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National Renewable Energy Laboratory
NREL)

Novozymes Biotech

Cellelase)

Community Power Corporation (CPC)

SOFC)

Laboratory of Renewable Resources
Engineering, Purdue University

U. Hawaii
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TurvallisuusTekniikka) (Finland)
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2025
2020 13%
2010 6%
2030 25 1%
12% 20%
White Biotechnology
FP7
VTT
NEDO
2005
2010 308 ke
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80 15 2020
25
10 2015 1/10 20%
2010 308 ke 2025 1/3 65%
or 2010
20t/d 20% 100t/d
30%
(5t/d) 10%
200 /kg
$1.07/gal
4.2




Industrial Biotechnology White Biotechnology

4.2
NEDO
stover
/30
2005
peroxymonosulfate
NaOH
(@]
C5/C6 C5/C6
O
BDF
BDF
White Biotechnology
12 —FP7 Industrial
Biotechnology




National Bioenergy Center NREL
Argonne National Lab.(ANL) Idaho National Engineering Lab.(INEL) Pacific Northwest National

Lab.(PNNL) Oak Ridge National Lab.(ORNL) ANL INEL
PNNL ORNL
NREL
Department of Agriculture NREL
Genomics Lab.
2005
BSCL(Biomass Surface Characterization Lab.)
a
stover
NREL stover
NREL  Genencor Novozymes
10 2004 20 1
30 1

NREL 2005 BSCL(Biomass Surface Characterization Lab.)

RITE
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NREL
(©)
(d)
Corp.
NREL
GTI
Ca

C5
C6
C5
C5
Purdue Ho
Purdue Yeast
C5
C5/C6
NREL
RITE
NREL
Ni
Ni
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2000 11

VTT
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BDF
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VTT

C5

BDF

system”

145

BDF

updraft

7.25 kWh

EuroBio
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CNRS VTT
VTT C6
[FA-TULLN
60
VTT

“Novel power plant

White Biotechnology



Red Biotechnology
Green Biotechnology FP7

Food, Agriculture and Biotechnology
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DOE

2010

FP7
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6.1

(MBMS)
FTIR LC-MS NIR
on line
NREL
Athenix Corp.
EU 2002 12
100 kg/h
IOGEN Ca(OH)2
peroxymonosulfate
(
(UBC,
NaOH
TUWien
3
Arkenol DNA
DNA Zymomonas mobilis
BC International
DNA KO-11

MASADA

Arkenol
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220 1
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thermocellum
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CNRS
DOE DOE
Novozymes
Genencor International,
Novozymes
TUWien

Clostridium cellulolyticum CNRS

RNA

DOE JGI




_OZ_

(NREL_)

(NEDO)
( )
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VTT)
Syn gas
NREL
Gerogia-Pacific .
Westvaco Borregaard Ligno Tech
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Purdue

Gas Technology Institute:

National Renewable Energy Laboratory:
Community Power Corporation:
Novozymes International :

Hawaii Natural Energy Institute

VTT Technical Research Center of Finland ( )
VTT Technical Research Centre of Finland ( )
Institute for Agrobiotechnology (IFA-TULLN)

Department of Environmental Biotechnology
Bio Diesel International (BDI):

Renewable Resources, Institute of Chemistry, University of Graz

Institute of Chemical Engineering Gene Technology and Applied Biochemistry Laboratory,
Vienna University of Technology (TUWien)

Institute of Structural Biology and Microbiology, CNRS (IBSM-CNRS)

-25-



1.1 Purdue University, Laboratory of Renewable Resorce Engineering (LORRE)
http.//engineering.purdue.edu/LORRE

DATE : Dec. 05, 2005

PLACE : Purdue University, Laboratory of Renewable Resources
Engineering (LORRE)
500 Central Drive
West Lafayette, IN 47907-2022

MEMBER: Michael R. Ladish, Distinguished Professor and Director
Nancy W.Y. Ho, Senior Research Scientist
Miroslav Sedlak, Senior Research Scientist
Nathan S. Mosier, Assistant Professor

