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Date and April 24, April 25,2012 April 26, 2012 April 27, 2012 April 28, 2012
Time 2012 Wednesday Thursday Friday Saturday
Tuesday
Track 1 Session 100
(RN. 311A, 3F) Session 101
Track 1 _—
Track 2 (RN. 311B, 3F) Tradkd Session 302
(RN. 311A, 3F) (RN. 3114, 3F)
Opening Session 300 Session 301
Cormonyle | TS (RN, 311B, 3F) rackd (RN. 312, 3F)
Nobel Lectures Session 400 Session 801
8:00-12:00 Track 4 Track 8 .
Forum (Part I) (RN. 312, 3F) (RN. 311A, 3F) Track 4 Session 402
(Qujiang Track 5 Track 12 (RN, 311B, 3F)
Auditorium, 3F) (RN.312,3F) (RN. 3114, 3F)
Session 600
Track 6 (RN. 311A, 3F) Track 13 Track 9 Session 901
Session 601 (RN. 311B, 3F) (RN. 3114, 3F)
Registration (RN. 311A, 3F)
12:00-13:00 | (Lobby, 3F) Lunch Lunch Lunch Lunch
Track 7
(RN. 3114, 3F)
Session 800 Session 401
Ak (RN. 311B, 3F) diwckes (RN.311A, 3F)
Session 900
3304750 o (RN. 313B, 3F) A
(RN. 305, 3F) Track 10
(RN. 3134, 3F)
Track 11 Session for Young Scientist
(RN. 3134, 3F) (RN.311B, 3F)
Track 14
(RN. 312, 3F)
17:30-18:30 Free Social Hour Free Social Hour Free Social Hour Free Social Hour
18:30-20:00 Dinner okidingnd Dinner Dinner Dinner
Banquet
RN=Room Number; 3F=3" Floor
Track 1= Global Bioenergy Economy and Policy;
Track 2= Industrial Leadership Forums;
Track 3= Breaking Research and Enable Biofuel Technology;
Track 4= Biomass Feedstock I: Agricultural, Forestry Waste and Municipal Solid Waste;
Track 5= Biomass Feedstock II: Dedicated Energy Crops;
Track 6= Bioalcohols;
Note Track 7= Biodiesel;
Track 8= Algae to Biofuel;
Track 9= Biogases;
Track 10=Biofuel & Electricity Generation;
Track 11= Aviation Biofuels:
Track 12= Biorefinery/Bioprocess Tech;
Track 13= Biofuel Finance, Investment, Trade and Marketing;
Track 14= Cellulosic Ethanol Commercial Breakthrough;
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4 F| 25 FI(B 8= )+ ="f ﬁ*bﬁ% A4 1H = 55 % (Opening Ceremony

& Nobel Laureates Forum) ~ = %Eﬁ@(Keynote Forum)== & i (Welcome

Banquet) -
T s ﬁ*hbﬁ% 'E’;?L”}ﬁ\f%} Eolaa °4\f§ﬁ'iﬂ\°é"ﬁﬂ @F’E}E’@%féﬁ@?
=T B %T o ST EL 1988 = [~ F4H = Dr. Hartmut Michel ® Dr. Johann

Deisenhofer ~ 1993 & 4 IR =4 1 = Dr. Richard Roberts + 2004 F 4 7fI 28 /4 18
= Dr. David J. Gross * (=244 = Dr. Aaron Ciechanover ~ 2005 =+ & ZFI & 24
fH = Dr. J. Robin Warren ~ 2006 &+ P1ZE 5224 1 = Dr. George Smoot |11 ~ 2007 &
4 RIS 2 . Martin J. Evans ~ 2009 & {*Z°24 44 = Dr. Thomas Steitz I'|
K 2011 # [* 224 H = Dr. Daniel Shechtman -

BT HIf 2007 F & EIER S H = Dr. Martin J. Evans ~ 2009 &+ [~ 2224 i
= Dr. Thomas Steitz ~ 1993 & % EIgA S48 H = Dr. Richard Roberts ~ 2005 # *
HER 24 H = Dr. J. Robin Warren » 1988 & (= 224 = Dr. Hartmut Michel iFh‘
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Nobel Laureates Forum (Part I):
Time: 09:30-11:40, April 25, 2012 (Wednesday); Place: Qujiang Auditorium, 3rd Floor, QICC

Moderator Dr. Richard Roberts, Chief Scientific Officer, New England Biolabs, USA
Title: Visions of Stem Cells
Dr. Martin J. Evans, Director, Cardiff University, UK, Nobel Prize Laureatein

Physiology/Medicine 2007
g7 3 [l



Title: Structural Insights into DNA Replication by the Replisome and Transcription by T7
RNA Polymerase

Dr. Thomas Steitz, Professor, Yae University, USA, Nobel Prize Laureate in Chemistry
2009

Titlee COMBREX- Genomes, Computers and Experimentation in Biology
Dr. Richard Roberts, Chief Scientific Officer, New England Biolabs, USA, Nobel Prize
Laureate in Physiology/Medicine 1993

Title: Discovering Helicobacter
Dr. J. Robin Warren, Pathologist, Royal Perth Hospital, Australia, Nobel Prize Laureate in
Physiology/M edicine 2005

Title Membrane Proteins: Importance, Structures, Mechanisms
Dr. Hartmut Michel, Professor, Max Planck Institute of Biophysics, Germany, Nobel Prize
Laureate in Chemistry 1988

