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Exploring lignocellulosic biomass!
Challenges and opportunities for bioeconomy

Foreword

Dear ELB 2018 participants,

It is a great honour to welcome you in Reims at the ELB 2018 meeting. As some of you remembel
the first ELB meeting was organized in Reims in 2016 to celebrate ®renmbiversary of the

FARE laboratory. It was a big challenge for us to shape this meeting which was considered as
successful due to the presence of renowned speakers and numerousatend

During the last two years, the paradigmof global bioeconomy and circular economy have
matured in many countries, emphasizing the need to tune efficiently and hybridize the use of
fossil and renewable carbon resources to fight climate changes acidate new economical
assets. This has reinforced the importance of organizing scientific meetings dedicated to biomass
transformation, and in particular of lignocellulose, which is the world ubiquitessurce for
energy, materials, polymers and moleaufer the future.

That is why ELB 2018 has integrated a session on bioeconomy to open the meeting, focusing ol
the challenges that our societies face today. The following sessions will be focused on new
advances in understanding the complexity of lignotedle (Session 2), its transformation in
biotechnological processes (Session 3) and in soils (Session 4), and finally valorisation a
bioproducts (Session 5) and materials (Session 6).

With nearly 40 oral communications and more than 130 attendees, thieoement is perfectly
appropriate to debate fascinating interdisciplinary scientific questions around lignocellulose and
its importance for the future of agriculture, food, health and global wellness.

Finally we would like to acknowledge the support of martners and sponsors that has allowed
us to organize this international conference and to invite several wecdgnized scientific
f SFRSNAR ® [ S i Qalulo§idblahaaNdgetieradw! t A Iy 2 O

I hope you will all have fruitful discussions and egmyr stay in Reims.
Have a niceneeting!

Gabriel Paés, Chairman of ELB 2018
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Tuesday 26June 208

12:00

14:00

14:40

14:40

15:25

16:10

16:40

17:00

Opening othe welcome meetinglesk

Openingremarksby Géariel PAESChairman of ELB 2018

Forewords by:
Monique AXELQSNRA Scientific Director for Food, Nutrition & Bioeconomy

Laurent LUCA%®Jniversity of Reims ChampagAedenneVicePresident in charge
of Research

Session X Biorefining for Bioeconomy
Chaiperson Bernard KUREKAREINRA/University of Reims Champaghelenne-
Reims, France

Keynote lectureAnne-Christine RITSCHKORH T- EspooFinland
Biobased innovations driv@rcular bioeconomya Finnish perspective

Keynote speakeAntoine MISSEMERCIREDCNRS Paris France
Energy, environment and natural capital: an economic and historical perspect

Coffee break

NicolasBEFORTChair in Industrial Bioeconomy, NE@Musiness School, Europ
Center in Biotechnology and Bioecononfgeims, France
The bioeconomy, biotechnology, and the transition to sustainability

Manuel MORALESChair in Industrial Bioeconomy, NEOMA Business Sc

European Center in Biotechnologgd Bioeconomy Reims, France
Industrial Symbiosis, a dynamic transitional strategy to ab@sed Economy

11



17:20

17:40

18:00

12

JackywWANDEPUTTErench Bioeconomy Cluster (IARpon, France
What has been accomplished in the bioeconomy in France?

JulieWOHLFAHRRASTERNRA- Mirecourt, France
Bioeconomy systems sustainability assessment: embracing complexity

End of Session 1

End of the day



Wednesday 27 June 2018

09:00

09:00

09:45

10:05

10:5

10:55

1115

1125

11:45

12:30

14:00

1445

Session Z; Structural and chemical complexity of lignocellulos

Chaipersors:
Estelle BONNINBIA, INRANantes, France

Brigitte CHABBERFARE|NRA/Univesity of Reims Champag#edenne- Reims
France

Invited speakerPeter CIESIELSINREL Golden, USA

Integrating advanced microscopy, structural modelling, and multiphysics simi
to understand transport phenomena and conversion processes in liyiosi
biomass

FabienneGUILLONBIA, INRANantes, France
Multispectral autofluorescence analysis, a promising approach to track tissue
of particles in ground grass lignocellulosic biomass

JuliaPARLATORE LANCH&PM, CentraleSupélePomact, France
Parietal modifications of lignocellulosic biomass subjected to hydroth
pretreatment observed by Raman migpectrometry

Coffee break

SimonHAWKINSUGSFUniversity of LillECNRS Lille, France
A chemical reporter strategy for studyingriification in plants

Sponsor presentation: Interchim dylien LEFEBVRE

AlainBOURMAUDIRDL, Université Européenne de Bretagherient, France
Plant fibre cell walls characterization by pedakce quantitative nano mechan
technology

CarlosMARCIEELLOFAREINRA/Wiversity of Reims Champag#edenne- Reims
France

Interfacial forces between lignocellulosic polymers by Single Molecule
Spectroscopy: Impact of the coverage AEM

Lunch

End of Session 2
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14:45

14:45

15:30

1550

16:10

16:40

17:00

17:10

17:30

17:50

18:10

14

Session X Physical, chemical and biological deconstructior
lignocellulose(to be continued on Tiursday 28 June)

Chairpersons
Fabienne GUILLORIA, INRANantes, France

Caroline BMOND. FAREUniversity of Reims ChampaghedennéINRA- Reims
France

Keynote speakeAnne SMEYERTechnical University of Denmark, Denmark
Assessing laccase catadd lignin modification: EPR measurements and me
effects

JeanGuyBERRINBBF, INRA/AiMarseille Université Marseille, France
Lytic oxidative enzymes from fungal biodiversity as innovative tools for
(hemi)cellulose processing

Harivony RAKDOARIVONINA FARE, University of Reims Champs
ArdenndINRA- Reims, France

Genomic and transcriptomic analyses of a hemicellulolytic thermostable bac
reveal its potentiality and adaptability for an efficient biomass fractionation

Coffee break

Egelle BONNINBIA, INRANantes, France

Synchrotron timdapse imaging of lignocellulosic biomass hydrolysis: tra
enzyme by autofluorescence, and cell walls modifications by in
microspectroscopy

Sponsor presentation: Realdat EQonHEUSON

NicolasBROSSEERMAB, Université de LorrditNRA- Nancy, France
The steam explosion process for lignocellulosics pretreatment: beyond bioeth

ClaireMAYERIATE, INRA/CIRAD/University of MontpeHistontpellier, France
Preserving the structural viability in maize stalk through dry fractionation proce:

EzinneACHINIVUChaire ABI, AgroParisTedhomacle, France
Extraction and recovery of sinapic acid from oleaginous biomass (mustard &
sustainable access to a valuable phenolic platforohecule

End ofSession 3 tbe continuedn Thursday 28une

End of the day



Thursday 28une 2018

8:45

8:45

9:30

10:06

10:25

10:45

11:15

11:15

1150

Sessiont ¢ Lignocellulose as a source of organic matters in ¢

Chaipersors:
Gwenaélle LASHERMBERRE INRA/University of Reims Champaghelenne-

Reims, France
Sylvie RECOUSARE,INRA/University of Reims Champagh@lenne- Rems
France

Keynote speakelClaireCHENUECOSY 8groParisTedMNRA- ThivervalGrignon
France
Closing the loop between soils and lignocelluloses to address global challen

Invited speaker:Petr BALDRIAN Laboratory of Environmental Microbiolor
Inditute of Microbiology of the Czech Repulilizech Academy of Sciendesague
Czech Republic

Lignocellulose in forest soils and its microbial decomposers

FidaMRAD AGHYLBPolytechnic Institute UniLaSal&ouen, France
Soil microbial response to stower residue and corresponding agromaterial in

Laurent BLEUZEFARE, INRA/University of Reims Champ#gdenne- Reims
France
Microbial colonization of hemp mulches during field retting at the soil surface

End of Session 4

Coffee break

Sessior3 ¢ Physical, chemical and biological deconstructior
lignocellulose

Chairpersons

Fabienne GUILLORIA, INRANantes, France

Caroline BMOND.FAREUniversity of Reims ChampagAedennéINRA- Reims
France

Invited speaker,ThomasFARMERUnNiversityof York- York UK
Lignocellulose deconstruction and the importance this has on maximising the
chemical functionality in bibased platform molecules

EricHUSSONGEC, CNRS/University of Picardie Jules VVé&mgens, France
Biorefinery stréegiesbased oneomtemperatureionic iquids, hydrolases and th
synergism with other pretreatments

15



12:10

12:30

12:30

14:00

14:30

17:00
18:00
16

EgonHEUSONUniversity of Lille Lille, France
Innovative higkthroughput microplate approach for cell wall degrading enz
production based on fungi angjfiocellulosic raw biomass interaction

End of Session 3
Lunch
Selected~lash Talksef posterg3 min each)

Poster 2 byirginie STEINMETZ
Analytical characterization of a soluble lignin fraction from thermomeche
softwood treatment: toward a biorefery concept

Poster3 by Aya ZOGHLAMI
Spatietemporal imaging of lignocellulosic biomass deconstruction and corre
with the enzymatic hydrolysis

Poster8 by Alexandre CLERCQ
Performance of atoichiokinetic modelo predict the degradation ofgnocllulose
by reactive oxygen species and the formation of valuable compounds

Poster 2 by Quentin CZERWIEC
Ligninolytic potential oT hermaobacillus xylanilyticder the production of aromat
molecules

Poster # by Hasna NAIT M'BAREK

Lignin decompositiofor enhanced bioethanol production: Improving the pro
using a biepre-treatment with the fungus isolatélumicola grisedrom centra
Morocco

Poster B by Varunesh CHANDRA
Gaseous emissions of nitrogen species from decomposing crop re
constructon and calibration of a novel model

Poster B by ClémentineVEROVE
New sugatbased amphiphilic compounds with surfactant or gelling propeqg
focus on xylose from ligaeellulosic biomass

Poster ® by Feng CHEN
Thermodynamics and kinetics screenifgadlulose fiber dissolution in ionic ligL

Poster session

End of the poster session
Optional upon registration: visit of the Rei@athedral



19:00

Optional upon registration: Gala dinner at the Palais du Tau
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Friday 29 June 2018

9:00

9:00

9:45

10:20

10:40

11:10

11:30

11:40

12:00

12:20

12:30

18

Sessiorb ¢ Lignocellulose as a source of biomolecules for ent
and platforms nolecules

Chairpersos:
Xavier COQUERET. ICMR, CNRS/University of Reims Champagne-ARdang

France
Gabriel PAES. FARERAMiversity of Reims Champagne ArdenReims, Franc

KeynotespeakerEd de JONGAvantium- Amsterdam,The Netherlands
Zaab ST A . A2NBFAYSNRBY dat dzNB¢ 3If dzO024&S

Invited speakerWarwick RAVERTEZIRCAMelbourne,Australia
Levoglucosenone: a la recherche de chimie perdue

XiaoZHANGWashington State UniversityRichland, USA
New approach towarddinin conversion to fuel and chemicals

Coffee break

Kati GORSCHDeutsches Biomasseforschungszentrum gemeinnitzige Gt
Leipzig, Germany
Hydrothermal conversion of lignocellulosic sugars to furans

Sponsor presentation: Futurol ByédéricMARTEL
Carolne REMOND Chaire AFERE, FARE, University of Reims Chan
Ardenne/INRA; Reims, France

Enzymaticalhsynthesized alkyl pentosides and pentbssed esters,
surfactants of interest

FlorentALLAISChaire ABI, AgroParisTedhomacle, France
From sawdust to high valuedded fine chemicals: a Fran8estraliaUSA succe
story

End of Session 5

Lunch



14:00

14:00

14:45

15:20

1540

16:00

16:30

1650

17:10

17:30
17:30

17:45

Sessiorb ¢ Biobased materials from lignocellulose
Chairpersos:

Alain BOURMAULIRDL, Université Européenne de Bretagherient, France
Simon HAVKINSUGSFUniversity of Lille Lille, France

Keynote speakeRichard GROSRensselaer Polytechnic Institute, USA
High performance biobased structural epoxy resins derived from levulini
(video conference)

Invited speakerArmand LANGLOIENERAB, Canada
Iso-Lignin&echnologylignin base polyurethane: challenges and opportunities

Elise GERBINFARE, University of Reims Champafrdenne/INRAG Reims
France

Lignin crosdinking in cellulose nanocrystal based films by Fenton rea
mechansm and properties

Amandire VIRETTOIATE INRA/CIRAD/University of MontpellierMontpellier,
France

Valorization of lignocellasic fibers derived from park and garden wastes
biocomposites applications

Coffee break

Clovis BERTHELINMT, Polymers r@md Composites Technology & Mechar
Engineering DepartmentDouai, France

Water-assisted extrusion compounding process to reduce the total volatile o
compounds in natural fibrélled composites for automotive interior application
Julie BOSSUInstitute of Paper, Pulp and Fibre Technology, Graz Univers
Technology Graz Austria

GuyaValoFibres: exploring the potential of Amazonian unvalorized-dighdosi
resources for fibrebased composites applications

ArnaudDAY. Fibres Rechercheébeloppement Troyes, France
Quality management of hemp straw used in agnaterials

End of Session 6
Closingemarks

End of ELB 2018 meeting
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Lignocellulose as a source of biomolecules for energy and platforms
molecules

Sessior®
Biobased materials from lignocellulose






Session 1: Biorefining for Bioeconomy
Keynote lecture
Biobased innovations drive circular bioeconoryg Finnish perspective

AnneChristine Ritschkoff

VTT Technical Research Centre of FinlandHdgoo, Finland

Finland is a country of forest, around 78% of the total area is covered by forest. The annual
growth of forest exceeds 100 Minfrom which 60% is in use. Sustainable fotested
Bioeconomy has a key role in Finland’s economy and wellfare. The expectedat ofitp

. A2802y2Yé A& wmMnn OAffA2Y € 0@ HANHpPP ¢KS Ci
for competitive environment, establishment of new businesses, establishment of strong
knowledge basis and sustainable use of raw materials [1]. Innovatidrcaltaboration along

the innovation value chain have a crucial role in maximizing the output for optimal use of
biomass and sustainable Bioeconomy. New value added fbeestd products, such as bio
composites, alternatives to fossil plastics, resins énaieals, building blocks and fibre products,

can double the value of forest sector by 2030 in Finland. Circular bioeconomy have great positive
impact on climate change and challenges connected to the increasing need of materials, food &
feed, energy and seices.