-Visitors (G-TeC):

(
(
JST/CRDS
1
Purdue LORRE
Purdue
Purdue
( LORRE)
1
2 /
Purdue LORRE 1978
25 Bioenergy Bioprossessing Bioproducts

Bionanotechnology Biorecovery
LORRE

-26 -



G-Tech

Director Ladish Ladish
Cellulose hydrolysis Nathan S. Mosier
Nancy Ho
3.
Purdue
150-220
pH 4-5
2-10
2 pH
( LORRE) ( LORRE)
2
2) Xylose
Nancy Ho
Xyluloki
1990 Xylose isomerase yu(?(KI)nase Xylulose
Ho Xylose )y Xylulose --5-phosphate
Xylose Xylitol =
reductase dehydrogenase I
(XR) ) (XDH)
NnaDPH  Xylitol NAD* A
_ NADH) Ethanol
Xylose isomerase (XI)
Xylose reductase (XR) Xylose 3

dehydrogenase (XDH)  Xylulokinase (XK)

- 27 -



Ho

=@= Glucose
il Xylose

XR XDH XK “ =d— Ethanol

== Glycerol

Purdue
XK
ATCC
424A(LNH_ST) 0 5 10 15 20 o ::lours) 30 35 40 45 50
1400(LNH_ST) Sedlak and Ho (2004), Appl. Biochem. Bictechnol. Vol.113-116, pp. 403-416
4
Ho
1995-2002
2000-
2002-
4,
5.
Ho
logen Ho ”Purdue
Yeast (424A(LNH-ST)” logen

-28 -



logen 424A(LNH-ST)
logen
424A(LNH-ST)
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1.2 Gas Technology Institute
http.//www.gastechnology.org/

()

DATE : 9:00-12:00 6 December, 2005

Gas Technology Institute (GTI)

1700 South Mount Prospect Road, Des Plaines, IL, 60018-1804

MEMBER: Mr. Francis S. Lau / Executive director, Gasification and Gas processing Center

-Visitors (G-TeC):

PLACE :

(
()
JST/CRDS
1
3
Ca
GTL
2.
1941
2000 GRI IGT
260 70%
1 GTI GTI
(1 Gasification & Gas Processing Center

-30 -



31
80t/d ( 20 wtbh,
100 t/d
U-GAS® 1000 t/d
2 t/d, Minnesota
(chicken litter) 60 t/d Georgia

Olivine
110 t/d, 5.4 MWe, 11.5 MWth, Skive Project
1.8 MWe, 3.3 MWth, Kokemaki,

80 wtl%) Tempere

- - CHP 12 t/d, 600 kWe, 1.8 MWth,
3.2
/
in-situ 2
CO + H,0 » CO, + H,
33
Indian Coal 100MWe, IGCC

-FT

-31 -



4.1 Henry R. Linden Flex Fuel Test Facility (FFTF)
FFTF
10-20t/d, 20-40t/d
-400psig = 2.7 MPa /
CO,
42
20 ppmv
SOFC 100 ppbv
Ca 150-200
H,S, HCI, NH;, CO,, PM
43
IMACC: FT-IR, SRS: Mass Spec, Agilent GC/MSD/FID/SCD, Varian:
GC/PFPD
5.
LPG DME chicken litter
- -DME
DME Haldor-Topsoe
GTI 700-800 CO H,
6.