TR T 2012 YT MBS PRSI L 2 R H M,
Floris Luger, Vice President, Business Development, Genencor, DuPont Industrial
Biosciences, USA (B FH &0 N Fl 7 ¥ & P& 2 H) % %f e AL B R 3 75 g e i
4 # )~ Dr. Xun Wang, Senior Vice President, Sapphire Energy Inc. CA, USA(Z_ B
Sapphire fj= {fi >* il -4t Fﬁﬂiﬁ?i%?) + Dr. Rob Vierhout, Secretary General, the
European Trade Association (ePURE), Belgium(fi [ & %”Uiﬁl*%f‘i’f‘ﬂﬁﬁ ePure #4
?{;‘%) ~ Dr. Xiucai Liu, Founder and Chief Executive Officer, Cathay Industrial
Biotech Ltd., China(f[i & # % P74 58 L0 [l & g R U =) % Dr.
James Zhang, Vice President, Business Development, LanzaTech Inc., China

(LanzaTech > il {1 B i 7 #5)

R

Keynote Forum:
Time: 13:30-16:10, April 25, 2012 (Wednesday); Place: Room 305, 3rd Floor, QICC

Moderator Dr. James Zhang, Vice President, Business Development, LanzaTech Inc., China

Title: DuPont Industrial Biosciences Strategies for Success: Building out the Bio-based
37 4 I



Economy
Mr. Floris Luger, Vice President, Business Devel opment, Genencor, DuPont Industrial

Biosciences, USA

Title: Advancing the Algal Fuel Industry through Innovations
Dr. Xun Wang, Vice President, Sapphire Energy Inc., USA

Title: Europe’s View on Sustainable Liquid Biofuels
Dr. Robert M. S. Vierhout, Secretary-General, ePURE, European Renewable Ethanol

Association, Belgium

Title: Commercialization of Cellulosic Biofuel in China
Dr. Xiucai Liu, Chairman and CEO, Cathay Industria Biotech Ltd., China

Title: Waste Gasesto Chemicals Platform

Dr. James Zhang, Vice President, Business Development, LanzaTech Inc., China
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Track 6: Bioalcohols

Session 600: New Technology for Ethanol Production from Lignocellulosic Processes
Time: 08:30-10:30, April 26, 2012 (Thursday); Place: Room 313A, 3rd Floor, QICC

Chair: Dr. Kasiviswanathan Muthukumarappan, Professor, South Dakota State University,
USA
Title: Different Scale Pretreatment System in Terms of Diluted-Acid Hydrolysisfor

Rice Straw
Dr. Wen-hua Chen, Associate Engineer, Institute of Nuclear Energy Research, Taiwan

Title: New Membrane Technologiesfor the Production and Utilization of Bioalcohols
Dr. Keiji Sakaki, Group Leader, National Institute of Advanced Industrial Science and

F)J E[



Technology (AIST), Japan

Title: Special Downstream Solutions— A Key Part in Making Second Gener ation
Ethanol Commercial

Mr. Markus Lehr, Deputy Managing Director, VOGELBUSCH Biocommodities GmbH,
Austria

Title: Development of Bio-based C4 Alcoholsin GS Caltex
Dr. Doyoung Seung, Senior Vice President, GS Caltex Corporation R & D Center, South
Korea

Title: Novel Characteristics of Pretreated and Densified Biomass
Dr. Kasiviswanathan Muthukumarappan, Professor, South Dakota State University, USA

Session 601: Highly Efficient Enzymes for Bioethanol Production
Time: 10:30-12:15, April 26, 2012 (Thursday); Place: Room 313A, 3rd Floor, QICC

_10

-~ T %JJDE =2

Chair: Ms. Deborah E. Dodge, Senior Manager, Product Marketing, Genencor, DuPont
Industrial Biosciences, USA

Title: Accellerase® TRIO: Advancesin Celulosic Enzymesfor Biorefinery
Development
Dr. Mian Li, Senior Applications Scientist, Genencor, DuPont Industrial Biosciences, USA

Title: How New Enzymes Change the Ways of Bioethanol Production
Dr. Gang Duan, Director, Application and Technical Services, Asia Pacific, Genencor
(China) Bioproduct, Dupont Industrial Biosciences, China

Title: A Strategy How to Reduce the Enzyme Cost for Saccharification of Cellulosic
Biomass

Dr. Masahiro Samejima, Professor, The University of Tokyo, Japan

Title: Commer cialization of the Cellulosic Biofuels Industry: Advancesin Biomass
Enzyme Technology and Partner shipsfor Success

Ms. Deborah E. Dodge, Senior Manager, Product Marketing, Genencor, DuPont Industrial
Biosciences,USA
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Track 14: Cellulosic Ethanol Commercial Breakthrough (Sponsored by Novozymes (China)

Biotechnology Co., Ltd.)

Time: 13:30-17:10, April 26, 2012 (Thursday); Place: Room 312, 3rd Floor, QICC
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Track 12: Biorefinery/Bioprocess Tech
Time: 08:30-10:50, April 27, 2012 (Friday); Place: Room 311A, 3rd Floor, QICC

Chair: Dr. Lew P. Christopher, Director and Professor, Center for Bioprocessing Research
& Development and Department of Chemical & Biological Engineering, South Dakota
School of Mines and Technology, USA

Title: Metathesis: A Lipidsto Chemicals Solution
Dr. Mel Luetkens, COO, Elevance Renewable Sciences, Inc., USA

F)J E[



Title: The Biolignin™ from the CIMV Process: A New Added Value Oligomer for the
Chemical Industry

Dr. Michel Delmas, Professor, University of Toulouse; CIMV Inc., France

Title: Chemical Energy Carriersfrom Thermo-chemical Conversion of Biomass
Dr. Nicolaus Dahmen, Head of Division for Thermochemical Biomass Conversion,
Karlsruhe Institute of Technology (KIT), Germany