The inherited properties of cellulosebio-based, biodegradable, recyclablenakes it a future
super material. Cellulose structure enables excellent product performance, ability to modify and
construct new materials and novel material design. r€uily, nane and micro cellulose,
cellulose films for packages, 4itinted products and cellulose textile fibres are on the verge of

a breakthrough.

[1] Sustainable growth from bioeconomyhe Finnish Bioeconomy Stratedgay 2014

23



Session 1: Biorefingrfor Bioeconomy

Keynote lecture

Energy, environment and natural capital:
an economic and historical perspective

Antoine Missemer

CNRS, CIRBRParis, France

This presentation based on a recently published book [Will explore how economists
historicallyincorporated energy issues in their tools, concepts and theories, with a particular
focus on fossil fuels. The economic conception of fossil fuels changed overtime, from a systemic
perspective to a more reduced, sectoriented or even individual perspeiste. Energy
dependency, competitiveessand economic development, which were major concerns in the
middle of the 19' century, left the place to theoretical questions on the optimal allocation of
ore resources for one producer, on the road to synthetic formalizedmodels elaborated in

the 1930s. That movement was not linear. It occurred through various forward and backward
steps, with theoretical tracks sometimes abandon€lde reasons fahese evolutions are to be
found both in economic and environmeaithistory (sociotechnical change, decreasethaf
perceived biophysical constraints) and in the history of economic thought and analysis
(development of marginal utility, of capital theqoyseof mathematical tools)This presentation

will define the rok of each of these factors imné history of energy economics, and will give
some insights to understand why economists (still today) deal with environmental and energy
issues irsucha peculiar way in comparison with other scientists.

[1] Missemer ALesEconomistes et la fin des énergies fossiles (1838 )[Economists and the End of
Fossil Fuels (186831}, 2017, Paris: Classiques Garnier, 225 pages.

24



Session 1: Biorefining for Bioeconomy

Oral communication

The bioeconomy, biotechnology, and the trarion to sustainability

Nicolas Befoft Martino Niedd#

IChair in Industrial Bioeconomy, Neoma Business School, Reims, France
°REGARDS (EA 6292), University of Reims Champagne Ardenne, Reims, France

{AYOS HnanmHI GKS GSN)Y WYodardSiOBeyitdrat@eBulde &t alA 30BNS I
and in public policy, with the publication of technological roadmaps for countries, regions, industries
and valuechains (McKormick and Kautto, 2013). Despite the importance of expectations that the
concept wil help achieve the transition to sustainability, the meaning of the bioeconomy is not clear.
The OECD defines the bioeconomy as an economy driven by biotechnologies, involving the use of
genes and complex cell processes, for a variety of sectors (indbstith, agriculture, etc.), and
producing a third Industrial Revolution. Meanwhile, the European Commission (EC) characterise the
bioeconomy merely as processes transforming renewable resources from agriculture, forestry,
fisheries, food, pulp and papergduction, and parts of the chemistry, biotechnology and energy
sectors. Among these processes, the common denominator linking industries is not biotech but the
O2yOSLIi YR NRtS 2F (KS WoA2NBFAYSNEQS ngKA OK
different technologies drawn together in complex knowledge bases (van Lancker et al., 2016). Hence,
at least, two visions of the bioeconomy coexist.

The aim of this research is to unravel the links between biotechnology and the bioeconomy. While
the field of biotechnology has been well known since Kenney (1986), and Arora and Gambardella
omMppnox GKS fAGSNI GdzZNBE €1 01a F Of SFNJ OKI NI Ot
economic activities. To fill this gap and compare biotechnology anditreconomy, we consider

these two fields as sociotechnical regimes (Geels, 2002). In the first part of the study, we give an
historical and institutional account of the differences between the sociotechnical regimes of the
biotechnology and the bioeconomWwe conclude that the sociotechnical regime of biotechnology is
mainly technologydriven, whereas the bioeconomy is missieNA Sy G261 NR | W3
toward the use of renewable resources.

In the second part of the study, we highlight the interoaherence of the two regimes through three
historical qualitative case studies of emblematic bioeconomy products. From this analysis, we draw
three conclusions and research avenues. First, there is an emerging sociotechnical regime of the
bioeconomy. Itopens the way to further research to identify its specificities and organizational
modes since it covers food and materials production. Second, this regime may be plural and under
tension because of competing logics. So there is an issue in identifyisg fbgics. Third,
bioeconomy public policies mainly focus on production side. There is an issue in designing and
implementing consumption side policies.

Bugge, M., Hansen, T., Klitkou, A., 2016. What Is the Bioeconomy? A Review of the Literature. 8Singta,jrGai.
https://doi.org/10.3390/su8070691

Fevolden, A., Coenen, L., Hansen, T., Klitkou, A., 2017. The Role of Trials and Demonstration Projects in the
Development of a Sustainable Bioeconomy. Sustainability 9, 419. https://doi.org/10.3390/su9030419

Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes:leveiyerspective and

a case study. Research Policy 31, 12274

McCormick, K., Kautto, N., 2013. The Bioeconomy in Europe: An Overview. Sustainabilitg Z62%89

Van Lancker, J., Wauters, E., Van Huylenbroeck, G., 2016. Managing innovation in the bioeconomy: An open
innovation perspective. Biomass and Bioenergy 9@660
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Session 1: Biorefining for Bioeconomy

Oral communication

Industrial Symbiosis, a dynamicansitional strategy to a Biebased
Economy

Therese Bennid¥, Manuel E. Moralg*®

tUniversity of Stockholm, Department of Physical GeograE¢06 91 Stockholm Sweden
2NEOMA Business SchaBhair inindustrial Bioeconomy, 5@ie Pierre Taittinge 51100, Reims, France

3Clermont Auvergne University, Research Center on International Development Studies (6&ERDI),
Boulevard Francois Mitterrand, 63000 Clermémrrand France

CKS Y2NXIGAGS ljdzSaidAz2y a2 KFG I NsBhe frakistion@d-adza | f
biooF SR SO2y2YeKé¢ KrFa NBOSAGSR FdGSyaAzy 27
strategies that could facilitate the transition to a Biased economy through the
implementation of Industrial Symbiosis (IS) process,gusiystem dynamics to integrate an
environmental, social and economic analysis to assess future and current opportunities to
I OKAS@S adzaidl Ayl oAt Ade I y RBasédoa ihe régiol asalysisiolS Y ¢
the lignocellulose cluster devgdment in Norrkoping, located in the province of Ostergétland,

in the southeastern part of Sweden, the results identify the key strategic actors and found
empirical evidence of a transition, validated by the causal relationship of energy behaviour
patternsand the structural transition to a Bisased economy, presented in the form of a System
Dynamic model. We consider that the IS project at Norrképing has been a dynamic platform of
scenario modelling and policy tests, exploring potential future patterigk factors, and
opportunities to further expand the sustainable Hiased economy in the region. Concluding

that the dynamic transition strategy to a bmased economy has been fully addressed by the
following successful mechanisms in Norrkopifigthe construction of new partnerships in the
forest industry between private and publi®] the willingness of the stakeholders to encompass

a compelling interactive learning process dB8pthe innovation shared structure that decrease
transaction costs anchcrease flexibility.

[1] Aid, G..et al.,2015. Looplocat, a heuristic visualization tool to support the strategic facilitation of
industrial symbiosis. J. Clean. Prod., Special Volume: Support your future today! Turn environmental
challenges into opportuities. 98, 328335. https://doi.org/10.1016/j.jclepro.2014.08.012

[2] EU, 2012. Innovating for Sustainable Growth: A Bioeconomy for Europe [WWW Document]. URL
http://ec.europa.eu/research/bioeconomy/pdf/officiastrategy en.pdf (accessed 1.13.17).

[3] Fomas, 2012. Swedish research and innovation strategy for-adsed economy. Swedish Research
Council for Environment, Agricultural Sciences and Spatial Planning, Formas, Stockholm.

[4] Hatefipoueet al.,2011. The Handel6 area in Norrkdping; Sweden. Diofsfor Industrial Symbiosis
development?, in: World Renewable Energy Cong&weden; 8.3 May; 2011; Linkdping; Sweden.
Link6éping University Electronic Press, pp. 38885.

[51 Norrkdpings kommun, 2017. Norrképing i siffror [WWW  Document]. URL
https://www.norrkoping.se/download/18.3ef6b1d158f1bd46e11c377/1488791488534/NKPG _isiffror20
16_sve.pdf (accessed 3.2.17).
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Session 1: Biorefining for Bioeconomy

Oral communication

What has been accomplished in the bioeconomyHmance?

Jacky Vandeputte

French Bioeonomy Cluster (IAR)

As the French Bioeconomy Cluster, IAR and its members have been strongly contributing to the
development of the national Bioeconomy Strategy and the action plan which has been published
recently. It aims to propose a coherent framewdok all initiatives undertaken in the sector,
supporting an increased and sustainable mobilization of locally produced biomass to boost its
efficient use and valorization to answer our needs (food andfiool). The French bioeconomy

is very much linkedat local territories and the valorization of locally produced biomass in
integrated biorefineriesFrench industries based around the living world are key actors in the
bioeconomy. They are already engaged in innovative approaches, helping new uses te.emerg
The different sectors of agriculture are engaged in the production of renewable enengy
forestry & wood sector proposes a variety of uses for biomass, ranging from construction timber
to energy, and including industrial lumber and innovative mokesuNew materials and

Y2t SOdz Sa I NBE LINPRdAzZOSR FTNRY | INRK Odzt (abiNtb £ |
benefit from support for innovation. The French program of investment for the future has led
AAYOS wnmn (2 EEf20FGA2Yy 27F cTherasviing sfrated\did JLJ2
aimed at strengthening all value chains at the same time.

Some practical examples of the application of Bioeconomy principles and open innovation
R&D&I project will be described, old and new value chains and drivers will be tackle. New
NBaz2dz2NOS 2F tNRUOSAYS FE3FS NBEFHYYXONARSES Ayacs

[1] Abioeconomystrategyfor France

27



Session 1: Biorefining for Bioeconomy
Oralcommunication
Bioeconomy systems sustainability assessment: embracing complexity

Julie Wohlfahrt, Fabien FerchaddBenoit Gabrielfe Caroline GodardBernard Kurek
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The European Uniosets the objective of asustay 60t S 0A2S02y2Yeé | & ai
supply of food and products of biological origin that are safe, healthy and of high quality by
developing sustainable and resouretficient production systems, related ecosystem services,
restoration of biologial diversity, competitive and economical processing and marketing chains
Ay OFND2Yyéd . A2S02y2Ye FLIWSIENAR Fa + 1Se& Lkf
change, food security, fossil fuel dependence, scarcity of natural resources anarigrand
industrial development on a number of scales, from small territory to national scale, as
sustainable production and use of biomass are inherent to the bioeconomy proposition. One
major challenge for bioeconomy is then to be able to assess hswdevelopment will
successfully achieve these different objectives in concrete situations, from biomass production
to recycling processes. Several authors highlight the lack of knowledge regarding the reality of
bioeconomy systems that limits the developmieof sustainable bioeconomy projects in
territories.

Bioeconomy as a system is a relatively new concept that encompasses several sectors and
disciplines (e.g.: agriculture, forestry, industry). The scientific community is then still quite
scattered froma process to a resource approach. The same conclusions can be established
regarding stakeholders that are mostly focused on one component of the bioeconomy system
(e.g.: forestwood chains, biofuels production). Bioeconomy systems are also characteriaed by
high flexibility of resources, processes, stakeholders or transformation chains. Understanding
the whole bioeconomy system and proposing sustainable organization to optimize biomass
productions and uses requires accounting for the high level of contpléxherent to
bioeconomy systems.

There is a need for a specific framework that deciphers bioeconomy systems in order to help
their integrated assessment. Starting with territorial bioeconomy systems, we propose a
description to help the concrete sustaibility assessment and highlight the potential locks and
levers for bioeconomy development.
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Fundamentals of Biorefining: Today aficbmorrow

Arthur Ragauskas
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Knoxville, Institute of Agriculture, Knoxville, TN, USA
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I £ (K2 dAK -@rerBylcos davd rédaced the commercialization of cellulosic ethanol
production, we have seen ¢hdevelopment of commercial cellulosiéthanol plants on a global
basis employing either the thermochemical or the biological technology platform. Despite these
successes, technical challenges remain which hinder broad acceptance of biofuels which for the
biological platform include the recalcitrance of biomass and what to do with lignin. Our research
studies and others have clearly shown that the recalcitrance of biomass is aiamelti effect

due to the complex nature of the gmt cell wall which camclude:Biomass patrticle size and
porosity, Cellulose, Hemicellulose and Lign@ur ongoing studies have shown that the natural
variance of the plantell wall can influence recalcitrance and chemical pretreatments
substantially altering the structurefdhe celtwall components further reducing recalcitrance.
Analysis of cellulose, hemicellulose and lignin from low and high recalcitrance biomass
feedstocks including switchgrass and poplar, before and after chemical pretreatment, is one of
the most pronising methodologies to investigate and dissect the fundamental mechanisms of
recalcitrance. Employing these protocols, we have shown that acidic and neutral pretreatments
usually provide a biomass resource with increased crystallinity which is lesyedaatiellulose

and thereby not a beneficial component to reducing recalcitrance. The loss of hemicelluloses
and changes in structure of lignin, during these pretreatments, certainly provides a more
reactive biomass for biological deconstruction. Depegdin the severity of the pretreatment,
lignin undergoes a series of competing dgpoérization reactions cleaving®ary! ethers
which can then undergo further condensation reactiofhis presentation will examine how
advanced NMR and GPC techniques loarused to investigate the changes in bulk cell wall
chemistry and how TeBIMS can be used to monitor changes on the surface of biomass before
and after pretreatmen{1-5].

[1] Li, M. et al.Biotechnology for Biofuels (2017), 10, 1P2112.

[2] Yoo, C.Get al. ACS Sustainable Chemistry & Engineering (2017), 5(3)3826

[3] Meng, X. et al. ChemSusChem (2017), 10(1)}1589

[4] Li, M. et al. Biotechnol Biofuels (2017) 10:12.

