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TO: Alvin W. Trivelpiece

FROM: Jonathan Woodward

PURPOSE: To participate in the International Energy Agency (IEA) Network planning
meeting for the coordination of ongoing national programs in "Biotechnology
for the Conversion of Lignoceilulosics" at the Institut Franc;ais du P6trole

(IFP), Rueil-Maimaison, France, and to discuss a proposed collaboration of
research between the traveler and Dr. Martin Beevers of Aston University,

Birmingham, U.K.

SITES

vBrrEo: 9/11-12/90 Institut Franqais du P_trole J. Saddler
Rueil-Maimaison, France

9/16,O0 Aston University M. Beevers
Birmingham, LJ.K.

ABSTRACT: The purpose of this trip was twofold -- firstly, to participate in the
International Energ3' Agency Network planning meeting, held at the Institut
Franc;ag du P6trole (IFP), Rueil-" _almaison, France, for the coordination of

national programs on "Biotechno' for the Conversion of Lignocelluiosics"
and, secondly, to visit the labor,tory of Dr. Martin Beevers at Aston

University, Birmingham, U.,L, for discussions on our proposed research
collaboration entitled "Structural Studies on Native and Modified Forms of

Cellobiohydrolase I from Trichoderma reesei." The IEA meeting consisted of
18 participants from 12 countries and focused on the organization of "round-
robin" comparative testing in specific areas associated with the bioconversion

of lignocellulosics. The discussions at Azton University focused on the
mechanism whereby the proposed collaborative research project could be
achieved if funding by the National Science Foundation, through an

interagency agreement with the U.S. Department of Ener_', was achieved.
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• REPORT OF TRAVEL TO FRANCE AND THE UNITED KINGDOM
October 9-18, 1990

Jonathan Woodward

INTRODUCTION

This report summarizes the results of the traveler's participation in the International Energy

Agency (IEA) Network planning meeting for "Biotechnology for the Conversion of Lignocellulosics,"

held at the Institut Fran_ais du P4trole (IFP), Rueil-Malmaison, France. lt also summarizes the

results of discussions held at Aston University, Birmingham, U.K., with Dr. Martin Beevers with

whom the traveler is attempting to initiate a collaborative research project that will be beneficial to

ongoing research programs at Oak Ridge National Laboratory (ORNL). "Ilae itinerary for the trip

is given in Appendix A: the mimes of the people contacted are listed in Appendix B. Also, pertinent

information about the Institut Fran_/ais du P4trole is attached (Appendix C).

IEA NETWORK PLANNING MEETING FOR
"BIOTECHNOLOGY FOR THE CONVERSION OF LIGNOCELLULOSICS"

OCTOBER 11-12, 1990

The IEA was established in 1974 arising from an intergovernmental conference on energy. Its

aims are to improve the world's supply of energy through the development of alternative energy

sources that would offset any disruptions to the supply of oil. There are 21 member states, with

representatives of each state on the board of governors. The primary activity of the IEA is

cooperation among member states to reduce excessive oil dependence through energy conservation

and energy development research in general. The U.S.A. is a member state.

One subgroup of the IEA, known as Task IV, deals with the Bioconversion of Lignocellulosics

and was initiated in 1987 after the amalgamation of two other subgroups: (1) pretreatment of

lignocellulosics and (2) conversion of pentoses to ethanol. This subgroup consists of representatives

from various laboratories representing the member states, and the initial planning meeting in 1985,

consisting cf the participating laboratories shown in Table 1, agreed on a program of cooperative

research whose ultimate goals were to coordinate ongoing national programs on biotechnology leading

to improved lignocelluiosic conversion processes for energy production and conservation.

The proposed program consisted of (1) characterization and quantificatirm of untreated and

pretreated lignocellulosic substrates; (2) assay, production, adsorption, and recycle of cellulase; and

(3) process economics and equipment. So far, two projects have been completed: (1) a comparative
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Table 1. Laboratories participating in the initial
planning meetiog of the IEA Task IV

Laboratory Country
..... 771 ' ' 'J

Forest Research Institute, Rotorua New Zealand
, ,,,,, t

University of Graz, Graz Austria
.... , ,

Solar Energy Research Ins,,,ute, Golden U.S.A.