Title: Efficient Conversion of Plant-biomassto BT X and Hydrocar bon Chemicals by
Catalytic Pyrolysis
Dr. Wang Chang, Professor, Department of Environmental Science and Engineering,

Tianjin University of Science & Technology, China

Title: Bioproducts from Hemicellulosein a For est-based Biorefinery

Dr. Lew P. Christopher, Director and Professor, Center for Bioprocessing Research &
Development and Department of Chemical & Biological Engineering, South Dakota School
of Mines and Technology, USA

Session 101: Global Biofuel Programs/Biofuels in Developing and Developed Countries
Time: 10:30-12:15, April 27, 2012 (Friday); Place: Room 311B, 3rd Floor, QICC

Chair: Dr. Jianzhong Sun, Distinguished Professor & Director, Biofuels Institute of Jiangsu

University, China

Title: The Economics of Enzyme Production for 2nd Generation Fuel Ethanol
Dr. Haiyu Ren, Business Development Manager, Novozymes A/S, Denmark

Session 401: Feedstock from Wood and Forestry and Conversion Technology
Time: 13:30-17:10, April 27, 2012 (Friday); Place: Room 311A, 3rd Floor, QICC

Chair: Dr. Deborah S. Page-Dumroese, Research Soil Scientist, USDA Forest Service,
Rocky Mountain Research Station, USA

Co-Chair Dr. R. Kasten Dumroese, Research Plant Physiologist, US Department of
Agriculture, Forest Service, Rocky Mountain Research Station, USA

Title: Torrefaction Processesfor the Conversion of Agricultural and Food Residuesin
Biomass Derived Fuelsto be Used in Coal Fired Power Plants

Dr. Giovanni Ciceri, Deputy Director, Environment and Sustai nable Devel opment
Department, RSE Spa, Italy

Title: A Sustainable Process Development for Biomass Conversion into Charcoal for
Metallurgical Processes

g7 8 Fl



Dr. lon Agirre Arisketa, Researcher, University of Leoben, Austria

Title: Bioenergy from Forestsin Ger many

Dr. Norbert Weber, Professor, Technische Universitét Dresden, Germany
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SEB 501: Enzymes for Biofuel Production
Time: 08:30-10:50, April 28, 2012 (Saturday) ; Place: Meeting Room 313A, 3rd Floor, QICC

Chair: Dr. Kasiviswanath Muthukumarappan, Professor, South Dakota State University,
USA

Co-Chair: Dr. Zhen Yang, Professor, Shenzhen University, China

Title: Diversity of Substrate Recognition by Microbial Endo-3-1, 4-xylanases
Dr. Peter Biely, Research Professor, Institute of Chemistry, Slovak Academy of Sciences,
Slovakia

Title: Extremophilic NiFe Hydrogenase Immobilization on Electrodes for H,/O,
Biofuel Cell Development

Dr. Elisabeth Lojou, Professor, CNRS — Bioénergétique et Ingénierie des Protéines, France

Title: Evaluation of Different Pretreated Biomass Materials by Cellic Ctec Product
Dr. Dongmin Li, Senior Research Scientist, Novozymes (China) Investment Co. Ltd., China

Title: Selection of Enzyme Combination, Dose and Temperature for Hydrolysis of
Soybean White Flakes
Dr. Kasiviswanath Muthukumarappan, Professor, South Dakota State University, USA

Title: Enzymatic Production of Biodiesel in lonic Liquids

Dr. Zhen Yang, Professor, Shenzhen University, China

F)J E[



Session 402: Biomass Feedstock: Agricultural and Food Residues, Industrial and Municipal
Solid Waste
Time: 08:30-12:10, April 28, 2012 (Saturday); Place: Room 311B, 3rd Floor, QICC

Chair: Dr. Chandrashekhar P. Joshi, Professor, Center for Development of Science and

Technology of Renewable Bioenergy, Chonnam National University, South Korea; School
of Forest Resources and Environmental Science, Michigan Technological University, USA
Co-Chair: Dr. Jens Bo Holm-Nielsen, Head, Center for Bioenergy and Green Engineering,

Department of Energy Technology, Aalborg University, Denmark

Title: Large Scale Utilization of New Feedstocks for Biofuels- Land Use Planning and
Paradigm Shiftsin Agricultural Growth System Approaches

Dr. Jens Bo Holm-Nielsen, Head, Center for Bioenergy and Green Engineering, Department
of Energy Technology, Aaborg University, Denmark

Title: Greenhouse Gas Emission Reduction through Anaerobic Digestion of Pig
Manurefor Biogas Production

Dr. Xinmin Zhan, Lecturer, National University of Ireland, Ireland

Title: A Local Model for Bioenergy Generation Based on the Combined Use of Forage
Cropsin the Extreme South of Chile (Patagonia)

Dr. Christian Hepp, Director/Researcher, Tamel Aike Research Centre (Western Patagonia),
Institute for Agricultural Research- INIA, Chile

Title: The Potential of Agricultural Residues and Wastes for Bioenergy Feedstrocksin
China

Dr. Minpeng Chen, Associate Professor, Institute of Environment and Sustainable
Development in Agriculture, Chinese Academy of Agricultural Sciences, China

