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BIOMASS ENERGY OPPORTUNITIES

GOALS
Review the biomass energy, liquid fuels situation
Discuss potential opportunities
ldentify synergies and opportunities

Understand and preserve our options



CORN-ETHANOL ISSUES




NOTHING NEW ABOUT CORN- ETHANOL




Ethanol as fuel is not a new idea

New Yok Times (1837-Curvent fife); Sep 20, 1925, ProQuest Histoncal Newspag
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FORD PREDICTS FUEL
FROM VEGETATION

He Says Electricity Will Heat
Cities in the Futare—Tells of

1

Testing a New Floar.

BOSTON, Sept. 180 (F).—The time is
coming when Amerlcens will grow thelr
own fuel and American cities =will be
heated by electricity, Henry Ford 18
quoted as saylng during hils stay at his
Waywyside Inn In Sudbury, In an inter-
view pu‘b‘lished by The Christlan Sclence

““The ruel nf the future,” he cald, "'is
golng to come from fruit like that su-

mach out by the rtoad, or from apples.
weeds, .sa.vrduat—u.lmost an:rﬂﬂ_ng. There

tha.t can ‘.I:ra fem:ented. There 5 enough
‘alcohol in one year's yield of an acre of

potatoes to drive the ma.i:hlnery‘ neces-
BAry to cultivate the fleld for a hundred
vears.

NY Times- Sept 20, 1925
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Photo, taken in April 1933, shows a Lincoln
Nebraska gas station of the Earl Coryell Co.
selling "Corn Alcohol Gasoline."



Corn Cellulosic Ethanol

Stover Gasification Plant

Ethanol Plant

Traditional Corn



CORN- (not the total answer)

In a document “The Case for Ethanol” Anna Halpern-Lande states:

® Using cellulosic waste will be critical if ethanol markets are
to mature.

®" The energy bill creates a nationally mandated threshold to
7.5 Dbillion gallons,

® We simply will not have enough corn.

" Our capacity to produce corn-based ethanol will max out at
around 10 billion gallons,

® Corn stover- the stalk and leaves from corn alone would add
7 to 12 billion gallons of ethanol capacity.




Cellulosic Ethanol Technology



BIOMASS — ETHANOL BACKGROUND
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PLANT CELL WALL
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Lignocellulosic Blomass

Corn Siowver Bagasse Hardwood 1
Crther Softwood
(Extracdves, profein ash etc.)

Cellulose
(Glucose sugar)

Lignin
(Precursor of coal)

Hemicellnlose

(Other biomas:
saEars, esp. the
pentose D-rylose)




Sugar Release & Fermentation

r

BIOMASS
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Pretreatment
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Fermentation

Microbial
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ETHANOL
(50%)
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ClearFuels - Pearson Process Technology

/
GASIFICATION-CATALYTIC CONVERSION PROCESS
Gas
Turbine |—» ELECTRICITY
BIOMASS *
(feedstock)
(€O & Hy) ETHANOL
Syngas f
Dryer || Grinder |— Gasifier | ©© &H.Z Heat Gas CO7 Catalytic Product
° (reformer)l Syngas |Recovery 1 Cleanupf| removal [ Converter [ Separator| °

- I alcohol
T T steam ¢ CO2 synthesis
l ash
4 Butanol

. * Propanol
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Pearson Biomasss
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BIOMASS GASIFICATION OPTIONS

N
Wl — ELECTRICITY
GAS TURBINE
™
= / ETHANOL
U —| CASIFIER |_p SyNGAS A7
BIOMASS (reformer) CO H, % 1
02 Q C%AJOELQECR METHANOL
PSA —p» HYDROGEN
MEMBRANESEPARATlON *
SHIFT CONVERSION FU EL*CEL L
BIOMASS GASIFICATION PRODUCTS E L E CT R I C ITY
J
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Cellulosic Ethanol Technologies

TREATED

WASTEWATER @ j
Forage, Grass Crops W

Agricultural VWastes Food & Municipal Paper PructS
& By-Products Sludge ~ Organic Wastes & Newspaper

LIGNOCELULOSIC BIOMASS BIOMASS & CARBON BASED PRODUCTS
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Sugar Crop Biomass

