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Biomass Gasification

Thermo-chemical conversion process at high temperature to convert biomass

to mostly gaseous products.

800 — 1000 C
Dry Biomass Producer Gas
(up to ~25w% moisture) (H,, CO, CH,, C,H,, CO,, N,, ...)
> Gasifier >
Byproducts (ash, char, water, tars, ...)
>

Heat

(Extra gasification medium,
such as steam, CO,, N,, O,)
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Composition of Lignocellulosic Biomass

60%
Converted to moles:
0% (CH1 4300 g5)n (daf)
40% B Redwood Mill Residue or ~ (CHZO)n (Waf)
M Almond Prunings
30% = Almond Shells daf...dry and ash free
. B Walnut Shells waf...wet and ash free
M Corn Stover
10% M Cotton Stalks Ash: Si, K, Na, Ca, Mg,
0% Al, Fe, and other metals.
Ash Carbon  Hydrogen  Oxygen |n0rganics: N, S
w% (dry)  w%(daf) w% (daf)  w% (daf)
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Biomass Gasification

Thermo-chemical conversion process at high temperature to convert biomass
to mostly gaseous products.

800 — 1000 C

PYoducer Gas
(H,, CO, CH,, C,H,, CO,, N,, ...)
>

Dry Biomass
(up to ~25w% moisture

Gasifier

products (ash, char, water, tars, ...)
—_—

ra gasification medium,
such as steam, CO,, N,, O,)

- =

Industrial Ecology Seminar, UC Davis March 8™, 2018



FICFB Gasifier: Converting Biomass to Producer Gas

Filter Filter Scrubber
. . . (Ash) (Char) (Tar)  Product
* Fast Internally Circulating Fluidized Bed e N _ Gas

(FICFB) L [ L
* Fluidized bed using bed material such as \f 4,\—/
Olivine sand [ ~—

* Indirectly heated, air-blown, ambient- Gasifier

pressure design. combuson | |
 Low nitrogen producer-gas, acceptable tar Woody Biomass
levels.

» Cold-gas efficiency > 70%

Air Steam
Woodland, CA Gussing, Austria
' ~1 ‘MqueI Burgeis, Italy Gothenburg, Sweden
) ~2 MW, Senden, Germany ~32 MW,

~16 Mque|

2 MW,,, 0.5 MW, 500 kg

Research

CHP...Combined Heat and Power, RNG...Renewable Natural Gas
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. CHP | CHP
Research CHP
Currently limited to chipped forest wood and prunings to prevent ash melting

CHP...Combined Heat and Power, RNG...Renewable Natural Gas
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Biomass Gasification

Thermo-chemical conversion process at high temperature to convert biomass
to mostly gaseous products.
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Typical Producer-Gas Composition
(after raw-gas cleanup and cool down, ready for power production in Sl-engine)

Compound Chemical Volume
P Formula Fraction

Hydrogen _ H, 0.38 <—— pepending on steam (water-gas shift),
Carbon Monoxide co 0.19 7 catalysts, residence time.
Carbon Dioxide CO, 0.22
Methane CH, 0.09<———— pecrease with increasing temperature,
Water H,0O 0.07 catalysts, residence time
Oxygen O, 0.002
Nitrogen N, 0.02
Ethylene C,H, 0.02 Oxygen-blown or indirectly-heated gasifier
Ethane C,Hq 0.002 for low N, content. Nitrogen content of fuel
Acetylene C,H, 0.002 matters.
Propylene C;Hg 100 x 106
Benzene CsHg 0.003
Toluene C.,Hg 100 x 106 . . .
Naphthalene CioHy 0.002 Depending on biomass composition
Other Tars 0001 0% 10% 20% 30% 40% 50%
Ammonia NH, 150 x 106 H2
Hydrogen Sulfide H,S 100 x 106
Hydrogen Chloride HCI 1x10°¢ ©
Carbonyl Sulfide COS 3 x 1098 Cha
Thiophene c,H,S 5x 109 ot :
Methyl Mercaptan CH,SH 50 x 109 ::s:yr::::m
Carbon Disulfide Cs, 30 x 10 CoHe
Benzothiophene CgHS 12 x 10 C10H8
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Final Products

Electricity

Producer Gas

(H,, CO, CH,, C,H,, CO, Ny, ...) —
>

Byproducts (ash, char, water, tars, ...)
—

Biochar as fuel, adsorbent, or
soil amendment ' »
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Conversion of Lignocellulosic Biomass to Fuels

Lignocellulosic Biomass

Coolplanet Direct Liquefaction
Pyrolysis ﬁ Diesel
Naphtha —> [ —> Gasoline

Refinery
—> Diesel
ﬁ Hydropyrolysis —> Gasoline (blendstock)
’ —> RNG

Cco, Indirect Liquefaction

M A
1

V— > Gasification %S —L 5> RNG
21 ’ 1
tars, CO,) m (TRI, tubular FT)

@ Red Rock (Velocys) > Jet Fuel
Diese )
> _ —> Middle distillate —> B eEEEing

Naphtha —> Refinery
—> Ethanol CIUV, West Biofuels
—> Methanol or DME

Haldor Topsoe (Tigas

—> Gasoline (blend stock)

\ Other Feedstocks or Methods
Vegetable Qils

Gasoline

- -

ucsp Industrial Ecology Seminar, UC Davis March 8t, 2018



Concept: Fluidized-bed Methanation to Convert Producer Gas
to Renewable Natural Gas

* Reducing number of unit operations to a minimum.

» Scrubbing or adsorbing media is either regenerated or sent to the combustor

section of the gasifier.
* Fluidized-bed methanation can tolerate olefins and aromatics
« Sulfur removal is necessary and key element
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Concept: Mixed-Alcohol Synthesis to Convert Producer Gas
to Liquid Product

* MoS, based

* Benchscale,

120%
100%
80%

60%
Bench-scale

reactor at the
Biomass

Center

synthesis 40% -
Woodland 20% -

Research 0% -

Catalyst from Albemarle. Similar to

“‘Dow” Catalyst, NREL, Range Fuels.
* Allows for 100ppm of H,S in the feed gas.
* No further producer-gas cleaning necessary.
* Pressures around 100bar are tested.
« Methanol and tail-gas recycling is investigated.

« Commercially, alcohols and water would be
separated by distillation.

laboratory-scale, and pilot-scale unit.

* Collaboration between UCSD, bioenergy2020+
(Austria), and West Biofuels.

M 260C, 100bar, GHSV 1000
M 280C, 100bar, GHSV 1000

M 290C, 100bar, GHSV 1000

M 320C, 100bar, GHSV 1000

CO Conversion Selectivity to Mass Fraction Mass Fraction Mass Fraction
Alcoholsamong all Methanol Ethanol Higher Alcohols
Hydrocarbons

Industrial Ecology Seminar, UC Davis

March 8th, 2018



Acknowledgments / Partners

L&Y CALIFORNIA
LZo ) ENERGY COMMISSION

O VWESTBIOFUELS
@ SMUD’
—Darker

Dioenergy2020+

FAML SCHEREER INSTITUT

==

o

ucsp Industrial Ecology Seminar, UC Davis March 8t, 2018



