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EISA Mandated Production Targets

15 BGY cap on conventional
(starch) biofuel |

Renewable Fuel
Standard (RFS)
in the Energy "

Independence | | A i
and Security Act Fj Advanced Biofuels
(EISA) of 2007 - ] R | (include cellulosic biofuels other
| than starch-based ethanol)
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2005 = | 5 1 i |
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Production Targets (Billions of Gallons)
] Ethanol & Biodiesel [[] Conventional (Starch) Biofuel M Biodiesel
B Cellulosic Biofuels [_] Other Advanced Biofuels

r

EISA defines Cellulosic Biofuel as “renewable fuel derived from any cellulose, hemicellulose,
or lignin that is derived from renewable biomass and that has lifecycle greenhouse gas
emissions...that are at least 60 percent less than baseline lifecycle greenhouse gas emissions.”

EISA defines Advanced Biofuel as “renewable fuel, other than ethanol derived from corn
starch, that has lifecycle greenhouse gas emissions...that are af least 50 percent less than
baseline lifecycle greenhouse gas emissions.”
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Projected U.S. Biofuel Sources
Source: Biomass as Feedstock for a Bioenergy and Bioproducts
Industry: Technical Feasibility of a Billion Ton Annual Supply. 2005
DOE and USDA




Biomass Can Substitute for Petroleum in

Many Applications

Substitutability of bio-based materials for petroleum-based materials with current technology

% of petroleum -
varp Petroleum- Bio-based
use )
based product substitute
100% N ool ot
sphalt etc.
PrcF: ane M Not replacable
I tfp | Biopropane
80% Eliue Biokerosene
Chemicals Bio-n-butanol
60%
Diesel M Biodiesel
Renewable diesel
40%
20% . Bio-isobutanol
Gasoline

M Bioethanol
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Source: Lux Research, Inc.
www.luxresearchinc.com

Biofuels' and Biomaterials' Path to Petroleum Parity, December 2009
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Major Biomass Pathways

Milliondry  Feedstock Production l

\"\\_‘ g o
tonlyr and Logistics > Biomass Conversion

428 Agricultural Agricultural Residue
Residues Processing Biofuels

« Cellulosic ethanol

Energy Crops Processing » Green Q?SOIIHE
Energy Crops (Woody energy crops and + Green diesel

perennial herbaceous crops) + Green jet fuel

Forest Resources Biopower
Forest Processing .
Resources (Includes existing and Bioproducts
repurposed pulp and paper
/ and forest product mills) Chemical

Intermediates:
« = » Organic acids

Industrial and e . : - « 1,4-diacids
> —  Waste Processin > ?
Other Wastes - ,,--"' g = + Glycerol

« Sorbitol

c d Grai Existing Corn Wet Mills » Xylitol
orn and Grains
Existing Corn Dry Mills (Top Value Added
Chemicals From

Biomass, PNNL, NREL,
il d d e - s DOE-OBP Analytical
liseeds an Existing Oil Seed Mills Study, 2004 )

Plants /
pr

Yield assumptions:

Corn: 207 bushels/acre by 2043, Energy crops: 8 dry tons/yr by 2030

Fuel Yield Assumption:

1.366 billion dry tons biomass at 100 gallons/ton = 136.6 billions gallons/year




Green House Gas Considerations
Carbon Footprint
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Source: Wang et al, Environmental Research Letters, Vol. 2, 024001, May 22, 2007

In comparison to gasoline, ethanol made from cellulose and
produced with power generated from biomass byproducts can
result in an 86 percent reduction in greenhouse gas emissions.
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Source: America’s Energy Future: Technology and Transformation, National Academy of Sciences, 2009
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America’s Forest Resource*

300 million hectares (749 million acres)

% America’s
:~ ! forests are
%\ in the
Eastern
“ half of the

lower 48
States

B Public forest
[ Private forest

) R LV '*}j‘”: X 60% of

| | Nonforest
B Urban areas

Data sources: ‘ > About 3 / 4 of America’ s‘: \
Forest. National Land Cover Data (1992) r ? prlvate forests are in the “ ‘
Ownership: Protected Areas Database (2001) ! \": b

