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g BIOSYnergy

1. Introduction

The Integrated Project BIOSYNERGY (2007-2010) aimaswto develop multi-product
biorefinery technologies for lignocellulosic bionsasotably straw. A strong focus area of the
project was the valorisation of byproducts (pergp$ignins) of cellulosic ethanol production.
The ambition was to develop synergistic biorefineoycepts, using advanced fractionation
and conversion processes and a combination of éial and thermo-chemical pathways,
including demonstration at pilot scale of seledszhnologies developed in the project.

The BIOSYNERGY project was performed by a consamticomprising 17 partners from
industry, universities and research institutes frbBhEU countries. The project budget is
EU€13 million and was supported via a EUE7 milligrant by the European Commission
through its Sixth Framework Programme under cohtramber 038994 — (SES6).

More details at: www.biosynergy.eu

The workshop aim was to present the main resultt@BIOSYNERGY project in the areas
of lignocellulose pre-treatment and fractionatiampovative thermo-chemical conversion,
biochemical conversion and chemical synthesis obdded products including application
testing. Further results were the modeling andgiesiork, including designs of a cellulose
ethanol based biorefinery and results of a develapethodology for identification of the
most promising biorefinery chains for the EU, based energy efficiency, economics,
environmental impact and socio-economic aspects.

In order to maximize the impact of the workshopterms of visibility and audience, it has

been organized as a side event of the Conferencemd®s derived pentoses: from

biotechnology to fine chemistry’ that was held ba 14-16 November 2010 in Reims, France
(FR) (http://www.pentosescongress.com/

A total of about 60 people attended the workshop.

Pic. 1: The workshop participants
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2. Programme
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Wednesday, November 17, 2010.
Grand Hotel de L'Univers, Reims (FR)

ARRIVAL OF PARTICIPANTS, REGISTRATION.
From 13:00 a buffet lunch is offered to participastby the workshop organizers.

Welcome and Project overview - J.H. Reith (ECN, NL)Project Coordinator

Physico-chemical pretreatment and fractionation obiomass — Robert Bakker (WUR-FBR, NL)

In BIOSYNERGY a number of processes for pre-treatmend fractionation of lignocellulose were
studied and benchmarked incl. alkaline, organosakid hydrolysis, and mild-acid pretreatment
techniques. Steam explosion was taken as refetecheology. Furthermore, work was performed on
enzymatic cellulose hydrolysis. The main result lvé presented in this lecture.

Innovative thermochemical conversion of biomass anlignin — Paul de Wild (ECN, NL).

The presentation will highlight the results of tR&D on thermochemical conversion of biomass and
lignin via hybrid thermochemical processing (ageatmolysis/pyrolysis) and (catalytic) pyrolysis and
the outcome of the work on upgrading of pyrolysis o

Advanced biochemical conversion of pentoses — Fr&iEMonot (IFP Energies nouvelles, FR)

This lecture will present two examples of biochemhmonversion of pentoses, Acetone-Butanol-Ethanol
(ABE) fermentation of straw hemicellulose hydrofiesaand xylonic acid fermentation from xylose.. In

addition progress of the work on Rotating Disc @aturs for product separation from fermentation
broths will be presented

Coffee Break

Innovative chemical conversion and synthesis — BariEstrine (A-R-D, FR)

The presentation will cover the results of the work chemical processing of pentoses and lignin
including improvement of furfural synthesis fromnpases, direct synthesis of green surfactants from
wheat straw derived pentose hydrolysates, lignipotjenerisation in supercritical CO2, synthesis of

2,5-FDCA from cellulose and its application in pedyers. Results of application testing will be

presented also incl. lignin and phenolics in resins

Transformation of Abengoa Bioenergy BCyL celluloseethanol demonstration plant into an
integrated biorefinery-Reyes Capote-Campos (ABNT, E)

The aim of this work was to develop the concepfalcess design of a large-scale lignocellulose
biorefinery by scale-up and expansion of the Aben8CyL cellulose ethanol demonstration plant
design with sections for valorisation of pentosed #gnin. Five different biorefinery concepts were
modelled and evaluated. Most important results bélpresented..

Techno-economic and environmental projections of brefinery concepts- Katie Chong (Aston
University)

The presentation will highlight results of a deysd methodology for identification of the most
promising biorefinery chains for the EU, based amergy efficiency, economic performance,
environmental impacts and socio-economic aspects.