VTT (Finland) 1100 tar NH,

DME

-32 -



1.3 National Renewable Energy Laboratory (NREL) National Bioenergy Center
http.//www.nrel.gov/

DATE : hh:mm-hh:mm Dec. 07, 2005

National Renewable Energy Laboratory
PLACE : 1617 Cole Boulevard
Golden, Colorad 80401-3393

John Ashworth, Partnership Development Leader

James D. McMillan, Manager, Bioprocess R&D
MEMBER: National Bioenergy Center

David C. Dayton, Senior Scientist |

Min Zhang, Senior Molecular Biologist

-Visitors (G-TeC):
(

(
JST/CRDS

NREL
1
NREL 2025 20 1/3

REL

Sugar Platform Sugars, Lignin

(Hydrolysis)

Residues

Fuels,
Chemicals
& Materials

. Combined
Biomass

By-products

Thermochemical

Platform CO, H2, Bio-oil

( NREL)



NREL

C5 C6

Dupont 4

2)

/

NREL 1977 25 70
NREL
99 2010 10 2050
2025
75 NREL
NREL

Integration of Biorefinery Elements

Integrate starch & lignocellulose conversion

—— Products
Starch |:> S : 3
Hydrolysis Fermentation « Food Products
of Sugars « Animal Feed
Fermentable = W Froduct
Sugars g/:"> C5/C6 Sugars Recovery
« Eth |
Cellulose C5 Sugar(s) . cheamnioca|s
[ P Hydrolysis J
Lignin
Pre-treatment Residue
T r * Heat & Power
. . |:> Thermo-chemical |:> « Fuels & Chemicals
Lignocellulosic Conversion > Pyrolysis Oil

Biomass > Syn Gas
NREL)

NREL 30
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NREL

NREL Genencor Novozymes
4 1 T.reesei CBHl A celluloriticus EG1

1/20 5 /

100%

C5 90%
30-40 ; C6 _S 80%
c5 g 70%
L 509% B Acetate & Uronics
8 H Galactan/Mannan
E 50% | Xylan/Arabinan
NREL 2 o v
Z.mobilis S 3%
C5 g 20%
10%
0%
Corn Corn  Switch- Poplar
Grain  Stover grass (Wood) NREL)
NREL Genomic Omics

soft wood

DME

NREL

-35 -



NREL

NREL

80
1600 /

NREL

-36 -

(NREL )
20
20-30 /
20-30
DOA
”5 by touch”
RITE

Zymomonus mobilis Zymobacto rplamae



Zmobilis Z plamae

BC International 140 200
C5 C6
(C5,C6 VTT
)
NREL ()
1
0.20/gal-EtOH 2010
1.07/gal
2 /
1974 1991
1200
2004 2119
2000 NREL National Bioenergy Center
(NBC) NBC NREL
DOE NBC
6 (Sugar-Lignin Syngas
Bio-oil Biogas Carbon-Rich Chains Plant

-37 -



Products )

National Bioenergy Center

NEC Diractor
M. Pachaco

Advisory Board

NBC Lab Coordination Council

Industrial Partnerships SEEEEEEEIEE “Virtual Center” to improve interkab
colfabonztion in bicenergy

1 National Bioenergy Center (NREL )
( 2
Sugar Platform »
+ Enzymatic Hydrolysis Sugar & Lignins
+ Lignin Products Intermediates
Biomass Products
+ Residue Harsasting Fuels, Chemicals, Biorefineries
+Energy Crops Materials, -
Heat & Power
Thermochemical
Platform » Gas & Liguid
* Pyrolysis Intermediates
+ Gasification
2 Biorefinery Concept (NREL )
Sugar
Syngas
3.
NREL
(2003 ) 2.67/gal
2010 1.07/gal 10

- 38 -



50 70 Alternative Fuels User Facility
(The Bioethanol Pilot Plant’s

one-ton-per-day Process Development Unit) (D

1 Process Development Unit (NREL )

1.07/gal

Genencor, Novozyme

1/10 1/20 ( 0.20/gal-EtOH) NREL
2010
1.07/gal
( ) C5 20
—25 Zymomonas
8
5.
Zymomonas DuPont
Zymomonas
(Syngas )

-39 -



Sugar Biorefinery GTL
(FT DME MeOH )

Alternative Fuels User Facility ( 3

3 The Bioethanol Pilot Plant”s one-ton-per-day Process Development Unit

( ) NREL
6.
zZymomonas (NREL) £ coli ( )
( ) (RITE)
(
) Zymomonas  Zymobacter ( )

NEDO

- 40 -



NREL

1
National Bioenergy Center
NREL
® Argonne National Laboratory
® |daho National Laboratory
® National Renewable Energy Laboratory (NREL)
® Oak Ridge National Laboratory
® Pacific Northwest National Laboratory.
3

1

2.

