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History of Pilot-
Scale 

Gasification at 
the EERC

• EERC has been operating a pilot-scale gasifier on 
a variety of fuels for nearly 20 years

• Many lessons learned on how to operate with 
biomass and blends of coal and biomass

• Some of the very first tests 
on this system involved 
cofiring with coal up to 
100% biomass
– DDGS (ethanol 

byproduct)
– Switchgrass
– Olive pits

• In the years since, we have 
also gasified wood, corn 
stover, and various other 
materials



Pilot-Scale System
Pressurized feeder, live loss-in weight

Gasifiers (fluidized bed, entrained flow)

Filter vessel, sorbents, and catalyst beds

Quench pots (tar and water removal)

Physical solvent CO2 removal

Fischer-Tropsch reactor



Early Experience: Tar Plugging in Quench Pots, Outlet 
Lines, and Recycle Syngas Compressor
• Early on, system would plug in cool weather
• Overcame with additional condensation, better 

quench pot design, heat trace, improved operating 
conditions, and a warmer building

System ran okay on 
PRB, DDGS, 

switchgrass, olive pits, 
and blends

Much more plugging on 
lignite and same biomass

Aug. Sept. Oct. Nov.



• Purpose of this test was to assess warm-gas 
cleanup potential for FT (no gas sweetening)

• During cold weeks, heat trace had to be 
added to the gasifier’s pressure control valve 
and FT regulator to prevent plugging

• This pushed a lot of tar to the FT reactor, 
leading to coking and contamination.
– Once, when the system was idled for 

several hours for auger repair, every fitting 
in the syngas recycle system plugged 13 
minutes after startup—the surge tank had 
gotten excessively warm with no flow and 
volatilized weeks’ worth of tar, which then 
condensed downstream

• When gas sweetening was first brought 
online, the distributor plate initially plugged 
with tar.
– Overcome with better tar condensation, 

warmer temperatures in the gas 
sweetening system, and selective syngas 
reheat

Tar Carryover to Fischer–Tropsch (FT) Products

GC-MS analysis of FT product when operating with 100% leached 
DDGS

Reference: doi.org/10.2172/1060009



Recent Work

• Recent work with high biomass feed rates included 
detailed characterization of condensable tars and their 
fate

• The fluidized bed gasifier has been heavily modified 
since early testing:
– Cyclone solids are recycled to the bed
– New distributor plate provides better gas and solids 

mixing in the bottom of the bed
– Nitrogen dilution is typically minimized during oxygen-

blown gasification and extra steam is injected
– Extra quench pot volume, and an ice-cooled 

condenser for recycle syngas
– Selective reheat on key lines to keep tars in a vapor 

state
– Building temperature is kept warmer

• Despite these changes, when operating on 100% stover 
at similar conditions to early work, the system did 
repeatedly plug with tars.



Recent Pilot-Scale Testing Configuration

TAR 
CRACKER

FLUID BED 
GASIFIER

FILTER 
VESSEL

CO2 
CAPTURE

Fixed-Bed Reactor Catalyst or Adsorbent
Fixed Beds Nos. 1, 2 RVS-1 regenerable sulfur sorbent
Fixed Bed No. 3 Clariant ActiSorb® S 2 sulfur-polishing sorbent
Fixed Bed No. 4 Clariant ShiftMax® 120 high-temperature WGS catalyst
Fixed Bed No. 5 Clariant ActiSorb Cl sorbent with ShiftMax 240 low-temperature WGS 

catalyst

Fluidized Bed

Entrained Flow



TOC Content of Condensate During Cofiring

When blending corn stover, TOC (indication of tar production) is nonlinear and indicates possible 
interactions between coal and biomass depending on blend ratio. As a result, the effect of 100% 

stover gasification cannot be extrapolated from cofiring data.

Gasification, Cofiring Corn Stover with Coal



Solvent GC-MS Analysis During Cofiring

Although corn stover always resulted in more condensable tar upstream of the capture system, it 
did not result in the most tar accumulation in the CO2 capture system; in several cases, there was 
less tar when cofiring corn stover than when using 100% coal. This again shows that the effect of 

gasifying 100% corn stover cannot be extrapolated from cofiring data.

