur coal 
Sulfur compounds and ash are 
removed from the syngas  
Syngas is used to make methanol, 
acetic acid, acetic anhydride, methyl 
acetate and more 

  
 Courtesy: Eastman Chemical Co. 
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Gasification 
Area 

Eastman Chemical Company 
Kingsport, Tennessee 
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SASOL I 
Sasolburg, South Africa 

Plant startup 1955 
17 Sasol-Lurgi Fixed Bed Dry Bottom (FBDB) gasifiers 
100% Sub-bituminous coal feedstock 
Fisher-Tropsch process for Liquid Chemicals production 

Supplies syngas to: 
Sasol Wax to produce Fischer-Tropsch hard waxes 
Sasol Solvents to produce methanol and butanol 
Sasol Nitro to produce ammonia 

2004 plant converted from coal gasification 
 to natural gas reforming 
Gasifiers decommissioned 2005 replaced with  
2 natural gas autothermal reformers 

Photo: John Sichinga 
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SASOL II & III 
Secunda, South Africa 

Plant startup 1974 
80 Sasol-Lurgi Fixed Bed Dry 
Bottom (FBDB) gasifiers 
155,000 bl/d production 
levels achieved in 2004 

Photo: Courtesy Sasol 

Sub-bituminous coal feedstock, 
supplemented with natural gas 
Fisher-Tropsch process for Liquid 
Fuels & Chemicals production 

Presenter
Presentation Notes
Sasol plans to increase synfuel capacity at Secunda by 20% from the 155 000 bl/d production levels achieved in 2004. This would be done in phases, with some 15% of the additional capacity to be based on natural gas and the balance on coal. – Engineering News March 28, 2008http://www.engineeringnews.co.za/article.php?a_id=129121 
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Coffeyville Resources Nitrogen Fertilizers 
Coffeyville, Kansas 

Plant converted from natural gas to petcoke to reduce costs 
by adding dual train GE gasifier 
Produces syngas with CO and H2 

Syngas shifted to CO2 and H2  
CO2 removed, leaving concentrated H2 stream 

Nitrogen fertilizer production includes 
1,225 ton-per-day ammonia unit 
2,025 ton-per-day urea ammonium nitrate unit 
84 million standard cubic feet per day of hydrogen capacity 
 

Technology suitable for Carbon Capture 

Presenter
Presentation Notes
Located in Coffeyville, Kansas, CVR Partners, LP is a Delaware limited partnership focused primarily on the manufacture of nitrogen fertilizers. The CVR Partners nitrogen fertilizer manufacturing facility is the only operation in North America that uses a petroleum coke gasification process to produce nitrogen fertilizer and includes a 1,225 ton-per-day ammonia unit, a 2,025 ton-per-day urea ammonium nitrate unit, and a dual-train gasifier complex having a capacity of 84 million standard cubic feet per day of hydrogen. (CVR Press Release 12/20/10)
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Pernis Refinery IGCC/Hydrogen Project 

Plant startup 1997 

3 Shell gasifiers 

Gasifies 1,650 TPD heavy residue 

Rectisol process for gas cleanup 

2 General Electric 6B turbines  

Produces:  

285 TPD hydrogen 

117 MWe 

Presenter
Presentation Notes
TPD is tonnes per day (on this slide)Major $2.2 billion refinery renovation - completed May 1997Heavy residue: heavy visbreaker residue or straight-run vacuum residueThe gasification is done in three parallel trains with a total capacity of 1650 (metric) t/d residue, either vacuumflashed cracked residue from the thermal cracking unit or a mixture of straight-run vacuum residue andpropane asphalthttp://www-static.shell.com/static/global_solutions/downloads/aboutshell/key_projects/case_study_pernis.pdfInformation from David Heaven’s presentation at March 2001 GTC Workshop Tampahttp://www.gasification.org/Docs/Workshops/2001/Tampa/Heaven.pdf
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Background Slides 

Carbon Capture & Sequestration 
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Coal

95%
Oxygen

Gasifier
500-1,000 Psi
1,800-2,500oF

Water Gas 
Shift

Cryogenic 
ASU

Syngas 
Cooler

Steam

CO2 
Separation

Sulfur 
Recovery

Sulfur

CO2 
Comp.