Title: Co Firing of Biomass and Wastein Coal Power Plants
Mr. Thomas Koch, CEO; Mechanical Engineer, TK Energi AS, Demark
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13 Mian Li USA Genencog(DuFfont Industrial Applications | [#3 4 %
iosciences Scientist
. . . Food and
14 Kasiviswanathan USA Department of Agricultural and Blogystem Professor Bioprocess
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Anzola Rojas Engineer production
26 | RosaAnaConte Brazil University of Sdo Paulo, Brazil Assistant Professor Hydrogen
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. . Rice Creek Field Station, . Ecology and
27 | LucinaHernandez USA State University of New Y ork Oswego Director Conservation
. , USA/  [Earth Engineering Center, Columbia . . Waste
28 |Efstratios Kalogirou Greece |Unversity/Global WTERT Council Greece Vice President M anagement
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29 | Aaron Philippsen | Canada University of Victoria Engineer Ethanol
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-BIT'S 3rd World DNA and Genome Day
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-The 3rd Symposium on Enzymes & Biocatalysis
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-The 1st Annual World Congress of Biodiversity
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SolarConverter™
* Capture sunlight
*CO, Mixing
*Temperature contral
*Product production
Proprietary Product Specific * Initial separation
Organisms
* Photosynthesis
*CO, Conversion
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Secreted Fuels & Chemicals
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Novel gas fermentation
technology captures CO-rich
gases and converts the carbon
to fuels and chemicals

Gas feed stream

Gas reception Compression Fermentation Recovery Product
tank
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CO, uptake and capture demonstrated
in a continuous fermentation
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Title: Different Scale Pretreatment System in Terms of Diluted-Acid
Hydrolysisfor Rice Straw

Dr. Wen-hua Chen*, Wen-Song Hwang, and Jia-Baau Wang
Associate Engineer

Institute of Nuclear Energy Research

Taiwan

Abstract

In concert with governmental policy for promoting the use of biofuels, the Institute of Nuclear Energy Research
(INER) is dedicated to the research and development of technologies using local raw materials such as rice straw
for cellulosic ethanol production. The pretreatment technology is a central part of the lignocellul oses-to-ethanol
process. Thus, INER has developed lignocellulosic pretreatment technologies and completed different scales of
pretreatment systems on the basis of dilute-acid hydrolysis and steam explosion, that have been applied on a
lab-scale (400g/batch), a bench-scale (10kg/batch) and a pilot plant (1 ton/day) cellulosic ethanol testing
platform at INER. In this article, the effect of solid loading, acid concentration, reaction temperature, residence
time on the pretreatment efficiency with the rice straw as feedstock was studied for obtaining optimal operating
conditions in the different scale pretreatment systems. These were evaluated by estimating the xylose yield after
pretreatment and the glucose yield from the sequentia enzymatic hydrolysis. For the continuous dilute-acid
steam explosion process in the pilot-scale, the influences of rice straw size, presoaking screw speed and
explosion pressure at 190 °C for 2 min with 0.5% H,SO,were studied. Our results showed that small rice straw
size, low screw speed and higher explosion pressure improved the enzymatic digestibility of cellulose. Moreover,
the maximum total saccharification yield was obtained at a combined severity factor of 1.3-1.5 in the
bench-scale and 0.4-0.7 in the pilot-scale pretreatment.  This represents that the dilute-acid hydrolysis behavior
of rice straw is different due to capacity and operational (batch or continuous) module.

Key Words: dilute-acid hydrolysis, rice straw, pretreatment, cellulosic ethanol, pilot-scale
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University of Kaohsiung from 2003 to 2006. She has published 26 SCI papers and over 70 conference papersin
the field of material synthesis, characterization and applications. Then, Dr. Chen joined Institute of Nuclear
Energy Research as an associate engineer in 2006, where her research was focused on the biomass pretreatment
technologies for cellulosic ethanol production. These researches also resulted in publication of 5 SCI papers and
3 patents in the bioethanol-related field.
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pachejujuy@Eyahoo.com.br Professor
cecily.barmes@heco.com  Biofuel Manager

cpjoshi@miu.edu Professor
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Research [CIFOR], Indonesia

International Committes of the Red Cross,
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Agroindustrial
Process

Title

Professor
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R&D Commissioner

Vice President
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Professor
Senior Manager
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Vogelbusch Hong Kong Ltd., Hoeng Kong, Hong Keng,

China China

Universiti Teknologi Malaysia, Malaysia Malaysia
The

Energy Research Centre, The Netherlands Netherlands
Institute for Agricultural Research - INIA,
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University of Leeds, UK UK

Far Easter New Century Corporation |1 o ore !
University of North Carolina at Pembroke,
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Canada
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Karisruhe Institute of Technology,
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Singapore Singapore
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Genencor{China) Biopreduct, Dupont

Industrial Biosciences, China China
University of Nebraska-Lincoln, USA USA
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Engineering, ETH Zurich, Switzerland Switzerland
RSE Spa, Italy Italy
University of Saskatchewan, Canada Canada
Movozymes China China
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J. H. David Wu

J. Ryan Stewart
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James Zhang
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j-wu@rochester.edu
ryan.stewart@byu.edu
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Director of
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Director
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Researcher
CEQ
Associated
Professor

Professor

Professor

Assoclate Professor

Professor

Vice President

Organization

COFCO

Alfa Laval (Shanghai) Technologies Co.,
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Research Institute of Forestry, Chinese
Academy of Forestry

Novozymes A'S, Denmark
Novozymes A'S, Denmark

Nectrident(Beijing)

Washingten State University, USA
Center for International Forestry
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KAIST, South Korea

TMO Renewables Ltd., UK
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Washington State University, USA

National Cheng Kung University, Taiwan
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|Chemtex, China

University of Leoben, Austria
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University of Rochester, USA