Discussion and closing - J.H. Reith (ECN, NL), BIOSNERGY Project Coordinator
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g BIOSYnergy

3. Workshop summary

Workshop introduction

The workshop started with a general introduction BIDSYNERGY project coordinator
Hans Reith who works for the Energy research Ceuoitrhe Netherlands (ECN) in Petten,
The Netherlands in the Unit Biomass, Coal and Emvitental Research as Coordinator of
Biorefineries. Hans Reith has a background in nhilogy and presented the project
objectives and approach, the consortium partnecs tae product lines or value chains
developed in the project.

Coordinator Hans Reith chaired the workshop strectun 6 presentations given by the WP
leaders outlining the main outcomes and highligiithe project.

“ c dulgn ) for Intogral
3 ’n::ocﬂlulou piorefinery plant at
- an existing cellulose ethanol site

AB BCyL plant, Salamanca

« Targeted outputs

* bio-ethanol

= chemicals, materials, CHP
+ 5 EtOH based biorefinery types =
+design in final stage *

BCyL cellulose ethanol demo plant AB, Salamanca, capad!ysml.
EtOHYyr ”M 1 sifaw per day. Operational since Oct. 2009, 1

Pic. 2: Hans Reith introducing the workshop
Prior to the starting of the workshop the Biosywyerigleo was shown to the audience.

The video can be found dtttp://www.youtube.com/watch?v=xL fVnKYjrg&featureslated
or on Biosynergy websitevww.biosynergy.eu

Interested parties can use the video and all ofdiesemination material produced within
Biosynergy that is available from the Biosynergybsite for courses or other training and
dissemination activities.

The workshop presentations, that can be considasedn attachment to this report, are
available as well on Biosynergy website/w.biosynergy.eu

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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Biosynergy Project Partners and Acronyms

* ECN - Energy research Centre of the NetherlaNt$ € project coordinator
* ABNT — Abengoa Bioenergy New Technologies S.ASYE

» CEPSA — Compania Espanola de Petroles S.A. (ES)

* DOW — DOW Benelux B.V. (NL)

* VTT — VTT Technical Research Centre (FI)

* ASTON - Aston University (UK)

* WUR-FBR — Wageningen University & Research ceri@d & Biobased Research (NL)
* ARD — Agro Industrie Recherches et Développem@fRy

* IFP Energies Nouvelles (FR)

* CRES - Centre for Renewable Energy Sources (GR)

» BTG — Biomass Technology Group (NL)

* JR — Joanneum Research (AU)

* BIOREFINERY - Biorefinery.de (DE)

* GIG - Central Mining Institute (PL)

* JRC - Joint Research Centre — Institute for Bnéxd.)

* CHIMAR — Chimar Hellas S.A. (GR)

» TUD — Delft University of Technology (NL)

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
Page 7 of 25
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3.1 Physico-chemical pretreatment and fractionation of biomass

Robert Bakker is Senior Researcher at Wageningévetsity and Research center- Food and
Biobased Research. He holds a PhD in Biosystemsné&mgng from the University of
California, Davis. In BIOSYNERGY he is CoordinatmrWP1 on Physical pre-treatment and
fractionation of biomass.

The objectives of WP1 were to develop methods lier ftactionation of the biomass in its
components (C5 sugars, C6 sugars, lignin) withigefit quality for the further steps aimed
at the production of biochemicals and materialee &m was also to enhance the enzymatic
degradability of cellulose to fermentable sugatse Toutes studied were:

Ethanol / water organosolv (ECN)

Organic acid organosolv (ARD)

Mechanical/alkaline fractionation (WUR)

Mild fractionation of hemicellulose (TUD)

Hydrochloric Acid-based hydrolysis (Bioref)

Enzymatic hydrolysis of pretreated cellulose (ABNT)

Proof of concept for fractionation
work on the basis of same lignoceiuiosc feadsiocks

-~ + Exchange of protocols -
[ Exchange of samples for enzymatic nydrolysis
icts to other WP

« Supply of fractionised produ

L Definition and application of technical benchmarks

1AL Acid orgmosotvEPild P‘T:';"m

‘ £CN h./alk pretreatmen
Ethanol/H20 Organosolv ECN Mec partners: WUR. ABNT. ARD, Bioret,

Pic. 3: Robert Bakker (WUR) while illustrating WP(@physico-chemical pretreatments)
results.
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g BIOSYnergy

Ethanol/ water Organosolv:

Process:

Results:

160 — 200 °C, 60 min, 5-30 bar, ethanol/acetoneatalyst or HSQ,, scaled
up to 20 | batch reactor, conceptual design coraglet

