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Topics

• Gasification for fuels, chemicals, fertilizers

• IGCC 

• Air emissions 

• Water use and liquid discharges

• Byproducts
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Products from Gasification Plants

• Ammonia
• Ethanol

• Fischer-Tropsch fuels (diesel, 
jet fuel, naphtha)

• Hydrogen
• Methanol

• SNG
• Urea

Sources: Rentech, Coffeyville Resources
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Products from Syngas - SNG

+

Hydrogen (H 2)

Carbon Monoxide (CO) Methane (CH 4)

+
Water (H2O)

Catalyst
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Dakota Gasification Company
Great Plains Synfuels Plant

• Started up in 1984
• Beulah, North Dakota
• Part of Basin Electric Power 

Cooperative
• Converts 16,000 tons/day 
of North Dakota lignite to 
synthetic natural gas (SNG)

• SNG is sold into local 
pipeline 
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Products from Syngas - Methanol

+

Hydrogen (H 2)

Carbon Monoxide (CO)
Methanol (CH 3OH)
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Eastman Chemical - Kingsport, Tennessee
Coal to Chemicals

• Started up in 1983
• Gasify 1,300 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
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Products from Syngas

+

Hydrogen (H 2)

Nitrogen (N 2)

Ammonia (NH 3)
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Coffeyville Resources
Coal to Fertilizer

• Fertilizer plant in Coffeyville, 
Kansas

• Used high-cost natural gas to 
make ammonia

• Added pet coke gasification 
system
– Produce syngas with high H2 

content
– H2 is used to make ammonia
– Significant production cost savings 

and increased profitability
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Products from Syngas - Fuels

+

Hydrogen (H 2)Carbon Monoxide (CO)

Diesel (C 18H38)

Catalyst
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SASOL – Coal to Liquid Fuels

• Located in South 
Africa

• Started up in 1955
• Fischer-Tropsch 
process converts 
syngas to liquid fuels

• Converts 90,000 
tons/day coal into 
160,000 barrels/day of 
liquid fuels
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Proposed Gasification Plants in 
North America

• 25-35 large-scale gasification projects 
• Economic Drivers

– High cost of natural gas where it is the feedstock for 
downstream products

– SNG to replace high-cost natural gas
– Production of lower cost transportation fuels
– Low-cost, available feedstocks
– Federal and state incentives

• Energy Policy Act of 2005
• ARRA of 2009
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Feedstocks

• Coal

• Pet coke

• Refinery wastes

• Biomass

• Blends
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Examples of Proposed Large-scale 
Gasification and IGCC Plants

Power County 
Advanced 

Energy 
Center -
Fertilizer

Hydrogen Energy 
California -

IGCC

Rentech Strategic 
Fuels and 
Chemicals 

Complex – FT 
Fuels

TX Energy – H2, 
H2 for 

methanol and 
ammonia

Taylorville Energy 
Center –

Hybrid IGCC

Kentucky 
NewGas -

SNG

Edwardsport Plant -
IGCC

Clean Hydrogen 
Power 

Generation -
IGCC
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Gasifier Types

• Dry feed: requires feedstock to be pulverized 
and dried, then fed into gasifier with a carrier gas

• Slurry feed: feedstock is pulverized with water, 
forming a slurry that is pumped into the gasifier

• Oxygen-blown: requires air separation unit to 
produce concentrated stream of oxygen to 
gasifier

• Air-blown: pressurized air stream
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Ash Characteristics

• High temperature gasification: forms molten slag 
which falls into quench water, solidifying into a 
glassy slag

• Low temperature gasification: forms clinker-like 
bottom ash
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Technologies for Large-scale Gasification 
and IGCC

GE

ConocoPhillips

E-Gas

Shell

Siemens

MHI

KBR

Prenflo
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IGCC Reference Plant

• Based on eastern bituminous coal and sufficient syngas 
to fully load two 232 MW gas turbines, with a 320 MW 
steam turbine

• Gross output: 784 MW

• Internal load:  154  MW (20% of gross output)

• Net output:     630 MW

• Feedstock requirements:
– 6,000 tons/day bituminous coal, or

– 4,000 tons/day pet coke, or
– 8,200 tons/day PRB subbituminous 
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Biomass Gasifiers

• Many new biomass gasification projects being 
developed

• Typically for power production in 5-50MW range
• Feedstocks include:

– Wood chips or bark
– Agricultural wastes
– Grasses
– Municipal solid waste
– WWTP sludge or dried material
– Animal “stall wastes”
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Biomass Gasifiers