Urban areas: Digital Chart of the World (1998) = 1§a§,t 160 /360 300 400 0 Nl (D

=
*Forestland > 10% tree cover



Forestiand Distribution in the

United States 2005

Alaska
17%

Pacific Coast
12%

Rocky Mountains
20%

South
28%

Sowrce: USDA Forest Service, Forest Inventory Analvsis Program, 2006

www.palletenterprise.com/articledatabase/view.asp?articlelID=3049



Forestland Ownership in the US#

Forest ownership in the Eastern United States

Public 17.4%
27.1 million
hectares

Private 82.6%
128.7 million
hectares

Forest ownership in the Western United States

Private 31.1%
45.7 million
hectares

Public 68.9%
101.2 million
hectares

:I:Renewable Fuel Standard

‘Woody biomass from federal land is not allowed--except from certain wildfire

areas
*Non-slash/non pre-commercial thinnings is not allowed from most natural
forested landscapes
*Agricultural land must have been cleared or cultivated prior to Dec 19, 2007 and
actively managed or fallow, and non-forested




Timberland*, Contiguous US

Net Annual Annual Annual
Standing Timber Timber Timber

Biomass Growth Removals Mortality
Region million dry tons
NE 4082 49 18 14
NC 3376 90 25 16
SE 3745 92 65 18
SC 4928 81 25
Great Plains 157 1 1
Intermountain 2857 8 20
OR & WA 3122 29 14
CA 1381 I 3
Total 23648

http://nrs.fs.fed.us/pubs/gtr/gtr_ wo78.pdf

* Growing >20 cubic feet of timber/acre/year (data exclude Alaska & Hawaii)



Feedstock & Logistics Cost Reductions Contribute
to Cellulosic Liquid Biofuels Cost Targets®

$2.43/gal

$1.33/gal
$1.20/gal

2007 Status 2012 Target 2017 Target
ElFeedstock Production (grower payment) HFeedstock Logistics EConversion
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Biomass Program Feedstock and Conversion Cost Targets
(via Biochemical Conversion)

The 2008 Farm Bill offers a $1.01 subsidy/gallon for cellulosic ethanol and $45/ton to
producers/entities that deliver eligible biomass to biomass/biofuels conversion facilities

*
Biomass Multi-Year Program Plan (March 2008) DOE Office of the Biomass Program, EE&RE



Forest Biomass for Biofuels
Production

e Longer storage life and lower storage costs

-

* Higher bulk density (lower transportation costs)

 Less intensive use of water and fertilizers
» Established collection system
Z-ﬁ * Can be left to grow for longer periods of time \

« Can be used for a variety-of value-added products
« Compared to many agricultural materials

R Iy

- = Higher lignin content
'_,~ * Lower ash content

T el WSV ETN . AS - N L= R a4



Forest Biomass to Biofuels Issues

R G LVE TR VERE B EEES
e O Challengmg goal to economlcally make biofuels from
. * m Huge amounts of wood exist (as standing timber), but
22 not all is available (economically, socially, politically
i m EISA restrictions on forest biomass sources make

% plantation and short rotation woody crops important
il = Several types of technologies exist to make biofuels
it from forest biomass -- with varying raw material input

| requirements
| m When will biofuels from forest biomass become ‘,
" economical without subsidy? )
= Impacts on existing wood use markets i

yq = Forest managers and land owners have just begun to l,\'
* contemplate biofuel wood supply issues ‘}ﬁ
e TR e P T