High purity lignin for further conversion to addedlue chemicals
Carbohydrates for"d generation biofuel or chemicals (furans) with diijgility
up to 87-92 % for barley and wheat straw

Remaining solids for direct energy production

Organic Acid Organosolv:

Process:

Results:

105 °C, formic & acetic acid, microscale pilotpia

High purity lignin for further conversion to addedlue chemicals
Carbohydrates for"2 generation biofuel or chemicals (furans) with ioyed
digestibility

Remaining solids for direct energy production

Mechanical-Alkaline Fractionation:

Process:

Results:

75 - 100 °C, NaOH, 1-4 h, atm. Pressure, lab smadebench-scale

Lignin can be directly applied in phenolic resins
A combined C5-C6 fermentation to alcohols and oiganids is possible
Remaining solids for direct energy production

Mild fractionation of hemicellulose:

Process:

Results:

120 °C, 60 min, 5 bar, catalysists: HCI FgClI

High purity lignin for further conversion to addedlue chemicals

Selective production of hemicellulose-derived casuiyates suitable for further
conversion to furfural, xilitol, surfactants,

Remaining solids for further separation or enziygoneonversion.

The process is simple and low cost, the remaingtiglose is intact and free of
minerals, but its enzymatic degradability needsroupments

HCI based Acid Hydrolysis:

Process:

Results:

25 °C, 32-37 % HCI,

Lignin suitable for application in particle board

Improved 2 steps saccharification, no enzymes requiC5-C6 streams
suitable for fermentation to alcohols and orgawcids

Remaining solids for energy and heat generatiognihihas a good heating
value.

This method is applicable to all feedstocks

Enzymatic hydrolysis:

Process:

Results:

Simultaneous Saccharification and Fermentation YSSF

Increased activity of supplemented enzymes cdsktai

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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Benchmarking of the pretreatment technologies veaslected based on the performance of
the fractionation techniques on the same feedstwbkat straw. The following parameters
were used as technical benchmarks:

Delignification of lignocellulose,

Lignin purity, quality of recovered lignin

Hemicellulose hydrolysis as a result of fractiooati

Enzymatic degradability of cellulose

Fermentability of glucose obtained from cellulosethanol
Please refer to graphs in the presentation fohéurdietails.

The main conclusion of this work is that all deyd technologies lead to significant C5
and C6 fractionation and lignin yields.

The delignification is a success, with up to 82 £the lignin removed, as well as the quality
of the lignin produced, (EtOH organosolv lignin et 93 %). The hemicellulose hydrolysis
is very good for some of the processes (98% fod rirdictionation of hemicellulose). The
cellulose degradability is very high for most oé throcesses.

There is often a trade-off between the desiredctdffetherefore there is no recommended
fractionation technology that would fit all bioreéiry goals. Therefore, an integrated approach
for feedstock-process-end product development ¢®@meended so that the fractionation
technology can be optimized toward a particulai.goa

The remaining issues for further development oftfemation can be summarized as follows:

Feedstock flexibility needs to be expanded

Large scale lignin applications should be developed

Reactants should be recycled

Enzymes for cellulose degradations should be fuorihgproved (especially for
upscaling at higher dry matter concentrations)

Organic acids could replace mineral acids

Continuous reactor systems should be developed

Discussion:
Q: Where capital cost analysed? A: yes, techniatd evere recorded and supplied to
WP6, where economic analysis was carried out
Q: Were any technologies tested in the Abengoa pient? A: No, but scale up for
some of the technologies was realised; (up tov&3s$el reactor)
Q: What about energy consumption? A: energy balaeperted in detail in WP6
model

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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3.2 Innovative thermochemical conversion of biomass and lignin.

Paul de Wild is Senior Researcher at the Energyared Centre of the Netherlands (ECN),
Petten, The Netherlands, in the Unit Biomass, @oal Environmental Research. Paul has a
background in Physical Chemistry. In the BIOSYNER@Mject he is Coordinator of WP2
Innovative thermochemical conversion.

The WP2 objective was the valorisation of biomassifly wheat straw) into added value
chemicals and fuels by innovative thermochemicatessing.

One of the technologies developed is aquathernmlgsihot pressurised water treatment (200
°C, 15-60 min) that selectively hydrolyses hemidelte, dehydrates C5 sugars to furfural and
leaches out soluble ash minerals. The procesdasatalysed by organic acids such as acetic
acid. The tests were conducted in both lab-scadeels (0.5L — 2L) and in a bench-scale 20 |
vessel.

