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Sources of cellulose

> Corn stalks, leaves, and husks (stover)
> @Grasses grown as crops

> Prairie grasses

> Sawdust and woodchips

> Yard waste

> Any plant!




Diverse
Prairie

ot I

v

: : II- 1T ' i ...I.'- I a r-. 1"-:
. 5 B o : J"\- . 5 1 -.r.
o . g 05X C L T 9
ENERGY yohg s (e f 3 : : . 34 ~»$m AKES BIOENERS)
' - 4 i P - I . s

g
i




Crop variation

 Different crops have different needs
= Water
= Fertilizer
* Temperature
= Sunlight
= Soil

= Pest protection

; I
> DOE Bioenergy
ENERGY @Rtiores., GREAT LAKES BIOENERGY J




End User

Transportation

Distribution

i P, - e
e r
] e
= g,
b ; -
L il
s,
-~
-_p
L

-_"i'-:nl:lﬁ:".' .
Y mcessingrgnd Conversion

Transportation

*Adapted from a drawing by US DOE EERE

& o
i
Fet e DOE Bioenerg ¥
2/ ENERGY allwumn'h Lc‘ﬁ&*rﬂa EEENIEREES rauH-:ur:H-EﬁG? j




Life Cycle Assessment

> Process that examines and measures all of
the inputs and outputs for a process

> Accounts for all steps

> Used to make comparisons of different
processes that have the same end goal
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Inputs

> Fuel, chemicals, water, land, sunlight
* Equipment for harvesting and planting
. Method of transporting crop to plant

> Processing machinery and energy to run it
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Outputs

> Ethanol

> Coproducts (electricity, animal feed, heat)

JENERGY BROFoenersy www.glbrc.org GREAT LAKES BIOENERGY 9




How Cellulosic Ethanol is Made

a4 Biomass is cut
B into shreds
and pretreated
with heat and
chemicals to
make cellulose
accessible to
enzymes.

Biomass is harvested
and delivered to
the biorefinery.

Enzymes break down
cellulose chains

into sugars.

Microbes ferment
sugars into
ethanol.

e Ethanol is

purified through
distillation and
prepared for
distribution.
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Goal of pretreatment is to open up cell wall
and expose cellulose.
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Enzyme Hydrolysis

Cellulose must be broken into individual
glucose molecules using enzymes before
fermentation can occur.
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Standard fermentation:

enzymes in yeast convert glucose
iInto ethanol and carbon dioxide.
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How Cellulosic Ethanol is Currently Made

Enzyme
production

F

Size reduction

S5F

| _ | Detoxification and Solid and liquid ._ Enzymatic Fermentation of Product
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“Breaking the Biological Barriers to Cellulosic Ethanol: A Joint Research Agenda”, DOE
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Area comparisons

Area Unit Length (m) Width (m) Area (m?)
hectare (ha) 100 100 10,000
acre 63.6 63.6 4.047
square mile 1609 1609 2,590,000
American football 91.4 (300 ft) 48.8 (160 ft) 4,460
International A 105 68 7,140
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Biomass Resources Available in the United States

Thousand
Tonnes/Year
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Corn for Grain 2008
Yield Per Harvested Acre by County
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Potential Switchgrass Production on
Conservation Reserve Program (CRP) Lands
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Corn Utilization, USA, 2000-2007

Metric tons
350,000,000

= Ltilization, seed
300,000,000

B Utilization, in glucose and dextrose
250,000,000
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Net Energy Values For Switchgrass Fields (Year 4)

(Source: Schmer, Vogel, Mitchell, & Perrin. (2007). Net energy
of cellulosic ethanol from switchgrass. PNAS.)
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Not all plants are built the same way, so
blomass processing steps may differ

[] Cellulose [ Xylose

[ Hemicellulose [ Arabinose

B Lignin [ Galactose
L B Mannose

Corn stover

Wheat straw Rice straw Miscanthus

Sorghum Sugar cane Swilchgrass

FPauly and Keeqgstra 2008 The Plant Journal

Hardwood Softwood

Figure 2. Cell-wall polymer composition (cellulose, hemicellulose and lignin)

and hemicellulose composition for a variety of plant materials that are

currently under discussion for use as biofuel feedstocks (based on the data » -
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The Future of Cellulosic Ethanol?

- Increase biomass yield per acre
- Improve biomass characteristics

Size reduction

Y

Direct conversion A

of cellulose and roduct
Pretreatment > cellulosic T ™ R overy Ethanol
- Exploit biological catalysts - Eliminate separation
- Reduce severity and wastes - Combine enzyme production, hydrolysis, .
- Raise sugar yields and fermentation into one reactor Residue

- Integrate total process "
Coproducts

“Breaking the Biological Barriers to Cellulosic Ethanol: A Joint Research Agenda”, DOE
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How are coal and
biomass, like switchgrass,
related?

If coal and switchgrass
both release carbon
dioxide when burned, why
do we care which one we
use as a fuel to power a
refinery?
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O—(C=0

carbon dioxide

Rapidly
recycled
carbon dioxide

Combustion for
energy

Ancient fossil fuel Millions of years to form Biomass
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Activity developed by James Reichling of Madison East
High School, Madison, WI (energy) and Scott Kloehn
of Sun Prairie High School, Sun Prairie, WI (GHG)
with Dr. Paul Meier and Julie Sinistore at the
University of Wisconsin-Madison with funding and
other support from the Great Lakes Bioenergy
Research Center

For more information write us:
education@gqlbrc.wisc.edu or

visit www.glbrc.org/education
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