CO2 to Storage

CO2
Steam

Reheat

Fuel Gas

Syngas 
Cooler/
Quench

Syngas 
Cleanup

Water

Combustion 
Turbine(s)

Steam 
Generator

Steam 
Turbine

Power Block

Flue Gas

 Shifted Syngas
 H2 ~50%
 CO ~2%
 CO2 >40%
 >400 Psi/100oF

Power Power

CO2 Capture Advantages:   
1. High PCO2 
2. Low Volume Syngas Stream 
3. CO2 Produced at Pressure 

Process Design Assumptions: 
Oxygen: 95% O2 via Cryogenic ASU, No air 

extraction from combustion turbine 
Steam: 1815psia/1000 F/1000 F 
CO2 Compression:  2,215 psia 

Pre-Combustion Current Technology 
IGCC Power Plant with CO2 Scrubbing 
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Acid Gas Removal (AGR) 

Recent Selexol IGCC Startup 

Conventional AGR Unit 
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Amine Acid Gas Removal 
Process Description 

Typical amine gas treating process includes  
 an absorber unit and a stripper unit  

Absorber 
Down-flowing amine solution absorbs H2S and CO2 from up-flowing 
sour gas 

Stripper 
“Rich” amine is sent to stripper where H2S and CO2 are stripped 
and “lean” amine is recycled  to absorber 

Most commonly used amines 
MEA 
DEA 
MDEA 

Source: http://www.uop.com/objects/86MembrnAmineHybSys.pdf 

Presenter
Presentation Notes
A typical amine gas treating process includes an absorber unit and a regenerator unit as well as accessory equipment. In the absorber, the down-flowing amine solution absorbs H2S and CO2 from the up-flowing sour gas to produce a sweetened gas stream (i.e., an H2S-free gas) as a product and an amine solution rich in the absorbed acid gases. The resultant "rich" amine is then routed into the regenerator to produce regenerated or "lean" amine that is recycled for reuse in the absorber. The stripped overhead gas from the regenerator is concentrated H2S and CO2. The H2S-rich stripped gas stream is then usually routed into a Claus process to convert it into elemental sulfur. 
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Amine Acid Gas Removal 

Source: http://www.uop.com/objects/86MembrnAmineHybSys.pdf 

Presenter
Presentation Notes
A typical amine gas treating process includes an absorber unit and a regenerator unit as well as accessory equipment. In the absorber, the down-flowing amine solution absorbs H2S and CO2 from the up-flowing sour gas to produce a sweetened gas stream (i.e., an H2S-free gas) as a product and an amine solution rich in the absorbed acid gases. The resultant "rich" amine is then routed into the regenerator to produce regenerated or "lean" amine that is recycled for reuse in the absorber. The stripped overhead gas from the regenerator is concentrated H2S and CO2. The H2S-rich stripped gas stream is then usually routed into a Claus process to convert it into elemental sulfur. 
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Amine Acid Gas Removal 

Advantages 
Proven Technology  Remove CO2 and H2S from NG 
Chemical solvent  High loadings at low CO2 partial pressure 
Relatively Cheap ($1.50-2.0 per lb chemical) 

Disadvantages 
High heat of reaction  high regeneration energy required 
– 1,500 to 3,500 Btu/lb CO2 removed 
– Low pressure steam derates power plant by 20 to 40%  

Degradation and Corrosion 
– Requires < 10ppm sulfur 

High operating cost 

Image source: http://www.lindeengineering.com/process_plants/hydrogen_syngas_plants/gas_processing/acid_gas_removal.php 
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Selexol Acid Gas Removal 
Process Description 

A physical solvent - mixture of dimethyl ethers of polyethylene 
glycol 

Attains high sulfur removal without the need for refrigeration 

Dissolves (absorbs) acid gases from feed gas at relatively high 
pressure, usually 300 to 2,000 psia (2.07 to 13.8 MPa) 