• Dozens of technology providers
• Most biomass gasifiers:

– are fixed bed or fluid bed to provide long residence 
time and/or better mixing of low reactivity feedstock 
and air

– are air-blown
– use low-temperature gasification and produce a 

clinker type bottom ash
– produce a diluted syngas with low heating value 

which is combusted for producing steam for a steam 
turbine generator
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Environmental Issues
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Air Emissions
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Comparison of Air Emission Controls: 
Pulverized Coal-fired Boiler vs. IGCC

Pre-sulfided 
activated 

carbon bed 
for syngas

Wet scrubber, 
high 

temperature 
cyclone, 

ceramic filter

Syngas 
saturation and  
N2 diluent; SCR 

an option

Acid gas 
removal 
system 
absorbs 
H2S from 
syngas

IGCCIGCC
PrePre--

combustioncombustion

Inject 
activated 

carbon into 
flue gas

ESP or 
baghouse

Low-NOx 
burners and 

Selective 
Catalytic 

Reduction (SCR)

FGD 
system

PCPC
Post Post 

combustioncombustion

MercuryMercuryPMPMNOxNOxSOSO22
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Sulfur Removal

• Gasification occurs in a 
reducing atmosphere        
(oxygen-starved)

• Sulfur compounds are liberated 
mostly as H2S, not SO2

• Sulfur compounds are removed 
by refinery industry 
technologies to levels � 98%
– can also be used for CO2 removal

• Recovered as molten sulfur or 
sulfuric acid
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Sulfur Removal

• IGCC syngas to gas turbine requires sulfur 
levels <50 ppmv
– When CO2 capture is used, and hydrogen stream is 

produced, acid gas removal system can bring 
undiluted syngas sulfur levels down to <5 ppmv

• Gasification systems for SNG, chemicals and 
fuels
– Use catalysts for these reactions
– Catalysts are poisoned by sulfur compounds
– Sulfur levels <0.5 ppmv may be required
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Sulfur Removal Technologies

• Chemical solvents – chemically react with the acid gases 
and require heat (steam) to reverse the reaction and 
release the sulfur compounds
– Amines (MDEA) at ambient temperatures
– 98-99+% removal

• Physical solvents – physically dissolve the acid gases at 
high pressure; sulfur compounds are released with drop 
in pressure
– Selexol (dimethyl ethers of polyethylene glycol) at 0ºF: >99% 

removal
– Rectisol (methanol) at -25ºF: >99.5% removal
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IGCC – NOx Reduction

• Controlled by moisturizing 
the syngas and injecting 
N2 as a diluent
– dilutes and cools the flame, 

and reduces thermal NOx 
production

• High H2 concentration in 
syngas: gas turbines use 
diffusion burners vs the 
dry low-NOx burners 
used in natural gas-fired 
gas turbines

• SCR is an option for 
additional NOx reduction

DLN Burner

Diffusion Burner

Source: GE
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Air Permitting

• Same coal delivery and handling emission points as a 

pulverized coal-fired plant

• IGCC has same emission points as a NGCC plant

• Similar air permitting requirements

– Air dispersion modeling 

– BACT analysis

– Emission controls determination

• Gasification for fuels, chemicals or SNG may also 

include power generation 

• Start-up and shutdown emissions are unique
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Air Emissions

• Unique emission points depend 
on technology provider
– Coal dryer vents
– Gasifier pre-heater
– Flares
– Sulfur Recovery Unit tail gas thermal 

oxidizer
– Sulfuric Acid Plant stack
– Several large cooling towers

• SNG plants send the product     
off-site and might not have major 
emission sources 
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IGCC - New Source Performance 
Standards 

• IGCC is covered under Subpart Da as an 

Electric Utility Steam Generating Unit (just like 

PC boilers) if: 

“The combined cycle gas turbine is designed and intended to 

burn fuels containing 50 percent (by heat input) or more      

solid-derived fuel not meeting the definition of natural gas on a 

12-month rolling average basis”

• IGCC gas turbines are not covered by Subpart 

KKKK, even when natural gas is combusted
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Emission Rate Units

• Some IGCC permits list emission rates in 
lb/MMBtu of gasifier (coal) heat input

• Others list emission rates on gas turbine 
(syngas) heat input basis (like NGCC) 

