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U.S. Forest Service

Genetics and Tree
Breeding Research for
Energy and Biobased

Products



U.S. Forest Service R&D

s Developing science and technology to
sustainaply preduce, manage, harvest and
convert ferest biomass.

s \Wood to energy (heat-power-biefiuels),
chemicals and other wood products

s Dimensions include improved planting stock
genetics and biotechnolegy, harvesting and
[ransportation, processing and storage,
conversion, econemics, and sustainability.




EFerest Service R&ID:
Eeedsteck Management Systems

Regeneration
options
Density
relationships

Nutrient and water
use efficiency

Product
optimization

Functional
optimization




[Forest Sernvice- Genetics R&D

= [raditional tree breeding
s Poplar
= Willow
= Loblolly pine
s Eucalypts

s Genome sequencing and mapping

= Screening
s Wood formation
s Crown architecture

= Potential
= Enhanced breeding, testing and selection
= Infrastructure for breeding traits and adaptability:

= Enhanced yield, specific stress tolerance, fertility control,
eliminating undesirable crop characteristics



Eerest Senvice R&D: Sustaianility.
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ULS. Department of
Energy.

The DOE Bioenergy Research; Centers

Adapted from
Patrick Glynn, Ph.D:
Program Manager
DOE Bioenergy Research Centers
U.S. Department of Energy
Office of Science

http://genomicsgtl.energy.gov/centers/



7 Z=5" Office of
,(//‘ Science

GTL %

Bioenergy
Research
Centers

White Paper

Bileenergy: Research Centers
Solicitation Package

DOE/SC-0097

U.S. Department of Energy’s

Genomics:GTL
Bioenergy Research Centers

DOE GENOMICS:GTL
SYSTEMS BIOLOGY

FOR ENERGY AND
ENVIRONMENT

August 2006

DOE/SC-0095

Breaking the Biological Barriers to Cellulosic Ethanol
A Joint Research Agenda

A Research Roadmap
Resulting from the Biomass
to Biofuels Workshop
December 7-9; 2005 « Rockville, Maryland

% June 2006
U. S. Department of Energy
Office of Science
Office of Biological and Envil
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: = 5 Office of
Office of Energy Efficiency and Renewable Energy 2 d Science

Office of the Biomass Program
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B Making Cellulesic Ethanol

Bioenergy
Research ‘ _
Centers Basic T ransformation

ignocellulose  —  Sugars —  Ethanol

Plant cells

Hemicellulose

s cellulose
T Crystalline cellulose

Cellulose molecule |
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Glucose Cellobiose Microbes ferment
sugars to ethanol,
which is then
separated from the
mix of ethanal,
water, microbes,
and residue and
purified through
distillation.




U Seience DOE- Bioeneray Research
GTL% Centers Basic Rationale
Bioenergy

Research

Centers

m Cost-efifiective production of cellulosic biofuels
will reguire transformationall breakthroughs In
Pasic science

= [ e scientific problem;is highly challenging, but
very well defined

s Systems biology and bietechnology: revelution
provide powerful new tools for addressing this
challenge
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Research
Centers

s [0be funded at up to $25 millioniper Center per
year for five years ($375 million total DOE
Investment planned)

= Allfare partnerships: total ofi 18 major universities,
[ national labs, several private firms, and a
nonprofit



Complementany, SYynergistic Research
Agendas

DOE BioEnergy Science Center (BESC) led by DOE’s Oak Ridge
National [Laboratory (ORNL) in Oak Ridge, Tlennessee.

= Emphasis on overcoming “recalcitrance™ and improving deconstruction
s Focusing oniswitchgrass and poplar (building en ORNL work)
DOE Great Lakes Bioenergy Research) Center (GLBRC) led by the

University off Wisconsin; in Madisen, \Wiscensin, iniclose collaboration
with Michigan State University: in East LLansing, Michigan.

= Focusing ona variety of different plants; agronemic erientation

= Will also study econemic and environmental sustainability
DOE Joint BioEnergy Institute (JBEI) led' by DOE’s Lawrence Berkeley.
National Laboratory.

= Focusing on “model crops”™ of Arabidopsis and rice, with expectation of
transferring knowledge to bioenergy crops

= Strong focus on microbial processes and fuel synthesis

All 3 centers will make use off DOE Joint Genome Institute, light sources,
and other facilities in the Office of Science complex



PDOE- Biomassi Pregram:
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Office off Energy Efficiency and
Renewable Energy

Judy K. Partin
Pacific Northwest Laboratory



U.E Departmant of Enargy

vmesmimess DOE Biorefining Industry 2030 Goals
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Displace a significant fraction of gasoline demand

Biomass as Feedstock for a
Bicenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

~1.3 Billion tons/yr
Biomass Potential
in the U.S.