BFH Inst. Wood Chemistry, Hamburg Germany

Swedish Pulp and Paper Res. Inst., Stockholm Sweden

University of Lund, Lund Sweden

Forintek Canada Corp., Ottawa Canada

Ruakua Agricultural Research Centre, Hamilton New Zealand

Inst. Fcanqais du P6trole, Rueil-Maimaison France

CSIRO, Clayton Australia

University of Innsbruck, Innsbruck Austria

Missiszippi State University U.S.A.

analysis of a softwood, two hardwoods, and wheat straw and (2) a comparison of the hydrolysis of

purc cellulose and pretreated spruce and aspen wood using Trichoderma reesei cellulase. Several

laboratories participated in these worldwide, round-robin projects, the objective being to standardize

data on the bioconversion of lignocellulosics for general use.

The traveler was invited to participate in the IEA Network planning meeting for "Biotechnology

for the Conversion of Lignocellulosics," October 11-12, 1990, held at the Institut Franqais du P6trole,

Rueil-Maimaison, France, because of his recognized expertise in this area.

The Institut Franqais du P6trole (IFP) was an appropriate location for this meeting because the

development of biotechnological processes for lignocellulosic conversion is a major topic ot" research

and development. Established in 1944, IFP is a not-for-profit organization under government control

that carries out research, trains specialists, and disseminates information in the field of energy and

hydrocarbons. The opening address was given by Monsieur Philippe Ret_ault, director of

biotechnology research, who introduced a short film about IFP. The information in this film is

summarized in the attached article entitled "Institut Franqais du P6trole-Preparing for tc_morrow" (soc

Appendix C). Monsieur Jean-Paul Vandecasteele of the division of biotechnology and environmental

studies then presented details about the experimental program at IFP at its biotechnology facilities
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- at Soustons (south of Bordeaux). A summary of the lignocellulosic bioconversion research and

development at 1FP is attached (Appendix C).

After this introduction, the participants introduced themselves and brietly described their
i'

research activities. There were 18 participants representing 12 countries (see Appendix B). Of

particular interest was the report by Marianne Hayn, Institute of Biochemistry, University of Graz,

Austria, that described the results of the IEA activity, in which several laboratories had participated,

concerning the enzymatic hydrolysis of a standard cellulose, pretreated spruce and aspen wood, using

a standard cellulase enzyme. Basically, each laboratory (11 in all), incubated the substrate (2% w/v)

with 200 filter paper units of cellulase (T. reesei celluclast from NOVO enzymes) and determined tile

amount of glucose liberated at various time intervals up to 72 h. The maximum digestibility ot"

cellulose as calculated by the 11 participating laboratories was 64.3 +/- 3.7% (mean +/- standard

deviation). Similar reproducibility was obtained with pretreated aspen and spruce wood. lt was

concluded, therefore, that standardized conditions may be formulated and used worldwide tk_r the

bioconversion ot" lignocellulosic materials.

The remainder of the meeting was dedicated to the future planning of activities that could be

reported at the IEA network symposium on "Biotechnology for the Conversion of Lignocelluiosics"

to be held May 3-6, 1991, in Colorado Springs, Colorado.

The traveler was requested to coordinate a round-robin activity in the area of cellulase assay

and application by the leader of this IEA subgroup, Dr. J. Saddler of The University of British

Columbia, Canada. In this regard, it was decided that the next effort should be a comparison of the

hydrolysis of steam-exploded wood (provided by IFP) by a commercial cellulase/13-glucosidase mixture

or a purified cellobiohydrolase I/[_-glucosidase mixture. These studies will be pertormed in order to

determine whether efficient hydrolysis of lignocellulosics can be achieved with only two cellulase

components. Several laboratories agreed to participate in this round-robin study. The cellulase and

13-glucosiidase enzymes will be provided by N. K. Lange of NOVO Nordisk in Denmark, and

M. Claeyssens and the traveler will be responsible for providing the cellobiohydrolase enzyme. The

results of this study will be reported at the IEA network symposium in Colorado Springs during 1991.