3.

1 2025
® 5 6
NREL

° (MBMS) FTIR LC-MS NIR
® SEM TEM
o
® Syn gas
o
o LCA
o
o

- 41 -

Biomass

1 NREL

173

Sugar Platform
(Hydrolysis)
Residues
Combined
Heat &

Power

By-products

Sugars, Lignin

Fuels,
Chemicals
& Materials

Thermochemical

Platform
(Gasification,

Pyrolysis)

CO, H2, Bio-oil

NREL



(NREL)

2000 Biomass Refining
Consortium for Applied Fundamentals and Innovation (CAFI)
NREL
1
2.
Syn gas
Syn gas 3 NREL
http://www.eere.energy.gov/biomass/sugar_
platform.html
2003 6
46
10-20
10 /
50-70
2
NREL
1 billion tons/year of lignocellulosic
NREL (PDU: The

42 -



Process Development Unit)
NREL PDU

Amco, BC International, Arkenol, Selaska Corp, Swan Biomass, Collins

Pine-California Energy Comission, Suitable Technology Energy Partnership

NREL
2010 2000 1/3

2000  $3.48/galon
2003  $2.67/galon
2010  $1.07/galon

2010 2000 NREL

Dupont 3800
1 3-

Syn gas

+  DOE Biomass Program Web Site

- 43 -



http.//www.eere.energy.gov/biomass/

+  NREL Biomass Web Site
http.//www.nrel.gov/biomass/

+  Biomass Research and Development Initiative

http.//www.bioproducts-bioenergy.gov/

NREL ()
1
2 /
1974
NREL 1977 1991 9
http://www.nrel.gov/orgchart.html
National Bioenergy Center
1
syngas
Biorefinery Concept
5 Feedstocks
Sugar Platform N
"Biochemical”
Fuels,
Biomass Chemicals,

& Materials

Clean Gas

Syngas Platform

Thermochemical Conditionad Gas

w

- 44 -



NREL

Ni

air/steam

MoS,

0.5

Ni
NiO

$1.07/gallon

CO H,

Cco,

Ni

NiO

2010

MoS,

6500 mg/Nm?

825 875
NiO+H,>Ni+H,0

- 45 -

2010-2015
2015-2020 BTL

649 steam/biomass =
1000 mg/Nm?

incipient wetness
Ni Ni



DME

pine

Rh/Si0,/Ce0,
550
Rh Ni

DME
2005 10

L/d

- 46 -



1.4 Community Power Corporation (CPC)

http.//www.gocpc.com/
()
DATE : 14:00-15:00 Dec. 7, 2005
Community Power Corporation
PLACE : 8110 Shaffer Parkway

Littleton, Colorado USA 80127
Robb R. Walt / President & CEO
MEMBER: Kingsbury Browne / Vice President
James P. Diebold, P.E. / Principal Chemical Engineer

-Visitors (G-TeC):
(

(
JST/CRDS

/
1995 Robb Walt  Art Lilley ( 1) 2005
20

1 Community Power Corporation

- 47 -



BioMax
(NREL, DOE, USDA, US Department of Defense, US Army, California

Energy Commission )

4 2010
5000
BioMax (5kW) BioMax (15 100 kW) BioMax FB (Fluidized Bed) BioMax-Gas
BioMax-Liquid Fuel BioMax
5 100
24
MSW
2 BioMax CPC
3 BioMax 50 100 (A) (B) ©)
50% 15%

- 48 -



3 BioMax 50 100 (CPC )

CH,:H,:CO:CO,: N,
2:20:20:7:51

BioMax 15 North Park High School (Colorado)