Brigham Young University, USA
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LanzaTech Inc., China

Associate Professor University of Arkansas, USA
Consul Science and Tekes, Finnish Funding Agency for
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Senlor Process
Engineer

Partner

Head
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Lei Shi
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Li Li
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du Professor

Kati.Ihamaki@finnair.com | Vice President

kacscornt@yahoo.com Professor
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Biofuels Institute, Jiangsu
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National Institute of Advanced Industrial
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Pirkke Suceminen

Po-Han Hsu
Qingfa Wang

Iydiaoidsibs.ac.cn

lemEnogeibusch,com
amsamigmaill.ece.u-
tokyo.ac.jp
alanameliyaho. com
Jenna. Dutouri@elevance.c
om

melida@sc uspbr

mlan ligdanises, com
Michael H.Hayesiul e
mbrower@mosalelle.com

richael.zviely@virdia com

m.delmas@eimv.fr

chenmpi@ami.ac.cn

mo2020afyahoo. com

nwyhoifecn. purdue. edu

Email

ncashby@gmail.com
nicolaus.dahmen@kit.edu

nkhandan@nmsu.edu
nweber@forst.mu-
dresden.de

pauli@cathaybiotech.com

paul.cconnor@bio-e-
con.com

| PaulR@@ecrrmail.com
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Sclentist

Frotessor

Senior Federal
Fuolley Director
Vice President RED

Professor
Associated
Professar

Research Professor
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University of 5&0 Paulo, Brazil
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Chemical and Biclogical Engineering Chinal/138218
College,Yancheng 18510



Name

Weidong Liang

Wen-hua Chen
William Sin-Tang
Lau

Wilson Weimin
Tang

Wuyi Wang
Xin Lin

Xingxian Mei

Xinliang Li

Xinmel Feng
Xinmin Zhan
Xinzheng Li
Xiucai Liu
Xuebin Fan

Xugjun Yu

xun Wang

Name

Yachen Jiang

Yajun Yan
Yalini
Arudchelvam
Yanging Yu
Yawei Shi
Yek Nai Yuh
¥i Ding

¥ing Liu
Ying Shen
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Technical Director

Director
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jehnkimyochani@gmail.com Assistant Professor

zyh20@hotmail.com
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Manosystem Research Institute (NRI),
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‘E\%Qf‘- E3 Gasoline in Taiwan

~ Government vehicles in Taipei started to fill E3
gasoline since 2007. Kaohsiung city joined the
program in 2009 and currently there are 14 gas
stations providing E3 gasoline. The subsidy
provided to the E3 users was increased from NTD 1
per liter in 2007 to NTD 2 in 2009.

~ Mandatory implementation of E3 gasoline

12 Million Liter
=1

«0.77
2006 2007 2008 2009 2010 2011

— @ & L g & o ———— 0P

J Mandatory E3 in 2018
Governmant { F ning)
Vehicles

Domo Program E3 Domo Progrm in

2007.09- 20049. 07 Tolpei & Kachsiung

- Governmont Vehicles 2009.07- 2010.12

in Taips are fusled E3 - 14 gas stations i Taiped and

{8 stations | Haoh siung provids E3

E3 Gasoline

Timeline for E3 gasoline promotion in Taiwan (BOE) |

Institute of Nuclear Energy Research

S The Cellulosic Ethanol Program

"ﬁ-‘-

~ In concert with government policy for promoting the ethanol blended gasoline,
Institute of Nuclear Energy Research (INER) has devoted to the research and
development of the technologies for cellulosic ethanol production.

- Establish comprehensive R&D capability based on biochemical process — from
jar-test laboratory, unit process development facility to 1 TPD pilot plant, The
pilot plant would be also served as a platform for validation of scalabilities of
novel technologies developed for cellulosic ethanol and biorefinery.

- The feedstock tested is focused on local biomass in Taiwan.

Institute of Nuclear Energy Research 3
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Various Feedstocks in Taiwan

=i Cellulose B Hemicellulose O Lignin & Others
10% 20% 30% 40% 50% 60% 70%  80% 90% 100%

Rice straw |

Bagasse
Pennisetum |7

Miscanthus |

Com stover [T - = E— Per ton of rice straw
containing about 600 kg
Sweet - : e cellulose and hemicellulose
Sorghum [ H i H
~The feedstock tested is first locused on rice straw. the most abundant agro-waste in Taiwan
{about 1.4 million tons per year), and will extend to other biomass then.
Institute of Nuclear Energy Research Source: W.H. Chen #! al.. Composiiional analysis of biomasa fesdeiock. INER Report £345R (2006).

B The Cellulosic Ethanol Program

Institute of Nuclear Energy Research g 5
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. Pretreatment Development
-Dilute-Acid Hydrolysis & Steam Explosion-

Dilute-Acid Hydrolysis Steam Explosion
4 Advantage: o
v Fast rate of reaction, which facilitates -~ Cabutose

continuous processing
¥ Removal of hemicellulose
+ Release of monosaccharides
v Reduce the need for enzymes
« Disadvantage:

v Degradation products (Inhibitors) formed | cnie.
¥ Corrosion

Acids can help water break up the long Dilute-acid hydrolysis and the

chains of hemicelluloselcellulose and steam explosion technique are
turn it into the xyloseiglucose. commonly used for scale-up
"k&!ﬁ}_ N ot . u:::‘ Hia‘{?‘_ﬂ_ »6“2:!:;9‘ Rl
\ 7 T e — . \;c..’ L7 [1] Pederssn, M., Meyer. A.S. Lignoceiiuioss pratreatment — relaang
i) WY e e e
o Technoiogy 2005, 36, 673686
__ Institute of Nuciear Energy Research
<% Pretreatment Development
-Pretreatment System-
Lab Scale = Bench Scale =) Pilot Scale
Batch L > Continuous