Forest Products Industry Biorefinery Value Map
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http://www.missouriwalnut.com/images/IMG_0133.jpg
http://images.google.com/imgres?imgurl=http://individual.utoronto.ca/paterson/DSCN0748_25.JPG&imgrefurl=http://individual.utoronto.ca/paterson/&h=480&w=640&sz=190&hl=en&start=28&tbnid=F96efgzlOiG-ZM:&tbnh=103&tbnw=137&prev=/images?q=pulp+logs&start=20&gbv=2&ndsp=20&svnum=10&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://www.thebrucepeninsula.com/businesses/wood/images/wood.jpg&imgrefurl=http://www.thebrucepeninsula.com/businesses/wood/wood.html&h=138&w=200&sz=6&hl=en&start=40&tbnid=I5N1VHJHpLGBMM:&tbnh=72&tbnw=104&prev=/images?q=slab+wood&start=20&gbv=2&ndsp=20&svnum=10&hl=en&sa=N

FIA Sample Plots on Southern States Timberland Unconditionally Qualifying
as “Renewable Biomass” under 2008 Farm Bill
Includes Maryland, Missouri, West Virginia, Puerto Rico and U.S. Virgin Islands

T T g
; 215,400,000 acres
\f \ of Non-Federal Timberland
Fuzzed-Swapped Plots e =
= A Timberland Plots ‘\ \
I US. Forest Service \; !
Department of Defense - «")
U.S. Fish and Wildlife
Army Corp of Engineers
) , USDA USDA FOREST SERVICE
1 Forest Inventory and Analysis National Park Service =1 Sogzr!gﬁtﬁga:ﬁ?lﬂﬁim @
f In Cooperation with the s 2 cori o
State Forestry Agencies BIA Trust Land Visit: htp /4801/Radb/
Produced Marc! atial Data Services.

FIA Sample Plots on Southern States Timberland Unconditionally Qualifying

as “Renewable Biomass” under 2007 Energy Act
Including Maryland, Missouri, and West Virginia, Puerto Rico and U.S. Virgin Islands

44 700,000 acres
of Artificially Regenerated

Timberland
Fuzzed-Swapped Plots / b
; A Timberland Plots : Y\
k|
x\g Il U S. Forest Service ;\J
Department of Defense
U_S. Fish and Wildlife
Army Corp of Engineers
USDA FOREST SERVICE
National Park Service % SOUTHERN RESEARCH STATION w

Forest Inventory and Analysis 2
f In Cooperation with the sz.or::t.::‘sm Fm?ing:mgg 2008
State Forestry Agencies BIA Trust Land it i 255 5 7

Visit: hitp:/ s 1r i
Produced March 8, 2000, Author: Spatial Data Services.

Impacts of
Eligible
Forestland

Criteria Under
EISA are
Great




US has Significant Plantations

Countries with the Largest Area of
Productive Forest Plantations 2005

United States
16% China
26%

Turkey 2%
France 2%

Thailand 2%
Chile 2%
Indonesia 3%

Sudan 4%

Brazil
Russian Federation 5%
11%

Source: Food and Agriculture Organization. 2005. Global Forest Resources
Assessment 2005. Progress Towards Sustainable Forest Management. Rom.

www.palletenterprise.com/articledatabase/view.asp?articlelD=3049



According to IPCC, the land area dedicated to energy
biomass (such as SRWC) will expand to hundreds of
millions of hectares in the decades ahead as global oil
production peaks by 2020 to 2030 and biomass energy
production expands . ..

SRES A1C AIM - Global Cropland and Forest Area

O Cropland

Biomass

B Forest
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Projected Dedicated Energy Crop Yields

Lowland Yield

Yield (Mg/ha)
. ©

Kilometers
2000

POLYSYS model (Agricultural

Analysis Policy Center, University of
Tennessee Credit: Robert Perlack ORNL & Robert Rummer USFS 2009




National Biorefinery Siting Model
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MEW - mixed
MEW - food
MSW - yard
"MSW - wood
RS = paper
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Biomass procurement cost (3/dry ton)

