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In 1980, Union Camp Corp.’s
Savannah, Ga., mill began con-
struction of a state-of-the-art
boiler to be fired with coal and
wood waste.

As part of that project, the
firm’s Woodlands Division formed
a fuel fiber harvesting crew to
provide a portion of the fuel for
the boiler.

The crew uses conventional
logging equipment for felling,
skidding and chipping. It works
mainly on fee lands, removing
unmerchantable standing re-
sidual trees left by conventional
logging operations.

While this operation is not a
new concept, the results achieved
are.
In 1985, the crew increased
production by 30% and lowered
costs by 25% over the preceding
year. In the five years the crew
has been in operation, production
has been hiked by more than
107%.

Last year, the crew established
the following production records
for the Savannah mill:

m Single-day production of 20
loads.

m Five-day production of 82
loads.

m Five-day delivery of 107
loads.

CAN DO! CLUB

This harvesting crew
logs some impressive
production figures

¥

The Woodlands Division crew that set records at Union Camp’s Savannah, Ga., mill
are (kneeling, from left) Joe Brunson, Jimmy Haire, Roy Brunson; (standing) Mike
Snell, Jimmy Leggett, Sam Smith, Dean McCraw and Ken Sapp. Tommy Leggett is

missing from the photo.

m Weekly ton per man-hour
rate of 4.59.

= Monthly ton per man-hour
rate of 4.13.

= Monthly production of 6,284
tons.

® Annual ton per man-hour
rate of 3.49.

® Annual production of 66,247
tons. For those impressive fig-
ures, the PIMA tiger tips his Can
Do! cap.
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United States
consumers use:

140

billion gallons
of gasoline per year
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Source: Energy Information Administration
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140 Billion Gallons per Year

Weekly Gasoline Demand from May 2004
thru August 29, 2008

—— Total Gasoline —a— Refommulated Gas —— Conventional Gas
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United States
consumers use:

45

billion gallons

of diesel fuel per year

[
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60920

of all US petroleum

products are
Imported from other
countries.

SIOTTE e TER O Source: Energy Information Administration
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for Biofuels Leadership

“By 2017, 10 percent of liquid

fuels sold in North Carolina will
come from biofuels grown and il
processed within the state.” -
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ENERGY FLOWS ARE COMPLEX

8.13 Electricity Generation,
Transmission & Distribution Losses
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(Energy Independence & Security Act 2007)
Production mandate

36 billion gallons of renewable fuels by 2022 —

Total
Advanced —
Biofuels

Conventional

o
v v

10.5

3.5

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

—e— Conventional renewable fuels ——Total renewable fuels
-+ Total advanced biofuels Cellulosic

Source: ORNL

Biomass-based diesel Other advanced biofuels
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BIOFUELS 101
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What I1s Bioethanol?

oI'he most widely used biofuel today
oAlso known as ethyl alcohol or grain alcohol

oCan be used either as an alternative fuel or as
an octane-boosting, pollution-reducing additive
to gasoline

oAn alcohol fuel made from sugars and starch
found in plants

BIOFUELSCENTER.ORG




.\ Biofuels Center
X\ of North Carolina

}\

What is Biodiesel?

oA clean burning alternative fuel

oProduced from domestic, renewable resources
such as new and used vegetable oils and
animal fats

oPrimarily produced through base catalyzed
transesterification

oSimple to use, biodegradable, nontoxic, and
essentially free of sulfur and aromatics

oCan be blended at any level with petroleum

BIOFUELSCENTER.ORG
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) The Ethanol Benchmark

Corn — Considered the “benchmark” in the US

0 Nearly all of the ten billion gallons of fuel ethanol
produced in the US comes from corn

o In North Carolina, we're looking for alternatives to corn
that can grow well in our solils and climate conditions




[
-
qv]

=

LLI

[3)
S
LL
)
D

\/ Biofuels Center

\\of North Carolina

Consumption

Weekly Ethanol Demand Through August 29, 2008
On an Annualized Usage Basis
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INn the US Market