1kg/batch 10kg/h 100-200kg'h
Steam Explosion Steam Explosion  Testing Plant System

= To increase xylose concentration with less inhibitors
~To reduce glucose conversion, but enhance enzymatic

100g/batch

Steam Explosion &
17-20kg/batch hydrolysis efficiency

Extruder/Extractor ~ To lower energy consumption

__Institute of Nuclear Energy Research

57 45 I



-

Pretreatment Development
-100g/batch Steam Explosion(Lab Scale)-

~ Acid-catalyzed steam explosion

5C Hydrolyzate — Saccharification yield

[ Rice straw (20 mm) | [1-15% Sulturic Acid | Steam (10kgiem?)

Xylose yield (P) Xylose yield (E)

Presoaking

T=RT : overnight

~ Two step process

Glucose yield [P) Glucose yield [E)

Acid-catalyzed R
steam explosion S
T=180=C. 2 min

-{ Enzymatic hydrolysis

§C Hydrolyzate —| Saccharification yield

Xylose yield [P)
Glucose yield (P}

Xylose yield (E)
Glucose yield (E)

[ Rice straw (20 mm) | [ 18% SufuricAcid | gy0am (10Kkglem)

Presoaking
T =RT ; overnight

Institute of Muclear Energy Research

Steam (10kg/em) | Enzymatic hydrolysis
Dilute-acid hydrolysis Steam explosion
{Step 1) (Step 2) Z E|

T =125-165°C: 2-5 min T=180°C; 1-20 min

Mwnmn;mmwmmum araw
by 3 InfeQrated process of dIUte-acid 3nd team axp 1,
Brorssource Technoiogy 2011, 102, 2916-2924.

Pretreatment Development

Saccharification yield

o
rd

+ Two-step process shows a greater
degree of resulted in a 7.5-fold

g g
4 -100g/batch Steam Explosion(Lab Scale)-
- Acid-catalyzed SE Two-step process

E 0.75 i

= Glucose(P) ey P S Y

g 08 Xylose(E) s E e 2 e e

z gl , o 0.7039

g i e

£ 06- - i | (el [| .

§ " § o e

i\ B i & Bk oottt

Eo.d- 1 b8 h R k&
(niig)

&

-

o

o

2

o
=
I

1.3 1.51.61.71.9 21

increase in the total saccharification
yield when compared to acid-
catalyzed SE

0.2 0.70.8091.01.21.41.9

CSF=Log CS =log RypH
Ro=t - exp[(T,-Ta)14.75]

CSF

mwuma;mmmmmum ﬂ‘ﬁ

EHC SIL=2%; 20 FPUAg celluloss; 50 *C; T2 h

by an Integrated process of dilute-acid \p P %
Bioresource Technology 2011, 102, 2916-2324.

Institute of Nuclear Energy Research
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';%;_ Pretreatment Development

-Extrusion/Extraction Process (Bench Scale)-
» Extrusion/extraction process: 5C Hydrolyzate
Zyboay g IE;'
| Rice straw( < 10mm) | i 1-3% Sulfuric Acid i Steam (=10 kglcm?) ucose yiel

R T LT W i | ettt I
: S/L=40-50 % : i SIL=20-30% i
1 |57kgm 1244kgh | '

I
1 P 1720 !
| | Twin-Screw Extruder | Fg/batch Hot-Water Extractor |1—'|7|_. Cellulm + Lignin
L Speed=30-150rpm; T =80-160C | j T =130-160°C; Time=10-30min

| Enzymaw: Hydrolysis |

h ", Glucos# yield (E)
Product  6C Hydrolyzate l

Lignin
[1) W.H Chen stal, Pretreatment of rice straw using an sxtruslon/sxtraction process at bench-scale
o producing #in

2011, 102 10451-10458,
WH Chen ot al Mathod for W thie ration of Xyloss In Lign Hyarolysats,
___Institute of Nuclear Energy Research Els patent 2011, US2.080,12882 10

<%, Pretreatment Development
-Extrusion/Extraction Process (Bench Scale)-

Effect of Screw Speed T T T T T T

g

Ho R
80

&

(&)
Ch. 1 3(:13,%- © ¢ c 1

E B B & 8 8
= @

BET (m/g)
Saccharification yield

B %

Maan Partide Damenter (um)
(g ghucan and sxylan in rw mated al)
2
- 5 \
n o b¥
»
/

0 B p ® e
% b @0 % W @ mw w/l o SoPDB O & o |
GErrs Y @ G 12 15 20 %
& The optimal condition: CSF
» Extrusion: 40 rpm; 3% H,S0,; 120 C CSF=Log CS =log RypH
=Extraction: 130 C; 20 min Ro-‘ - exp rf}-ﬂrﬂm"_?s,w
v 83.7% of xylan was converted to monomeric xylose
v Monomeric xylose: 53.7 g/'L B SAL=2%; 20 FPUIG calluioss; 50°C; 721

v Total saccharification yield: 80%

Ref. W.H. Chan ef al. Prefrsatment of rios siraw using an sxirusionisxiraction process a banch-scale
_ Institute of Nuclear Energy Research S gy gy 2011, 102, 10451-10458. "
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<%, Pretreatment Development
-Dilute-Acid Hydrolysis & Steam Explosion -

100g/batch 1kg/batch 10kg/h
Steam Explosion Steam Explosion Steam Explosion

Bench Scale
Batch

Max: 25 kg/em?

