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What Are Advanced Biofuels?

Why are thy important ?
What are they used for?
How are they made?

Can we buy them NOW?




What Are Advanced Biofuels?

Why are thy Important ?




Why Replacing Oil With Advanced
Transportation Biofuels Is Important

rest to produce
plastics &
related products

90% oil used as
transportation fuel




Peak Oll

US Oil Production and Imports
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Peak QOll

THE GROWING GAP

[ Past Discovery
[ Future Discovery

-=- Production

Past discovery based
: on ExxonMobil (2002).
”‘.‘ Revisions backdated

1930 1950 1970 1990 2010 2030 2050




-— - .. Before oil runs out, it
= - becomes more

difficultand




Before oil runs out, it
becomes more
difficult and
dangerous to extract.




Ethanol Is a biofuel.

Corn-based ethanol is one of
the few currently commercially £88 58 .
available biofuels you can buy TGS < WeE
for v'e?ﬁ'éés today. B e

A And the ethanol molecule is many other
things too. Can you nhame some?

A Wine A

A Beer oz =
A Whiskey = 5_ NY
A Moonshine % . -



NATURAL BALANCE
-
PHOTOSYNTHESIS

CO,
DEFORESTATION
CO, CHy AND SUCCESSION

FOSSIL FUEL Co2

EMISSIONS AGRICULTURAL 2

CHy CONVERSION
CO 2
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Virtually no oll Is
used to produce
electricity in the

US.

Windmills and solar
~can produce electricity
~ but cannot power jet airplanes.
« . Aq.a‘.: s
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What Are Advanced Biofuels?

What are they used for?




What Are Advanced Biofuels Used For?
Today ™

S\

LOW-SULFUR
HIGHWAY
DIESEL FUEL

3 Fueling Aircraft : o

Required for use in all
— highway diesel
Biodiesel vehicles and engines.
Blend

Recommended for use
RN in all diesel vehicles
............ and engines.

==

containe less than 5%




What Will Advanced Biofuels Be Used For
Tomorrow?

J' Pl | wOE UE Ol we#foru b 1| O UR
high mileage \ehiclesii i ?.‘
s ’ g

s < i

£
P
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What Will Advanced Biofuels Be Used For
Tomorrow?

3 Military Aviation
Fuels

q Militar){_ Marine
L Fuels_._.{




What Are Advanced Biofuels?

How are they made?




What Are Advanced Biofuels?

How are they made?

Feedstock
Logistics
Technology

g




Feedstocks. Identify Potential
Energy Crops

3 Grasses
J Trees and Forest Waste

J Agricultural Residues

J Algae
3 Food Processing Residues AORET NN

J Energy Crops

| wi; b
! (188 Bet. 40T
:Jii" ;7" ! 1y

- L ra
{ | 55 e =2 av
)y L)
%0 L0 BUEE Y ol
S Lt |
ezt



Examples of Potential *< :
Feedstocks or Energy Crops } :
\

3 Algae 3 Grasses such as N\

3 Corn stover A Switchgrass ,,:( ;\jQ 7

J Corn cobs A Miscanthus |

J Energy cane 3 Sugar beets

3 Sorghum J Coffee grounds &

J Forestry waste 3 Jatropha _—

J Municipal waste 3 Camelina BaG

J Sawdust J Paper/pulp mill DL

J Chicken manure wasless N

3 Agricultural 3 EOOX]
residues PO




Examples of potential
crops/plants which can be used
for production of biofuels

Sunflower or
Jerusalem

‘ l Artichoke

=




Examples of potential
crops/plants which can be used
for production of biofuels

‘ 'L"’.‘;‘l' i

Sweet Sorghum







Examples of potential
crops/plants which can be used
for production of biofuels

Arundo
B R or
| | Giant Reed




Examples of potential
crops/plants which can be used

for production of biofuels




Examples of potential
crops/plants which can be used
for production of biofuels

-

Sugar Beet




Examples of potential
crops/plants which can be used
for production of brofuels

Ll




Examples of potential
crops/plants which can be used
for production of biofuels

-
y . ‘|

/i
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Switchgrass
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Examples of potential
crops/plants which can be used
for production of biofuels

QB-‘

Fomg. Sorghum

For more info, ploase ""'?“‘"—m
et ifudonzadh e RosLoaks.
Ao

hafy \!‘\7 ~;- whe NN i
oS s PR



Examples of potential other
things which can be used for
production of biofuels

TR ————
- -— .
-—

D -

Sorted
Municipal
Solid
Waste




Examples of potential other
things which can be used for
productlon of biofuels

by ‘ ‘sf s f' "o'..' -
.‘ '.-’Ilfw-v

Woody Biomass

ADVANLCE



Examples of potential other
things which can be used for
production of biofuels

N \\“

ADVANLCE



What bioenergy crops might grow
where you live?

How can you find out?
3 Ask your

J local Agricultural Extension Service

J local Farm Bureau members £ -,g
3 State Land Grant University ORI
3 Talk to advisors of local 4-H or FFA N "
organizations ’ ok«

J Contact your local Agricultural Economic
Development Office —




Maybe bioenergy crops are not suitable for
your area. What are other advanced
biofuels feedstocks?

To

s Forestry big in your area?

To

DOoes your area process agricultural
oroducts leaving waste when food e

production is completed?

A What about biomass that is now
dumped into your landfill?

ADVANLCED



Processes

Biochemical Thermochemical

Fermentation JGasification

Plant extraction 3Plasma arc gasification
Transesterification JPyrolysis

Hydrolysis J3Thermochemical
Enzymatic Catalysis copversion of sugars

!