OTHER 40% Total Biomass
(@50% moisture)

Attached
Leaves

G]EEN
TOP
B80-88%
- MOISTURE

GENERALLY WASTED COMPONENTS

MILLABLE MILLABLE CANE
) STEM 0 i
ATTACHED TRA 70-75% 60& Total Biomass
18-30% MOISTURE MOISTURE

EXPANDING

/ 70-75% Moisture

15-20% Fiber
T~ 10-15%

o (AN ST Sucrose

NOW HARVESTED PORTION




Integrated Sugar Crop Ethanol Production

Milling Train

mixed juice
tank

= ELECTRICITY FERMENTATION
GAS TURBINE

DISTILLATION
GASIFIER *
—p SYNGAS
[( reformer) (COH»y) > > ETHANOL
HEAT
’ : __C%ﬁlilT \?lE_\IQ'I_'IgR Sugar Mill Ethanol
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BIODIESEL

METHANOL from GLYCERINE
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OIL > BIODIESEL > GLYCEROL > METHANOL

FATS & OILS + METHANOL CATALYS'E> BIODIESEL + GLYCEROL

cooking oils
soy bean ol ( potassium hydroxide)
palm ail
etc.

( 10% volume)

METHANOL REACTOR

GASIFIER
GLYCEROL —~ - SYC%GﬁS —l co+ H,
2 +

= METHANOL
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Hawalil Waste Opportunities

(’

HAWAIl MSW COMPOSITION

MSW - ENERGY/

ETHANOL
POTENTIAL
Paper:---e 24%
Food..«rereeeenenns 8%

Wood Yard
Gregn: e 32%
TOTAL:-revrreneees 64 %

RUBBER: 1%
METALS: 10% /=
GLASS: 5%

PLASTIC:7%

FOOD WASTE
8% WOOD,YARD&
GREEN WASTE

32%
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Oahu — Waste to Ethanol

ETHANOL from MSW

(OAHU ANNUAL ETHANOL FROM MSW)

Nov-04

Oahu Population 900,000
Oahu annual Waste (tons) 1,600,000
Ethanol gallons / ton 110

WASTE COMPONENT

Percent of total

Annual Amount

(tons)

Paper 26.20% 419,200
Yard Waste 17.90% 286,400
Wood 12.00% 192,000
TOTAL 56.10% 897,600
Annual Ethanol (gal) 98,736,000

Annual Gasoline Consumption (gal) 400,000,000

Ethanol / Gasoline % 25%
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PLUGGING THE HOLES

(connecting the pieces)

Integrated Crop Biomass Feedlot Fuel

BIOMASS

GASIFICATION
STOVER CATALYTIC
& BIOMASS CONVERSION
ETHANOL PLANT

Wood and

& Forage Crops
' @9 a

Fermentation

olant | & ETHANOL

Heat & @ Q] Soybeans

Electricit C02

Distillers g SOYB EAN

Dried Grains [Q OIL
Soluables
> BIODIESEL
w SOYBEAN
<j MEAL
ALGAE
' PROTEIN

MEAT & MILK

R
TURBINE
shleser May 2007

shleser@aloha.net

MANURE & WASTES

ANAEROBIC BIOGAS SYSTEM
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BIOMASS OPPORTUNITIES

Biomass can be a big energy opportunity fo Hawaii !
All hydrocarbon sources can be part of the equation

We need an analysis of the available and potential
resource base

We need a financial analysis of the supply train for
each technology

Government and the private sector must make a
commitment to developing these resources

Hawali can be a leader as a center for biomass
energy technology demonstration and transfer
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BIOMASS TECHNOLOGY

CONCLUSIONS
Everything Is connected

Waste can be one of our
“Most Sustainable Resources”

Wasting Waste iIs Wasteful !
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ClearFuels Technology Inc.

THANK YOU

Contact Information
Robert Shleser Ph,D./ CTO
ClearFuels Technology Inc.; Suite 308
Hawaii Agricultural Research Center
99-193 Aiea Heights Drive
Aiea, HI 96701

rshleser@clearfuels.com
Phone 808 259-5042

Enabling Highly Efficient Low Cost Sustainable Energy Production
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