1 ::
Acid-catalyzed
steam explosion

Bench Scale
Continuous

Batch Lab Scale Two step process

Max: 10 kg/cm? tstép—1 dilute-acid; step-2 steam exploéion} '
lnw_gr Nuclear Energy Research

<> Pretreatment Development
-1kg/batch Steam Explosion (Bench Scale)-

+ Goal

= Scaling up steam explosion reactor system from 100 g/batch to 1 kg/batch
=Upgrading manual to automatic control during acid-catalyzed steam explosion
process

=>Improve total saccharification yield of the acid-catalyzed steam explosion

+ Focus of work
=Find suitable feedstock loading
= Study the effect of the position of steam inlet on the pretreatment efficiency

=>Find the optimal parameters of the acid-catalyzed steam explosion at a higher
steam pressure (10, 15, 20, 25 kg/cm?)

~ Solid loading (20-30%); Acid concentration (0.5-2%): Temperature (160-
200°C); Time (1-20min)
+ Parameters
= Xylose conversion; Enzymatic hydrolysis efficiency; Total saccharification
yield

__Institute of Nuclear Energy Research
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Pretreatment Development

-1kg/batch Steam Explosion (Bench Scale)-

~Steam explosion
(hydrothermal)

Steam (10, 25 kg/cm?®)

-T130°C -

~ Acid-catalyzed steam explosion

Cellulose (EC) + lignin

T =220°C

5C Hydrolyzate —f Saccharification yield

[ Ricestraw | | 0.5-2% Sulfuric Acid |

Steam (10,15, 20, 25kgiem?)

Presoaking

T!RT.IMW -

Institute of Nuclear Energy Research

34

-

Acid-catalyzed

Xylose yield (P)
Glucose yield |P)

Xylose yield (E)
Glucose yeld (E)

steam explosion

B - -

-| Enzymatic hydrolysis

SIL=2%; 50 °C; 72h
{20 FPUIg cellulose)

Pretreatment Development

-1kg/batch Steam Explosion (Bench Scale)-

~ Acid-catalyzed steam explosion

Furfural formation rate

Temp (°C)| 160 180 200
EH(%) | 5978 | 76.90 | 87-97 S
" O B wm
1.0 1.0
T 084 i b
=5 “.
2 0.6 4063 g
s >
5 32
g 8 oa 14 8 -
o 52
D g5 1
S 02 02
0.0 0.0

__Institute of Nuciear Energy Research
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'
e » B0 1% H,50,
N ﬂ
%
w0 / e
i 5|
_,.r
of &
] L [ [ E)
Residence Time (min)
+ Pretreatment:
= Xylose converison: 67-75% as
CSF=1.3-1.5
=~ Furfural formation is linearly
dependent on residence time
(Magg™Myge™Mygg)

4 Enzymatic hydrolysis:

=~ High Temperature shows higher
glucose yield



<%, Pretreatment Development
-1kg/batch Steam Explosion (Bench Scale)-

~ Acid-catalyzed steam explosion

1.0 ' S— - ———— — 4 The optimal condition:
5P) GFY B, e Tkt T 0.70-0.50 7 1% H,S0,; 200.' ‘Ti 1 min
0.84 = : g : g < Xylose conversion: 72%

=
i

< Selectivity(X/G): 4.4
® + Enzymatic hydrolysis: 93%

a7 « 1 + Inhibitors concentration:
4 =Furfural: 0.5 g/L
4/4"\‘:\1‘ - > HMF: 0.2 g/'L

Saccharification yield
[=]
i
%

=
L=
i
L

&

Total saccharification yield: 82%

(/g glucan and xylan in raw material)
ko)

=)
=
i

. = E A higher total sugar yield
n R s 1 | can be obtained for the acid-
catalyzed steam explosion
04 0.8 1.2 16 20 24
csr 0
Pilot Scale
Institute of Nuclear Energy Research

. <. Pretreatment Development

-Continuous Steam Explosion (Pilot Scale)-

+ Goal

= Scaling up steam explosion reactor system
=From bench to pilot scale
=From batch to continuous operation
=Upgrading manual to automatic control during all processes

+ Focus of work
=Develop and complete a pilot-scale continuous pretreatment system on the
basis of acid-catalyzed steam explosion
=Apply on the pilot plant (1 ton/day) cellulosic ethanol testing platform.
=Find the optimal parameters to enhance the pretreatment efficiency
= Improve the long-term operational stability and devices durability

+ Parameters
= Xylose conversion; Enzymatic hydrolysis efficiency; Total saccharification
yield

Institute of Nuclear Energy Research
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<& Pretreatment Development
-Continuous Steam Explosion (Pilot Scale)-

» (Capacity: 100-200 kg/h

» Piston pressure feeding device-continuous infeed
of biomass to a pressurized system

~ Mechanical design -mixing and transfer

» Modified outlet device for explosion- protect

_" - / L it '

- a - T i device from abrasion, cost reduction
Testing Plant System » Pretreatment process:
v Vertical Reacior
Institute of Nuclear Energy Research v Horizonial Reactor

i

Pretreatment Development
-Continuous Steam Explosion (Pilot Scale)-

~ Pretreatment process:
¥ Vertical Reactor (two reactors)

- 15° : presoaking with acid & preheating in a horizontal reactor
- 2" : acid-catalyzed steam explosion in a vertical reactor
¥ Horizontal Reactor (one reactor)

- presoaking with acid & preheating and acid-catalyzed steam explosion all
steps are in one horizontal reactor

