portunities for the
dustry

Paul Grabowski
U.S. Department of Energy
Office of Biomass Program
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Plogiam Goals

| Develop biorefinery-related technologies to
the point that they are cost and performance
competitive and are used by the nation’s
transportation, energy, chemical, and power
industries to meet their market objectives

2005: Demonstrate an
integrated process for fuels
production from biomass

2007: Complete technology
development necessary to enable start-
up demonstration of a biorefinery
producing fuels, chemicals, and power

2010: Help U.S. industry to establish

the first large-scale biorefinery based
on agricultural residues

Georgia || Institute of Paper Science
Techk and Technolegy

Intermediate Targets

e Syngas - from $6.14/GJ
(2003 base case cost
estimate) to $5.01/GJ by
2010.

e Sugar Feedstocks -
from $0.14/Ib (2003 base
case cost estimate) to
$0.10/lb by 2012.

* Industrial viability of three
commodity scale
products by 2010.

e $35 per dry ton for
biomass feedstock 2010.
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Fioeiem R&D Focus

Sugar Platform
p (Hydrolysis)
, n
Mef Combined
Biomass . x

Thermochemical

Fuels,

Chemicals
& Materials

Platform
(Gasification,
Pyrolysis)
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Starch Products
Starch aretl -
Hydrolysis Fermentation Food Products
1 of Sugars « Animal Feed
Fermentable Product
» Ethanol
Cellulose | « Chemicals
Hydrolysis
Pre-treatment
t : e Heat & Power
. . ‘ Thermo-chemical « Fuels & Chemicals
Lignocellulosic Conversion > Pyrolysis Oil

Biomass > Syn Gas



=orestiBionefine (FBR)
EVOIVING CONCEPT
-

Black Liquor
& Residuals

Manufacturing
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S of a “Pre-Digester”
) for FBR

Fermentation
of Sugars

Cellulose lv

Hydrolysis
.
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DEVEIBRINEItNENEaKest Biorefinery Plan

ViIerwiih key stakenelders i the FP iIndustry, academia, and
patienalilaberateres terprovide input into the OBP’s R&D
IEChnICalNplan 1o tHETOrest bi '

3. Thermochemical Platform
4. Products
5. Integrated Biorefineries
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/- The de-coupling of feedstock research from the Biomass Program
to USDA must¥e revisited. It’s vital that communications and
cooraiauon ve maintained.

DOEandiindustry need to be proactive in working with the USDA to

' estigate the opportunity of the Healthy Forest Restoration Act of

[

tol provide feedstocks to forest biorefineries.

activities for sustainable forestry need to include
wood species; e.g., willow, poplar and aspen; in addition to
loblolly pine.

v The potential for generating 2-3 times the current harvest

production from forests with better harvesting techniques and
management should be examined.
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StiolarePlatfierm R&D Needs

oro cess cost and value of

COSIEWENEIanaSIS on t
@mponent from wood prior to the

0)5ji-0 i)
SEpciEifgIEmICElulose
PUIPING PIOCESS.
2 Similar to the 2003 stuc 7 performed by Larson et al on
pwldGhdliquor gasiiication.

’:‘
C

sugars and preserve cellulose fibers for higher value uses by
the forest bierefineny.
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ermoechemical R&D

m [he Thermoc nem]’f,al wform related R&D seeks
0 JrJr fleasethne O to.

”

N jﬂm Jf'“‘g ! yith ¢ nv%ion technologies to produce
Is

" F oples"'l'echnologles

velop unique & innovative conversion
technologies



ermochen ical R&D
NEEAS

iyAEsherlisteitop” fuels and or chemical from syngas in FBR
I CEVEIo a C rJchwrtnvva\
RiCereustanaly/SISiof theitwor gasification options.
nErmmochemical PIoce 55mJ hem Istry requires additional
VESHgelon e supperttiiercommercial demonstration program and
felg)lfieiieig)e rleveloomer AN ¢ scale- -up off advanced gasifiers and gas
clean-Uiprsystenisy
Av%z,\ble cleanklprtechnologies do not meet cost, performance, or
ENVirenmeERtal Criteria..
- Developrenw senso S, analytical instruments, and process modeling
tools to opitimize control sys ms for thermochemical technologies.