Weekly Ethanol Demand in Reformulated and Conventional Gasoline,
Annualized Basis, thru August 29, 2008
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PRODUCTION
Production is sited B Y R EG |O N

near the feedstock
source! 9.1 Billion Gallons
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US Biodiesel Production
by Region

Production is generally
sited at the feedstock
source, but port and rail Top 10 States

sites are feasible! . lowa 351.5 Mgy
| : Texas 265 Mgy
lllinois 199 Mgy
Alabama 155 Mgy
New Jersey 134 Mgy
Indiana 130 Mgy
. Washington 116 Mgy
m ~ Nevada 109 Mgy
BIODIESEL Missouri 107 Mgy
North Dakota 93 Mgy

Map Key: @ Producing ©ldle @ Under Construction @ Unknown
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Feedstocks

for Biofuels
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L Feedstock Terms

oGeneration 1 — Technology available today

oGeneration 1.5 — Promising technologies under
development

oGeneration 2.0 — Technologies needing further
development

BIOFUELSCENTER.ORG
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2 North Caraing Potential Crops for Cellulosic
- Ethanol or Green Gasoline

Woody biomass (trees)

L Switchgrass

= Miscanthus

= High biomass sorghum

Crop residues

: - Barley - Corn stover

! - Wheat - Oats

\
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Potential Crops for
Biodiesel

Soybeans — “benchmark”
Waste vegetable ol
Rendered animal fat

Canola/rape seed
Peanuts

BIOFUELSCENTER.ORG
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Biofuels Feedstock
Development Plots

o Introduce biofuels crops to the forestry/farming
community

0 Analyze crop performance at several Iocatlons

0 Gather data [EESEEEEE BV Sl
o Tillage | :
0 Soll types

0 Explore
harvesting

BIOFUELSCENTER.
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= \ofNorrh Carolina Generation 20
Cellulosm Energy Crops

Woody Biomass
*Experimenting with “fast-growing” trees
sHarvesting techniques
*Reduced lignin content

= 27 AR N TS T Ba N b N\
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FOREST RESIDUE HOLDS ONE OF THE LARGEST
POTENTIALS FOR BIOFUELS DEVELOPMENT
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Aurhor ; Blly Robens - Dotober 20, 2008

Biomass Resources

e United States
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All Live Tree Biomass per Acre of Timberland

Tons per acre

0 or No data
<25

Average = 38 26 - 40

-
= 60

Biomass - The total aboveground,

ovendry weight for live sample trees
1.0 inch diameter or larger, including
all tops and limbs (excluding foliage).

USDA USDA FOREST SERVICE TAS
el  Forestinventory & Analysis g
Sources USDA Forest Service 2002 P% deta and the Netionsl A%es
o e Urried States For isiormalios wal WIS Seews fo P fed s
Froduced Septemider, 2008 Achor C. Mufs
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| Biofuels Center Number of mills competing for
softwood roundwood by county or
parish, 2007
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SRS FIA Volume of All Live Trees on Forest Land
for the Latest Complete Surveys (13 States)”

Softwood
Hardwood

Billion cubic feet

. 1318
10.60
|| _ 2.63
1.54 1.44

Y LA M5 NC OK SC I'N X VA
2004 2005 2006 2002 199 2006 2004 2008 2007

(5th)  (7th) (8th) (7th)  (6th)  (9th) (7th)  (Bth)  (8th)
Survey year (cycle number)
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Building Cellulosic Ethanol

U.S. and Canada Cellulosic Ethanol Planis - Operating, Planned, or Under Consfruction

