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Company Profile

 West Biofuels, LLC formed in 2007
* Primary Endeavors:

— Commercialization of Gasification Systems

— R&D Advancement for Syngas to Biofuels Conversion
Technologies

e Strategic Technology Partnerships
— UC Davis (US), UC San Diego (US)

— Vienna University of Technology (AT), Paul Scherrer
Institute (CH)

— Bioenergy 2020+ (AT), INSER (IT), Albemarle (US)
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Feedstock

e Cellulosic Biomass

— Forest Sourced Wood Residue

— Agricultural Tree Removal & Pruning

— Walnut Shell

— Almond Shell

— Cotton Stalk

— Urban Construction & Demolition Wood
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Technology Overview

producergas Aﬂue gas
loop seal
gasifier /

\ - riser
biomass auxiliary fuel
—— — ’ ‘. ------

. |_~connecting
chute
steam T ¢
air

Fast Internally Circulating Fluidized Bed (FICFB)
Gasification System at West Biofuels

. O WESTBIOFUELS



Technology Overview
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Hydrogen from Syngas

The most common approach:

Step 1: Gasification

Step 2: Water Gas Shift

— CO + H20 + Catalyst 2 H2 + CO2 + heat

Step 3: CO2 Removal

Step 4: H2 Separation

— Pressure Swing Adsorption (PSA)
Step 5: Steam Reforming & Syngas Recycling

— Convert high-hydrocarbon tail gas from PSA to CO, CO2, H2
for recycle into the water-gas shift reactor

— Or send tail gas to onsite power generator
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Hydrogen from Syngas

Table I 3yngas composition after dust removal (wi) [5]

Component Fange Dirnension
hydrogen 3545 Vol-%%
carbon monoxide 20-30 Viol-%
carbon dioxide 15-25 Vol-%%
° 1 . f . methane 8-12 Viol-%
Step 1: Gasification |nirogen 13 Vol%
tar 2-5 g/Mrr?
hydrogen sulphide 150-300 ppm
HzO 40-60 Vol-%

Table IV: composition of the syngas after the water gas

shift
Cormp orent composition [vol-%4]
hydrogen 4735  £2.53
o Step 2, Water GaS carbon monoxide 616  £2.07
. carbon dioxide 3217 +£241
S h |ft methane 296  £0.80
nitrogen 204 x£1.15
hydrocarbons (Cz, Ca* 333 072

* minor gas components (C2Hz, C2Hy, C2He, CaHs, C3Ha)
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Hydrogen from Syngas

Table V: composition of the syngas atter COz removal

Compornent cormp osition [vol-%)
hydrogen 6681 +£1.12
carbon monoxide 744 £0.95

® Step 3: COZ Removal carbon dicxide 421 *£3.18
methane 1221 =x2.12
nitrogen 310 +£178
hydrocarbons (Cz, Ca) 622  £1.93

Table ¥I: quality of the produced hydrogen

Component composition Dimension
hydrogen 99,90 WVol-%%
. carbon monoxide b m
¢ Ste p 4 . H 2 Re mova | carbon dioxide 500 ggm
methane b.d ppm
nitrogen 520 ppin
hydrocarbons (Ca, Cs) b.d ppro

bd . below detection limit
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Hydrogen from Syngas

Table VII: composition of the PEA tail gas
Cormp orent composttion [vol-%)
hydrogen 2295 264
carbon monoxide 1689 279
carbon dioxide 1134 +£355
methane 2654 069
nitrogen 1322 +£441

. hydrocarbons (Cz, C3) Q06  £3.03

* Step 5: Onsite Power

Generation or Steam

Table VIII: composition of the syngas after the steam
. reformer
Reforming
Cormp onent composition [vol-%4]
hydrogen 6030 +£306
carbon monoxide 1549 +£178
carbon dioxide 1252 008
methane 184 109
nitrogen 985 £231
hydrocarbons (Cz, C3) bod.
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Hydrogen from Syngas

* Yield:
— 60% of feedstock energy is recovered as H2
— Requires approximately additional electricity, equal to
approximately 10% of H2 production (by energy)
e Commercial System:

— 500 TPD Biomass Plant (~¥50 MW of feedstock)
 Comparable size to a 20MW biomass boiler (e.g. DTE Woodland)

— 460,000 Nm3/day H2 (~30 MW of energy equivalent)
— Uses 5.2 MW of electricity to operate
— Produces 2.4 MW of recoverable heat (e.g. district heating)
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Hydrogen from Syngas

 Financial Criteria:

— S86 million USD capital investment for a 30MW facility
(500 TPD)

* (52.87/W of H2 production capacity)
* Critical Economic Drivers:
— Cost of Natural Gas
— Cost of Biomass
— Cost of Electricity
— Value of CO2 Offset
— Opportunity for Heat Recovery
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Opportunities for Improvement

* Market Improvements

— Renewable Gas Standard
— High value for GHG reductions/LCFS

e Technical R&D Improvements:

— Gasifier Improvements:
* Prove with wide variety of California feedstock
e Cost reductions in subsystems (e.g. syngas cleaning systems)

— Conversion Improvements:

* Long-term catalyst testing on syngas (resiliency, regeneration)

e System integration and optimization (don’t reinvent the PSA, look
for innovative ways to integrate process steps)
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Thank You

Matthew Hart
Director of Business Development

matt.hart@westbiofuels.com
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