2003 9
(Wood consumption 3 Ibs/kWh, Daily load: 6 to 8kW, 40-80 kWh)
30 Zuni Furniture Enterprises (New

Mexico) 2004

BioMax 5  Kawasaki BioMax 50-100

Ash 3 1
700 100

- 49 -



VTT (

)

Twente

(
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1.5 Novozymes, Inc.
http.//www.novozymes.com/cgi-bin/bvisapi.dll/portal.jsp

DATE : hh:mm-hh:mm Dec. 08, 2005

Novozyme, Inc
PLACE : 1445 Drew Avenue
Davis, CA 95616-4880

Joel R. Cherry, Director Biotechnology-Bioenergy
Sarah A. Teter, Senior Scientist

Paul Harris, Senior Scientist

K.C. McFarland, Senior Scientist

Feng Xu, Staff Scientist

MEMBER:

-Visitors (G-TeC ):

JST/CRDS
Novozymes, Inc.
NOVOZYMES 600
130
NREL 1/30
° 2001
3 1480 USD
3 1
230 USD
4 1710 USD
°
NOVOZYMES
NREL
° Trichoderma reeser

-51 -



Trichoderma reeser

NREL
$0.10-$0.18 / gallon EtOH NOVOZYMES NREL
$0.10-$0.18 / gallon EtOH
2001 $5.4 / gallon EtOH 30

)
NOVOZYMES
° NOVOZYMES Genencor International
NOVOZYMES
Genencor
International

°

2

Abengoa Bioenergy

® NOVOZYMES Corp

http.//www.eere.energy.gov
/news/news_detail.cfm?news id
o =9004

: Abengoa Bioenergy

® NOVOZYMES 2006 Nebraska  York  Abengoa
Abengoa

||

NOVOZYMES

http://www.novozymes.com
NOVOZYMES DOE

-52 -



http.//www.novozymes.com/cgi-bin/bvisapi.dil/press/press.jsp?id=32730&lang=en

http.//www.eere.energy.gov/news/news_detail.cfm?news_id=9004
Genenor International DOE
http.//www.genencor.com/wt/gcor/pr_1098313606

Novozymes, Inc.

1

Novozyme

Novozyme NREL Genencore
4 1
10 /
5 /

2. /

NREL Novozyme

NREL

3.

T.reesei CBH1 A. celluloriticus EG1

Novozyme T. reesei

T. reesei

T. reesei

- 53 -

Davis

1/20



Novozyme

Novozyme

)Novozyme A.oryzae

)Novozyme Genencore

T. reesei

A.oryzae

Novozyme  Genencore 2008
2008

-54 -



1.6 Hawaii Natural Energy Institute HNEI

http.//www. Hnei.hawaii.edu

DATE : Dec. 19, 2005

PLACE : Hawaii Natural Energy Institute, School of Ocean and Earth Science and
Technology(SOEST), University of Hawaii at Manoa

Address: 1680 East-West Road, POST 109, University of Hawaii at Manoa
Honolulu, Hawaii 96822, U.S.A.
MEMBER: Professor Michael J. Antal, Jr.

Dr. Teppei Nunoura
-Visitors (G-TeC):

SOEST

Coral Industries Chair

220

- 55 -



400

34

Flash Carbonization

600 10kg/cm?

85cm

- 56 -

2.7m

Cco,

40%



30

20
10

220
80%
90%

Lee R. Lynd

300

6,790,317

- 57 -

45



900
4 5% Ni

(1200 )

70%
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2.1 VTT Technical Research Center of Finland

http.//www.vtt.fi/
DATE : 13 March, 2006
PLACE : VTT Technical Research Center of Finland
Tietotie 2, Espoo, P.O. Box 1000, FI-02044 VTT, Finland
MEMBER: Prof. Merja Penttila, biotechnology