Sugar Platform

Syngas Platform

Including Corn Grain, an Estimated 600 — 700 Million Tons
of Biomass per Year is Needed for 60 B gal of ethanol



Feedstock Types
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o Agricultural resources (998 MDT)

— Crop residues (428 MDT)
« corn stover, wheat straw
- barley straw, soybean forage

— Grains to biofuels (87 MDT)

« corn, wheat, milo
- soybeans, other oil seeds

— Perennial crops (377 MDT)

* grasses- switchgrass, prairie grass, p..
miscanthus '

« woody — willow, popular
— Other residues (106 MDT)
« animal manure
» food/feed processing residues
« MSW and landfill gases




Y e B Feedstock Types
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* Forest resources (368 MDT)

— Forest thinnings (60 MDT)
— Fuelwood (52 DMT)

— Industrial wastes (145 MDT)
+ Wood processing mill residues
« Pulping (black) liquors

— Logging residues (64 MDT)

— Urban wood residues (47 MDT)

*« Construction and demolition debris
+ Packing wastes 5 | AW e




LB Departmant of Enargy
U 4 Energy Efficiency and Renewnble Enengy

Supply System Design

Performance Metrics:
- Efficiency ($/hr)
-« Equipment Capacity (ton/hr)
Biomass Production - Biomass Quality ($/ton)

» Agricultural Resources: -él
» Forest Resources: i
I _ 5 _
e Handling & = | Biomass Conversion:
: -+ Storage -'I Preprocessing —* Transportation —* GQueuing atthe ~»§ 5 | = Biochemical
Collection : = :
—— — | Biarefinery 3. » Thermochemical
___ gl .' = Equipment Capacity f .
» Equipment Capacity | | |* Equipment Efficiency ( |- Handling efficiencies ;
» Compositional Impacts | | | | = Material Bulk Density | | |+ Handling compaction =]
- Pretreatment Impacts | || |+ Compositional Impacts | | | |. Material Bulk Properties g
“ B | - Pretreatment Impagis | (S . - o
{ I'I I| =
+ Shrinkage |
« Compositional Impacts = Truck Capacity
+ Pretreatment Impacts * Loading compaction

» Soluble Sugar Capture | » Loading efficiencies



) U.5. Departmant of Enargy
Ty Energy Efficluncy and Renewable Energy

Feedstock Supply Logistics

fl‘l'_[r1-".-|..-q_|;‘[ L W LT

- Connect the Diversity of Feedstock Resources to Standardized Biorefinery
Conversion Facilities (Biochemical and Thermochemical)

— Standardize biomass material attributes (physical properties) and quality
specifications

— Commodity Scale Lignocellulosic Supply System
- Improve Feedstock Supply System Logistics
— Engineer (preprocess) biomass materials for more efficient handling/storage
— Moisture management for stable storage
— Utilize existing high efficiency solid/liquid handling infrastructure

« Feedstock Crop Development and Sustainable Production

‘ Uniform Feedstock Supply System \
Logistics Efficiency Improvements

Resource Conversion




L.E. Departmant of Energy
\ Energy Efficlency and Renswable Energy

Pioneer Feedstock Supply System

Feedstock

Whale wood
Residus bundles

CRP grazs

Carn stover

Cereal straw

Sorghum straw

Other crop residus
Dedicated energy crops

CRP grass

Carn stower

Cereal straw

Sorghum straw

Cther crop residue
Dadicated energy crops

GG

Cotton gin trash
Urban waste
Manufacturing waste
Corn cob waste
Waood chips

Corn stover
Enargy sugar cang
$Other herbaceous crops

Transpartaticn

Sl

Biomass Cueuing

Biorefinery Entry Gate

Round wood and bundles
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Square bales

Loose Biomass
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Priéprocessing
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Evenfiow feed system
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*us Dupartment of Energy
Enuergy Efficlency and Renewable Emergy

Uniform Feedstock Supply System Design

Feadstock

Wihole wood
Residue bundles

Conservation Reserve
Pragram (CRP) grass

Corn stover

Cereal straw

Sorghum straw

Other crop residue
Dedicated energy craps

Conservation Reserve
Pragram (CRF) grass

Corn stover

Cereal straw

Sorghum straw

Other crop residuse
Dedicated energy crops

Distillers clrled
grain (DDG)

Caotton gin trash
Urban waste
Manufacturing waste
Corn cob waste
Woad chips

Corn stover
Energy augar cane
Other herbaceous crops

= o O

Harvest/Collection Storage/Preprocessing Transporiation

Round wood and bundles

Bales

Loose Biomass

il ), % O

Silage/Green harvest

. A o =)

Biorefinery Entry Gate

Handling/Queuing Evenflow Feed System

-

GA00E-02




LS. Dupartmant of Energy
Energy Efficioney and Renewahla Emengy

Advanced Feedstock Supply System Desig

Feedstock Harvest/Collection Storage Transportation Handling/Queuing Evenflow Feod Systam
Freprocessing —

Whole wood
Residue bundles

Conservation Reserve
Program (CRP) grass

Corm stover

Cereal straw

Sorghum straw

Other crop residus
Dedicated energy crops

I-"';:;ﬁ
Distillers dried
grain {DDG)
Cotton gin trash I
Urban waste |
1 g_.
e®

e

Bigrefinery Entry Gate

Manufacturing waste
Coarn cob waste
Wood chips — |

Corn stover
Energy sugar cane -
L]

