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Tim Donohue
GLBRC Director & UW-Madison Professor of Bacteriology
Joint Legislative Council
Special Committee on Biofuels
August 19, 2008

www.glbrc.org
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Biofuels 101
Fuels derived from a biological source

» Wood or pelletized biomass to burn (heat, energy grid)

» Biomass (starch, sugars)-derived ethanol for liquid transportation

»  Oils/hydrocarbons (soybean, algal farms, starch-derived sugars, etc)
» Anaerobic digesters (methane)

» Waste water treatment (methane, hydrogen, electricity)
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Why is there interest in biofuels?

> Diversify & scale energy sources (micro- to macro-solutions)

» Reduce dependence on fossil fuels

» Create a decentralized/local biomass-driven economy

» Decrease carbon cost or footprint of energy grid

» Improve environmental and health status of the planet & its occupants

» National/Global security
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Who are we?

> 1 of 3 DOE-
funded Bioenergy
Research Centers

> ~$135M@ from
2007-2012



Bioenergy Research Center Challenge

DOE/SC-0095

Breaking the Biological Barriers to Cellulosic Ethanol
A Joint Research Agenda

Called for establishment
of “Bioenergy Research
Centers (BRCs)”

A Research Roadmap
Resulting from the Biomass
to Biofuels'Workshop
December 7-952005"s: Rockville, Maryland
June 2006

U. S. Department of Energy

Office of Science
Office of Biological and Environmental Research
Genomics:GTL Program
. . % Office of
Office of Energy Efficiency and Renewable Energy S M4 Science
Office of the Biomass Program (LA DEPARTNEENT OF ENERGY

http://genomicsgtl.energy.gov/biofuels/b2bworkshop.shtml
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How did we get here?

“Billion Ton” Challenge: cut fossil fuel
use for transportation fuels by 30%

» Need to convert 1 billion tons of plant
(cellulosic) biomass to ethanol per year

Nation produces ~1.3 billion tons of
cellulosic biomass/yr
(crops, grasses, trees, etc)

High energy/value products

» Liquid fuels (ethanol, biodiesel,
hydrocarbons, others)

» Energy sources (hydrogen,

electricity)

»Chemical feedstocks (precursors)

www.glbrc.org



U.S. DEPARTMENT OF

9 ENERGY

w = o [
L ﬂ
THE UNIVERSITY

WISCbNS]N Great Lakes Bioenergy Research Center

MADISON

" NORTHERN FOREST ® | DOE@
BIOMASS ‘4 Bioenergy
: = Office of Science R(‘.‘SCﬁ rch
Ces Technologies, //" \-\\ U.5. Department of Energy (cntcrs
h_ e m‘ \\
Lucigen| | |
General Mill’ THE UNIVERSITY . Nation’s |
Cargill i Leading Paper Y | 2
@ WISCONSIN S /B <
TV;II‘I Cities MADISON Cluster ( j-. : MICHIGAN STATE
g SR v PN U N I VERSITY

fichigan State University
- Lansing

: Umversnty Iﬁmcf**‘

I —“Lifasciencest eorch& > S y :;‘2
commercialization” X

ilwaukee 7\Region

v"qulI engine cd ul of the world' ¢ . “Automotive capital of the world"

. General Motors

" AGRICULTURAL : otechnology ey

: EO{‘IIGY Daiio 5 D ler-Chrysl
e Engineering | SGnon L  Daim LRsulvelas
Mod
GRAIN BELT \\ : Ijmghrclnsy Marine 'M 7 . Umﬁad Auto Group
T o ~ * Johnson Contro .
[OWA STATH - - ' L
UNIVERSITY! A
Deere & Co. Deere & Co.
|
“2 World Class ' : —
Construction, Harvesting, ¥ ADM . ) The Andersons, Inc.

& Maintenance Machinery

: 2 Chicago
¢ Deere & Co. (\ Deere & Co. I “International City/

e Caterpillar \ Global Market Center”

T i LLINOIS STATE]
s T e </ , UNIVERSITY ‘ .  OAK
| | | FRIDGE

\1rm wl Labo weane
e

{ Caterpillar

© Vandewalle & Associates 2007

www.blbrc.org



=2 U.S. DEPARTMENT OF

S
Q.