[5] Meng, X. et al A.J. ACS Sustainable Chemistry & Engineering (20185688572.
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Integrating advanced microscopy, structural modelling, and multiphysics
simulation to understand transport phenomena and conversion
processes in lignocellulosiadmass

Peter CiesielskMichael CrowleyBryon Donohoe, Michael Pechévek Bharadwaj,
Joshuavermass, Michael Himmel

National Renewable Energy Laboratory, Golden, CO, USA

Biomass conversion processes require coordination of complex physiochemicedggedthat
occur over multiple length and time scales. Biochemical deconstruction relies on the penetration
of catalysts, including enzymes and other small molecules, into the cell wall. Thermochemical
conversion processes, such as pyrolysis and gasificatequire rapid heat transfer to drive
hightemperature depolymerization reactions. Optimization of these processes requires a
detailed understanding of how the transport of heat and mass is affected by the complex,
hierarchical structure of lignocelld@ biomass. Developing integrated multiscale simulations
for these processes will allow for higiroughput investigations of various conversion scenarios

in silico and provide some predictive utility regarding the efficacy of new processing paradigms.
In this presentation, | will describe our efforts toward multiscale simulationgrarfisport
phenomena andiomass conversion in the context of structuralyd compositionallygletailed

model geometries. First, | will present recent progress with coupleacontdr and mesoscale
simulations that incorporate biopolymer structure at the cell wall scale. Molecular dynamic
simulations are used to evaluate diffusion coefficients of small molecules through cell wall
biopolymer assemblies. These are coupled to mesesmodels that account for the complex
organization of cellulose fibrils, lignin, and hemicellulose at the cell wall scale. Second, | will
describe particlescale models that incorporate higherder geometric features, such as cellular
geometry and anigmopic particle shapes, in the context of thermochemical conversion
simulations. All of the structural models employed in these simulations are informed by
multimodal analytical microscopy which will be described throughout the presentation.
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Multispectral autofluorescence analysis, a promising approach to track
tissue origins of particles in ground grass lignocellulosic biomass

Cécile Barroh Mathias Corcéf, FabienneGuillor?, Marie-Frangoise Devadx

1UMR IATE, INRBupAgro Montpellier, Univ Montpellier, CIRAD, Montpellier, France
2UR 1268 BIA, INRA, Rue de laaGdiere, 44316 Nantes, France

In a biorefinery plant diagram, a grinding step is usually the prerequisitebiological
conversion, allowing material densification and homogenization for transport and storage, or an
increase of the accessible surfaBawders produced from plant biomass are heterogeneous in
relation to native plant heterogeneity, and durigginding, dissociation often occurred at the
tissue scaleThe distribution of tissue within a single particle is required to understand, control
and optimize the plant deconstruction through dry fractionation process. Therefore the tissular
origin of powars must be identified at the particle leveéf.recognition of tissues is easy in
sectiors of plant organs, it is not straightforward ipowders Taking advantage of the
autofluorescence properties of cell wall components, we propose to use multispéuiage
analysisto identify the tissular origin ofignocellulosicparticles.Maize stem was chosen as
model of grass lignocellulos&he fluorescence variability of maize stem sections Viiest
investigated. Images of the stem sections were acquired dmnometric approaches was
implemented to reveal fluorescence variability without aayriori Fluorescent profilesvere
extracted for the main tissues. Images of ground tississdated from the same stemyere
acquired using the same procedurthe fluoescence intensity profiles were analysed using
principal component analysis. Similar variability was found in fluorescence profiles extracted
from powders and tissuesonfirmingthe potential of fluorescence multispectral imaging to
predict the tissue ogin of particles
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Parietal modifications of lignocellulosic biomass subjected to
hydrothermal pretreatmentobserved by Ramamicro-spectrometry

Julia Parlatore Lanchd@in Ld, Julien Colit?, Giana Almeida Patrick Perré?
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In order to overcome the recalcitrant macromolecular structure of lignocellulosic biomass and
to make carbohydrates sufficiently accessible for enzymatic hydrolysis, a pretreatment i
required. This pretreatment can consist of a hydrothermal treatment, followed or not by steam
explosiont. In this workchangesn ultrastructural characteristiosf LJ2 LJ I NX daus@dbf f &
hydrothermal treatment were studied.o ensure the homogeiitg of the treatment throughout

the sample, poplar cubesith a characteristic size of less than one centimetere treated
using an irhouse developed deviée Cell wall changes have been assessed by a microscopic
study of its components before and aftéhe process Raman ricro-spectrometry is known to

be a powerful tool for chemicainapping. However,in comparison with nativevood, the
sample preparation obiomass after pretreatmenis challenging due to the weak cohesion of
cells and cell wall layerTo overcome this issyeve developeda newsample preparation
method, suitable for both kinds of sampléwo-dimensional chemical maps were obtained by
integration over wavelength ranges with strong Raman signal wsinglpha 300R+ confocal
Raman micrecope from Witec Lignin was detected by the peak around 1600*awhich
corresponds to the aromatic C=C bénidor untreated wood, as expected, the areas with higher
lignin concentration are in the cell corner and middle lamella, which is particulaitevast

triple points. Integration around 1120 chrorresponds to €©-C symmetric linkage found in
carbohydrated and enable the identification of the secalled holocellulose, which includes
cellulose and hemicellulose. It is present in higher conceioinah the S2 layer of the cell wall.
The comparison witlireated biomasseveals thedeformation of cell walland subparietal
chemical changesdn order to evaluate the kinetics of these chemical changes, this method is
applied to samples obtained aftefrfferent treatment durations

[1] Asada, Cet al. BioresourTechnol., 2015, 182, 245.
[2] Mokdad Set al. Biomass Bioenergy018, 108, 330.
[3] Gierlinger Net al., Plant Physiol., 2006, 140, 1246.
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A chemical reporter strategy for studying lignification in plants

Clémence Simon, Cedric Lion, Brigitte Huss, Auphie Blervacq, Corentin Spriet,
YannGuérardel Simon HawkingChristophe Biot
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59000Lille, France

The quality of lignocellulosic biomass for a wide range of different industrial uses (biofuels,
composite materials, textiles, paper etc.) is related to the chahdomposition of the plant cell

wall. Cellwalls are dynamic structurdhat are progressively constructed and modified during
plant growth and a better understanding of the factors affecting final composition of biomass at
harvest can only be achievedrdugh more knowledge about the dynamics of cell wall polymer
formation. Obtaining this knowledgia vivois usually hampered because of a lack of suitable
probes. Although fluorescendagged monolignols have been developfed lignin[1], these

often preent the disadvantage of the tag being larger than the tagged molecule thereby
potentially interfering with the lignification process. More recently, coniferyl alcohol
monolignols tagged with clickable azide or alkyne thgse been used in a bioorthogonal
chemical reporter strategyn the model species Arabidopdig], [3]. In this strategy, an
analogue of the biomolecule of intereistmodified with a biocompatible chemical functiamd

is metabolically incorporated into the target biomacromolecwtgere t ¥ dzy Ot A2y a | & |
NBLZ2NISNR® ¢KS AYyO2NLERNI SR OKSYAOFf NBLR NI
by a bioorthogonal chemistry reactionVe have recently [4], [5] developed an original
Bioorthogonal Labeling Imaging Sequentiatategy BLISPH to visualize and analyze the
incorporation of bothp-hydroxyphenyl (H) and guaiacyl (G) units into lignirvivo with a
combination of straippromoted and coppecatalyzed azidalkyne cycloadditions
(SPAACCUAAGQ. We are currently using 8hBLISS strategy study lignification dynamics the

flax fiber crop and other plantsy confocal fluorescence microscopy.

[1] Tobimatsu et alBiomacromal 2011, 12, 1752.
[2] Bukowski et alBioconjugate Chen2014, 25, 2189
[3] Tobimatsu et al. Che. Commun. 2014, 50, 12262.
[4] Lion C et al., Cell ChenBiol.2017, 24(3), 326.

[5] Simon C et alRlant Signal. Beha2017, 12 (8), €1359366.
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Mechanics technology
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The industrial interest for plant bast fibres used as composite reinforcements increases. The
tensile properties of the elementary fibres are well described in the literdtlireout additional
information at the cell wall scale is needed to better understand the relationship between their
ultrastructure and their mechanical performance.

Indeed, an elementary flax fibre is itself assumed to be a composite because of its specific
ultrastructure madeup of several cell walls and layers. The S2 layer of the secondary cell wall,
GKAOK YlIAyte O2yiNRBta (KS f2y3aAixiddRRAYylIf YSO
cellulose microfibrils embedded in an amorphous polysaccharide matrix containing
hemicdluloses and pecting]. During plant development, the secondary cell wall of the outer
bast fibre bundles firstly becomes thickened, while complete filling takes around two months.
Consequently, during fibre development, the degree of maturity may difféween the outer

and inner fibres. Fibres can thus have a skire like ultrastructure, e.g., the soalled G and

Gn sublayers in the developing secondary cell vj2]!

The aim of this work is to present results from manipulations on plant cel$ watformed in
atomic force microscopy (AFM) associated with PeakForce Quantitative NanomecaNNBF
mode. Mechanical mapping within the growing flax cell walls are showed as well as on mature
fibre after thermal treatment to investigate the effect &t process cycle on flax fibres
components. Finally, other examples of Peak Force QNM characterization on plant cell walls are
shown, especially in palm or hemp fibres.

These studies validate the measurement method but also to suggest the full poterttial BF
QNM technology for the fine fibre characterization of plant cell walls. This tool provides an
access to new information and open the way for many future applications.

[1] T.A. Gorshkova, P. V Mikshina, O.P. Gurjanov, S.B. Chemikosova, Formatiant aielp wall
supramolecular structee, Biochem. 75 (2010) 1§972.

[2] P. Mikshina, T. Chernova, S. Chemikosova, N. Ibragimova, N. Mokshina, T. Gorshkova, Cellulosic Fibre
Role of Matrix Polysaccharides in Structure and Function., Géfuhdam. Asp(2013) 9¢112.
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Interfacial forces between lignocellulosic polymers by Single Molecule
Force Spectroscopy: Impact of the coverage AFigl

Carlos Marcuell?, Laurencéd=oulort, Nicolas Bercii Michael Molina#, Brigitte Chabbekl
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Nowadays, demands ancrease of green products being environmental friendliness. In this
context, lignocellulosic biomass provides a great opportunities for refineries to produce new
cellulose based materials with large range of applications from automotive parts to 3Drprinte
[1, 2]. In these materials, cellulose can be under the form of either pure cellulose
nanofibril/nanocrystal or complex structure as lignocellulosic fiber containing a variety of
L2 f & YSNE 60Stfdz#Z 2aSz KSYAOSTt t dzf 2 &dS éhe&mical A Iy
characteristics. In this field, capitalizing on the interfacial forces between each lignocellulosic
polymers in order to predict their cohesive behavior in (nano)material is required. For this
reason, Atomic Force Microscopy (AFM) is presented a&onvenient technique to achieve
information on adhesion forces between components at nanoscale level. Chemical interactions
between functionalized tip/tipless AFM levers and substrates can be interrogated by Single
Molecule Force Spectroscopy (SMFSHendstrong skills in surface modification and polymer
chemical conjugation are required for this purpose.

Building up to the previous expertise of our group [3], a broad range of different films (CNCs,
hemicellulose as glucomannan or xylan and unmodifiedaccaseoxidized lignin) has been
deeply analyzed in terms of adhesion properties with functionalized tips with CNCs or synthetic
lignin. LangmuiBlodgett (LB) technique was used and compared with several chemical
procedures to achieve this goal. Ex¢are analysis of how the coverage of the attached polymer
on AFMTip influences on intermolecular interaction measurements with substrates previously
detailed has been carried out. This unprecedented methodology in this field allows to precise
control the measure of intermolecular interactions between lignocellulosic polymers in
controlled environmental conditions (relative humidity, temperature). The promising results can
open a gate to grasp the knowledge regarding the interactions of all these comparehtkus

guide the conception of new materials with unique properties or enhance the lignocellulose
biorefinery engineering.

[1] Antoine Cet al. RSC Adv. 2017. 7, 34638.

[2] Tenhunen Bt al. Mater. Des. 2018. 0264, 1275.

[3] Aguié \etal.a C A f YChatihgyflom Lignocellulosic Polyii ¢ & / KI LJGSN) y® 9RAOGE
Fundamentals and Applications. M.P Montero, M.C Gofaeiflen, M.E LopeZaballero, G.V. Barbosa
CanovaskEds. CRC. 2016.
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Assessing laccase catalyzed lignin modification: EPR measurements and
mediator effects
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Laccases, EC 1.10.3.2, CAZY family AAL, are blue multicopper oxidases that catalyze oxidation
phenolic groups in lignin to phenoxyl radicalsridg reduction of @to HO [1]. In fungal
laccases, thd'l copper site in the enzyme and the redox potendefine the ability of the
enzyme to catalyze the abstraction of electrons from phenolic substrated he trinuclear
cluster allows for the copmr-catalyzed oxidoreduction reaction [2,3]. We used electron
paramagnetic resonance spectroscopy (EPR) for real time measurement of enzymatic radical
formation on different types of lignin by fungal laccases derived ffoametes versicoland
Myceliophttorathermophila respectively and showed that such measurements can be used to
assay laccase catalyzed radical formation in lignin TAe radical formation activity was
AYRSLISYRSyid 2F (KS §\BYEPRSbbrefiNgyRighia sahiflek &sp i A |
examinal the influence on laccase catalyzedradical formation of mediators 1-
hydroxybenzotriazole (HBT);Hydroxyphthalimide (HPI), 2,2,6t6tramethylpiperidinl-yloxy
(TEMPO), and 2;azincbis(3ethylbenzothiazolinés-sulphonic acid) (AB],$resumed to act

by shuttling electrons between the laccase and subunits in lignin thatabeaseenzymes

cannot approach directlyABTS addition produced confounding EPR signals, but laccase
mediatortreatments with 500uM N-OH type mediators (HPI &1BT) did not affect the radical
formation whereas highdoses of5 mM HPI or HBTusprisingly led to significantlgecreased
radical formation rates and lowered steady state radical concentratjbhsLaccasd EMPO
treatment at a 5mM mediator dossignifiantly increased steady state radical concentration
and rate of radical formation on beech organosolv ligitih The data suggest that electron
shuttling by mediators is not a significant general mechanism for enhancing laccase catalyzed
oxidation of biordinery lignin substratesThe EPRresults thus providéoth a new real time
laccase assay aradnew view ormediator functions ifaccase catalyzed lignin modification.

[1] Munk Let al., BiotechnolAdv., 201533, 13.

[2] Jones S and Solomon E, Cell..Mié Sci., 2015, 72, 869.
[3] Sitarz Akt al., Crit.Rev. Biotechnol., 2016, 36, 70.

[4] Munk Let al, Enzyme MicrobTechnol., 2017, 106, 88.