Other round-robin studies that will be planned, organized, and executed by various participants

in this meeting are listed below.
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Activity Coordinator -

Xylanase/hemicellulase K. Poutanen
assay and application

Protein assay K. Grohmann

Substrate analysis J. Puls

Pentose fermentation B. Hahn-Hagerdal/
M. J. Beck

Modeling G. Zacchi

The traveler suggested that one of the ultimate aims of this subgroup of the IEA should be the

production of a handbook that could be referred to and used as a guide for those researchers/

companies who wish to utilize biomass as a means of providing fuels and chemicals. Such a handbook

would result from the round-robin studies currently under way and would probably not be avail_tble

until stJ,'netime in the late 90s.

The t]nal part of the planning meeting concerned the IEA network symposium tct be held in

Colorado Springs in May 1991. The emphasis of this meeting will be an evaluation cf the available

technology for lignocelluiosic bioconversion and areas in need of improvement. Results of the round-

robin studies currently under way will also be reported at that time.

VISIT TO ASTON UNIVERSITY, BIRMINGHAM, U.K.
OCTOBER 16, 1990

The traveler visited Dr. Martin Beevers, a faculty member of the Department of Chemical

Engineering and Applied Chemistry, at Aston University for discussions on their proposed

cooperative research project entitled "Structural Studies on Native and Modified Forms of

Cellobiohydrolase I from Trichoderma reesei." The traveler and Dr. Beevers have collaborated to

compile a cooperative research proposal that has now been submitted to the Division of International

Programs, National Science Foundation, with whom the U.S. Department of Energy has an

Interagency Agreement.

A summary of the discussions between the traveler and Dr. Beevers is givc.'n below.

1. Initial studies will compare the conformation of native cellobiohydrolase I (CBH I) tct that c_t"

"core" CBH I (i.e., the native enzyme minus its C-terminal or cellulose-bindiing moiety).

2. Approximately 50 mg of each enzyme will be required to get proton spectri:l.
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3. Electro-optical Kerr effects for the native and "core" enzyme will be measured. Such effects arc

dependent on moleculax configuration.

4. Initial studies on the electro-optical Kerr effects will be carried out by Dr. Bcevcrs at Aston

using lysozyme as a model enzyme.

5. Dr. Beevers will apply to the Science and Engineering Research Council ot' Great Britain for

a Ph.D. studentship that will bring in a student whose research project will bc based upon the

collaboration.

6. If the National Science Foundation funds the collaboration through its interagency agreement

with the U.S. Department of Energy, the traveler will supply the purified native and mcxtil'ied

CBH I enzymes to Dr. Beevers and also gain new expertise in their structural determination.
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APPENDIX A

ITINERARY

10/9-10/90 Travel from Oak Ridge to Paris, France

10/11-12/90 IEA Meeting on "Biotechnology for the Conversion of Light,cellulosics,"
Institut Fran_ais du P6trole, Rueil-Malmaison, France

10/13-15/90 Weekend and travel to Birmingham, U.K.

10/16/90 Visit to A_stonUniversity, Birmingham, U.K.

10/17-18/_) Travel from Birmingham, U.K., to Oak Ridge
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APPENDIX B

PERSONS CONTACTED

Institut Fran_ais du P_tr..ole, Rueil-M_llmaison, France

M. J. Beck Tennessee Valley Authority
Muscle Shoals, Alabama, U.S.A.

C. Breuil Forintek

Ottawa, Canada

M. Claeyssens State University
Ghent, Belgium

K. Grohmann Solar Energy Research Institute
Golden, Colorado, U.S.A.

M. Hayn Institute fftf Biochemie
Graz, Austria

N. K. Lange Novo Nordisk, Enzyme Process Division R&D
Bagsvaerd, Denmark

A. Marzetti Stazione Sperimentale per la Cellulosa
Milano, Italy

J. Pourquie Institut Frangais du P_trole
Rueil-Malmaison, France

K. Poutanen VTI', Technical Research Centre of Finland

Espoo, Finland

J. Puls Wood Research Institute

Hamburg, Germany

P. Renault Institut Frang:ais du P_trole
Rueil-Malmaison, France

J. Saddler University of British Columbia, Dept. of Harvesting and Wood Science
Vancouver, B.C., Canada

I. Storro SINTEF

Trondheim, Norway

J. P. Vaiidccasteele Institut Fran_:ais du P6trole
Rueil-Malmaison, France
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PERSONS CONTACTED - continued