Procurement (at roadside) cost of modeled cellulosic biomass
resources

i Kansas DN VESTERN :_' g
UC DAVIS” State NTARES ; k. OAKRIDGE NATIONAL LABORATORY e ES%%RIE%% | U*S

UNIVERSITY OF C'\LIFORNIA University Groap !ncorporsted 3 S

Serving the Goverors of 19 States and 3 8 I TMENT OF AGRICSS ﬁ




Locations of Biorefineries at $2.50%

gge = gallon gasoline equivalent @ fuel terminal
FAME = fatty acids to methyl esters

LCE = lignocellulosic ethanol

Fischer Tropsch = lignocellulosic F-T diesel

PRODUCTION (MGY) Fischer Tropsch diesel LCE Dry mill ethanol Wet mill ethanol county
FAME © 62-302 0 62-302 6.2-302 X 62-302 state
L §2-302 $ 3.528 ) 303.528 03-528 X 303-528

L 303-528 > 529-1281 () 529-128.1 529-1281 X 529-1281 *

29-1t <> 1282-276 —\' 128.2- 276 1282- 276 >< 1282276 @ fuel terminal

\

~
.
~

1282-276

0 625125 250




National Biorefinery Siting Model
Next Steps

m Expand Siting model

® Include potential sites for electric power plants
using biomass

e Evaluate competition between biofuels and
biopower for biomass

® Identify sites for biofuels and biopower
production

o= bl WESTERN e
UCDAVISiS (O
- ASSOCIATION
rou neofFporste o M Serving the Govemors tates and 3 ENT OF AS s

UNIVERSITY OF CALIFORNIA @ MW University
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* n"Biomass harvestlng and transportation’to =

conversion facilities are underdeveloped é%

» The ability to economically harvest and transport y

r% feedstock needs to be developed and'understood ;2\;

= Metrics to.compare the performance of o
X ’

. various feedstocks and conversion
44 technologies are not available,

ot et Key ‘metrics of raw:materialsdike
g physical/chemical'compositioniand-conversion
efficiency are not sufficiently available




Wood Composition*

15%-25%

Cellulose

* Plus ash content (low)



Composition of Various Forms of Biomass

M Lignin
B Other
H Cellulose

O Hemicellulose

O Starch

Starch & Cellulose Yield Six Carbon Sugars Lignin is a cross-linked aromatic compound
Hemicellulose Yields Five & Six Carbon Sugars Other includes ash content
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L—OH o )-OH ﬁfb HO

Constituents gHo
&6 on 6"
. c { OCH,
Lignin: 15-25% /%,WO:H&&’ yad
® Complex aromatic structure Ot V\(ﬁ/OH “Ed HOZo HO
® Very high energy content =G 74/ o o o/\/OH Vi
® Resists biochemical conversion / > I/ng Hogo/% 1/9 " o/%o

OH / / OH
OH_0 1o / OH_O
O HO

. /
Hemicellulose: 23-32% IR Vfﬂ Vy
* Xylose is the 274 most abundant > J ” cﬁ/OH O/BOH 2 /, 2

4 / LiXQH HﬁZZ)HO nggH H?ZT

o Ho
sugar in biosphere O/Z/ /%/ /\/OH ) 27 .
* Polymer of 5- and 6-carbon sugars, 1 o HO O Hog (ﬂ/

marginal biochemical feed B & O
A ~43Y,
L/Yh HO é?%?[iE%H H%ZZ)HO ()

Cellulose: 38-50% > B /2 o I

* Most abundant form of carbon in 8HO " v O I
biosphere %O HOZ//% Xyg e n -
* Polymer of glucose, good o /éHO "

biochemical feedstock %O/
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Precision Forestry applications throughout the forest cycle:
setting optimal silvicultural prescriptions for each stand G en etl cS S ilvi cu Itu re an d
J

forest management used
to increase productivity &

The Forest Cycle

manipulate wood
properties

Species selection  Soil Plant Tend Manage a healthy stand Harvest -
Genetics  Management & Maintain (Thin & Fertilize)
Nursery Site Ready to begin again
Preparation

Research Technology Ladder To Improved Productivity

Past Current Future Average Annual Growth
Appglication of Genomics 18 -
Optingzation 4f Silvicultural Improvements 16 -

Entire Rotatioh Nutrient Management

I:-Clonal Forestry
Mass Control Pollinati
Low Impact Logging/Harvest Scheduli
Soil Mapping Unit Land Based Prescriptiol

In‘Weoods Chippin
Mid-Rotation Fertilization.