The dried hemicellulose and ash-free lignocellulossidue is a good feedstock for the
pyrolytic production of levoglucosan from the cédlse. The optimum temperature is about
450 °C but the scaling up decreases the yield ¢up 2o levoglucosan see graph in the
presentation).

BIOSYNEIrGy

‘ i tion of WP2 in the multi-product biorefine

Enzymat
Hydi olys

¢ Hosi
blomans ** Physical

" ck
STRAW ot
pretreatmer

Fractionati

DDB

Aqua t »‘
| Olysis
“ Fractionation.
Catalytic) pyrolysis m

Pic. 4: Paul de Wild (ECN) presenting the results\tP2 (thermo-chemical conversion)
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Laboratory scale tests on anaerobic digestion ogmolysate as it is and furfural extracted
have shown that unstripped substrate inhibits afé@microorganisms, probably due to the
presence of furfural. The GHield can be as high as 90 % of the theoretical.

Regarding the fast pyrolysis, an effective prodarctof bio-oil from all BIOSYNERGY
feedstocks was achieved for applications as fusleenfeedstock for further upgrading.
Furthermore a process that enables the producfi@anvaluable fraction from side streams
suitable for application in phenol/formaldehyde imes was developed. Pyrolysis of
organosolv lignin in a bubbling fluidized bed predd: 34% char, 14% gas, 23% water and
29% organics with high phenols content.

Discussion:
Q: waste in the process? A: not yet quantified,dvabably suitable for energy
recovery

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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3.3 Advanced biochemical conversion of pentoses

Frédéric Monot is Head of the Biotechnology Depamirat IFP Energies Nouvelles, FR. He
was the Coordinator of the FP6 Integrated Projed¢LEN(New Improvements for
Lignocelulose Ethanol) that was recently finishéal. the BIOSYNERGY project he is
Coordinator of WP3 on Advanced Biochemical Conw@rsi

WP3 aimed at the development of advanced biochérmpiteesses for the conversion of
sugars and lignin into value-added products orrinégliates including higher alcohols,
platform chemicals and functional lignin derivatéhe presentation focussed on technologies
for the valorisation of C5 sugars through biocherhiconversion. The first technology
presented was the ABE fermentation (Acetone Butdgtblanol). This fermentation is
performed by the anaerobic bacte@ostridium acetobutylicunor Clostridium beijerinckii
that can ferment both C5 and C6. The fermentasaa two-phase process (acidogenesis and
solventogenesis). The shift to solventogenesis #p@n the pH, but the toxicity of the
products limits the solvent production. The ferna¢ion was carried out on two products
from other processes: hemicellulose hydrolysatesnfiwheat straw and DDGS (Dried
Distillers Grains with Solubles).

Conclusions a
.

Xylonate
. in B

Pic. 5: Frederic Monot (IFP - EN) presenting thesuvdts of WP3 (biological conversion
processes)

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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With regard to the hemicellulose hydrolysates, badErmentation has given good results.
Continuous cultures could be carried out efficigmth a synthetic media (glucose) but led to
very low production of ABE on wheat straw hemicklie hydrolysate because of a slow
utilisation of xylose and the presence of high emrations of inhibitors such as phenolics.

The ABE fermentation is effective on DDGS hydrolgsaprepared in alkaline conditions.
The addition of DDGS to wheat straw hydrolysatdsagices the fermentation as DDGS are a
good source of nutrients for poor substrates.

As the ABE fermentation is inhibited by the presemd the solvent, product extraction is
required. Two technologies were presented: membrane rotating disks contactors.

The on-line pervaporation membranes boost prodéctly removing the inhibiting solvents.
The test on a 100-liter fermentor coupled with p@aration membrane did not show any
operational problem. The continuous removal of bitlig products still needs further
research. The rotating disks contactor was testednodel mixtures. The system looks
promising and was effective in ABE removal. It abuéplace membranes and also reduce the
costs of extraction.

Very interesting results were obtained regardirggliilo-conversion of xylose to xylonic acid,
a chemical that might have several applicationstbat has not yet reached a large scale
commercial production. Various biological systemerevinvestigated: bacteria, fungi and
yeasts. It was shown that xylonic acid could bedpoed directly from plant biomass
hydrolysates with various yields and rates accgrdim the presence of toxic compounds.
Although the bacterial system was initially the mpsoductive one, similar performances
could eventually be obtained using engineered y&eaains thanks to a 10 fold improvement
of production rates.