Heat Syngas Fischer-Tropsch

WSS Coficaton, "0 Synthesis or
» ", z g;d -Wﬂon

13 RN
g : ‘ Pyrolysis Heat Biocrude 'E
AL et R s ro treating
, \7’ m Hydro treating
i ﬁ“ Deconstruction Aqueous B, _ =
SRR Low heat ' phase : o g
sugar in Water forming > | ~ =g
Plant Biomass: t
; val
poplar,switchgrass, —
corn stover, woody Salae 1
) Process
biomass; sorted Jet fuel
municipal solid waste a Coontry
and others Diesel ) - T

Transportation Fuel

£

Plastics

‘ ,}/
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Small Group Discussion Question: Economic

et

~ How Will'We Economically
Produce and Transport
Feedstock to Biorefineries ?

- And Fuel to Customers?

==



Small Group Discussion Questit

How do we use land for
Food/Fuel/Feed/Fiber and

o) |
Fun’ ”!”T'

used?

Locally, Nationally, Internationally

=y




Small Group Discussion Question: Environmental

How can

3 Growing crops, e
3 Using forest products; 5 N : #
3Growing algae, or % - # e
3 Using waste from food™——=

processing or mu/mgrpaF
Help or Hurt the Envzronmef




Small Group Discussion Question: Economic

et

~ How Will'We Economically
Produce and Transport
Feedstock to Biorefineries ?

- And Fuel to Customers?

==
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Minimizing the Cost of Biomass
Transportation
The Transport Conundrum

How can we gather
enough Biomass
to support a
Cost-Efficient
Biorefinery ?




Minimizing the Cost of Biomass
Transportation

The Transport Conundrum

The size of current generation of ethanol production
plants is limited by the amount of crop that can be
economically trucked to the plant

Production plants can not take advantage of
economies of scale

Production plants may not operate year-round because
of harvest patterns

Production plants may not be able to switch crops to
reduce costs becauseof longer transport distances




Minimizing the Cost of Biomass
Transportation
Breaking the Transport Conundrum

Separating biorefinery functions Is an answer to the
conundrum

1. Conversion of biomass to high density liquid sugars or
other intermediate compounds would occur at a network
of decentralized, low -capital facilities, often co-located
with grain elevators

2. Intermediate liqguids or ? x Ul E U Uwodld U be
transported by truck or rail to existing refineries




Minimizing the Cost of Biomass
ransportation
Breaking the Transport Conundrum

3. Existing petroleum refineries or biorefineries could be
retrofitted to utilize intermediates or precursors as a
feedstock alternative to crude oill

4. Biofuel production would be year-round, utilizing a
variety of different biomass sources harvested at
different times of year

5. Multiple biofuels and other bio-chemicals would be
produced at one facility, provides market response

flexibility !E.- -)Jlﬂi-l
™ z

~

o i (
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Small Group Discussion Question: Environmental

How can

3 Growing crops, e
3 Using forest products; 5 N : #
3Growing algae, or % - # e
3 Using waste from food™——=

processing or mu/mgrpaF
Help or Hurt the Envzronmef




Principles of Sustainability

J Economic Environmental Social

X Carbon Cycle/Climate Change
U Reduce Green House Gases |
the atmosphere
Ull EUEI wOUUw? EER
U Reduce Black carbon from
cooking fires
X Reduce use of fertilizer
x Reduce use of water i\
X Grow crops that sequester carbonj '3"




NATURAL BALANCE
-
PHOTOSYNTHESIS

CO,
DEFORESTATION
CO, CHy AND SUCCESSION

FOSSIL FUEL Co2

EMISSIONS AGRICULTURAL 2

CHy CONVERSION
CO 2
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Small Group Discussion Questit

How do we use land for
Food/Fuel/Feed/Fiber and

o) |
Fun’ ”!”T'

used?

Locally, Nationally, Internationally

=y




Principles of Sustainability
3 Economic Environmental Social

U Government
U Land ownership —
U Transportation
U Infrastructure

U Education

=

ADVANLCED



Principles of Sustainability

J Economic Environmental Social

J Land Use Practices

3 Decision-Making

3 Form of Government L“ l.i!{‘ﬁ“ﬂflu

—v ‘ J..‘

3 Cultural Values and Traditions {siens: ™"

3 Economic System g0 o
J Market -Based

J Level of Government Influence

—

« J Prestige and Aspirations



2007 Renewable Fuels Standard

Sec. 202 Energy Independence and Security Act of 2007
(Billion Gallons/Year)

40.0
220 Additional
- Advanced Biofuels
30.0 Cellulosic Biofuels
25.0 ® Corn Ethanol
20.0
15.0
10.0
5.0 A

0.0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

=y




2007 Renewable Fuels Standard

Sec. 202 Energy Independence and Security Act of 2007
(Billion Gallons/Year)

Renewable Fuel Standard (billions of gallons)

200 2012 2003 2014 2018 2010 2007
Year

“ Conventional Biofuel {mostly com) ® Cellulosic Biofuel
Blomass-based Diesel” ® Undifferentiated Advanced Biofuel

" After 2012, the volumes of biomass based diesel are determined by a regulatory process.

Based on information from the U.S. Department of Energy
tomudall.senate.gov




New ldeas?
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What Are Advanced Biofuels?

Can we buy them NOW?
EEOz Uwbi

,4 ":‘ =




Which Products Can
You Buy NOW? \ | f
3 Cellulosic Ethanol? ' 7. S
J Blodiesel? |
J Renewable Diesel? »
32#ULHLO2 w! DOI Ul OUYy
3 Co-Products?