Presenter
Presentation Notes
In the Selexol process (now licensed by UOP LLC), the Selexol solvent dissolves (absorbs) the acid gases from the feed gas at relatively high pressure, usually 300 to 2000 psia. The rich solvent containing the acid gases is then let down in pressure and/or steam stripped to release and recover the acid gases. The Selexol process can operate selectively to recover hydrogen sulfide and carbon dioxide as separate streams, so that the hydrogen sulfide can be sent to either a Claus unit for conversion to elemental sulfur or to a WSA Process unit for conversion to sulphuric acid . The Selexol solvent is a mixture of the dimethyl ethers of polyethylene glycol.Selexol is a physical solvent, unlike amine based acid gas removal solvents that rely on a chemical reaction with the acid gases. Since no chemical reactions are involved, Selexol usually requires less energy than the amine based processes. However, at feed gas pressures below about 300 psia, the Selexol solvent capacity is reduced and the amine based processes will usually be superior.
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SelexolTM Scrubbing 

Presenter
Presentation Notes
An example of a technology for capturing CO2 for pre-combustion application is Selexol.  It can be combined as a second stage after the sulfur removal.  Clean shifted syngas goes through a absorber and CO2 rich streams.It contains multi vessels – the major ones are absorber and stripper  -for regeneration.Large amount of steam is required for regeneration.Selexol solvent removes CO2 and H2S based on different difference in solubilities.
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CO2 Capture via Selexol Scrubbing 

Advantages 
Physical Liquid Sorbent  High loadings at high CO2 partial 
pressure 
Highly selective for H2S and CO2  No need for separate sulfur 
 capture system 
No heat of reaction, small heat of solution 
Chemically and thermally stable, low vapor pressure 
30+ years of commercial operation (55 worldwide plants) 
 
Disadvantages 
Requires gas cooling (to ~100oF)  
CO2 regeneration by flashing 

Presenter
Presentation Notes
Technology owned by DOW and licensed by UOPAdvantages:Acid gas partial pressure is key driving force for Selexol process  High loadings at high acid gas partial pressures.Solubility of individual compounds follow Henry’s law  the solubility of a compound in the solvent is directly proportional to its partial pressure in the gas phase
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Rectisol Acid Gas Removal 
Process Description 

Most widely used physical solvent gas treating process 

Solvent is chilled methanol at temperature of -40oF to -80oF 

Application:  deep sulfur removal 

First stage stripping with methanol primarily provides bulk 
removal of CO2 and near complete removal of H2S and COS 

Second stage stripping removes remaining CO2 and residual 
sulfur compounds 
 

Source: http://www.linde-engineering.com/process_plants/hydrogen_syngas_plants/gas_processing/rectisol_wash.php 

Presenter
Presentation Notes
In the Rectisol process (licensed by both Linde AG and Lurgi AG), cold methanol at approximately –40 °F (–40 °C) dissolves (absorbs) the acid gases from the feed gas at relatively high pressure, usually 400 to 1000 psia (2.76 to 6.89 MPa). The rich solvent containing the acid gases is then let down in pressure to release and recover the acid gases. The Rectisol process can operate selectively to recover hydrogen sulfide and carbon dioxide as separate streams, so that the hydrogen sulfide can be sent to either a Claus unit for conversion to elemental sulfur or a WSA Process unit to recover sulphuric acid, while at the same time the carbon dioxide can be sequestered or used for enhanced oil recovery.Rectisol, like Selexol and Purisol, is a physical solvent, unlike amine based acid gas removal solvents that rely on a chemical reaction with the acid gases. Methanol as a solvent is inexpensive compared to the proprietary Selexol and Purisol solvents. The Rectisol process requires more electrical energy for refrigeration to maintain the low temperatures required but it also requires less steam energy for regeneration. Although capital costs for methanol solvent (Rectisol) units are higher than proprietary solvent units, methanol as a physical solvent can remove greater percentages of acid gas components providing a higher purity cleaned gas.The Rectisol process is very flexible and can be configured to address the separation of synthesis gas into various components, depending on the final products that are desired from the gas. It is very suitable to complex schemes where a combination of products are needed, such as for example hydrogen, carbon monoxide, ammonia and methanol synthesis gases and fuel gas side streams.Source: “Process Screening Analysis of Alternative Gas Treating and Sulfur Removal for Gasification” Revised Final Report; December 2002; Nick Korens, Dale R. Simbeck, Doanld J. Wilhelm; SFA Pacific, Inc. Mountain View, California 
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http://lindeengineering.com/process_plants/hydrogen_syngas_plants/gas_processing/rectisol_wash.php 

