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Tar: Achilles Heel of Biomass Gasification

e The Tar Problem

— Viscous, sticky, smelly, and carcinogenic
— Condensing tars gum up engines & turbines
— Tar poisons catalysts (BTL)
— Tar represents lost energy
» Cold gas efficiency & Low BTU gas issues
e Tar removal

— Toxic soluble fraction in scrubbing water
e phenols

— Tar is a hazardous waste disposal stream




Cold Plasma GlidArc Operation
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Extent of Reformation
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Results were the basis of full scale design
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%

Dry Gas Air In O,In H,O In Toluene In
Run L/min L/min L/min g/min g/min
50 52 0 1.7 5.9
Mole % Output
Run H, N, CO CO, Toluene CH, H.0
12 54 21 7 0 3 6
LHV Gas In LHV Gas Out Thermal Eff Toluene
Run kwW kwW Percent % Destroyed
5.02 5.87 117 98
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Revisited Subscale Laboratory Reformer
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October 2011 Laboratory Testing

e Simulated gasifier stream
— High capacity syngas system for FT
— “Enriched” with

* Natural gas
* Fuel gas mix (C2-C4, alkanes & olefins)
* More realistic BTXN+ injection

» Steam from boiler
— O, or air to obtain temperature

— GC analysis
e Online microchannel GC H, up through C2s
« Varian GC with FID for heavier hydrocarbons

e 3-phase 6-pole plasma source
* 2% of full scale




Ceramatec Laboratory Syngas Facility

Two 500 gallon
800 psig (55 bar)
syngas tanks

Two stage oil free syngas compressor

with syngas drying system. 24 e e ®
Discharge pressure 150-200 psig 240 gallon Single stage oil free
holding tank syngas compressor
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Process Model Optimization of Target Flows
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Conversion in Larger Plasma Reformer

* 92% methane (near equilibrium limit)

* 96% ethane

e 100% (to detection limit) of other C2-C4
* 98% benzene

* 99% toluene

 100% (to detection limit) of xylenes

 Naphthalene too heavy to elute
— Waiting for thermal desorption tube data



Reformate Energy Content Analysis

Product stream energy Is lost if the tars are
scrubbed and removed as a hazardous waste.

It takes energy to heat the process stream to
~850 C to enable reformation

For low tar concentrations, the energy to heat
to reforming temperatures is greater than the
energy represented in the tars

An analysis was done to find this cross-over
tar concentration vs. gasifier configuration






Gasified Configuration Dependence

Updraft air blown Downdraft air blown Updraft O ., Downdraft O ,
! "#$% "$H%& ' " H#&
Steam/C $#HI( "&H(%o( &#H$ & "(#"
O/C "H# "#H"'& "#( "#1$
Tar g/Nm3 ! !
Gasifier Product Updraft air Downdraft air Updraft O , Downdraft O ,
Component % volume % volume % volume % volume
CH, 0.0027 0.0012 0.0090 0.0063
CO 19.063 15.190 25.336 22.670
CO, 12.271 13.298 16.346 17.217
H, 21.527 18.874 34.013 32.658
N, 31.808 34.366 0.090 0.097
H,S 0.053 0.057 0.044 0.047
HCI 0.036 0.039 0.027 0.029
NH, 0.0017 0.0015 0.0002 0.0002
H,O 15.2369 18.1709 24.1335 27.2740
COSs 0.0015 0.0015 0.0010 0.0010



Updraft O, Gasifier Break-Even Tar Loading
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Downdraft O, Gasifier Break-Even Tar Loading
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« Fall 2010

— Assembled 3-stage reformer

— Western Research Institute —
Laramie, WY

— Lifted into place on structural steel

— Piping connected to gasifier and
flare

« Fall 2011

— Controls & Utilities installed
— Startup pending favorable weather






Waiting for Gasifier Startup



Conclusions

Biomass gasification is currently limited by the disposition
of tars in product gas

Plasma reformer was shown to convert representative tar
species to syngas while still in the product gas stream.

A process model shows a threshold tar level is consumed
In heating the stream to 850 C as dictated by reforming
thermodynamics

Industrial scalable design was developed

Hardware fabricated and ready for installation

Project funding by DOE EERE Office of the the Biomass Program

Biomass Synthesis Gas to Liquid Fuels Validation

Cost share: Emery Energy Company & Ceramatec, Inc.