L. Viikari VTI', Technical Research Centre of Finland
Espoo, Finland

G. Zacchi University of Lund, Chemical Centre, Chemical Engineering
Lund, Sweden

W. Zimmermann Swiss Federal Institute of Technology , ,

Zurich, Switzerland

A_ston University

M. Beevers Aston University
Birmingham, United Kingdom
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APPENDIX C

INFORMATION ON ACTIVITIES AT IFP



, Institut Franais du P6trole
(

Preparing for tomorrow

CreatedIn 1944intheformofa not-for-profitprofessionalestablishment,theInstitutFrancisduP_troleIsaresearch,trainingandinformationcenter
underthecontroloftheMinistryforIndustryandtheMinistryfor EconomyandFinance,

Facilities operatingin sectors such as the

To carryout Its threetoldmission,IFP's petroleum,chemical,mechanicalconstruc.tionandautomotiveindustriesandalsoIn
budgetfor 1990is aboutMFF1300, IFP the oll servicesector, The tollowinghasa staffof 1810,two-thirdsofwhomare
engineersandtechnicta_Inalidisciplines, researchtopicsarecovered,
Mostof itsfacilitiesare locatedIn Ruell- Exploratlon/ReservolrEngineering
Malmaison(near Paris) and at the involvestheexplorationofnewareas,the
industrialresearchanddevelopmentcenter petroleumassessmentof sedimentary
atSotaize(neartyon), basinsby geologicaland geochemical

modeling,thedevelopmentof equip,me1_.
InformatlonandDocumentatlon and techniquesfor geophysicaldata

IFP has been given the missionof acquisition,the surveyingof complexgeologicstructures,the characterizingct
"informingpublicauthorities,industryand ' o'-:,;_ reservoirsandof the dynamicsoi thesetechniciansaboutscientificknow.howand ,' '_.

, , ..... ..:..;:_. reservoirs,newprocessesforproduction
industrialtechnology.... r,,_,.-,,?_ .-.,_. and the stimulation of production
To do this,IFPhasdevelopeda policyof (horizontaldrain holes, fracturing),and
dataacquisitionandsynthesisbasedon: improvingtherecoveryrateofoilinplace,

, _.DocumentationCentertor lechnology Industrial ProductionSystemsinclude
and economics,open to the general directionaldrilling, the automationand
public,wheremorethan220,000books, controlofoperations,boreholeequipment,
mapsandmiscellaneousdoc_Jmentsmay multiphaseand subseaproduction,the
be consulted,alongwith3,330different design and engineeringof offshore
periodicals,andwhereonlinesearching structures,andthedevelopmentct flexible
ofinternationaldatabanksanddatabases flowlinestorthegatheringandpipeliningof
isalsopossible; oilandgas,

, a specialized subsidiary, Editions RefiningandPetroleumProducts:IFP
Technip,thatensuresthepublicationof has a completerangeof refiningpro-
bookswrittenby Scientists,technicians cessesand the principalpetrochemical
and economistsspecializingin energy plants, A concertedresearcheffortat-
issues, tempts to constantly improve the