Herbaceous Weed Control

Tons Per Acre
oo
L

hespherus Fertilizatjon .
Natural First Current Future

ursqry/Seedling Improfrement

Hs:“P':‘;I“°““:‘T_ ) Stands Plantations  Plantations  Plantations
1950's 1970's

| Bedding
Drainage
todking Control

Productivily e

1960 1985 1970 1975 1980 1985 1980 1985 2000 2005 2010 YEAR



Forms of Forest
Biomass
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) ‘ o
Forest Biomass for Current Products i
B é Bhe SRR o R R

m. ‘Source ., g | ,
g5 - Plantation gt | R
“;' f- Natural Stands’ ' !
jﬁ' x/Form- R@undwod;b L *
3 ;.'? -»‘Saw“logs P 150 B - |
" m Veneer, Logs
' n Pulpwood

.. m Species Used

“<% = Spruce-Pine-Fir
-»_“. = Aspen/Red Alder
- m Mixed Hardwoods (Northern & Southern):
s Southern Pines (e.g. Loblolly)
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Forest Biomass For Biofuels

. ol iy, |
"m Source
' = Natural Stands
= Plantation
- = SRWC
, += Form*
= Pulpwood
m Slash (with bark & foliage)
m Thinnings (with bark and foliage)
m Whole tree chips (with bark and foliage)
'm Species Used
s Hardwoods & Softwoods
s Purpose Grown Biofuel Trees (e.g. poplar, willow,
eucalyptus, loblolly pine)

* . > : : =
Biochemical Conversion processes require bark and foliage free wood



AF&PA®

Q)

AMERICAN FOREST & PAPER ASSOCIATION

GROWING WITH AMERICA SINCE 1861

AF&PA believes market forces should be the primary stimulant

for the use of wood and wood waste as a renewable fuel source
and for determining the optimum fuel choices for energy
generation.

Where the state or federal governments are instituting
incentives or mandates for renewable energy, those policies
should maintain regional agricultural and silvicultural capability
and consider impacts to existing regional fiber markets.

The industry strongly supports federal research, development,

and demonstration efforts for breakthrough technologies in the
areas of biomass production, manufacturing, and production of
value added products such as biofuels.

Where the government has allowed tax credits for renewable
energy, we support the development of transparent systems
and mechanisms to ensure the credits are accurately
employed.




RPA* Wood Uses Projections

[J Fuelwood | Pulpwood
LI Misc. products | [ Veneer logs
B SRWC B Sawlogs

I OSB & other

Historical Projected

e
=
2
m
=
= |
=
@
=]
o
o
=
=
| =
=
o
E =
H
[F=0
2
=
=
o
=
o
.u_]

* Haynes, et. al. -- US Forest Service 2007 Resources Planning Act Timber Assessment Update
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Current Products Desired Wood Properties

Product category

Forest wood sources

Desired wood properties

Current wood products

Structural lumber
(softwoods)
Appearance lumber
(softwoods)
Hardwood lumber
Plywood

Composite panels (e.g.,
OSB, MDF,
particleboard)

Paper, paperboard, and
other pulp fiber-based
products

Commercially important

hardwood and softwood

species from plantations and

natural stands

e Sawlogs
e Veneer logs
e Pulpwood

Higher uniformity of chemical and
physical properties

Higher specific gravity (density)
Lower microfibril angle

Higher cellulose content

Higher growth and yield (lower
cost per ton delivered or per ton
carbon)

Decreased/modified lignin content
Improved stem form (for sawlogs,
veneer logs)