37 A
= L]
¢ 3

) &
ESOLg

GLBRC

Great Lakes Bioenergy Research Center

Additional partners
DOE Office of Science

» Joint Genome Institute (high-throughput DNA sequencing & informatics;

BER) http://www.jgi.doe.gov/
» Jacquard Opteron cluster hosted by the National Energy Research
Scientific Computing (high-performance computing, ASCR)
http://128.55.6.34/nusers/resources/jacquard/
» BACTER institute (computational biology training grant, ASCR)
http://www.bacter.wisc.edu/index.html

States of Michigan & Wisconsin
» Facilities (UW-Madison) and additional faculty (MSU & UW-System)
Patent and Licensing Team

» GLBRC Technology Transfer Working Group

www.glbrc.org
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Integrated programs

» Improve plant biomass

» Improve biomass
processing

Improve conversion of
7 biomass to energy

PLANT r

Biomass < P roducts

Improve sustainability of
SUSTAINABLE ENABLING PROCESSING biofuels pipeline

SYSTEMS TECHNOLOGIES Biomass

Genome-enabled science

Biomass

CONVERSION » Informatics & modeling

Education & Outreach

© Vandewalle & Associates 2007 www- g I brc- o rg
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Improved Plant Biomass

Objective: understand biochemical & regulatory pathways at a level
needed to divert plant carbon into more digestible polymers:
» Modified cellulose, hemicellulose & lignin
» Fructans and other digestible carbohydrates
» Qils/hydrocarbons

» genome-based knowledge to accumulate energy rich, polymers
» modified cellulose
» altered hemicellulose
» softened lignin
» oils
» interrogate model systems to acquire this knowledge
» inform application to bioenergy crops (corn, grasses, trees, etc)

www.glbrc.org
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Leading Metabolically -
engineered
Ethanologens :

1) Escherichia coli KO11
(U. of Florida)

2) Saccharomyces
cerevisiae 424A(LNH-ST)
(Purdue University )

3) Pichia stipitis FPL 061
(UW -Madison )

4) Zymomonas mobilis

AX 101 (NREL)

Enhanced digestibility

Improved Biomass Processing

Objective: improve conversion of plant cell walls into fermentable or

chemically-convertible materials by
» analyzing range of plants & pretreatment conditions
> discovery & application of improved enzymes

Steam

(A Explosion

Dilute Acid

l

Side -by -Side Comparison
(Using Corn Stover )

Determining the
“best” strain /s for

ethanol production from
lignocellulosics

Ethanol Yield
Xylose Consumption
Ethanol Conc/Tolerance
Ethanol Productivity
Growth Robustness
Ease of handling

Evaluating the
extent of advantages and
disadvantages of each
pretreatments
on fermentation

Field work: sample and microbe collecting
from lignocellulose ecosystems

e

Culturable
microbes

v

Enzymes
from cultures

\

Metagenomics
(environmental DNA sequencing)

v

Unculturable microbes

v

Heterologous gene expression

S

www.glbrc.org

Enzyme A/
assays
Bioprospecting
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Improved Biomass Conversion

Objective: improve methods for converting plant biomass into materials
that can replace fossil fuels

» ethanol & other liquid fuels (bacteria & yeasts)
» hydrogen (bacteria)

» chemical feedstocks (bacteria & yeasts)