Gasification with CO2 Capture, Cofiring Corn Stover with Coal



Sampling Modeling
• Proximate/ultimate 

analyses of solid 
feed streams

• X-ray fluorescence 
analysis of 
ash content of feed 
streams

• Continuous syngas 
composition using 
online Raman 
spectrometry

• Semicontinuous 
syngas 
composition using 
gas 
chromatography

• Total organic 
carbon (TOC) 
analysis of 
condensed product 
stream water

• GC–MS of DEPG 
solvent

• Apsen Plus  and 
HYSYS  models of 
full-scale gasifier 
and CO2 capture 
system tuned to 
pilot-scale results

• Aspen Process 
Economic 
Analyzer  used for 
high-level process 
economics

• U.S. National 
Energy Technology 
Laboratory (NETL) 
methodology used 
for 
cost estimations

• OpenLCA software 
used for life cycle 
analysis

Run Conditions During 100% Stover Gasification

• 760°–790°C, silica sand fluidized bed
• 250 g of kaolin added to every 9.1 kg of corn stover to 

help reduce agglomeration.
• DEPG (dimethyl ethers of propylene glycol)-based CO2 

absorption system used for carbon capture.

Gasification with CO2 Capture

Test Pressure Feed Gasifier Water-Gas 
Shift (WGS)

Cofiring
38.2 bar

0%–50% 
stover, oxygen, 
and steam Single-stage 

fluidized bed

Sour shift 
followed by 
sulfur removal

Week 1 100% stover, 
oxygen, and 
steam Sulfur removal 

followed by 
sweet shift

Week 2 21.7 bar

Week 3 19.7 bar 100% stover, 
air, and steam

Fluidized bed 
followed by 
tar crackerWeek 4 15.5 bar



GC-MS Solvent Analysis
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Tar Species Measured in Solvent
• Benzene dropped in Week 1 even as 

quench water saw very high TOC
– High pressure may have allowed 

benzene to condense in quench 
pots, though note that all other 
species analyzed increased

• Large spike in single-ring organics in 
Weekl2 when system pressure was 
dropped; lesser jump for most two-ring 
organics

• Fresh solvent in Week 3 (air-blown); 
naphthalene reached same level as 
Week 2. Other species lower than 
Week 2 but higher than previous 
testing with cofired.

• Much variability throughout Week 4 
(low-pressure air-blown), but 
concentrations generally stable
– Tars in CO2 product also stabilized 

during Week 4 (later slide)



Semi-Quantitative Results
• CO2 standards were not possible, but relative results can be compared by quantifying CO2 

using a false standard.
• Unused solvent contained nondetectable CO2. Solvent left from previous testing started with 

~77 µg/mL (pseudo-quantitative) after long storage at room temperature and pressure.
– During high-pressure operation in Week 1, CO2 jumped to between ~830-1100lµg/mL.
– CO2 then dropped to ~185 µg/mL during lower-pressure operation in Week 2, even as 

benzene and toluene concentrations spiked.
– CO2 was not reported in Weeks 3 and 4.

• Other species detected include tetralin, 1-methyl naphthlene, and 2-methyl naphthalene. 
Acenaphthene and ethylnaphthalene looked for but not detected.
– Most species present but generally below quantification limits.
– Tetralin and 1-methylnaphthalene were quantifiable at the end of Week 1 and in Week 2, 

with signal strength (and concentrations) increasing over time.



Quench Water TOC
• Total organic carbon ~6× higher with 

100% stover than with 50% stover.
• Reducing pressure and adding tar 

cracking in Weeks 2–4 did not get TOC 
down to cofiring levels.
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Syngas Streams
• Approaching 6000 ppm benzene in CO2 

product stream after <2 weeks of operation 
in air-blown gasification.

• Need to address for compression, transport, 
and storage.

Water and Syngas Streams



Summary
• Tar formation can completely plug lines, valves, regulators, and even compressors, particularly in 

small-scale systems
• Reheating, extra condenser space, solids recycle, optimal bed temperature, and reactor design 

are all factors that may need consideration.
– Even with almost 20 years of learnings, the gasifier lines still plugged frequently when running 

on 100% corn stover at ~300 psig in oxygen-blown gasification, though we have learned to 
identify and clear plugs much faster over the last two decades

• Fuel- and condition-specific testing needs to be done on biomass gasification before full-scale 
implementation.
– Tar production is highly nonlinear with increasing biomass feed in a pressurized fluidized bed; 

100% corn stover generates several times more tar than a 50/50 blend of stover and coal.
– High variability among biomass types (wood, crop residues, olive pits, energy crops like 

switchgrass, etc.)
• Tar cracking using a retrofit system was effective at avoiding plugs, but a purpose-built tar cracker 

would likely be necessary for deep tar reduction.
– Tar cracker generated ash in Week 3 at 2000°F but plugged with slag in Week 4 at 2500°F; 

optimal tar cracking needs to balance good organic conversion against potential for slagging
• Volatile tar (benzene, naphthalene) reaching the capture system partitions to the CO2 stream.

– Needs to be addressed for compression, transportation, storage, and utilization.
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