Prof. Liisa Viikari, biotechnology

Dr. Niklas von Weymarn, biotechnology

Dr. Tuula Makinen, thermochemical conversion

Dr. Marita Niemela, thermochemical conversion

Dr. Matti Nieminen, thermochemical conversion

Dr. Anja Oasmaa, thermochemical conversion

Dr. Matti Reinikainen, thermochemical conversion
Visitors (G-TeC)

JST
CRDS
CRDS
1VIT (Prof. M. Penttila)
« VTT  MITI
. 2,800 2 1,300
+ R&D 7 45
Biotechnology Energy and Pulp and Paper
Biotechnology 240 5
Energy and Pulp and Paper 390 7

. Director Research Professor Chief Research Scientist

- 59 -



34% 14% 12% 28%
11%

Biotechnology 280 240

Biotechnology “White Biotechnology”

VTT Biotechnology

Trichoderma reesei

84a¢/ 30¢/

endo-

Saccharomyces

Saccharomyces

-60 -



13

CO Co,

H,

-61 -

PHB

CO H, CO,

NREL



2.2 VTT Technical Research Center of Finland

()
DATE : 13 March, 2006 14.00-17.00
PLACE : VTT Technical Research Center of Finland
Tietotie 2, Espoo, P.O. Box 1000, FI-02044 VTT, Finland
MEMBER: Anja  OASMAA: VTT Energy. Fuel Processing Laboratory. Senior Research
Scientist,PhD,. Telephone: 358 9 456 5594. Fax: 358 9 460 493. E-mail:
anja.Oasmaa@vtt.fi.

Matti Nieminen :VTT Processes.,Gasification and Gas Cleaning, Senior Research
Scientist,MSc,,. Telephone: 358 20 722 6587. Fax: 358 20 722 7048 E-mail: matti
nieminen @vtt.fi.

-Visitors (G-TeC):

JST
CRDS
CRDS
1
2.
21 Anja Oasmaa
2 2 PDU
Fluid bed reactor 500 1 1

20kg

-62 -



Cyclone

Condenser
04 1.0t
©)
EFB
Demi
Fluid bed reactor Cyclone Fl as
AN
N
Condenser
Biomass
- Storage tank
Char etc
Pyrolysis Oil
O

1 VTT Fast Pyrolysis Process Development Unit
( Fuel capacity 20kg/

Yields in Fast Pyrolysis from Wood Fuels
100%
90%
80%
o oroo [
;f 50% [
2 40%
30% [
20%
10% |
0%
PINE GREEN BROWN
O Char 12.0 235 27.0
O Gas 12.0 12.0 12.0
B Water 12.0 12.5 13.0
O Liquid 64.0 52.0 48.0
2

- 63 -



1 3 LHV ~ 13-19MJ  3000-4500Kcal/kg

1 Pyrolysis Liquid properties
Heating value 13-19 MJ/kg (LHV)

Acidic pH 2-3
Flash point ~ 40-65
Density 1.15-1.2 kg/I

High ignition temperature
Viscosity between that of light and heavy fuel oils
Unmiscible with mineral oils

Polymerizes slowly

100%
90% |
80%
70% B Alcohols
60% L O Aldehydes, ketones, acids

M Sugers
50% O Water
aon - O Extractives
: B LMM lignin

30% O HMM lignin
20%
10%

0%
Forestera Spruce VTT G FR 24-01 VTT B FR 20-03

3 Product quality based on physico-chemical characterisation

- 64 -




Matti Nieminen

Downdraft fixed bed gasifier:
® Several developers since the Il world
war and a lot of unsuccessful
operations reported
® Successful plants do also exist
@ Suitable only to high-quality fuels
-10 =100 mm in size
- moisture < 25 %
- no ash sintering tendencies
®Limited to smallest size < 1 — IMWhiuel
®Poor carbon conversion

.Advantages
- low tar content and simple gas
cleaning
- low investment cost and easy to
operate
- suitable to small gas engines <
300 kWe
(preferably naturally aspirating)
®Puhdas Energia in Finland
-small engines and fuel gas
to boilers/kilns