Other herbaceous crops

G3008-03




() o R&D Path to the Uniform Feedstock

Supply System Design

. Harveéting!Cullectian and Preprocessing are Key Unit Processes
» Harvesting addresses feedstock diversity

+  Moving preprocessing forward in the supply system creates down-stream
uniformity and increases system efficiencies

Farm Gate Biorefinery Gate
Harvest and . Handling and .
T P
Collection e Sl Queuing
EA0EEA
— Farm Gate Biorefinery Gate
Harvest and . . Handling and
Storage Preprocessin Transportation :
'
G0B-4
Farm Gate Biorefinery Gate

: it H li d
Harvest _and Preprocessing Storage Transportation and 'nfg =
Collection Queuing

G208
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Application to Woody Biomass

fiL& b g b

+ Conduct State of Technology Assessments

— ldentify underutilized resources "-_:
« Forest harvest residues
+ Forest thinnings
« Short-rotation woody crops
« Urban wood waste

— Model unit operation costs
« Harvest and Collection

* Preprocessing and Storage .. :

« Transportation and Handllng s ? s

— Determine opportunities for ﬂptlmizatmn
- Efficient harvesters for small-diameter trees

- Flexible on-site grinding operations for
material formatting

» |n-expensive material quality screening
technigues



Joint USDA/DOE
BIomass, Research and
Development Initiative
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The Energy Policy Act of 2005 amended Section

307(d)(1) — (4) of the Biomass R&D Act of 2000 and
set forth the technical areas for the joint solicitation.

The Technical Areas are:

1)

2)

3)

[Feedstock Production through the development of crops and cropping
systems relevant to production; of raw materials for conversion to biobased
fiuels and biohased products.

Overcoming Recalcitrance of cellulosic biomass, through developing
technologies for converting cellulosic biomassiinto Intermediates that can
subsequently be converted into biebhased fuels and biebased products.

Product Diversification through technoelogies relevant to production of a range
ofi biebased products (including chemicals, animal feeds, and cogenerated
power) that eventually 'can increase the feasibility ofi fuel production: in; a
bierefinery.

4) Analysis that provides strategic guidance for the application of biomass

technologies In accordance with realization of improved sustainability and
environmental quality, cost effectiveness, security, and rural econemic
development, usually featuring system-wide appreaches. Joint Selicitation
Awards



sun Grant €enters


http://www.sungrant.org/index.cfm

1 Grane The Sun Grant Mission

i FERNT

Threughidevelopment, distribution and
Implementation of biobased energy: technologies,
the'Sun Grant Initiative holds these aims:

s Enhance America’s national energy: Security

s Promote diversification and environmental
sustainability of America’s agriculture

s Promote opportunities for economic
diversification In America’s rural communities


http://www.sungrant.org/index.cfm

The Sun Grant In

Oregon State Univ
South Dakota State Uni
Oklahoma State Univer
Cornell University
University of Tennessee

A concept to solve America's energy needs and
al communities with Land Grant University Research,
Education, and Extension pro
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& Partnership with DOE Office
off Blomass Programs
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B [eedstock development \
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workshops held i each region
(2006-2007)

B Collected input from
stakeholders on biomass
availanbility and sustainable

supply



http://www.sungrant.org/index.cfm

Regional Partnershiie Program

B1omass resource assessment

= [ssues related to biemass supply, costs, foodi vs. fuel, water

availabrlity
= Spatially explicit data

Blomass resource development

s Optimize residue removal systems fior Weod, herbaceous, and grain

Crops
= \Wide-scale field trials to fill information gaps

s \Woeody crops national lead housed i SE (Univ. of TN)

Biomass crop development

s Increase biomass production through breeding and new. plant

development
Education and outreach

= Expand BioWeb content and other information delivenry:eptions
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http://www.sungrant.org/index.cfm

Bleenergy Feeastock Atlas

National estimate off feedstock
potential (supply: curves) based on
regionall nput

|dentification off sustainability: limits
INationally coordinated, Regionally
managed

Standardized data

= Field data

= Spatial data layers
Integration of literature and field data . b

to develop relationships between
yield and environmentall factors

Economic analysis of production to ;.—_:.va/f’
delivery using regionall data. @ W Sy - :
¢ Ak Q\_ ;, .'_f'll |x_,r L \'b ]IF,J_FVJ :_‘F

L..ll'.\uL.._-.u.’..L..'..d.lr._-.-.


http://www.sungrant.org/index.cfm

Sustainannity

FUTU E “...the capacity to meet

THE WORLD COMMISSION the needs of the
ON ENVIRONMENT - present without
AND DEVELOPMENT compromising the

. ability of future
generations to meet
their own needs™

Society

(Brundtiand Commission), 198i7)

Environment







Thank you!

Contact Information:
(970) 295-5947

mpattonmallory@fs.fed.us

For more information, please visit:
http://www.fs.fed.us/woodybiomass
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