• EPA addressed this issue:
– “The heat input for an IGCC facility is the heat content 

of the syngas burned in the stationary combustion 
turbine and not the heat content of the coal fed to the 
gasification facility. The gasification facility is not part 
of the affected source under subpart Da, only the 
stationary combustion turbine (turbine and heat 
recovery steam generator) are covered.”
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Emission Rate Units

• Permit limits are to be expressed on basis of 
syngas input to the gas turbine

• Permit applications or permits can list 
“equivalents” on gasifier input basis, as well as 
lb/hr and ppmv  

• Important to specify heat input basis in permit 
application and in permit
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Permit Limit Units - NOx Example

0.077 lb/MMBtu0.059 lb/MMBtu161 lb/hr

Emission Rate
Gas Turbine 

(Syngas) Input 
Basis

Emission Rate
Gasifier (Coal) 

Input Basis

NOx 
Emissions  
from Gas 
Turbine

30% difference!
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NOx Emission Rate Comparison 
Gasifier Heat Input Basis
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NOx Emission Rate Comparison
Gas Turbine Heat Input Basis
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Use of Selective Catalytic 
Reduction Technology

• No experience yet with IGCC syngas
• Ammonia injection is expected to react with 
sulfur in the syngas and form corrosive/sticky 
compounds in the HRSG

• Impacts on efficiency and reliability

• Some IGCC plants planning to use SCR, but will 
not provide actual experience for another 4-5 
years 

• Need to monitor performance to see how SCR 
performs with IGCC 
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SO2 Emission Rate Comparison 
Gasifier Heat Input Basis
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SO2 Emission Rate Comparison   
Gas Turbine Heat Input Basis

0

0.05

0.1

0.15

0.2

0.25

0.3

SO2

NSPS

 AEP - Mountaineer

Mississippi Power - Kemper
County
Duke Energy Indiana
Edwardsport
Excelsior Energy - Mesaba

Taylorville Energy Center

Lb
/M

M
B

tu



39

CO Catalyst

• No experience with CO catalysts on IGCC syngas
• Expect the catalyst to convert more sulfur compounds to 

sulfate, increasing the formation of corrosive/sticky 
compounds in the HRSG

• CO catalyst likely not applicable to IGCC or when 
combusting similar fuel gases from gasification plants in 
gas turbines
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Mercury Removal

• Pre-sulfided activated carbon beds

• >94% removal of vapor-phase 
mercury at Eastman Chemical 

• Spent carbon disposed of in 
drums once/year

• Proposed IGCC plants will be 
using this technology

Source: Eastman Chemical
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Start-up and Shutdown Emissions

• Dependent on: 
– Number of start-ups and shutdowns
– Duration of startups 
– Number of gasifiers
– Downstream use of syngas (SNG, FT liquids, 

chemicals)
– Startup procedures, i.e. starting first gasifier, then 

second, or in parallel 
– Gasifier pre-heat and startup: natural gas, LP, 

alcohols 
– Flaring of raw/treated syngas, acid gas, process 

gases
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Start-up and Shutdown Emissions

• Industry has made design and operational 

enhancements to minimize these emissions

– Using start-up absorbers

– Low-sulfur start-up fuels

• Identify distinct start-up and shutdown emissions for 

initial operation and for a mature plant

– Permit application should clarify these emissions and timeframes

so as not to constrain initial plant operations
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Water Issues
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• For IGCC reference plant: 
– 784 MW (gross) unit, 464 MW is from CTs and       

320 MW is from the ST
– Only ~1/3 of total output is from steam turbine, so 

cooling water make-up needs are decreased by ~2/3

• No FGD system needed for IGCC, so no need 
for water to produce limestone slurry

• But IGCC may require water for preparing coal 
slurry, and for syngas scrubbing and cooling 

Water Consumption
IGCC vs PC
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Comparison of Water Use
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Liquid Discharges

• Gasification technology designed for significant 
process water recycle and re-use

• Zero process liquid discharge systems are 
common designs

• Vapor recompression or distillation may be used 
to concentrate salts as a solid or filter cake
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Byproducts

• Sulfur
– Recovered in molten form
– Transported by rail or truck

• Sulfuric acid
– Various concentrations
– Transported by rail or truck
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• Ash is removed in molten form, then quench-
cooled to form glassy, inert slag

Solid Byproducts

Molten slag
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Slag Use

• Used for making
– Cement
– Asphalt filler
– Roofing shingles
– Sand-blasting grit
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Questions?
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Contact Info

Steve Jenkins
CH2M HILL

Tampa, FL
813-874-6522, ext. 4141

steve.jenkins@ch2m.com