Training performancesof processes,to maintain. theircompetitivityand to facilitatetheir
TheEcoleNationaleSup_rieureduP_trole adaptationto new market conditions,
etdesMoteurs(ENSPM)isanintegralpart _ particularlyconcerningthe conversionof
of IFP. Thisspecializedgraduateschool heavy cuts and residues, and the
acceptsgraduatesof the leadingFrench manufacturingof basestocksforfuelsand
engineeringschools(GrandesEccles)or lcr theproductionof olefinsor aromatics.
universitygraduatesof thesamelevel(167 Forthis,specialeffortsaredevotedto:
in 1989/1990),Itscoursesareheldin five Testequipmenttor drillingfluids ' theupgradingofnaturalgas;
specializedgraduatecentersIcr: , researchonhighadded.valueproductssuchasadditivesforfuelsand
, exploration lubricants,specialpolymersandcompositematerials;
, drillingandproduction , thedevelopmentofwaystocontrolpollutionbyhydrocarbons;
, refiningandengineering , theexplorationof newroutesinthefieldofbiotechnology.
, combustion,enginesandapplicationsofenergytechnology Energyinvolvesadvancedresearchon engines,the optimizingof the
, economicsandmanagement, formulationof fuels,engineeringandconstructionof probativeeroines';,'the,-
Thenumberof studentsineachcenterisdeterminedannuallyaccordingtothe processingof exhaustgasandthepreventionct air, thermal,indus_,ialand
needsof industry, Onethird to onefourthoi themare foreignstudents, homepollution,andlubrication,
ENSPMhasconcludedmarlycooperationagreementswithforeignuniversities
concerningexchangesofteachersandstudents, PromotionofResearchAchievements

Withintheframeworkof trainingby doingresearch,ENSPM,in association IFPis independentof oilcompanies,of thepetroleumequipmentandservice
withuniversities,providescoursestowardDEAdegrees(Diplbmed'Etudes sector,andof theautomotiveindustry,but,in closeconcertwiththem,im-
Approfondies)for36students,n PetroleumScienceandEnergyEconomics, plementsa dynamicpolicyof exploitingitsachievementsinacontextofcom-
and supervisesand organizesthe laboratoryworkand researchof 125 petitionaswellasinternationalcooperation.Thispolicytakesontheformot:
doctoralcandidates(ScienceorEconomics). , cooperationagreements,eitherdirectlyor via specializedfirms in the

IFP/ISISgroup,fortraining,technicalassistanceandjointresearch;
Inadditiontothistraining,agreateffortisbeingmadeincontirluingeducation, , thegrantingoilicensesto useIFPprocesses,whichisthecaseinparticular
More than 1000engineersand 3000 executivesand techniciansatlend ofmorethan765refiningandpetrochemicalplantsusingIFPtechnology;
specializedrefreshercourseseveryyear. , the creationof consuliancyfirms(BEICIP,Franlab,Horweil,GE_:)dia,etc.),
Rc,searchand Development engineeringfirms(Technip,TechnipG_production)or manufacturersof

newproductsandequipment(Procatalyse,Eurecat,Z_.ocat,Coflexip,SMFI,
Thisistheessentialpartof IFP'sactivities,takingupmorethan70percentoi Bent-0.Matic,etc,),aliofwhicharegroupedwithintheholdingcompanyISIS
itsbudgetin1990,Forthismission,IFPactsasatechnicalresearchcenter (InternationaledeServicesIndustrielsetScientifiques).



THE EXPERIMENTAL
BIOTECHNOLOGY FACILITIES AT

SOUSTONS

BIOTECHNOLOGY APPLICATIONS

SUBSTRATES TECHNIQUES PRODUCTS

• Lignocellulosic _ • C 2. C3, C 4 oxygenated inter-
materials _ Pretreatments mediates (alcohols, ketones)
(wood and straw)

• Polyacids and polyalcohols
Enzymatic (special sugars)

conversions

• Polysaccharides (EOR)

Various
• Surplus grain fermentations _ • Enzymes (cellulases and

(wheat, etc.) _ others)

Separating _ • Amino-acids
techniques

• Animal foodstuffs and
proteins (SCP)

Computerized
• Surplus sugar control of _ • Foodstuff additives

(beets) _ fermentation

• _ • Materials (lignin)



THE EXPERI!MENTAL
* B|O_TE,:CHIN!OLOGY FAC|LITiiES; AT

, SOUST:O NS_._
i

i:
t_

U G NiOC ELLILILO SIC BliOMIA SS CONtV ERS,ION I,
_NTO BUtAN!GL ACETONE ii

Ii