[5] Munk Let al, Enzyme MicrobTechnol., 201 press
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Lytic oxidative enzymes from fungal biodiversity as innovative tools for
plant (hemi)cellulose processing
Marie Couturiet, Simon LadeveézeDavid Navarrg Mireille Haonr, Sacha Griskél

AuroreLabourel, Kistian Frandseh Isabelle Gimbett Marie-Noélle Rosso
BernardHenrissat, JeanGuy Berrif
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2CNRSAFMB, Marseille, France

Plant polysaccharides are the most abundant renewable carbon saurearth and are highly
NBt SOlFyid G2 FLOS (2Y2NNRosQa SYyOBANRYYSyGlft
convert plant carbohydrates into valuable products that can then be utilized in emerging
biorefineries face several challenges due to the l@tance of biomass to enzymatic
deconstruction. In this context, one of our objectives is to identify and characterize novel
biocatalysts from fungal natural diversity. Fungal strains efficiently converting the
polysaccharide fraction of biomass are dBemvestigated using comparative pegtnomic
approacheg1-3]. Correlation betweeromics data and markers of biomass recalcitrance enable
us to select promising hydrolases and oxidases encountered in fungal secretomes. Special
attention is given to lyt polysaccharide monooxygenases (LPM@&i) are considered as a
breakthrough in the enzymatic degradation of biomass because they oxidatively cleave
glycosidic linkages that render plant biomass more susceptible to hydrolysis by conventional
cellulaseqd4-5]. The novel enzymes identified are heterologously expresséicima pastoris
taking advantage of the ihouse mediurahroughput expression system allowing srrsdble
expression of recombinant enzymes. The mechanism of action of the most efficigmenis
studied in depth using mutdisciplinary approaches (i.e., biophysics, protein crystallography
and bicinorganic chemistry). These investigations give insights into the substrate specificity,
catalysis and biological function of the targeted enegmProduction of the mosgiromising
enzymes is wgcaled in bioreactors to facilitate their integration into bioprocesses.
Biotechnological applications are directed towards the improvement of plant biomass
saccharification and the production of renewaltaterials.

[1] Navarro Det al., Biotecmologyfor Biofuels, 204, 7, 143
[2] CouturierM et al.,, Bioteclmologyfor Biofuels, 20%, 8 216
[3] BerrinJGet al., Carbohydrate researct2017, 448155

[4] Ladeveze&Set al., Biotecmologyfor Biofuels, 207, 10, 215

[5] Couturier Met al., Nature Chemical Biology, 2018, 14, 306
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Genomic and transcriptomic analyses of a hemicellulolytic thermostable
bacterium reveaits potentiality and adaptability for an efficient biomass
fractionation
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Enzymatic reaabins to transform biomass components require the identification of robust and efficient
biocatalysts. Thermostable enzymes offer potential benefits in the hydrolysis of lignocellulose as they are
more resistant to extreme bioprocessing. Hemicelluloses céareh a physical barrier preventing the
hydrolysis of cellulose polymers within lignocellulosic biomass. It is necessary to deconstruct them
specifically to improve the biomass upgrading (by allowing accessibility of cellulases and by liberating
componentsfrom hemicelluloses)Thermobacillus xylanilyticus a Gram positive thermophilic and
KSYAOSttdzAZ 2t 2GA0 oF OGSNAdzy F6tS G2 3INRBg 2y &S@S
and complex polysaccharides such as xylans [1]. This bacteanmrow onto a variety of plant derived
feedstocks like wheat bran and straw by exhibiting rapid growth [2]. The hemicellulases produced by this
bacterium are thermostable and able to release efficiently pentoses and ferulic acid from lignocellulosic
biomass [3, 4]. We developed a combination of genomic, transcriptomic and other physiological (growth
and enzyme production) approaches to determine the behavior Tof xylanilyticuswhile using
lignocellulosic biomass as well as complex and soluble sugarsiZehef the genome after sequencing

was 4Mbp representing 3900 genes predicted. High lignocellulolytic potential was observed with 162
CAZYmes encoding (carbohydrate metabolism) and 114 -osdiatases putative genes (that could play

a role in the ligninbiotransformation).T. xylanilyticusioes not possess genes encoding for cellulase
activities. A RNAequencing approach has been developed to study the expression of lignocellulolytic
genes by the bacteria through its growth on two chemicabintrastedlignocellulosic biomasses (wheat

bran and wheat straw) as well as on xylan and glucose The results demonstrate the involvement of seven
identical core enzymes whatever the complex substrates to be deconstructed. The expression of other
hemicellulolytic engmes change with the substrates showing an adaptation of lignocellulolytic enzyme
expression with the biomass used. These results indicate the importance of using different biomass
sources to encourage the production of specific and tailor made enzymatktails. The strategies
identified by these combinatorial approaches could be applied for further efficient biotechnological
deconstruction of lignocelluloses.

[1] Touzel, JP., et al., International Journal of Evolution and Systematic Biology, 2009. 50815320
[2] Rakotoarivonina, H., et al., Microbial Cell Factories, 2012. 11

[3] Dupoiron, S., et al., Industrial Crops and Products, 2017. 105: {15648

[4] Rakotoarivonina, H., et al., Applied Microbiology and Biotechnology, 2016. 100(17)7¢.558¥
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Synchrotron timelapse imaging of lignocellulosic biomass hydrolysis:
tracking enzyme by autofluorescence,
and cell walls modifications by infrared nriespectroscopy

Estelle Bonnih Fabienne Guilldn Frédéric JamnteWilliam André, Brigitte Bouchét
CamilleAlvaradd, Sylvie Durand Paul Robett Luc Saulniéy Marie-Frangoise Devadix
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The enzymatic conversion of lignocellulosic materials for the production of chemicals and fuels
in replacement of petroleum feedstock is a very promising approach due to high enzyme
selectivity and mild conditions of implementation. Howevehg tefficiency of enzymatic
degradation on plant cell walls is low. In the last decade, many efforts have been devoted to the
understanding of biomass recalcitrance to enzymatic degradation but no consensus has been
reached on the most important features @aining it. Biomass is most often considered as a
bulk material and it would be helpful to take into account the diversity and heterogeneity of
plant cell walls, and the dynamic of enzymatic degradation.

In the present work, the enzymatic degradatioof lignocellulosic biomass has been imaged
without labelling the enzyme or the cell walls thanks to synchrotron facilities. Excitation at
275nm allowed autofluorescence recovery for protein and phenolics, and multichannel imaging
to highlight concomitantt the presence of enzymes on cell walls and the changes of cell walls.
Image analysis was used to quantify the variations of fluorescence intensity. In parallel,
microfluidic FTIR microspectroscopy allowed tint@pse tracking of local changes of the el
polysaccharides during degradation. The presentation will show the degradation dynamics by a
cellulolytic/hemicellulolyticpreparation. Consistent variations in the enzyme concentration
were found locally in cell cavities and their surrounding celllsval'he quantification of
fluorescence intensity showed that the enzymes were not evenly distributed and take into
account the cell wall heterogeneity, not only from one cell type to another but also on a given
cell.

[1] Devaux MF et al., FrorRlant Sci2018,9:200
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The steam explosion process for lignocellulosics pretreatment: beyond
bioethanol

Nicolas Brosse
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Steam explosion (SE) is currently one of the most valuable and cost effective pretreatment
technologies for cellulosic bideanol production. After impregnation, biomass is treated with

hot steam (around 200°C) under pressure (around3LMPa) during few minutes followed by

an explosive decompression. The effect of SE on biomass combines a chemical hydrolysis durin
the streamtreatment and defibration during the explosive decompression to make the cellulose
more amenable to enzymes. This technology is currently developped at the commercial scale
(continuous processes) in ltaly (beta renewables) and in the USA (Abengoa) fioel bio
production from lignocellulosic feedstocks.

In this paper we will demonstate that beyong bioethanol, steam explosion could be considered
as a versatile technology for lignocellulosics deconstruction for different advanced applications.
The examples gen include current ogoing works from our group :

- the production of fine hemp fibers (cottonisation of hemp) for textile applications : the
optimization of elementary wateror NaOHimpregnated hemp fibers extraction using SE is
described. An originajuantification method was developed in order to follow the defibration
rate by image processing. Defibration was evaluated and optimized using systematical
experimental method for the production of superior quality fibers with a low variability.

- the pretreatment by SE of phytoremediation lignocellulosic feedstocks (heavy metals
contaminated) for the production of bioethanol and fibrous materials. The influence of the
severity of the SE process on the composition in metals of the fibrous cellulosic esidse
examined. The residual metal effect on the enzymatic hydrolysis of cellulose into glucose and
on the fermentation step was also investigated.

- the extraction of biopolymers from biomass in control conditions. SE appeared to be a selective
and non dsctructive method for the extraction and solubilisation of high molecular mass
biopolymers (hemicelluloses, proteins, lignin).

[1] Toward the cottonisation of hemp fibers by steam explosi®art 1- Defibration and morphological
characterization.Thibaud Sauvageon, Jeavichel Lavoie, César Segovia and Nicolas Brdssdile
Research Journal 201Pretreatment of trace elemergnriched biomasses grown on phytomanaged soils
for bioethanol production, Mohammad Asad, Zahra Menana, Isabelle Zibghdn, V&rie Bert, Michel
Chalot, Rolf Herzig, Michel Mench, Nicolas Brosse, Ind Crops Prod, 2017,-127, 63
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Preserving the structural variability in maize stalkrough dry
fractionation processes

BreysseAméli¢, Mayer-Laigle Gire', LaiaHaurie Ibarrd FrédéricMabille!, Barron Ecile!

IUMR IATE, CIRAD, INRA, Montpellier SupAgro, Université de Montpellier, 34060 Montpellier, France
2EPSEB, Universitat Politézan de Catalunya, Adr. Maraiién 440, 08028 Barcelona, Spain

The composition and the structure of biomass makes it a wonderful source of raw materials for
the production of energy or bio based material. As examples, the most inner part (the pith) of
com stalk, an agricultural bgroduct, shows an alveolar structure, similar to those of expanded
polystyrene, responsible of insulating properties2]1 On other example are the vascular
bundles of the pith and the ring, which also insure, a mechanicalosup the plant, making

them particularly interesting for reinforcement of composite materials. One of the challenges is
to recover each plant part without damaging its structure to preserve the original properties.
This can be achieve by dry fractiomatiprocesses, which allow to dissociate plant structures at
the relevant scale, between G4mm. Dry fractionation diagram combining grinding (based on
shearing solicitation) and separation step (based on size and density) have been developed at
the kilogmam scale in order to separate the rind from the pith of maize stem internode while
preserving pith alveolar structure. The fractions with particle size higher than 1 mm, contain
more than 92 % of pith and represent 41% of the initial pith. In additiotherfinest fractions
(particle size < 1mm), the pith vascular bundles are dissociated from parenchyma cells, and a
successful isolation of the vascular bunds has been realized using an electrostatic separator. The
fractions containing the biggest pith pafes were retained to produce thermal insulating
materials, which present a thermal conductivity around 0.04 W/mK, close of those of
commercial thermal insulating materials.

[1] N. MatiBaouche N. et alnd. Crops. Prod., 58 (2014) 2250

[2] M. Palumlo. (2015). Contribution to the development of new Hiased thermal insulation materials
made from vegetal pith and natural binders: hygrothermal performance, fire reaction and mould growth
resistance. Universitat Politécnida Catalunya, Barcelona, Spain
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Extraction and Recovery of Sinapic Acid from &jeous Biomass
(Mustard Bran): a Sustainable Accessa®aluable Phenolic Platform
Molecule

Ezinne Achiniy, Erika Clavij®ivera Amandine Flourat, Florent Allais

Chaire ABI Agro Biotechnologies IndustrielleAgroParisTech, CEBB 3 rue des Rouges Terres 51110
Pomacle France

The objective of this research project was to develop a-effstctive and sustairae integrated
LINEOSaa FT2NJ GKS SEGNI OlGAz2zy | yR -0NSONMY/SINGES O2AT2
a value addedathemicalalongside cellulose and lignin. Waste products like mustard bran and
canola meal are rich in sinapine (~15 mg/g), a @tisre of sinapic acid, which has the potential

to serve as a valuadded product for applicatianin the cosmetic the plasticand the
pharmaceutical industesdue to its antixidant and antUV properties.

By employing an optimized chersmzymatic techmjue, sinapine was effectively liberated and
completelyconverted into sinapic acid. Following this, the sinapic acid was recovered using an
extensively optimized membrane filtration technoloigyolving nanofiltration and diafiltration.
Lastly, the residubbiomass (fats, cellulose, lignin) were also fractionated and characterized for
their use in other products. Witlthese unique approaches in fractionation, separation and
process integation, the process developed has improved efficiency, cost effectimess and
environmental impact. The establishment of these processes can lead to new technology
developments, and economic opportunities, which can, in turn, enable the-eftesttive
production of advanced bioproducts.
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Lignocellulose deconstruction and the importance this has on
maximising the use of chemical functionality in blmased platform
molecules

Thomas JFarmer

Green Chemistry Centre of Excellence, &&pent of Chemistry, University of Yotteslington, York, UK

The key to future successful biorefineries will be a combination of the ability to handle varied
and diverse feedstocks and to also produce a wide range of products. In doing so the ambition
will be to utilise all component parts of feedstock, but as we know the chemical composition of
biomass is incredibly diverse. At the heart of these future biorefineries will be the production to
a range of Platform Molecules, these being fundamental buglditocks of a bi@conomy.
Although in essence platform molecules would seem analogous to-flessied base chemicals,
they are in fact vary differertl]. For example, high heteroatom content of platform molecules
means they contain significantly morenfctionality, this something we must embrace and not
seek to remove. The platform molecules that can derived from your biomass are also
determined by the feedstocks chemical composition, and most important of all how you process
the feedstock. As such cdu, selective, sequential deconstruction is required to maximise
feedstock utilisation. This talk will highlight the value of the diverse chemical functionality of
platform moleculeq2]. It will also focus on how different components of lignocellulosal o
different products and therefore why we need effective, selective and controlled separation of
lignocellubse to form platform molecules.