DRYING
PYROLYSIS
OXIDATION

Biomass

I

—>

REDUCTION

- 65 -

Air

—

Product Gas




3.2 Novel power plant
VTT

VTT

Novel

7

5

Novel

/kWh 150

5 Novel power plant

- 66 -



3.3

- 67 -



2.3 Institute for Agrobiotechnology (IFA-TULLN)
Department of Environmental Biotechnology
()

DATE : 10:00-15:00 15March, 2006

PLACE : Konrad Lorenz Strasse 20, A-3430 Tulln, Austria
Tel: +43-2272-66280-502
Fax: +43-2272-66280-503

MEMBER Professor Rudolf Braun, Project Manager
Dr.Markus Neureiter

Visitors (G-TeC):

JST/CRDS
JST/

Professor Rudolf Braun, Project Manager

250 1 10
137PJ 90

- 68 -
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Markus Neureiter

13
EU White Book “Energy for the Future”
31
50 MW 103 MW 102
MW 78 MW
C/kWh /kWh
100 W 16 5 C/kWh
100—500 W 14 5 C/kWh
500—1000 W 12 5 C/kWh
1000 W 10 3 C/kWh
)
CHP
CHP
©)
160,000 Pischelsdorf(Tullin )
4.
Professor Rudolf Braun
50 60
IFA 60 EU

12
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BTL Biomass To Liquid BTL

5.
Markus Neureiter
51
Crostridium Clostridia Tyrobutyrium ( )
( )
2000—2900 4
5.2
140—180  5-20 pH2 3
pH 3 4 H
TS32
TS TVS H,SO,
pH Crostridium
6.
60 Bacills Strearothermophillus
12 13
7.
Markus Neureiter ( )
cm 40
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15 W 500 W 2

TS 8 10

Silage 9,000 m 3/ year

o Maize (whole plant): 2,112 t/year
Liquid piggery manure
Maize (corn): 1,947

Sugar beet residus: 370
Vegetable residues: 232
Wheat: 150 Rye (green): 100
Alfalfa: 100

Tota | substrate mixture l

Digester 3,850 m?

v v

Gas holder 950 m® Digestate storage
1,840,000m® Biogas/ 4,300 m®

CHP 500 Kw Electricity: Digestate8,600 t /
3,718 Mwh / Heat: 1,600 507tTS/y

Mwh /'y
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2.4 BioDiesel International (BDI)
http.//www.biodiesel-intl.com/

DATE : 13:30-17:00 16 March, 2006

BioDiesel International (BDI)

Parkring 18, A-8074 Grambach/Graz, Austria
MEMBER: Edgar AHN /
-Visitors (G-TeC):

PLACE :

JST
1.
BDF
KOH
BDF
BDF
2 /
Business Fields
Single-Feedstock Plant
Multi-Feedstock Plant
BDF
VTU-Engineering GmbH M&R Automation GmbH
Mittelbach Marr Eichlseder
1991 BDF 2005 10
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2007 10

1991 BDF
1,500 to/y Rapeseed oil Mureck / Austria
1994 BDF
9,000 to/y Used Cooking Qil Mureck / Austria
1998 BDF
6,000 to/y Animal Fat Butler, KY / USA
2001 BDF
SARIA Bioindustries GmbH
12,000 to/y Animal Fat Malchin / Germany
2005 BDF
50,000 to/y Animal Fat Motherwell / Scotland
2006 BDF
150,000 to/y vegetable oils Vienna/Austria
3. BDF
2003
2005 2% 2010 5.75%
5% BDF 6.1 Mio
to/y (EU15) BDF
BDF used
cooking oil, animal fat, trap grease 20 %
BDF animal fat  trap grease
4.
BDlI BDF 40
Fresh vegetable oils Single-Feedstock
Plant Used cooking oil  Animal fat Multi-Feedstock Plant
Multi-Feedstock Plant
BDF
BDF
BDF
Feedstock
flexibility