Uncer Constiuction or Planned:

o Abengoa Bicenergy Hugoton, KS
Caopacity: 13-15 mmgy | Feaddack: Yonous warcas Plant rypas Cammancind

o AE Bioluels | Buite, MT | heedstock: MATO!
Mant type:. Sinul-3culkr conenee ics

o Allech | Springieid. <Y | Copoclty: 10 mmgy Feedslock: Multiple soxces
Plant ‘'ype: Smal-scala commercia | Prioduction start: Late 2007

o Agraci Rinfoalt PAke County. kY Capacity: M) mmg
Faadslock - M inr Aant type: Commencio

o BluePie Ehamol, Inc. | Sullir CA| Cupacily
feedstock: Municipal wa Flaat type: C«

ol wosha Productinn start: 2010

O siverre tthanol, inc. | Mgy
Feedstock: Municipal w o
Caolalyst Ranewablos Ceorp {Y
Capacity: N/A | Feedstock: W 5
Clemion University Restorction Insfitute | Hoth Chadetaon, 5C
leedslock: Mullicls sources Mant type ot Froduction $tat: 20
o Coskcta | Vio FA | Copacity: 10.00C goy

reedsiock: MUINDIE SoUrSe: | Piant type: Mic!
Dufort Danisco Celluosic Etkanol. LIC | Vonore. TN
feedsiock: Mullioke sources | Plont type: Pilc!

o Lecfin LLC | Woshneton, KY | Copocity: 1.3 mmgy
feedsiock: Corm cob: | Plan® type: Commaerzicl

0 Hambeou KIver Bictuels, LIC | rom rals, W
Capacity: ¢ mmgy | Peeditosk. Wocd wdsle | Plan’ type COommer:

m Greerfield Ethanol | Edmonton, AE | Capacity: 34 milkion Mers py
feedsiock: MuncTipol waste | Font type: Commerncic Preduction stort: 201(

Copaciky: 250.000 gpy

Gull Coort Energy oity Haod
Copocity: 50D gy | Fesdstack: Wonad wola | Flant lype: C oammensinl
0 ICM, InC.| 31, Joleph, MO | Capaelty: 1.5 Twngy

feedslock Sw 1ens, sorggt uin, NOwes, for Font! hpe: Comunaeciul

0 log=n Corp. | Bisch Hils, SK | Copocily: 20 mmgy
feedstlock: Wheaat, barley itraow Plant type: Commercid
0 lignal Inyavalions, Ine Commar—a City OO
Copocity: 7 mmgy Foaddack: Woord | Fost ypa Pilnt

o Maxcoma Cop. | Upper Michigun Poon Froduction Stork. 2012
Capacity: 20 mmgy Feedstock: Wood | Mant type

ommercial

BIOFUELSCENTER.ORG

Mascoma Corp. | Rome, NY | Producion Sart: 2nd Quoarter 2009

Copocity: S00.000 gpy feedstock: Multicle source; | Plant type: Pilot

NawPage Comp Wit anzin Rondis. W | Capacity 55 mmgy

Faadulork Wonty ninrmoss mil rasidua | Pland type: Commascial
o New Planel tnergy floddao WC | Indicrn Rives Cour iy, FL

Feedstock: N e b ding M5W | Hlant type: Commencial
Boardmar R

Copacity: 2.7 mmgy | Fesdstock Nixed biomass | Plani type: Demonstaton
Qrcn Gean Glohal Sthutipert. AR

Feedstock Rice hulls | Plent type
Q POCT-Project Liberty | [n - Capacity: 25 mmgy

Feedstock Corr >bs, fibe Mont type: Commercal | Freduction start: 2011
6 Puwe Vision Technolegy | Fi Lupton C Produchior siart 3d quarer. 2)10

Copacly: 2 mmgy | Feedstock: Com SIOks Ond grasses | Mlart type: Filol
o Rcnoe Fuels

Copocity: 20 r Y

Copachy: 12 5 mmgy
Commercal | Preduction slart: 41h quarter, 20 O

etsburg. A

reutian County GA
feedstock: Wood waite

RSE Fulp 8 Chemica Od Town B Froduction stcrt: 2010
Copacity: 2.5 mmgy | Fesditock Wocd oxract | Mat lygpe: Demorciration

Q sunCpta tioprecess LLC/Cenfral Minnesota Ethanol Co-op | UIte ~als, M~

Plont tyoe Commercia

Capaocty ¥ | leedsiock: Wood riant type: Commercol
Xethanol Corp./Seutheas! Biofvels | Avturndole F.
Copacity: 8 MMGY | Feedsiocc Citus pe | Manl type: Commesciol