[1] FarmerTJMascalM, Chapter 4: Platform Molecules, Clark J.H. and Deswarte, F.E.I (eds.), Introduction
to Chemicals from Biomass, Second Edition, Johey\hd Sons Ltd., 89, 2014

[2] FarmerTJet al, Int. J. Mal Sci., 2015, 16(7), 1491Zarmer TJ et alPolym Chem., 2016, 7, 165@%/u
Let al, ChenSusChem, 2017, 10, 16&rocheau Arnau8et al, Faragdy Discussions, 2017, 129@;rne
Fet al, Green Chem., 2017,19, 3671
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Biorefinery strategies based oRoom Temperaturdonic Liquids,
hydrolases and theisynergism with othempretreatments

Eric HussorCatherine Sarazin

Unité Génie Enzymatique et cellulaire, UMR CNRS 7025, Université de PicardietudesAmiens,
France

Biorefinery concept is built around sustainable strategies of lignocellulosic b#oifh&3B)
transformation. The economic viability includes the development ofresponsible processes
targeting the three major constitutive components of LCB: cellulose, hemicellulose and lignin.
In this context, sequential and simultaneous strategies waggeloped including a rational
selection of Room Temperature lonic Liquids (RTILs) and (hemi)cellulolytic enzymes. These
approaches were applied to representative LCBs including agricultural or forestry residues and
dedicated crops.

Sequential strategyansisted in RTipretreatment implemented in mild conditions (110 °C;

40 min) followed by enzymatic hydrolysis. Whatever the targeted LCB, pretreatment induced a
significant improvement of cellulasmtalyzed hydrolysis performancdse glucose yields wer

4 to 8 higher depending on biomass as compared to untrefted]. Chemical composition and
structural studies of pretreated LCBs evidenced a lignocellulosic matrix disorganization rather
than fractioning. According to the crystallinity index variatiorticed by the pretreatment, the
improvementof enzymatic saccharification cannot be exclusively linked to an increase in the
amount of amorphous regions of cellulose. For wheat straw, the addition of one supplementary
xylanasecatalyzed step in the sequial strategy led to efficient xylose production with very
competitive yield (97.6%) and a subsequent total enzymatic saccharification of constitutive
cellulose (glucose yield > 99§8). The combiation of this strategy with othepretreatments

such as docritical water or reactive extrusion is also investigated to evaluate their
complementarity [4].

Otherwise tolerance of cellulases and xylanage@&TIL was demonstrated. In view of reducing

the RTIL amount and the number of steps, simultaneous stratempining RTIL pretreatment

and enzymatic hydrolyses in a chatch process was proposed. This route provided promising
sugar yields in comparison with the sequential strategy [5]. This effectiveness was suggested to
be governed by a compromise betweernttee substrate accessibility and enzyme deactivation.

[1] T. Auxenfanst al. (2014). Biomass Bioenergy. 62, 82.

[2] T. Auxenfanst al. (2014). Energy Conv Managment. 88, 1094.

[3] E. Hussoet al. (2018). Bioresour Technol. 22B0.

[4] E. Husson, C.®ain, H. Ducatel, |. MurrietBazos, G. Ravot (2017). Patent FR17/50296
[5] T. Auxenfanst al. (2017). Biochem Eng J. 117, 77.
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Innovative highthroughput microplate approach for cell wall degrading
enzyme production based on fungi and lignokebsic raw biomass
interaction

Roxane Rauldegon HeusorAli Siakh Franeis Krier, Patrice Halama, Philippe Reignault,
Vincent Phalip, Renato Froidevaux

University2 ¥ [ Af £ SS Lbw! X L{!ZX ! yAGSNERAGE | NIV@&tiwzE | v
Charles Viollettg 59000 Lille, France

The industrial exploitation of lignocellulosisiomass for platform molecules productian
currently facing two maijr bottleneckq1]: the plant cell wall chemical composition is extremely
complex and its degradation therefore requires the combination a large variety of enzymatic
activities[2]existing methods for higthroughput screening of such cocktails are not lqgble

to complex substratesWe therefore propose an innovative highroughput screening
methodology for the rapid design of enzymatic cocktails, based on the interaction between fungi
and biomass in a submerged manner and that can be applied to adyokiniomass Wwhout
extensive prereatment. This approach, developed on the REALCAT platfases the
BioLector® as core equipment. This device enables the screening of up to 48 fermentations of
fungi/biomasses couples per batch, in a snasaihle formatand is totally automated.

As proof of concept, we tested one plant pathog@gmoseptoria triticiand two species well
known for their ability to produce a wide rangeadll wall degrading enzymg&spergillus niger
andMucor circinelloideswvith wheatstraw has complex model substrdti;3]. The biomass was
grinded before use to reduce the particle size, but no further treatment was applied. Cultivation
was performed in a samerged mode by adding the minimal medium M3. In order to
characterize the cocktails produced, fermentation supernatants were sampled over time, and
enzymatic activities were determined using 7 different model substrates {&ED, AZO
cellulose, AZ@hamnogalacturonan, AZ®arley glucan, AZ@asein, pNRjlucopyranoside and
pNRxylopyranoside) in a higthroughputautomatedcolorimetric assay. Control fermentations
were done in flasks, and results finally showed equivalent to higher enzymatic activity
production with our new approach. With a much smaller volume (1.4 mL against 100 mL) and
equivalent enzyme production, this automatable method proves to be very efficient for the high
throughput screening and design of fungal enzymatic cocktails toward arande of biomass
complex substrates.

[1] Archer DB, Curr Opin Biotechnol. 11 (2000) 478
[2] Siah Aet al.,, , Commun Agric Appl Biol Sci. 74 (2009) 693
[3] Jung J¥t al., Int. J. Food Microbiol. 185 (2014) 112
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Closing the loop between soils and lignocelluloses to address global
challenges

Claire Chenu
UMR Ecosys, INRA, AgroParisTech, UMR Paris, Sholayval GrignonFrance

Soils are an essential resource for our societies and at the cross road of major challenges: food
security, renewable energy provision, water security, biodiversity maintenance and climate
change. Indeed, soils contain twice as much carbon as the atmospratecould then
contribute to mitigating climate change by storing more carbon in the form of soil organic
matter. This has been recently emphasized by the 4p1000 initiative proposed at the COP21,
which fosters the preservation and increase of the organatter content of soils for food
security, adaptation to and mitigation of climate change

Plant biomass is the main source of soil organic matter and lignocellulosic biomasses the main
source of organic carbon to soils. Maintaining or increasing the irgfytéant biomass to soils

is therefore crucial, at the local scale for soil fertility and biodiversity and other ecosystem
services, and at the global scale for climate change mitigation. This can be achieved in
agricultural soils through an increasedmaéry production with adequate agricultural practices
(e.g. cover crops, agroforestry), while ensuring sufficient plant residue return to the soil. Recent
results show that increasing plant biomass inputs to soils is more effective to increase soll
organiccarbon stocks than no tillage practices.

How much biomass should be returned to soil to maintain or increase its carbon stocks and its
fertility? What are the effects on soil fertility and soil carbon stocks of returning more or less
processed biomass teoil (e.g. straw, compost, digestate..)? Where should the biomass be
returned to soil in priority at the landscape scale? These are questions and challenges to be
explored for an optimized management of lignocellulosic biomasses in a bioeconomy addressing
global challenges
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Lignocellulose in forest soils and its microbial decomposers

Petr Baldrian
Laboratory ofEnvironmental Microbiology, Institute of Microbiology of the CRi&gue Czech Republic

Forest soils represent important terrestrial carbon (C) pools where C is primarily fixed in the
plant-derived biomasgl]. This is why lignocellulose represents the most important complex
source of organic matter in this environmehat is typically utilized bfungi and bacteriaBoth

fungi and bacteria are involved in the assimilation and mineralization of Clilyoocellulose as

well as othermajor complex sources existing in soil. Decomposer fungi are, however, better
suited © utilizelignocellulosewhereas the ability to utilize fungal and bacterial biomass is more
frequent among bacterig?]. The enzymatic systems for lignoellulose decomposition in forest
soils are complex and highly redundant and individual families afrdposer genes are typically
produced by hundreds or even thousands of microorganititsle fungi seem to dominate the

pool of transcribed ligninolytic enzymes, bacteria have an equal importance in the production
of cellulases and hemicellulasis. Indeed, the ability to decompose cellulose and other plant
polysaccharides is common among bacteria inhabiting plant litter and the organic layer of soil.
Interestingly, the enzymatic systems of bacteria can be highly variable in composition, ranging
from simpk to very complex onggl] and give some of their producers the ability to efficiently
decompose even such complex comopds as crystalline cellulose [Sk appears that
lignocellulose decomposition in forest soil is a collaborative process where a ande of
microbial taxa collaborate and this environment still represents a largely unexplored source of
biotechnologically relevant strains.

[1] Baldrian PFEMS Microbiol. Rex2017, 41, 109

[2] LopezMondéjar Ret al.,, ISME J., 2018, doi:10.1038/s41308-0084-2
o 8 ¢ A EaEl, NidoBiome[2017, 5, 122

[4] LépezMondéjar Ret al.,, Sci. Rep., 2016, 6, 25279

[5] LopezMondéjar Ret al., Biotech Biofuels 2016, 9, 104
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Soil microbial response to sunflower residue and corresponding
agromaterial inputs

Fida Mrad?, Nadia Laurerf{ Richard Gattih

!Polytechnic Institute UniLaSalle, Rouen campus, Transformations &R&gaurces research unit,
VAMZ2 IN team (UP 201€103), 3 Rue du Tronqu&6130RouenCedex, France

2Polytechnic Institute UniLaSalle, Rouen campus, Agroecology HydrogeocheBrstrgnment and
Ressourcesesearch unit (AGHYLE), Agroecology team (UP 2018.G1Rd¢, du Tronque?76130 Rouen
Cedex, Fance

Industry, transportation or building sectors consume fossil fuels and generate waste and
pollution. The use of 100% biobased materials in these fields is an ecological alternative to fossil
materials and preverstresources depletiorfl]. Neverthelessthe endof-life issue of these
agromaterials is to be considered in waste management.

In this context, we imagined a biological recycling of an agromaterial made for the building
sector.Indeed, griculturalsoils provide many services, such as provittiog and materials for
human needs. They can also contribute to the greenhouse gases mitigation through carbon
storage following organic matter incorporation (organic waste, crop residags)

In this study we separated sunflower stems into: the baokifer stem part) and the pith (inner
stem part), then used pith for designitige building agromaterial. Our aim was to compare soil
responsewhen we introducethe pith and itscorrespondingagromaterial through carbon and
nitrogen dynamics and microbiabmmunity monitoring.

Various methods were used to characterize both biomas$es. decomposition study was
inspired by the French standard XP k6B [3]. It was conducted in microcosms under
controlled conditions (28 C° and 83 incubation days). Carbomigredjen mineralization wre
monitored at several dates. For microbial communities dynamics, various measurements were
carried out (microbial carbon, total DNA, bacterial DNA, fungal DNA #ldd®sidase) on 5
incubation dates (0, 8, 21, 49 and 83 days).

The agromaterial presented higher mineralization rates than the pith. However, the measured
biological indicators seemed little affected by the biomass type. Our results suggest that the
manufacturing process may have induced some biochemical modificatbrthe original
material, favoring theC mineralization, but not enough for observing important microbial
differences. The decomposition rate of the pith agromatedtso shows that the biological
recycling we are proposing may be a suitable way of avasinagement.

[1] H. Lenormand, A. Mahieu, N. Leblanc, A. Vivet, Nouvelles agroressources pour panneaux de particules
100% biosourcés, in Matériaux 2014

WHB bd tFaldldZ 6 wSLR2yaS RSa O2YYdzyl dziSa YAONROG.
des pratiques agricoles et lien avec le fonctionnement biologique du sol, Dijon, 2010

[3] AFNOR, Norme XPU-283. Amendements organiques et support de cultu@aractérisation de

la matiére organique par la minéralisation potentielle du carbone eftlei 2 G S wnan
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Microbial colonization of hemp mulcés during field retting at the soil
surface

Laurent BleuzeBrigitte Chabbert Sylvie RecousGwenaélleLashermes
FARHaboratory, INRA, University of Reims Champagmndenne, Reims, France

The use of lant fibersas hemp Cannabis sativh.)has spread to new applicatioas substitute

of synthetic fibersThe field retting, a process during which hemp stems are displaytbe soil
surfaceafter harvest in mulches to be exposed to heat, soil humidity and microorganisms, is an
economical and widely used natural gireatment in Europe. Retting consists anselective
microbialdegradation of the bast plartssues surroundig the fibers whickaims to facilitate

their separation.This processs regulated byenvironmentalfactors such as local weather
conditionsand soil microbial colonizatioHowever, mostvailable information is still mostly
empirical. Improving the wmderstanding of plant characteristics microbial colonizatiorand
environmental conditionsinfuence2y NBGGAYy3I A& SaasSydaialft F2
management

The aim of thisvork was tostudy the relative importance of rettinglrivers. An experimendl
approach undercontrolled environmental conditions was set up mimic agricultural and
climatic scenario of rettingThs experimentabdesign allows talecoupling theenvironmental
parametersand thereby avoiohg confounding effectsso as toquantify the effects oftheir
changes on theetting dynamics.The impact ofcrop harvest stage (flowering and maturity of
the seed)on retting, was assessed throudfie microbial colonization dynamics ttie stem
surface and the bast tissues degradation usimfrared spectroscopyand colorimetry It
revealed the progressive microbial colonization and degradatimvealed also by wet
chemistry, microscopic analysis, and linked wédifizymatic activities Topsoil analyses also
showed microbial activities and nutrierexchanges during the procesRetting of stems
harvestedat flowering stagevasfaster than that of stems harvested at tseedmaturity stage
The experimental design proved to be adapted to cauy hemp retting with otherscenarii
varying climatic coditions, soils anchemp characteristigswhile quantifying of the induced
effectson theretting dynamic.
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Avantium, Amsterdam, the Netherlands;

Avantium (www.avantium.com) is a high tech SME company known of their exploration into
novel furan (YXY) chemistry, focused on efficient and low cost conversion of C6 sugars via HMF
derivatives into the promising chemical key intermediate FDCA. FDCA can be used as building
block for a wide range of applications including polyesters such as PEF, polyamides, resins anc
plasticizers [1]. Currently, Avantium is working to bring 100% kied&EF bottles to the market

and intends to commercialize the YXY process in a Joint Venture together with BASF.