More desirable wood color
Longer and more flexible tracheids
(fibers)

Less juvenile wood

Lower moisture content (reducing
transport costs)




Forest Biomass to Energy

Ec_west Conversion
'omass Processes
Feedstock

* Pulpwood « Co-firing/ Combustion

- Slash - Gasification/Pyrolysis

» Short rotation »F-T Liquids

woody crops »Gas/liquid fermentation
* Thinnings -Bioconversion

» Hydrolysis/fermentation
«Catalytic Conversion

Fuels

« Ethanol
Advanced biofuels
‘Renewable diesel

Electricity and Heat

Biobased Products
« Composites

» Specialty products

* New products

« Chemicals

* Traditional products




Biofuels Desired Wood Properties

Product category

Forest wood sources

Desired wood properties

Biofuels/electric
power/heat—Gasification/
pyrolysis/direct combustion

Hardwood and softwood
species from plantations and
natural stands

e Pulpwood
e Short-rotation woody crops

e Biomass—slash/ thinnings
(with bark)

Higher growth and yield (lower
cost per ton delivered or per ton *
carbon)

Higher specific gravity (i.e., higher
energy density) *
Low ash content

Lower moisture content (reducing
transport costs) *

Low degrade in storage

Biofuels—Biochemical
conversion

Hardwood and softwood
species from plantations and
natural stands

e Pulpwood
e Short-rotation woody crops

e Biomass—slash/ thinnings
(with bark removed)

*

Commonality with Current Products Desired Properties

Higher growth and yield (lower *
cost per ton delivered or per ton
carbon)

Higher cellulose content (six- oo
carbon sugars)

Higher specific gravity (density) *
Lower recalcitrant cellulose (i.e.,
crystalline cellulose)

Higher six-carbon sugars in
hemicelluloses

Higher syringyl lignin ratio (S/G
ratio)

Lower moisture content (reducing
transport costs)
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The US has a large & dlstrlbuted 1nventory of
forest biomass

B Genetic improvements and forest management
enable manipulation of wood properties to meet end
use and conversion process needs

R R e

L8

o .
= %

-
-

- mSuccessful supply chain investments can
' significantly improve economics in the areas of
.~ forest product1v1ty, hatvesting, transportation, and
conversion

R i ; Ria
.\ MPlantation and short-rotation hardweod &

. softwood crops are very important for biofuel
- feedstock production
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Summary- Continued

m Biochemical conversion requires pulpwood quality
wood

m Thermochemical conversion can use a wider variety of
wood sources including slash, thinnings and short
rotation woody crops

- = Commercialization of wood biofuel production is in its
infancy and may require several decades to mature

m Strategies for Forestland owners

* Grow ‘generalist’ trees that have a wide number of
uses and applications .

* Grow ‘specialist’ trees with very specific properties
for specific markets (e.g. biofuels) where a
performance premium could be obtained

NS 2 - .
W 1k Sl L. \ LA
b : s 2




Forest Products
Laboratory
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Renewable Biomass Under the Farm Bill

The term renewable biomass means:
(A) materials, pre-commercial thinnings, or invasive species from National
Forest System land and public lands (as defined in section 1702 of title 43)
that
(i) are byproducts of preventive treatments that are removed
(I) to reduce hazardous fuels;
(Il) to reduce or contain disease or insect infestation; or
(lll) to restore ecosystem health;
(ii) would not otherwise be used for higher-value products; and
(iii) are harvested in accordance with
(I) applicable law and land management plans; and
(I1) the requirements for
(aa) old-growth maintenance, restoration, and management direction
of paragraphs (2), (3), and (4) of subsection (e) of section 6512 of title 16;
and
(bb) large-tree retention of subsection (f) of that section;
o] §

(B) any organic matter that is available on a renewable or recurring basis
from non-Federal land or land belonging to an Indian or Indian tribe that is
held in trust by the United States or subject to a restriction against
alienation imposed by the United States