Rectisol  Wash Process Scheme 

Presenter
Presentation Notes
Rectisol is another technology for capturing CO2.  Several units are operated world wide for the purification of hydrogen, ammonia-, methanol syngas and the production of pure carbon monoxide and oxogases. Due to the physical nature of the process high pressure and high sour gas concentrations are particularly favorable. Rectisol  can be used to purify shifted, partially shifted or unshifted gas downstream residue oil-, coal- or lignite gasification.  Rectisol was independently developed by Linde and Lurgi. The patents and trade mark are used in common.
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CO2 Capture via Rectisol Scrubbing 

Advantages 
Capable of deep total sulfur removal as well as CO2 removal 

– As low as < 0.1 ppmv total sulfur requirements 
– Removes all impurities and trace contaminants in a single 

 absorption process 

Disadvantages 
Requires very low-temperature (refrigerated methanol),  
energy intensive → expensive 

Presenter
Presentation Notes
Rectisol uses refrigerated methanol at -94 degrees F as the solvent for physical absorption of CO2 and H2SIt removes all impurities and trace contaminants in one single absorption processUltrapure product gas: e.g., total sulfur <0.1 ppmv, CO2 <2 ppmv
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Sample CO2 Quality Specification 

Source: GE Energy 

Component IPCC, 
2005 

IPCC, 
2005; 

APGTF, 
2002 

Dakota 
Gasification 

Kinder 
Morgan, 

2006; 
Elsam A/S 

et al., 
2003 

Dixon 
Consulting; 
EOR, 2001 

Industry 
Working 
Group, 
2005 

Canyon 
Reef EOR, 

2005 

CO2 
(mole%) > 95% > 96% > 96% > 95%   > 95% > 95% 

N2 (ppmv) < 
40,000 < 300 < 6,000 < 40,000 < 20,000 < 40,000 < 40,000 

CH4 (ppmv) < 
50,000 < 7,000 < 20,000 < 50,000 < 10,000 < 50,000 < 50,000 

H2S (ppmv) < 1,061 < 9,000 < 20,000 < 200 < 100 (ppmv) < 200 < 1,500 

O2 (ppmv) < 7.5 < 50 < 100 < 10 < 2 (ppmv) < 100 < 10 

H2O (ppmv) < 641 < 20 < 2 < 480 < -5C DP at 
300 psia 

< -40C 
DP 

< 
28lb/MMCF 

Presenter
Presentation Notes
CO2 quality,  ss shown, there is not one size to fit all and there won’t be a need for a 100% CO2 in the pipeline…  It is understood that CO2 content should be >95% for sequestration.Depending on the applications, the content of other gases may be different.  IPCC prescribed CO2 for sequestration as shown in the 1st column.  However, some of the EOR applications have different needs for sulfur content.Many current CO2 pipelines allow 200 ppmv H2SUDBS targeting 100 ppm, but options for 10 ppmIssue is H2S toxicity to humans in the event of a release
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Active DOE Cooperative Agreements 

Fuels Program Projects 
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Advanced Hydrogen Transport Membrane  
Advanced Hydrogen Transport Membranes for Coal Gasification 

Praxair, Inc. 
Phase 1: Developed and tested 2 lb of H2 per day module 
PdAu membrane shown to survive gasifier syngas with majority of 
performance recoverable in pure H2 

Membrane sealing issues discovered but membrane held pressure 
during tests 
Simulated gasification testing conducted at University of North 
Dakota Engineering and Environmental Research Center (EERC) 

Phase 1 Duration*: 10/01/10 – 9/30/12 
Team Members:  
Colorado School of Mines 
T3 Scientific LLC 

Funding provided by the Fuels Program 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/advanced-h2-transport-membranes.html�
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Advanced Hydrogen Transport Membrane  
Advanced Hydrogen Transport Membranes for Coal Gasification 

Praxair, Inc. 
Phase 2: Develop and test 50 lb of H2 per day module 
Membrane reactor module design will be scaled up to incorporate 
larger membrane tubes 

– Design will incorporate improved gas mixing to improve flux 
– Employ better metal/ceramic sealing techniques  