1
¥

.1 - - -
s, -~

[ Py - ‘I

\:) — (i snakias Saccharification ]
e i yield i

(]

| Rice straw | Steam E Xylose yield (P) Xylose yield (E) | }
Steam l : Glucose yield (P) Glucose yield (E) :

1] 1

[ ]

[] ]

= = Acid-catalyzed |i = i

| Presoaking + Preheating [— .= - explosion [T Enzymatic hydrolysis }—";

Horizontal Reactor Vertical Reactor

Institute of Muclear Energy Research Pilot Plant in INER 19
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<5 Pretreatment Development

-Continuous Steam Explosion (Pilot Scale)-

~ Pretreatment parameters:

4 Feedstock: 100 kg/h rice straw
+ Rice straw size
<+ Parameters:
~ Horizonial Reactor
(Presoaking + Preheating)
v Mixing time (Screw Speed)
v Dilute acid:1.0-8.4% (w/w)
v Preheating Temp.: 100-110C
» Vertical Reactor
(Acid-catalyzed steam explosion)
v Temperature: 160-190°C
+ Residence Time: 2-10 min
« Explosion Pressure: 10, 13, 16 kg/cm?2

Institute of Nuclear Energy Research

Concentration (g/L)

0

<5 Pretreatment Development
- -Continuous Steam Explosion (Pilot Scale)-

~ Operational parameters:

0.6

mono [
cigo [

A A

Sugar recovery

(9/g xylan or glucan)
g

=
<

S I 10 13 16
Rice strawsizé  Explosionpressure  Presoaking screw speed

Institute of Nuclear Energy Research

57 52 Fl

-
=
o

xfose ghuoose EM: SIL=2%; 20FPUIg owliuioss; 50 °C; 24n

=)
o

=
*
| 2

o
(=21

=)
o

g
Glucose yield (g/g glucan)

=
=

v Small rice straw
¥ High explosion pressure

v Slow screw speed
(longer mixing time)

{

~Enhancement of the
enzymatic digestibility of
cellulose

»High sugar recovery



XL Pretreatment Development
-Continuous Steam Explosion (Pilot Scale)-

g

~ Stability of continuous operation

The concentration and enzymatic hydrolysis
efficiency during pretreatment process

i

e (Ll 100 kgh rice straw

Institute of Nuclear Energy Research

=
L]

M
=
&

e
Glucose yiad (g/g glucan)

Concentration (g/L)
vl R

The long-term operational stability (4 days)

EH: SL=2% 20FPUIg calluloss; S0 °C; 24h

5

£ 8 ¢

Glucaso yield (g/g glucan)

3

g

12

& Pretreatment Development
- Continuous Steam Explosion (Pilot Scale)-

CRgen

~ Total Monomeric Sugar Recovery:

Different Scale Steam Explosion Pretreatment

S 104 Total sugar
= Plot-6cae 100k A PHiot (100 kg
H XylossP] @ GucoseF]
. E o Mj 075080 | Lab o mgotch
0.8- 0.70
z
2 i
SE 06
8
%
25
3§
0.2
- | TR -— L]
2, W% oo 2
0.0 0.5 10 15 20
CSF

Institute of Nuclear Energy Research
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< The maximum saccharification
yield
» Lab (0.1kg/batch) :
v CSF =1.8 (Acid catalyzed SE)
v CSF =1.4 (Two steps process)
» Bench (17-20kg/batch) :
v CSF=1315
(Extrusion/Extraction process)
# Bench (1kg/baich) :
¥ CSF =1.3-1.5 (Acid catalyzed SE)
» Pilot (100kg/h) :
+ CSF =0.4-0.7 (Acid catalyzed SE)

The dilute-acid hydrolysis
behavior of rice straw is
different due to capacity
and operational (batch or

continuous) module




Development of Co-Fermentation
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« A method for screening and isolating a
xylose-utilizing strain of saccharomyces
cerevisiae was successfully developed

4 The xylose-rich hydrolysate fermentation for
ethanol production by strain Y15 is under
scale-up study in INER's pilot plant

< Technical authorization for co-fermentation
yeast will begin in the near future.
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Development of Co-Fermentation
-C5 fermentation for lignocellulosic hydrolysare-

- CD -fermentation strain ‘”5 can completely utilize xylose for elhanol DlOﬂI.lCIIUII
within 48h (initial cell conc.= 1g DCW/L)
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- Conclusion

+ The dilute-acid hydrolysis behavior of rice straw is different due to
capacity and operational (batch or continuous) module

+ A pilot-scale continuous pretreatment system on the basis of acid-
catalyzed steam explosion was successfully developed

= Good operational stability and devices durability

= Achieved maximum total sugar recovery of 70%

= Apply on the pilot plant (1 ton/day) cellulosic ethanol testing platform
= Feedstock diversity (Bagasse; Bamboo; Sorghum)

4+ A method for screening and isolating a xylose-utilizing strain of
saccharomyces cerevisiae was successfully developed

= Co-fermentation strain Y15 can completely utilize xylose for ethanol
production within 48h

Institute of Nuclear Energy Research

S Thank you for your attention

Co-Fermentation Yeast

Bio-ethanol Policy Commercial Plants

rBio-ResourcesJ
Enzymes, strains

e 7 ~Test-Runs 3
: rEconomic Assessment « continuous operations
+ Energy inputioutput ™= - high yield

! = CO,reduction

~Biorefinery

- low energy consumption :
- low operational costs

rFeedstock Suppl b s : 3
" - PPy - Lignin, bio-chemicals, ,
z Collection, transportation, silica: _ete e
storage Crimis ek

Institute of Nuciear Energy Research
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