O Develop new product specification and standards, e.g., ASTM
standards for pyroelysis oil since significantly different from
petroleum-based oils.

O Demonstrate long-term catalyst effectiveness using fixed-bed
catalysts in the presence of inorganic particulates for wet gasification.

C Long-term, economically acceptable integrated approaches need to
be developed for BLG systems both in low and high-temperature
reactors.

J ¢
¢

)
IS
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Hrorll S Platform

logaower, glaiti=ls, slf*JJJp pducts are all included in the OBP’s
REIDPOITOIG:

72 Tihe production, of these biobased products will also contribute to
meeting the'technical goals of'the Sugar and Thermochemcial
ISlationns:

SpPecific pfoducfy and relative amounts of the products will vary
[ef -
pecific products for specific markets requires industrial partners
th a very clear understanding of the performance attributes and
dynamics of the market.

Products R&D will'eptimize consumption of the biomass
feedstocks in an integrated forest biorefinery in order to create
additional economic value
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Pliferenrtechnical barriers exist depending on whether the
[Uel; chemic lJ and pewer products will be produced from the
gUipltsieii the SugarsyPlatferm or the Thermochemical

*

PlaHermE

Mmm/ ISSIIE erp—ororll, 1S can be made from the outputs

Lo olglzrorr ,
‘ea nergy or economic impact potential
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ProductspiR&D Needs

il
EFOIFPIEENCTS TRFEBIR 'frr‘m:

7 Sugar Platform
> | catalysts to convert sugars to

mipreyved chemicall catalysts to convert sugars to
pulldiveMeleock intermediates

]mprovedﬂr{w ental understanding of chemical
reactions to products.

cleanup technologies do not meet cost, performance
or environmental criteria.

> ensure that appropriate conversion technologies are
available for producing chemicals and fuels from
syngas.
v' General Products

> cost effective separations to recover and purify
products from biomass.
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exi&mg biorefineries
developing and introducing

v Acceleraté"the testing of key technology
components for emerging biorefineries in existing
commercial operations.
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fit analysis on the value of
separatlng hemicellulose component from
wood prior to pulping
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ol |
v FY06-increase 05 budget by $10M to
ts portfolio and a new

v FYO07-FY08-Request additional $10M/year
to support core R&D and industrial
partnership for the FBR

v FY08-Biorefinery Solicitation ($40M) with
major industry partner collaboration
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blocks or @/ue added chemicals, and

fuels.

> University Research in Biomass
Technologies

> Nttp: /W, BIoproducts-
bioenergy.gov/default.asp

m USDA/DOE Joint Solicitation
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m \ViStithe OBP’s \Web) site atiwww.eere. energy gov/biomass
/“Financial Opportunities
Progjreim JolJrJL}
UJ_)F\/_)Q E Joint E






A}
?F‘iu
)

]
ETRTEE
Pl
Pt

R

Atk

R

An integra:ted PIGrEnenRy
makes use of:
V2 Thermoechemical
CONVESSIoN
technoelegy:

v’ Biochemical
conversion
technology

v’ Existing technology

Feedstock
- Handling

Hydrogen/ : |
Products ;
Gas

Conditioning &
Separation
Fuels/ |
Products ; ;

Steam and |
Power
| Generation

Electricity
Coproduct

Tech

Lignin
Intermediates

Enzymatic
Hydrolysis of
Cellulose

Multi-sugar
Fermentation

Lignin
Residue

Fuel
Ethanol

Georgia | Instituts of Paper Scienca
and Technology

Lignin
Products

Sugar
Intermediates

Sugar
Intermediates

Fermentation
for Bioproducts

Bioproducts
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