80%
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99.7%

0.9 /L
0.10-0.15 /L

5,000 to/y

BDF

BDI

BDF

BDF
BDF
1.0 /L BDF
6,000 to/y
0.40-0.50 /L 0.20-0.25 /L
B5
KOH
0.5 %
60
BDF
30 /L BDF 85 /L
BDF
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2.5 Renewable Resources, Institute of Chemistry, University of Graz
http.//www.kfunigraz.ac.at/

DATE : 17 March, 2006

PLACE : Renewable Resources, Institute of Chemistry, Karl-Franzens-University
Heinrichstrasse 28, 8010 Graz, Austria

MEMBER: Prof. Martin Mittelbach 3

-Visitors (G-TeC):

JST

1) University of Graz

University of Graz 400 2 Graz
25 2 45,000
1982 BDF
BDF

Prof. M. Mittelbach

2
9 EU
EU
BDF
1982
1985 1991 BDF
EU BDF 2004
2005 B-100 135
2,000
BDF 10
BDF
B100 100%
95¢/¢ BDF 90¢/¢ 5 10%
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EU

curcas

BDF

BDF

387

BDF

EU

BDF 0.2 /
EU BDF
B100 EU B5
BDF
us 900/ usS 400/
BSE
EU
EU 2005 2% 2010

Directive 2003/30/EC

BTL

Prof. Mittelbach

BDF
BDF
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S%BDF

Jatropha

5.75%

BDF

DME



2.6 Vienna University of Technology (TUWien)
Institute of Chemical Engineering
Gene Technology and Applied Biochemistry Laboratory

http.//www.vt.tuwien.ac.at/

DATE : 12:00-17:00 14 March, 2006
Vienna University of Technology (TUWien)
Getreidemarkt 9/166-5,A-1060 Wien, Austria
Cristian P. Kubicek, Ph.D./ Professor
MEMBER: Kurt Messner, Ph.D / Professor /

(Industrial Microbiology and Bioengineering)

PLACE :

-Visitors (G-TeC):

JST/CRDS
1
2 /
2002

Kubicek

Messner
http://www.vt.tuwien.ac.at/

VTT
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TUWien  Prof. Kubicek

Prof. Messsner

Acel Xyrl,Ace2, Hap2/3/5,Crel

Ceriporiopsis subvermispora

Laccase/HBA/Mn?
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Trichderma

http.//isth.info/tools/blast/show all_ seq.php

Kubicek

Messner
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2.7 Institute of Structural Biology and Microbiology, CNRS (IBSM-CNRS)
http.//www.cnrs.fr/index.html, http.//bip.cnrs-mrs.fr/Plan.html

DATE : 9:30-12:00 16 March, 2006

PLACE : Unité de Bioénergétique et d'Ingénierie des Protéines, Institut de Biologie
Structurale et Microbiologie, Centre National de la Recherche Scientifiqgue (CNRS)
31 Chemin Joseph Aiguier 13402 Marseille Cedex, France

MEMBER: Jean-Pierre Bélaich, Ph.D./Professor
Chantal Tardif, Ph.D./Professor
Henri-Pierre Fiérobe, Ph. D./Permanent Researcher

-Visitors (G-TeC):

JST/CRDS
1.
Trichderma reesei
2 /
CNRS 1939
CNRS CNRS-only labs
Joint labs
CNRS EU
Jean-Pierre Bélaich
1980 Clostridium cellulolyticum
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Web
http://bip.cnrs-mrs.fr/bip00/bip03.html
J.-P. Bélaich C. Tardif Provence CNRS H.-P. Fiérobe
CNRS CNRS

Clostridium cellulolyticum

Clostridium cellulolyticum in vivo

Clostridium cellulolyticum

IS

Clostridium cellulolyticum
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CNRS

Clostridium thermocellum
VTT M. Penttila Trichoderma reesei
Clostridium cellulolyticum DOE JGI

Clostridium cellulolyticum

Clostridium thermocellum Clostridium josui
RITE Davis R. H. Doi
Clostridium cellulosvorans
RITE
JIRCAS
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