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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3.4 Innovative chemical conversion and synthesis

Boris Estrine is Head of the Chemistry Group at ¢benpany Agroindustrie-Recherches et
Developpements, Pomacles FR. He holds a PhD infithé of catalysed synthesis of
carbohydrate based surfactants from the UnivedditiReims. His role in BIOSYNERGY is
the Coordination of WP4 Innovative chemical coni@rand synthesis

Objective of WP4 was the technical developmenieattion chemistries and process designs
for a well-defined portfolio of added value produeind the assessment of their commercial
opportunities in existing and also new industriadl zonsumer markets and applications. The
focus was on sugars (C5 and C6 sugars) and ligriorization.

Pic. 6: Boris Estrine (ARD) presenting the resolt8VP4 (chemical conversion & synthesis)
Processes and technologies for the following prtedwere presented:

Furfural:

Total yields for the production of furfural from bge as high as 85% of the theoretical value
have been achieved under some conditions (in pcesehChloride salts). Based on these
results a novel process for economically sound lwd energy intensive production of
furfural has been designed and patented (energguaaption reduction up to 85-95%).

HMF (HydroxyMethylFurfural)

A simplified process for the production of HMF frarellulose and glucose was developed.
The target was to achieve an efficient recoveryHMF. The result achieved is a sugars
conversion of 98%, this represents a clear imprargmhen compared to literature data.

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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Phenolics from lignin

The supercritical depolymerisation of lignin to neameric phenolics was carried out at lab
scale. The process produced phenolic oil from argalv lignin (yield of about 30%) that can

be used in resins. The phenolic fraction is a suttistl phenol substitute, (at least up to 25%
phenol replacement), that can be used for the sgighof phenol-formaldehyde resins for
wood panels.

Furan DiCarboxylicAcid (FDCA)

An efficient process was designed for the synthe§iBCDA from HMF with quantitative
yields. The process converts HMF to resin grade AR9.9% purity). The polymerisation
of FDCA produces, (after precipitation) colourlggslymers powders or transparent fibres
that can replace PET. The use of FCDA as co-catldyscidic equilibrated reaction has also
been developed.

Surfactants

Surfactants from C5 sugars (alkyl xylosides) proe&ective as additives in wetting agents
for paper impregnation in the wood-based panelsisttg. Two original processes were
designed for the production of alkyl polypentosidiesn various C5 streams. A process for
the production of surfactants using unpurified psatstreams from organosolv treatments or
steam explosion of wheat straw that produces ghdrsurfactants (C4 and C5) with good
results and significant cost savings. The secoondgss was the direct conversion of wheat
straw to surfactants that gives high yields at lowst. These products have good market
potential.

Discussion:
Q: yield HMF to glucose is 98%? A: yes but on moo@hpounds with ideal
conditions

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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3.5 Transformation of Abengoa Bioenergy BCyL cellul ose ethanol
demonstration plant into an integrated biorefinery

Reyes Capote Campos is R&D director Bioprocess Dpweent at Abengoa Bioenergia
Nuevas Tecnologias (ABNT) in Madrid/Seville. Shesha background in Chemical
Engineering. In the BIOSYNERGY project she is Caoatbr of WP5 Conceptual design of a
biorefinery plant.

Reyes Capote Campos presented the current stat?f¥ fgeneration biofuels production from
the point of view of the industry. Two main pathwajor ethanol production from
lignocellulosic biomass are distinguished: thernesoltal conversion (gasification and
catalytic synthesis) and biochemical conversiozyeratic hydrolysis)

The Abengoa vision for the biorefinery developmensummarized in the following three
steps:

1) integration of first and second generation beétduplants: synergies in the heat integration
and sharing of utilities, logistics, personnel &ndwledge.

2) enzymatic hydrolysis with gasification of ligniand other residues of biochemical
processing to minimize import of energy and maxerntput per unit of biomass

3) use of biomass fractions not converted to ethemproduce added value bio-products to
improve the competitiveness of the whole biorefyrgyrstem through the complete integration
of thermochemical and biochemical processes.

