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* Second Generation Biofuels
* Core Teaching Concepts Addressed

> Activity Sampling
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U.S. Energy Consumption, 2004
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U.S. Energy Consumption, Biofuels Potential
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Energy Densities by Volume

Oleveland, C. 1 and B Eaufmann, 2008, Fondsmental Prnogles of Enengy. EnDyciopedia of Earth
it Farers eoearth ongfartiche Fundamental _prncipies_of _energy

o
.0
o=k
150
1o
50
i -

fﬁffff S >

L
,:i-

Megajoubesliter

ENERGY E‘ e Cdies A I'.Irl.".rl.1rl"||'||l'||='\-.|ﬂc|'.- d




First Generation Biofuels

Sugar cane

Heal ar
enzymes

Fermeanlation Fermentalion
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Federal Mandate for Biofuels Production vs Actual
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Concerns with Corn Ethanol

* Annual crop
* Dependent on chemical inputs
= Soil erosion, water quality problems
* Little below ground carbon storage

* Food versus fuel =N
* Reduced wildlife habitat =

> Impacts on biodiversity

Tilman ef gl Science 2006
Jarddan af &l Sciance 2007
Mash, BioSciance 2007
Kardwdy, Seience 2007
Resi-Marshall ar & FNAS 2007
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Renewable Fuel Standard
(EPA-2010)

% 12.95 billion gallons biofuel in 2010

* 6.5 million from cellulosic ethanol

* Greenhouse gas reduction vs gasoline:
* Corn-based ethanol requires 20%

* “Advanced biofuels” require 50%

* Cellulosic biofuels require 60%
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Bloenergy Crop

Cellulosic Biofuels

x  Cellulose is the most
abundant biological material
on Earth

* Found in cell walls

Plant Cell Wall

Microfibril _ """‘""" * Lack efficient way to break
A down plant material and
convert it into fuel

* Cell wall composition varies
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Second Generation Biofuels: Cellulosic
. bi
Cellulosic Ethanol e

Pretreatment ? Size reduction
lo loosen

cell wall
components ? Chemicals or

heat

Starch Exposed cellulose

Heal or

5
enzymes f Enzymes

Fermantation,
Conversion

Fermentation Fermentation
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Plant Breeding
for Greater

Biofuels Potential
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GLEBRC Cropping systems experiment
Arlington ARS (WI) & Kellogg Biolegical Station (M)

B systems x 5 replicate blocks - Established 2008
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Diversity =

Feedstock Options

Native prairie

Corn-soybean-
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Improving Cellulosic
Biomass Processing
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Goal of pretreatment is to open up cell wall
and expose cellulose.
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Improving Biomass Processing

= Discover and improve natural
cellulose-degrading enzymes

= Analyze a range of plant materials
and pretreatment conditions

= |mpact of pretreatment by-products on biofuel
yield
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Herbivore Dung
sCOWS
‘Horses
Rabbits

Insects
Beatle larvae
-Ants
*Other Herbivores

Compost

=Ant

*Human

ENERGY E'_ GEEAT LAKES BIOEHERGY g



EIO-PROSPECTING

Caromn s Marogemant infzaradion Syaiam, Oek Ridgs hisdiorol Laborsicry
FHp A'geEnamioL s TR gEE
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Bioprospecting for
Cellulose-Degrading
Microbes

degrading microbes found? Why?
* Choose an environmental sample
% |solate on selective media

% Test for cellulase production
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Improving Biomass Conversion

= |Improve methods for converling plant biomass into materials that replace
fossil fuels
= ethanol
= hydrogen
= chemical precursors
= Other hydrocarbon fuels
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Improved Biomass Conversion

Biomass » C5C8
(Lignocellulose) | et iases Monomens

1) Aerobic growth: optimize
production of extracellular
enzymes (lignocellulases)

Spec e Tranugort
bl B
prcsion Symiess eboten 2) Anaerobic growth:
=0, - optimize production of

enzymes, transporters, &
pathways to funnel
carbon to fuel production
(ethanol, others)

Bictuel

(E1OH)
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Teaching Concepts
* Energy

= Use, alternative forms, conservation

* Global Climate Change

= Carbon cycling
= Greenhouse gas emissions, sequestration

* Biotechnology

= Genetic engineering, fermentation, enzyme activity,
biochemistry

* Sustainability

* Land use, water, soil health, food vs fuel, economics
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O=—C=0

carbon dioxide

Rapidly
recycled
carbon dioxide
HEAT (é

Combustion for

energy
. l.'\ W B
Ancient fossil fuel  Millions of years to form Biomass
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Fuel combustion

ENERGY BTt

Photosynthesis

"

Energy In
VS.
Energy Out
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Farming practices
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Feedstock Transport

Product Transport
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PROCESS TOOL
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Process Tool Choices

Energy Inputs and Outputs

Electricity

Kinetic Energy
(motion)

Matter Inputs and Outputs
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GLBRC Education and Outreach

Bioenergy Institute for Educators
Research Experience for Teachers
Educational Research

Educational Materials Development
and Dissemination

* Research Experience for Undergraduates
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Collaborations

Arboretum
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EARTH
PARTNERSHIP

FOR SCHOOLS
(EPS) Environmental Literacy

Research Group
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GLBRC Education and
Outreac_h

www.glbrc.edu/education

education@aglbrc.wisc.edu '
Booth 1252, 1463 /
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