Biological & chemical conversion platforms

Polysaccharides Monosaccharides Polyols
OH
Engineering Analysis Polyglucan m oo
" OH
1a. Stochastic strain alteration Microbe 2. Growth condition variation 3 Howﬂ A ”Owl
- = selection . o by sorbitol
Variant creation for detailed Biomass source, pH, . e e N hydrogenati on o
Metagenomics’ Targeted gene fusi Temperature, Solutes, hydrolysis & Hom/ ydrogenation
mutagenesis, Global network analysis Small molecule effectors n P - E ol
i = polyfructan HO oH
mutagenesis (JTME) 3. Comprehensive molecular \_ Y,
Screen/selection _ assay (“multi-omics”) ~
HTMPS, Conventional selection, T - tomics. ChiP-chi 4. 1.
Competitive evolution ranscrlp OmIC.IS., . -chip, dehydration aqueous phase reforming
Proteomics, Lipidomics, 3. (APR)
= E 7 : : dehydration/
1b. Rational strain alteration Metabolomics, Fluxomics - ) hydrogenation H, and CO,
Metabolic engineering < 4. Data-driven computational o | o | CEBAD
Expression engineering Target models of microbial state \ / \ / C; - Cg4 alkanes 2. .
Genome optimization . catalytic
. . selected for Gene expression networks ; gasification
Comparative genomics e 3 nydroeenation] S.
Protein engineerin reengineering | Metabolic flux models hydrodeoxygenation aldol condensation
9 9 Membrane transport models a a SEDH H, and CO
1c. Microbial experimental evolution Protein interaction predictions Q/ \Q/ 6.
FT synthesis

P-series Fuel Liquid Alkanes

www.glbrc.org



A2, U.S. DEPARTMENT OF

%

\!
e
)
&
ESO

D
THE UNIVERSITY

of
WISCONSIN Great Lakes Bioenergy Research Center

MADISON

Sustainable Bioenergy Practices

Objective: develop economically viable & environmentally responsive
ecological, agricultural & life cycle practices

High Input, Low

Diversity <
(annuals) Low Input,
Monoculture —*| High Diversity
Continuous Corn switchgrass ial
Switchgrass/ (perennials)

Corn-Soybean-Canola
B See———

Legumes

Poplars Early successional
; Native prairie
=i

Overcome bottlenecks in agricultural, industial, & bthioraI sys to
» Improve carbon neutrality and greenhouse gas mitigation
> Improve ecosystem services (e.g. water, soil & air quality,

biodiversity, pest suppression, land use)
www.glbrc.org
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Bioenergy education & outreach

» Workshops & educational modules for K - 12 teachers, technical

colleges & public on carbon chemistry, sustainability, biodiversity

» Public talks/workshops/communications program (NPR, etc.)

» Inform farmers, municipalities & other members of the community about
bioenergy practices

» Exhibits on biomass & bioenergy (aka- “Bioenergy Discovery Center”)

» Bioenergy seminars and topics in biology, engineering & computational
courses or labs (partnering with BACTER and others)

» Summer research programs for undergraduates from other campuses;
including major URM institutions

» Attract graduate students from highly rated programs

www.glbrc.org
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GLBRC Deliverables

> New blends of transportation fuels for tomorrow’s engines

> New ways for families, industries or municipalities to cut energy costs

> New local, scalable, diversified bioenergy strategies

> New jobs & technologies to keep energy dollars in State, region & nation
> New markets for agricultural or renewable products & services

» New energy management, conservation & sustainability practice

» New programs to inform population, students, & stakeholders

www.glbrc.org
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How do we deliver these products?

/ r's

A
Full Commercial Deployment —p| 1€€h transfer, /!_ndustry

(o}
@

+ Limited Commercial Deployment —p

o Commercial Test Systems —»

(rrf A
o Prototype Test Systems —» v

¢ Capability to Design & Engineer Systems —»|

»< Science Applied to Systems Components —»

105 New Science & Capabilities —»

— GLBRC 0 3 5 10 15 20

------- Industrial Partners Years from Present



Wisconsin Bioenergy Initiative

Collaborating to generate a new bioenergy economy

WlSCOﬂSln Bloenergy Inltlatlve www.wisconsinbioenergy.com/

foo
!

' Wisconsin Bioenergy Initiative \‘
I/ University of Wisconsin-Madison

» UW-System (UW-Madison & other campuses); Technical Colleges, State
of Wisconsin (OEI, DNR, DATCAP, Commerce, others); private sector
» Growing other parts of the bioenergy landscape

www.wisconsinbioenergy.com
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Wisconsin Bioenergy Initiative

Bienery:
A new (& obvious) venue for the Wisconsin Idea
www.glbrc.org