Develop improved alloys, most likely a ternary alloy, to maximize 
membrane performance in the syngas environment expected from 
the gasifier 
Coal-gasification testing conducted at University of North Dakota 
Engineering and Environmental Research Center (EERC) 

Phase 2 Duration: 10/01/2012 – 09/30/2015 
Team Members:  
Colorado School of Mines 
EERC 

Funding provided by the Fuels Program 

Presenter
Presentation Notes
Praxair, Inc. (Danbury, Connecticut)—Praxair will partner with the Colorado School of Mines, Golden, Colo., and the University of North Dakota Engineering and Environmental Research Center (EERC), Grand Forks, N.D., to demonstrate palladium (Pd) and Pd alloy membranes on ceramic supports for hydrogen separation from coal-derived syngas.  Praxair facilities available for the project include the research and development center in Tonawanda, N.Y., the Surface Technologies Center in Indianapolis, Ind., and the Specialty Ceramics Center in Seattle, Wash.  Gasification testing under this project will be conducted at EERC in Grand Forks, N.D. (DOE share: $4,000,000; recipient share: $1,714,286 ; duration: 36 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/advanced-h2-transport-membranes.html�
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Advanced H2-CO2 Membrane Separations 
Engineering Design of Advanced H2-CO2 Pd and Pd/Alloy 

Composite Membrane Separations and Process  
Worcester Polytechnic Institute 

Phase 1: Developed and tested 2 lb of H2 per day module 
PdAu membrane survived gasifier syngas with up to 100% of 
performance recoverable in pure H2; Stable under 450 hours in 
syngas 
Poor membrane sealing near weld nuggets discovered but fixed 
with additional electroless plating 
Gasification testing at: 

– Power Systems Development Facility National Carbon Capture Center 
(NCCC) in Wilsonville, AL 

– University of North Dakota Engineering and Environmental Research 
Center (EERC) 

Phase 1 Duration*: 10/01/10 – 9/30/12 
Team Members:  
Membrane Technology & Research, Siemens Energy, T3 Scientific 

Funding provided by the Fuels Program 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/membrane-separations.html�
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Advanced H2-CO2 Membrane Separations 
Engineering Design of Advanced H2-CO2 Pd and Pd/Alloy 

Composite Membrane Separations and Process  
Worcester Polytechnic Institute 

Phase 2:  Develop and test 20 lb of H2 per day module 
Membrane reactor module design will be transferred to Johnson 
Matthey 

– Advance from single tube membrane to shell and tube module 
– Develop procedures for commercial membrane production 

Combine Membraguard coating and pre-treatment of syngas with 
absorption beds to improve performance 
Gasification testing at Power Systems Development Facility 
National Carbon Capture Center (NCCC) in Wilsonville, AL 
Phase 2 Duration: 10/01/2012 – 09/30/2015 
Team Members:  
Johnson Matthey, Membrane Technology & Research, T3 
Scientific LLC 
 

Funding provided by the Fuels Program 

Presenter
Presentation Notes
Worcester Polytechnic Institute (Worcester, Massachussetts)—Worcester Polytechnic Institute in collaboration with Membrane Technology and Research, Menlo Park, Calif.; Johnson Matthey, West Chester, Pa.; and T3 Scientific, Blaine, Minn.; will demonstrate hydrogen separation from coal-derived syngas using palladium (Pd) and Pd alloy membranes on porous metal supports.  Gasification testing under this project will be conducted at the Power Systems Development Facility/National Carbon Capture Center in Wilsonville, Alab. (DOE share: $3,999,906 ; recipient share: $999,977; duration: 36 months) 

http://www.netl.doe.gov/technologies/coalpower/gasification/projects/adv-sep/membrane-separations.html�
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Utah Coal and Biomass to Fuel Pilot Plant 
 Viresco Energy, LLC 

Goal: Assess if conversion of carbonaceous material is enhanced 
by a high steam environment 

Technology: Steam Hydrogasification Reaction process is a fluid 
bed gasifier fluidized by steam and recycled hydrogen with sand as 
the primary bed material 

Project tasks (Project decision point 5/31/2013) 
Prepare design documents for a five ton-per-day coal or coal-
biomass hydrogasification concept 

Team Members:  
Viresco Energy, LLC, Eltron Research Inc. 

Funding provided by the Fuels Program 
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