TeaChem Roarcrman, OR Capacity: 1.5 gy

Feedstocke Popior trees sigor. wood chips | Mont lype: Commearcios
In Operation:
Abergco Biceneryy Yok, NE Plcnt type: Fiol
Copocity: 200,000 gpy | Feedstock: Various | Produclon slated: September 2007

GAE Bioluels | Butte, T | Copocity: 15,000 gpy | feeddock: Multiole sowrce;
Plant tyb>e: Cemonshaton | Produclion s'arfed: Augud 2003

OPOELP!:)]ecO Bell | fccticne. SD | Capacity: 20.200 gy
Feedslocke Com cobs, ficer | Mant Type: Piot | Producton slart 4'h quartar, 2008

VYerenlum Carp. | J= '

A | Capacity 4 Iy

Feedslock Bogassc Plant type: Domonitraticn Production started: Apri 2008
9 Weslern Biomass Energy (KL Process) oton, WY Capacity: S Mgy
Feedstock ViOOd wCETe Plant type: Commerool | Production started: Jon. 2¥, 2108

o West Blofuels | Son Ro

4, CA | Cepecily: mmay
Feedsiock Urbon wos'e

Plart type: ~ilct | Froducthion stert: Avgust 2008
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Announced 2"d Generation Biofuels Plants
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'"Technical Barrier Areas Biochemical Ethanol

BIOFUELSCENTER.ORG

Product
Recovery

Residue
Processing

By-products

Products
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/) Thermochemical Fuels

Size Reductior

Storage & Handling

De-watering . FTL
Drying ] Gasoline

Feedstock
_Interface

Products

Gas Cleanup
Gasification = & Fuel Synthesis
5 Conditioning

Separations
Recycle
Selectivity

4

Partial Oxidation
Pressurized Oxygen
Indirect/Steam

Technical Feasibility of
Syngas Quality

Particulate remova By products
Catalytic Reforming

S, N, CI mitigation

CO, removal

H,/CO adjustment

n-Pentanol
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g\ EVERYONE IS WORKING ON BIOFUELS
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Needs for the Future

How can the yield of biofuels per acre be increased?

 Increase the yield of biomass feedstock per acre
through continued improvement in productivity
using advanced breeding, testing and selection
methods combined with improved silvicultural
techniques
Increase the yield of biofuel per green ton of
biomass by i1dentifying and exploiting genetic
variation in wood properties that affect processing
characteristics to identify trees with higher
conversion efficiencies

BIOFUELSCENTER.ORG
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it GROWTH PATTERN, SI 85— 1000
TREES/ACRE
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Loblolly pine can be a
short-rotation crop

2.5-year-old loblolly pine

4 at 4840 trees per acre, 1n

% Robeson Co., NC. Closely-
spaced planting regimes

i such as this can be used to

produce both feedstocks for

biofuels and traditional
forest products on a 20- to
30-year rotation, providing
added value to landowners

R

BIOFUELSCENTER.ORG
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M Looking to the future

Building partnerships to reach our goals

o NC Department of Agriculture
0 Exploring campus options o Biodiesel production facility

0 Existing companies and new start-ups
0 Labs o Office space
0 Greenhouses 0 Test plots

o Community colleges and universities

o Student field experiences and Co-op programs

o Integration of biofuels training into existing programs
o Bioprocessing o Industrial Systems Maintenance
o Sustainable Agriculture

o Community members, locally and statewide

BIOFUELSCENTER.ORG




.\ Biofuels Center

NS

“\ of North Carolina

Looking to the future

DOE grant request for renewable fuel pilot plants

0 Oxford — 8 ton/day plant to convert wood into
green gasoline

o Durham — 20 ton/day plant to convert wood Iinto
diesel fuel

BIOFUELSCENTER.ORG
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Questions

Please visit our web site at

www.biofuelscenter.org

BIOFUELSCENTER.ORG