Many chemical building blocks can be produced from biomass, nowadays mainly from 1
generation based carbohydrates [2] but in the longemebrandowners want to have the
option to choose between 1 and 29 generation feedstocks. The use of Rredible
lignocellulosic feedstocks is an equally attractive source to produce chemical intermediates and
an important part of the solution addressingK S&4S 3t 20l f A&aadzSa ot
A0NX 0S3IA0 20 2S00 Aggenermtibn ZardbertEchnbl@h$ tNg bésk it dassR@ Q
G LIzNBE ¢ 3t dzO2 & S -)cheénlod & Wderergy@applicatids toals@stainable future;

in parallel @livering value generation from the implementation of this technology. All products
streams should be marketed at their highest value [3]. In this presentation particular attention
gAftf 0SS 3IAGSYy G2 GKS %I YOST A "pgehbdiohylucdsee T
hemicellulose streams and lignin. Avantium has achieved a range of technological improvements
on the concentrated mineral acid based process to make the process tedummmic
competitive. A consortium consisting of AkzoNobel, RWE, Chempganope and
Staatsbosbeheer has been established to bring this technology to commercial scale. As a first
step a demonstration plant is being built in Delfzijl, the Netherlands to be operational in mid
2018.

[1] de Jong, E., Dam, M.A., Sipos, L., GrutéM5 (2012) ACS Symposium Series "Biobased Monomers,
Polymers and Materials" (eds Smith, P.B. and Gross;18.)00I: 10.1021/6R012-1105.ch001

[2] de Jong, E., Higson, A., Walsh, P., Wellisch, M. (2012). Biofuels, Bioproducts & BiorefiniG®4: 606
[3] de Jong, E., Gosselink R.J.A. (2014) Lignocelilbsa SR OKSYA OF f LINR RdzOiG & @

I RGFyOSa FyR ! LILX A OF (i ABsgVier Amét&dagn, rheNdhdiands. p-818.¢ > S
ISBN: 978-444595614.
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Levoglucosenonea la recherche de chimie perdue

Warwick DRaverty, Anthony J Dunc@nGregory R CoutChristopher HLawrencé,
StephenG. R Lawrencé, Christim Gunawaf, Ebbe Dommisse

!Department of Chemical Engineering, Monash University, Melbourne, Australia
2Circa Group Pty Ltd, Bio21 Institute, University of Melbourne, Melbourne, Australia

Levoglucosenone {8s0; ¢ CAS No. 371121-5) is arguably the mostaluable low molecular
weight compound that can be produced by relatively simple processing of unrefined
lignocellulose. First identified in the early 1970&]in the volatiles emitted by pyrolysing paper

that had been treated with acidic fire retardantlevoglucosenone has taken 40 years to come
into semicommercial production[3]. The high reactivity of levoglucosenone, particularly
towards the reactive chars that are produced as lgduct of lignocellulose pyrolysis, meant

that all attempts to scke up the production of levoglucosenone beyond a few grams per day
FILAEt SR [ S@23f dz02aSy2yS O2yaSljdsSydte 1 y3dz
In 2009, the small Australian chemical company, Circa Group, rediscovered the chemical
potential of levoglucosenone and set about developing a continuous catalytic flash pyrolysis
process that would enable the chemical properties of levoglucosenone and its chemical
derivatives to be exploited on a mutthnne scale. Working initially with only rée fulktime
research staff and minimal private investment capital, Circa has successfully developed the first
continuous process for making levoglucosenone and its dikgdrivative, trademarked as
Cyrené&. Through collaboration with the groups of Prédimes Clark at the University of Yfgtk

Prof Florent Allais at AgroParisTgbhand at several Australian and UK universifg8], Circa

has been able to demonstrate that Cyréihas a potential market of many thousands of tonnes,
primarily as a refacement for two toxic polar aprotic solvents, NMP and DMF, and also as a
valuable chiral bidbased chemical intermediate. This lecture will describe how, by setting seven
important boundary conditions on their R&D, Circa Group successfully developedisingl
resources the first continuous process for producing levoglucosenone to the point where Circa
Group has now formed a joint venture with pulp and paper company, Norske Skog (Australasia),
G2 0dzZAf R | YR 2LISNI $cale defdbstraare piaht Rhatawill pradhde 50 € | |
tonnes per year of Cyrefiand plans to build a 5,000 tonne per year commercial plant in 2019

20. The unusual physicochemical and toxicological properties of levoglucosenone and Cyrene
will also be described.

[1] Tsuchiya ¥nd Sumi K, J. Appl. Polymer ,Sk970,14, 2003.
[2] Briodo A et al, J. Or@hem., 1973, 38(2), 204.

[3] Court G Rt al, US Patent 9,505,985 (29th Nov 2016)

[4] Clark J k¢t al., ChemCommun., 2014, 50, 9,650.

[5] Allais Fet al., Green Chemistry, 2@lin press

[6] Greatrex Ret al, J. Org. Chem 2017, 82, 12,294

[7] Banwell M G, et al, Aust. J. Chem., 2015, 68, 593

[8] Watson, A J B, Synlett, 2017, 28,FA
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New approach toward lignin conversion to fuel and chemicals
Xiao ZhangRuoshi Ma, Carlos Alvarez, Mond Guo

Washington State University, Voiland School of Chemical Engineering & Bioengineering, 2718 Crimso
Way, Richland, WA, 99354, USA

This presentation will discuss the development of a simultaneous tgrimel and chemicals

conversion process which can be integrated into a biochemical based lignocellulosic biorefinery
process.
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Hydrothermal conversion of lignocellulosic sugars to furans

Kati Gorsch Marco Klemrhy Marco Tutsch Jacob Podschédn
1Deutsches Biomasseforschungszentrum gemeinniitzige GmbH, Leipzig, Germany
2SunCoalndustries GmbH, Ludwigsfelde, Germany

Carbohydratesas the most abundant renewableesource represenan importantbasis for
sustainable future production technologie§he joint project BBCHEM aims to develop the
conversion of lignocellulosic raw matesab biobased chemicals with the help of hydrothermal
conversion processes. Based on the principal constituents of structural carbohydrates, i.e.
glucose and xylose, the production of the target chemicals furfural amgiBoxymethylfurfural

is investigagd. Within the project, batch and continuous tubular reactors under high pressure
and temperature were used to optimize carbohydrate conversion rates and product yields. A
remarkable linkage of reactor setup and process parameters on carbohydrate conyéasiet
chemicals yields and side products (insoluble humins and organic acids) was found.
Homogeneous acidic catalysts were found to significantly affect conversion and yields. In co
conversion of C5 and C6 sugars, similar conversion was achievea@ainé combined use of
lignocellulosic carbohydrates within hydrothermal liquefaction. Challenges were found to be the
decomposition of target chemicals and associated humins formafibe. platform chemicals
obtained are potential candidates for applicats e.g. in bidased thermoplasts and
thermosets, as fuel additives or for solvents production.
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Enzymaticallysynthesizedalkyl pentosides angentosebased esters, as
surfactants of interest

Caroline RémondThomas Méling Doriane Gérart HarivonyRakotoarivoning
Murielle Muzardf, RichardPlantierRoyort, MagaliDeled

!Chaire AFEREARE laboratory, University of Reims Champaguenne,INRAReims, France

2Institut de Climie Moléculaire de Reim€CNRS UMR 7312, UniversitéRieims Champagne Ardenne,
France

SLaboratoire de Biophysigue Moléculaire aux Interfaces, Gembloux-Bigrdech, Université de Liége,
Belgium

Xylans are abundant polyseharides in lignocellulosic biomass and their valorisation represents
a key issue for the development of biorefineries. Xylans and their derivatives provide a large
spectrum of applications in biorefineries, such as the production of fermentation products
(ethanol, xylitol), prebiotics, or films for packaging materifl$. Finding new applications for
pentosebased molecules is still of interest and challenging for the valorisation of lignocellulosic
biomass.

In this context, our researcls devoted to theenzymaticfunctionalization of pentoses into
surfactants. Enzymatic pathways for the functionalization of sugars gain interest as they occur
in one step with high selectivityVe developed a firsaipproachdedicated totransglycosylation
reactionscataly®d by hemicellulases in the presence of alcohblisallowed producing various

alkyl pentosides and oligopentosides from xylfs8]. In another approach, we developed the
synthesis of pentosbased esters with lipases in presence xyfose, arabinose or xyo
oligosaccharideand esterified fatty acidpd]. Synthesis of alkyl pentosides and pentdmsesed
esters was also developed directly from lignocellulosic biomass such as wheat bran. Our results
indicate that mth alkyl pentosides and pentosbased esters exhibit interesting surfactant
properties for applications as ingredients for detergency, cosrgeticFurthermorethese non

ionic biocbased surfactants are not toxic and are biodegradableese studies are curremtl
developed in theeuropearinterregValBran poject.

[1] Deutschmann, R. and R.F.H. Dekkeom plant biomasw bio-based chemicals: Latedevelopments
in xylan researctBiotechnology Advances, 2013(6): p. 16271640.

[2] OchsM., et al.,Enzymatic synthesis of alkyl befexylosides and oligoxylosides from xylans and from
hydrothermally pretreated wheat braGreen Chemistry, 20113(9): p. 238e2388.

[3] Muzard, M., et al.Evaluation of the transglycosylation activities dbal 39 beteD-xylosidase for the
synthesis of xylosikased glycosidesournal of Molecular CatalysisEizymatic, 200%8(1-4): p. 15.

[4] Méline, T., et al.p-Xylose and-arabinose laurate esters: enzymatic synthesis, characterization and
physicechamical propertiesEnzyme and Microbial Technology, 20182 p. 1421.
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Fromsawdust to high valueadded fine chemicals: &ranceAustralia
USAsuccess story
Louis Mouterdé, Aurélien Perty Amandine FlouradtLouis Mouterdé? Andreia Teixeifa

Christian GunawanWarwick Raverfy Martyn Jevrit, Jon Stewad Ben Greatrey,
FlorentAllais

!Chaire AB¢ AgroParisTech, CEBB, Pomacle, France

2Department of Chemistry, University of Florida, Gainesville, Florida, USA
3Circa Group Pty Ltd, Coburg, Victoria, Australia
4School of Science and Technology, University of New England, Armidale, New South Wales, Australia

LevoglucosenoneLGQ, an renewal# enantiomerically puré >unsaturated ketonecan be
SFFTAOASY(Gt& LINPRdAzZOSR FTNRY OStfdzZ 2aA0 0&LINE
Group[1]. This highly dehydrated sugar has been used previously in the preparation of chiral
synthons such as)fy-multistriatin ard (+}PrelogDjerassi lactonic acid.

Interestingly BaeyeYilliger reaction on levoglucosenone and its dihydro derivative 2akiaGO
or Cyrene®) provides (Shydroxymethydh >butenolide HBQ and (S) -hydroxymethyih 3 i
butyrolactone RHHBQ, respecively, which arevaluable chiral chemical platforms suited for
the synthesis of polymers, drugs, flavors and antiviral agents to name aNevertheless,
classical BaeyeYilliger oxidation uses harmful peroxides suchmashloroperoxybenzoic acid
(m-CPBA thus limiting its suitability for the production 6fBOat the industrial scale.

Herein, we report sustainable and efficient synthetic processes allowing the-kilaltscale
production of HBO and 2HHBO using organic solventand catalysfree BaeyeiVilliger
oxidation[2], lipasemediated BaeyeWVilliger oxidation[3] and whole cells bioconversida].
Thechemoenzymatic transformations diBOand 2HHBOinto valuable chiral fine chemicals
such as flavors, chiral epoxidég and rare sugars will adsbe described.

[1] Court G. Ret al.US Patent US20120111714, Januafy2@11

[2] (@)Bonneau G. et alGreen Chemistry 2018, in presh) Allais F. et al. W02018007764, January, 11
2018

[3] (@)Flourat A. L. et alGreen Chemistry 2015, 17, 40b) Teixeira A. R. S. et Bfontiers Chem. 2016,
4,16

[4] Allais F. et al. Patent Pending
[5] Peru A. M. M. et aMolecules 2016, 21, 988
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High Performance Biobased Structural Epoxy iRe®erived from
Levulinic Acid

Richard A. Gross

Center for Biotechnology and Interdisciplinary Studies, Department of Chemistry and Chemical Biology,
Rensselaer Polytechnic Institute, Biotechnology Building, 110 8th Street, Troy N.Y,.U3230

Our groupdeveloped a series of biobased epoxy resins from readily renewable building blocks
that have tunable properties for a range of applications. One route builds from levulinic acid a
series of diglycidal ether diphenolate esters (DGEEIEr9. The ester grop provides a simple
approach to tune epoxy monomer viscosity as well as cured resin propEt}i€sombinations

of DGEDnethyl ester with a biobased epoxy cardanol resin provide an approach to
dramatically enhance cured epoxy resin toughness relativaither of the neat resing2]. The
properties of DGEDpentyl ester was expanded by its combination with the monofunctional
glycidyl ether of eugenol (GE) that functioned as a reactive di[@¢ntsing this reactant diluent

to adjust the viscosity and o&l time, the resins were utilized in a vacuum infusion molding
process with plain woven glass fiber mats to fabricate a glass fiber/epoxy resin conjpbdite
addition, studies were performed using Bacterial Cellulose as a reinforcement matrix.

Given he growing importance of structural capacitors, the potential replacement of DGEBA
structural dielectric materials with DGEBBters (i.e. methyl, ethyl, propyl and butyl esters) was
studied. Broadband dielectric spectroscopy revealed that DGEQ®I ha the highest
dielectric constant in the series, comparable to DGEBA. Differences in the dielectric properties
of DGED#sters is attributed to the interplay of segmental, small local, and-clidén motions

on one hand and free volume and steric hindramcethe other. The introduction of surface
amine functionality to cellulose nanocrystal allowed for the preparation of DGERP
nanocomposite$s]. The resulting thermomechanical properties of epoxy hanocomposites with
amine functionalized cellulose nagrystal were 7 times greater than nanocomposites prepared
using unfunctionalized cellulose nanocrystals. Finally, the use of DE&EI® as components

in structural adhesives was studied. The components consisted of a DGEDP ester,
bis(furfurylamine) andnodified cellulose nanocrystals. By manipulation of the structures and
formulation composition, we obtained a biobased structural adhesive with suitably high
viscosity, decreased cure time and adhesion that competes with commercial adhesive systems.
Thethermomechanical properties of these materials determined by DSC, DMA, tensile testing,
fracture toughness will be discussed. Control of epoxy resin viscosity enabled the use of selected
epoxy resin formulations discussed above for the preparation of fibkrsed epoxy resin
materials.

[1] Maiorana et al. Biomacromolecules 2015, 142B1.

[2] Maiorana et alGreen Materials 2015 3(3), &2.

[3] Maioranaet al. Journal of Applied Polymer Science 2016 133(45) -4@2B.
[4] Yueet al2017 Part A: Applie8cience and Manufacturing 100, 2894,

[5] Yue et al Polymer 2018 134, 1562. Smith At al., J. Biol., 2017, 25, 1470
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Iso-Lignin® Technology, Lignin base polyurethane: challenges and
opportunities

Armand LanglojsDanick GodinLoic Poussard, Michel Drouin
Enerlab 2000 Inc., SaiMathieu-de-Beloeil, Canada

Lignin is the most abundant aromatic biopolymer in the world and the second most abundant
natural polymer after cellulose. Lignma complex bigpolyol which is extracted from the nen

food grade biomass, such as vegetable straw and wood. Due to its high molecular weight and its
complex structure, those hydroxyl functional groups are not easily accessible.

The IseLignin® Technology a patented process to make ligidased polyurethane products
comprising:

- rigid foams used in buildings, transportation, packaging and appliance;
- flexible foams used in furniture and bedding;

- coating and adhesive;

-4 0 NHzOG dzNI £ 02 F NRX

The ligninis first mixed with the isocyanate, a basic raw material used in the chemistry of
polyurethane products. This pgolymer is then further reacting by using catalysts, heat or a
resin to achieve the final product. The process does not require the use ofcdwsnt, nor
chemical derivatization of the asbtained lignin. Consequently, any source of lignin can be used
in the IseLignin® Technology. No objectionable odor due to lignin has been detected, thus
opening a wide range of applications.

This presentatin will present an overview of the work performed to overcome the lack of
standards and to accelerate the industrial development and the commercialisation of biobased
polyurethanes.
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Lignin crosslinking in cellulose nanocrystal based films by Fenton
reaction: mechanism and properties

Elise Gerbit?, David Croniet, Betty CottyrBoitte?, PaulHenri Ducrot, YvesMichel Frapan,
Stéphanie BaumberggrBernard Kurek VéroniqueAguiéBéghin'

!FARHaboratory, INRA, University of Reims Champa#émdenne, Reims, France
2IJPBUMR 1318 INRAgroParisTech, Versailles, France
3Paris Descartes Univ, UMR CNRS 8601, LCBPT, SorbonneéPRasi€france

Nowadays, the conversion of lignin res&linto renewable chemicals is one of the greatest
challengesn developing economically viable industries based of lignocellulosic biomass. With
their phenolic and complex structures, lignins are under valorised to new commercial products
of interest party from their high sensitivity to oxidation and to uncontrolled affinity with other
molecules. The most investigation application today is its natural function to glue and hold
together the cellulose microfibrils in plant cell wall and in wood panel [@hcGmitantly,the
investigation on cellulosbased nanocompositesssociated with other plant polymers for new
functionalitiesincreased considerably due to the range of applicatiorsuohhigh addedvalue
nanomaterial[2].

Under controlled conditionsi-enton reagent has been used to grafted lignin onto cellulose
nanocrystals surfaces to form coatings or films with interested functional properties (UV
blocking, water resistance, antioxidant) [3,Bgnton reagent is defined as a mixture of hydrogen
peroxde (HO,) and ferrous iron (& and it is one of the most powerful oxidative system found

in nature producing highly reactive hydroxyl radidals

In this context, the mechanism of Fenton reaction was studied in the objective to control the
final structure and properties of film. Two strategies were investigatist, the Fenton reagent
(Fe*/H,Oy) was studied to measure the production of hydroxyl radicals and their effect on
cellulosecolloidal suspensiom presence of monomer of ligniSecondgcoatings and films were
prepared from these mixtures to analyse the impact of the oxidative reaction on cohesiveness
of polymers in the materialSeveral analytical methods were developed to identify the
complexes in solution and in the film. In additiortharough study of radicals in each film was
carried out by EPR. Finally, the water resistance anebaidiant properties, as interesting target
functionalities, were determined for the same films.

[1] Aracri E. et al., Green CherR014, 00, 1

[2] Mariano, M., et aL., J. Polyi8ci. Pol. Phys, 20182, 791.

[3] Hambardzumyan, A., et al., Chem. Eng. J., 2015, 264, 780.
[4] AguiéBéghin V. et alJAFC, 2015

[5] Fenton, H.J.H., Chem Sc., Trans, 1894, 65, 899
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Valorizationof lignocelldosic fibers derived from Park and Garden
wastesfor Biocomposites applications

Amandine Viretto Nathalie Gontard, Héléne Angell€pbussy

Laboratory of Agropolymer engineering & Emerging TechndodidR IATE, MontpellieFrance

Biocomposites based on lignocellulosic raw materials are a solution to the current demands in
terms of valorization of lignocellulosic solid waste, reduction of our dependence on fossil
resources, reduction of environmentabllution generated by notviodegradable and / or non
recyclable plastics, and ectesign of higkperformance materials. The use of microbial
biopolyesters such as polyhydroxyalkanoates (PHAS) as a polymer matrix, which can also be
produced from waste, Ews us to obtain fully biobased and biodegradable biocompo§it&y.

Today, the two main ways of recycling green waste from parks and urban gardens are
composting and anaerobic digestion. In our study, we assessed the potential reinforcing effect
of this lignocellulosic biomas§his resource is a velgterogeneous materialt consists mainly

in organic (such as leaves, branches grass clippings) and inorganic (soil and stones)
compounds, and also includes foreign objects such as plastic bagssglagseersin order to
understand the overalleinforcing effect while taking into account this heterogeneity, the raw
material was sorted in such a way to evaluate the respective reinforcing effect of each main
fraction (wood-branches, leaves and gras$eThe production of reinforcing fillers was carried
out exclusively by dry fractionation, which consists in a combination of sorting and grinding
processes.

Six fractions were identified:

- Unusable Fraction containing soil, stones and foreign objectst{agw

- Branches Fractio(23wt%),

- Leaves Rction 6wt%),

- Grass Fractio(8Bwt%),

- A Medium Fractioronsisting in a mixture of leaves, branches and gratseut soil (Wt%),
- A Fine Fraction is similar to the Medium Fraction with soil (47wt%).

The reinforing effect of each fraction was evaluated and discussed in relation to the structure
of PHAbased biocomposites materials. This study is part of the European RESURBIS project
(http://www.resurbis.eu, 20172020) aiming at enhancing the value of all urbagamic waste.

[1] Faruk Cet al., ProgPolym. Sci., 2012, 37 (11), 1552.
[2] Mohanty A ket al., J. PolymEnviron., 202,10(1-2), 19.
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Water-Assisted Extrusion Compounding Process talRce the Total
Volatile Organic Compounds in Natural FibFdled Composites for
Automotive Interior Applications

Clovis Berthelit?, Kalappa@Prashantha? Marie-France Lacrampé, Patricia Krawczak
FrancoiseBerzir?, Loubnalemkhante?, TiphainePacary, Béndlicte Goffin*, Aerre Lemaitre’

1MT Lille Douai, Institut Mine&élécom, Polymers and Composites Technology & Mechanical Engineering
Department, Douai, France

2Université de Lille.ille, France

SFARE laboratory, INRA, University of ReimsnphgneArdenne, Reims, France

4“CERTECH (CEntre de Ressources TEchnologique en Chimie), Seneffe, Belgium

Natural fibrefilled composites are recently considered to be used in interior parts of vehicles
because of their ecériendly and mechanical performaed1-3]. However, they emit VOCs at all
stages of their life cycle, such as compounding, injeatimulding and usage [4]. In the present
study waterassisted extrusion compounding process has been used to reduce the VOC emission
during the usage of injelin-moulded parts. Flax and hemp fibres (20 wt.%) reinforced
polypropylene composites were compounded in presence of maleic anhydride grafted
polypropylene (Pf-MA) as compatibilizer using twin screw extrusion, with and without water
injection during extusion. Then the compounds where injectioroulded into standard test
specimen. Physical and mechanical properties such as morphological, fibre length, tensile and
impact properties were characterized as well as the total volatile organic compounds (TVOCS)
and odour emission using automotive standard D42 3C09Released TVOCs from the
composite products were quantified by air sampling on adsorbent followed by thermal
desorption and GBAS analysis. The scanning electron microscopic observation indicated a go
dispersion of fibres in the matrix with a low reduction in average length and aspect ratio of
fibres. Mechanical properties of samples produced with watssisted compounding showed
slightly reduced modulus and strength compared to the samples prepatttbut water
assistance. For both flax and hemp filvegnforced composites, TVOC emissions are reduced by
94% and 30% respectively with watssisted extrusion. So, the watassisted extrusion
process has proved its effectiveness in reducing VOCssiemss without scarifing the
mechanical properties.

[Mla® YINHZAZ ad YhdzZJ FYyR {® hNIYlIyys a!asS 27F bl dzNT ¢
Industryt a I NJ SG  { dzNJAE Bemp, B, 7GI8&(2003\W

215! @ { KI KX & 5@ Sompokitksyfd strudfutalyapplications by optimizing composite parameters: A
ONRGAOFIE NBOASHI®BIOW@LPYF SN { OADPI ny> cnyo

BI{® WIHel@IyA {®X 5 | FINBINARaAKYlIX ¢h I NBKSaSz {Y ble&l
in Coir Fiber ReinOS R DNBSy t2f@YSNI/2YLl2aAriasSay wS 53808 (201)R 9 O
4Y® 2d YAYS . 1 & [33 {® YAYS | & WP YAYS Wod | & _ dzys
flours filled biodegradable bioompositest 2 NJ | dzii2 Y20 Af S Ay (i SNA 2 NE8, ppvar43, I T | NJ
2011.
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GuyaValoFibres: exploring the potential of amazonian unvalorized
ligno-cellulosic resources for fibrebased composites applications

Julie BossliStéphane Cory Nicolas Le MoigrigRené EckhalrtJérdome Moreat) Christine
Deliseé, Jacques Beauché&hdruno Clair

nstitute of Paper, Pulp and Fibre Technology, Graz University of Technology, Austria
2C2MAIMT Mines Ales, Univsité de Montpellier, France

312M, Université de Bordeaux, France

4CIRAD, UMR EcdBEpUniversité de Guyane, France

SCNRS, UMR EcoFoG, Université de Guyane, France

Demand fortechnical and sustainableuilding materialgs a hot topian tropical areas. This is

why in these regions, gpecial focusas recently beetaid on he development of local biobased
products. Tencourage and foment ikmovement towardswe built a project in French Guiana
that aims at valorising lignoellulosc fibres from Amazonian resources as reinforcement in
composites materials, taking advantage tbe good mechanical properties of their fibres.
Indeed, first experiences in surrounding countries evidenced the interest of several plant species
for composies applicationg1-3]. In this project, we plano enlarge the number of studied
specieswith a focus on lignaellulosic resources that remain nealuated today: tree species
unsuitable for traditional timber productive systems, residuals from sawmillagpicultural
wastes. In addition, exploring local high biodiversity, we expect to identify-Jagke fibres
originating from untapped or uncharacterized plant species. GuyaValoFibres project’s objective
is to add value to local ligacellulosic resource in the form of structural and insulating
fibreboards, in the view tonotivate the future development of a secondary productive chain in
French Guiana dedicated to the production of biocomposites. This presentation focuses on the
description of six diffent identified resources of interest and their fibres properties. Combining
technics developed for paper and fibres sciefgl we propose an innovative way to isolate
fibres bundles and characterize their morphology, water uptake, mechanical properties a
bonding ability{5]. From these results will be possible to orientate (i) the choice of the matrix
and the processing conditions that should be used for the elaboration of thermoplastic
biocomposites by extrusion and (ii) the conditions and paranseteat should be used in the
process of fibreboards production.

[1] Fonseca, A S et al. Ind Crops Prod., 2013, 47, 43

[2] QuesadaSalis, K et al., Rev. Iber. Polimeros, 2005, 6, 157
[3] Negréo, W H, et al., Ambier€onstr., 2014, 103

[4] Mayr M et al., Mr. Pulp Pap. Res. J., 2017, 244

[5] Hirn, U et al., Sdrep., 2015, 5, 10503
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Quality management of hemp straw used in agnoaterials

Soléne Rollét Alexis Duborpér Pierre Rivart] Pierre Rivarg Pierre Bong Anne Chamussy
Daniel Maillard, Camille LabaeygPascal Mortoire Samuel RequiteAntoine Le Duigdi
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1La Chanvriére, rue Général de Gaulle, CS20602, 10200 Bar Sur Aube, France

2Fibres Recherche Développement, Technopole de I'Aube en Champdgted de Bureaux ,22 rue
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SFARE laboraty, INRA, University of Reims Champagngenne, Reims, France

“Université de Bretagne Sud, IRDL CNRS UMR 6027, Centre de Recherche, Rue Saint Maudé, Lorier
France

First producer in Europe, France has a large industrial potential in valorization of heffilgers
constitute a renewable and ecological resource, with high potential uses in innovative materials
with high added value. Nowadays mainly used in the paper industry, the hemp fibers have
exceptional properties sought for technical applicatiotteemo compression, thermoplastic
composites,) whiclattract many sectors of application, such as transport, textile industry, etc.
However, access to those markets involves i. to produce fibers having strict specifications and ii.
to be able ensure the gaiired quality. The project, RIGHTLAB, aims to identify these fiber quality
indicators.

For these markets, the hemp straws, from which the fibers are extracted, have to undergo a
specific stage, called retting. Usually, thisprocess consists in layirige stems on the field
during several weeks after their cutting. This step will cause several transformations of the straw
and hence of the fibers. Owing to its methodology, the retting remains difficult to control, and
its estimate, i.e. the degree of ritg, is empiric and subjective. Thus, the lack of method to
measure the degree of retting is greatly detrimental to the development of the sector and to
the hemp valorization with high added value.

Ledby La Chanvriére, &hproject aims to define indicats of the retting degree. The strategy
put in place starts in the fields by the characterization of the retted straws using spectrometric,
chemical and mechanical methods and finishes with the analyze of nonwoveinjaated
thermoplastic composites mads fibers extracted from these straws.
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Total synthesis of lignin model compounds: dimers of sinapylic alcohol
(S) and dimers and trimers of coniferylic alcohol (G)

Amandine FlourgtAbdus Samad Jaufurally, Lamine Aouf, Andreia Teixeira, Aurélien Peru,
FlorentAllais

ChaireABlI, AgroParieech, CEBB, Pomacle, France

In order to further the understanding of lignin formation and more importantly lignin
depolymerisation, employed synthetic model compounds have to be able to match the
properties of their natural lignin counterparts as closetypmssible. To fulfil this prerequisite,

we propose a convenient cherrenzymatic synthesis for naturatcurring dimers of coniferylic
alcohol (aka monolignol G), sinapylic alcohol (aka monolignol S) as well as for a trimers and its
dehydrotrimer ( -5)-( -O-4) of monolignol G [1]. For the dimerss and 55 of monolignol G,
linkages were obtained through radical coupling catalyzed by laccase. The yields achieve 43%
and 95% respectively. Whereas, the ether bor@4 was formed by SN2 between a phenolate

and a bromo ceto ester (83%) or by aldolisation (782h) Dehydrotrimer and trimer were
synthesized from ferulic acid in nine steps with a global yield of 20% and 12% respectively. For
dimers of sinapylic alcohol, optimization of the reaction conditiores {femperature, enzyme
addition, solvent ratio) lead to an inversion of selectivity between the two dimeds4 andi -

i [3].

[1] Flourat et akubmitted
[2] Mouterde et alEur. J. OrgChem2013 173

[3] Jaufurally et aChemistrySele@016 1(16) 5165
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Analytical characterizatiorof asoluble lignin fraction from
thermomechanical softwood treatment: toward a biorefinery concept
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3Norske Skog Golbey company, Golbey, France

Valorizationof by-products from paper industries produced with chemical pulp is a-kvelivn
economical and technical scheme. It is not yet the case foprbgiucts coming from
thermomechanical pulp (TMP). TMP process waters contain a wide range of valuable
compounds as lignin and phenolic extractivdhianks to amembrane filtration process
(ultrafiltration and nandfiltration) previously developed in the laboratorgoluble lignin
extracted by TMP was isolated and concentrated in a liquid fraction. The following data resume
its chemical and structural characterisation needed for selectingpitential valorisation
pathways.

Chemical composition of the fraction was depicted after sulfuric acid hydrolysis as follow:
around 30 % of lignina€id soluble lignimeasured by Uépectrophotometerat 205nmand

acid insoluble lignirby gravimetry)and 60 % of sugarsHPAE@AD corresponding exclusively

to hemicelluloss and more particularly to galactoglucommanansSze exclusion
chromatography in 10mM NaOH showed that the lignin fragments extracted are reldigrely

with a molecular weight distoution centered around 6 to 8 kDa. Superposition of the signals
from UV and RID detectors suggests covalent linkages between sagdigran.2D HSQC RMN
spectrum confirmed the presence of covalent linkages, corresponding mainly to phenyl
glucoside bonds

Considering the fact that lignin is not soluble in water and that galactoglucomannans can be
solubilized in water after 4 h at 80%@ot water extraction was performed to quantify the ratio

of isolated lignin vs ligninarbohydrate complexes (LCC)isTéxperiment showed that a large
majority of theTMP ligninexactly 77.1%, is connected with hemicelluloses and thus referred as
LLC.

LCC have been reported in the literature to present interesting biological properties such-as anti
UV and antscavengeeffects. This lignin soluble fraction from TNtk refinery may then have

a goodpotential for cosmetic applications with high added values.

[1] Constant &t al., Green Chem2016, 18, 2651

[2] Narron R Het al., ACS Sustainable Chem. Eng., 20170563
[3] Giummarella Nt al,, RSC Adv., 2016, 6, 42120

[4] Sakagami gt al., In vivo, 2016, 30, 331
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Spatictemporal imaging of lignocellulosic biomass deconstructiand
correlation with the enzymatic hydrolysis

Aya Zoghlamj Yassin RefahiChristine Terryh) Gabriel Paés
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2PICTURCA, University of Reims Champagngenne, Reims, France

Lignocellulosibiomass (LB) is a renewable resource from plants used as an alternative to fossil
resources [1]Bioenergy, biomaterials and biomolecules could be produced based on LB without
compromising global food securitowever, LB is recalcitrant to enzymatic diestruction due

to its chemical composition and its structural complexity [Bhe major reason is the cross
linking between polysaccharides and lignin making a barrier to wall degrading enzymes.
Different chemical and physical features have been propéseckplain LB recalcitrance and to
predict its deconstruction [4]. However none of them seems to be universal but rather specific
to biomass species and pretreatment. One key progress is to achieve a better understanding of
the evolution of the 3D architeare of LB during the enzymatic hydrolysis through 4D imaging.

The aim of our project is to propose a novel approach to monitor the dynamics of enzymatic
deconstruction of LB using fluorescence confocal microscopy, image analysis and to identify
some strutural features which can explain and predict and optimize the process of hydrolysis.
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Following sugar release and particle size evolutidmring enzymatic

saccharification reveals distinct degradation patterns of maize
lignocellulose fractions obtained by dry fractionation

FabienneGuillort, CécileBarror?, R.Lootert, EstelleBonnirt, LoicFoucat, XavierFalourd,
CatherineLapierré, LucSaulniet, XavierRouad, Marie-FrangoiseDevaux

1UR 1268 BIA, INRA, Rue de leaGdiere, 44 316 Nantes, France
2UMR IATE, INRA, SupAgro Montpellier, Univ MongoelIRAD, Montpellier, France
3Institut JeanPierre Bourgin, INRA, AgroParisTech, CNRS, Universit&&aleg, 78000 Versailles, France

Over the last 10 years, research efforts have bdedicated to identifying the factors that
influence lignocellulose enzymatic deconstructiblo congnsus has been reachekcept for

the detrimental role of lignia This may be ascribed to the heterogeneity of plant biom&ss.

take into account this parameter, dry fractionation was applied to maize biomass. Separation
process was first based on paléiize by air classification, and then on sample composition by
electrostatic separation Sx fractions were obtained and characterized, for their
physicochemical characteristics, and saccharification capacity. Saccharification was carried out
using a tous reactor allowing the analysis of the saccharification yield coupled to the real time
monitoring of changes in particle sigg.

Fine, medium and coarse fractions accounted for 43%, 22% and 35% of the initial biomass and
showed a median particle sizeoand to 60, 170, and 330m, respectively. Electrostatic
separation @ not lead to further separation according to particle size. Fractions mainly differed
by their amount of minor sugars atg the ratiosyringyl to guaiacyigninunits. Saccharificatio

was evaluatedby combining the hydrolysis yield and particle size reduction. In general, the
release of sugars was correlated with particle size decrdaserestingly,one of themedium

size particlefractions behaved differently: high sugar release svabserved without any
significant change in particle size. This specific behavior was not associated with specific
physicochemical properties. Looking at specific surface, a global negative correlation between
particle size and specific surface suggedtieat the surface accessible to enzyme is highly
related to geometrical parameters of maize stem particles with few impact of open porosity at
mesoscale.

The present work demonstrates that different enzymatic degradation pattern can be revealed
within a phnt, following both changes in particle size and sugar release. Further work is needed
to interpret the differences observed betweemaize sulfractions.

[1] Devaux Mfet al.J Food Eng006, 77, 1096
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Lignin depolymerization by lignolytic enzymes/mediator system

Julien Couvredr Mathilde Lerich& Tiphaine ClémehtLouison Dumon Lionel Longé
Florent Allais

!AgroParisTech, Chaire A¢gsmtechnologies Industriles (ABI), Centre Européen de Biotechnologie et
de Bioeconomie (CEBB), Pomacle, France.

2Monash University, Clayton, Victoria, Austali

The valorization of lignin is a key element of the economic sustainabili®afeneration
biorefinery as t is the main renewable raw material composed of aromatic pattethat is
present in the lignocellulosic biomasSurrently, this natural polymer is mainly valorized by
combustion for energy production. A new promising wathescontrolled depolymerizatioto
obtain aromatic monomersr oligomers

The aromaticcompoundsknown as BTX (benzene, toluene, xylene) thes basis of today
petrochemistry. Their substitution with lignitlerived monomers would open up a high value
valorization for lignin. In addition tthe physical and chemical methodsported in literature,

the enzymatic approach has several advantages: mild conditions, reduced energy consumption,
limited waste production and higher molecular purity.

In order to design a biologicalepolymerizationprocess we sought to create a screening
method to elaborate an enzymatic cocktailgmmotethe depolymerization of lignirthe latter
aiming at reducing the size bfninoligomersandat releasingphenolicmonomers.

To do so, aset of enzymes with commercidignolytic activities and derived from fungal
secretomes (produed in sity) has been selectedin addition, we have developed different
analytic methods to monitor the depolymerization of lignin and the production of phenolic
monomers during this lysis:hmomatographic methods (HPLC, GPC andMSTand a
spectrophotometric method based on the method Feliiocalteu.Conventional methods of
enzyme assays (laccase, peroxidase, oxidase hete)also been used

Thecombination of thee enzymesvith chemicalmediators show interesting results lignin
depolymerization.

Laccase/mediator systems: Their reactivity towards phenolic lignin structures, Roelant J. Hilgers and al.,
ACS Sustainable Chem. Eng., 2018, 6 (2)-2087

Lignin valorization: improvinggiin processing in the biorefinefgagauskas And al.Science2014, 344
(6185)

On the Mechanism of the LaccasBlediator System in the Oxidation of Lignin, Claudia Crestini and al.,
Chem. Eur. J., 2003, 9, 537378

Fundamental delignification chemistry of laccamediator systems on higlignin content kraft pulps,
Fadi S. Chakar and al., Can. J. Chem., 2004, 83544

Importance of mediators for lignin degradation by fungal enzymes, Lionel Longé amdbaditted
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Improvement of protein content and limitation of polyphenolic rate in

Olive Cake by solidtate fermentation: a way to valorize this indaisal
by-product in animal feed

Salima Chebaibt, Mathilde Leriche GrandcharipGrégoire Burgé TiphaineClément,
Florent Allai§ Fatiha Laziri
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My abstract dets with the bioconversion of the olive cake (OC) generated by the olive oll
industries in Morocco using selected filamentous fungi in solid state fermentation to upgrade its
nutritional values for its subsequent valorization as ruminants feed. Four fiergi eultured on

OC for 15 days. Chemical composition as well as enzymes activities were determined. The results
obtained showed (i) an increase in the protein content for treated OC and (ii) significant (P <
0.05) decreases in the values of phenolic commutsus Moreover, the RPIPLC analysis of OC
confirmed the degradation of individual phenolic components by the strains. The present
findings revealed 2 strains to be efficient organisms for their enzymes production and
simultaneous enhancement in nutritivelae of this byproduct.
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The phyllosphere as a new niche of lignocellulolytic microorganisms

Ludovic BesaunHarivony Rakotoarivonin&aroline Rémond
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The phyllosphere, whicls defined aghe aerial parts of plants, is one of the most prevalent
microbial habitats on eartt{up to 10?° bacterial cellsfor the global phyllosphere]l]. The
microorganisms present on the phyllosphere can have several interactions with the plant.
Indeed, plants will provide the habitat and several carbon sources (in low concentrations) to the
microorganisms; on the other hand, microorganisms can ptentbe growth of plantg2].

Other neutral or pathogenic interactions could exist between the two bif@8h The
phyllosphere represents then a unique niche where microorganisms have evolved through time
in that stressful environment and may have acquithd ability to degrade lignocellulose in
order to survive to oligotrophic conditions.

In order to confirm this hypothesis, ttdynamic lignocellulolytic potential of two phyllospheric
microbial consortia (wheat straw and wheat bran) has been studied. Thwbheagricultural ce
products were harvested, ground (625mm) and stored with % humidity < 10%. Growth of
microorganisms was initiated by incubating the wheat straw and bran with minimal culture
media at 30°C. The results showed a superior growth ofntiobial community from the
wheat bran than the straw and exhibited through their growth lignolytic (up to 116 mUIl/mL)
and hemicellulolytic activities (up to 220 mUI/mL) after 48h of growth. The microbial community
at the end of the experiment was dongited by bacterial strains which some of them were
isolated. Based on their morphological properties, 8 strains were isolated from each bran and
straw consortia; all of the isolated strains which exhibited lignocellulolytic activities had a higher
production of extracellular activities rather than intracellular; moreover, their hemicellulolytic
potential was always higher than the lignolytic one. The microbial diversity of the bran and
straw phyllospheres will be investigated by further omic approach irmta describe which
microorganisms developed preferentially on bran or straw and characterize their potential
lignocellulotyic function.

[1] Vorholt. Nat Rev Microbio| 2012, 10, 828
[2] Delmotte et al., PNAS., 2009, 106428

[3] KutscheraPlant Sigal Behav, 2007, 2, 748
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Lignocellulose by reactive oxygen species and therfation of valuable
compounds

Alexandre Clercg Elise Gerb#¥, Marouan Arrais Véronique Agufé Bernard Kurek
AlainKondjoyan

YINRA QuaPA, Centre Auvergne Rhone Alpes, France
2FARHaboratory, INRA, University of Reims Champagmnéenne, Reims, France
SIJPBUMR 1318NRAAgroParisTech, Versailles, France

The production of ROS (reactive oxygen species) can be an important step during the microbial
degradation of lignocelluloses, since it promotes the effect of deconstruction enzymes on the
plant cell walls [1]. ROS rcalso be used to functionalize the nanocelluloses by lgrpa
compounds, or by their derivatives, thus opening an interesting way to obtain high added value
nanostructured [2] objects as: emulsifiers, films and coatings with specific properties, fi@sins

3D printing ... ROS can be formed either directly by ferrous salts and/or hydrogen peroxide
(Fenton reactions), or by the indirect action of the metalloenzymes, like Cellobiose
DeHydrogenase (CDH) [3], involved in the biodegradation process.

The Ligoxyl project aims at identifying the active oxygen species involved in the oxidation of
lignified plant walls, and to model the stages of their formation and of their reactions with
lignocelluloses, by using polymer mixtures of increasing complexity fmedls monomer
(coniferyl alcohol) and oligomer of lignin, cellulose). The mathematical modelling of these
reaction kinetics enables both: (1) to test the relevance of the proposed reaction schemes, and
(2) to optimize the formation of the high added valcempounds. A stoichiokinetic model has
been used to predict the effects, either of the Fenton reactions, or of the CDH, on the formation
of the products issued from the cellulose degradation. The first results prove that the model is
able to predict the bemical kinetics observed experimentally, providing that the constant rate
of the key reaction steps are identified, and that the variation of the iron reactivity in the
medium is taken into account. Further work is needed to predict the effect of RO8eon t
formation of the high added value compounds from a simple lignocellulosic mixture composed
of both cellobiose and coniferyl alcohol.

[1] Arantes, V., et al., J. Indlicrobiol. Biotech., 201138, 541
[2] Hambardzumyan, A., et al., Chem. Eng. J., Zt84,780

[3] J.C. Sigoillotet al, Fungal Strategies for Lignin Degradatidilsevier Lignins: Biosynthesis,
Biodegradation and Bioengineering, San Diego, 2012, 263
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