Pic. 7: Reyes Capote Campos (Abengoa) presentegesults of WP5

D-8-1-3-BIOSYNERGY-final-WS-report-Reims
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The Abengoa starting point for the conceptual desigrried out within the Biosynergy
framework is the BCyL Biomass plant in Salamancpaii® The BCyL industrial plant
produces bioethanol from agricultural residues @thstraw). The input capacity is 70 dry
tonnes of biomass per day with a product outpuaciy of 5 million litres ethanol per year.
The technologies used are steam explosion and extiryhydrolysis. The operation started in
mid 2009 and since Nov.2009 the plant has beenatipaal for 4000 h, providing enough
information for industrial implementation of theckanology (the data and the experience will
be used for the plant that ABNT is designing anlll @anstruct in Kansas (US) that uses corn
stover at a scale of 60 Ml/y ethanol).

Within Biosynergy a number of biorefinery concepts/e been analysed by Abengoa on the
basis of the information obtained from pilot anadndastration plants and experimental work
carried out in other workpackages. The modellingknoas made possible a detailed and
comprehensive comparison of biorefinery concepteiims of economics concluding that the
biorefinery approach is considered a way to in@daas competitiveness of the biomass to
ethanol process in the long term. The valorisabbrbiomass fractions not converted into
ethanol is also necessary to make the whole pramasgpetitive. A further conclusion is that
the biorefinery approach should take advantageywérgies with first generation plants and
integrated processes.

Discussion:
- Q: how is economic feasibility calculated? A: wifandard cost tools
Q: what is the best fractionation technology? AsaBt explosion in base case
(Abengoa plant) for other cases the pre-treatmepédds on the end product
Q: what is next step for Abengoa? A: TH& Generation commercial plant in Kansas
is already in the planning phase.
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3.6 Techno-economic and environmental projections o f
biorefinery concepts- Katie Chong (Aston University )

Katie Chong is working as a Researcher in the Biergy Research Group (BERG) at Aston
University in the UK. She has a background in CloamniEngineering and is currently
working on her PhD that will largely consist of thveork she is performing in the

BIOSYNERGY project. Together with Prof. Tony Bridgter, Katie Chong is involved in the
coordination of WP6 Integral biomass-to-productaistdesign.

The objective of the work package was the idemtifan of the most promising biorefinery
chains for the European Union in terms of:

» Performance (as yield and efficiency),

» Environmental performance as Life Cycle Analysis,

» Cost as capital, operating and product costs

* Socioeconomics

As the large number of feedstock, process and ptazptions studied in Biosynergy leads to
an even larger number of possible combinationspgicdl and consistent methodological
procedure for generating and comparing biorefinprgcess chains was required. The
identified methodology is organized in three steplsain generation (process synthesis);
process modeling and data collection; chain evanand comparison. (through a MCDA:
Multi Criteria Decision Analysis). The MCDA provide technique to measure the extent that
each biorefinery achieves desired objectives ssclowest capital cost, highest efficiency,
best LCA, etc. This method assigns “scores” to eaterion for each concept from the
modelling processes. The criteria are weighted raicg to their perceived importance. The
result is a set of scored concepts ranked accortinipe objective set by weighting the
criteria. An example, actually used in this projeeis the equal weighting that assigns to each
criterion the same relevance.

Pic.8: Katie Chong (Aston) presenting the resuft8’6
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The data for the process modeling were providedhleyproject partners through research
activities or literature research.
The socio economic analysis was carried out fotJscBuntries (NL, PL, UK, DE, ES) and
has taken into account the following aspects (sitera):
*  Employment (direct and induced)
e Agriculture and land assessment (consumption asdiémal and national production,
land required, land required as % of regional aamtitbnal agricultural land)
» Trade assessment (revenue from traded feedstockraddcts, revenue from traded
feedstock and products as % of national GDP)

To assess the environmental performances of theepts a Life Cycle Analysis was carried
out considering the following environmental impaettegories: Global Warming Potential,
cumulated Primary Energy Demand; Acidification Poied; Eutrophication Potential and
Photochemical Ozone Creation Potential with a dtaive approach.

Abiotic Depletion; Freshwater Aquatic Ecotoxicityotential; Marine Aquatic Ecotoxicity
Potential; Terrestric Ecotoxicity Potential; Humd&mxicity Potential and Ozone Layer
Depletion Potential were analyzed qualitatively.

The project consortium decided to carry out thellation and comparison of 27 complete
biorefinery concepts but the methodology (and theek model developed) allows the
analysis of many more biorefinery concepts.
The results lead to the following conclusions:

Most promising biorefineries are those where spigcighemicals are produced in
addition to ethanol using simple processing roates all fractions of the biomass are
used producing only value added products

Least promising biorefineries are those with a poamversion efficiency combined
with economic loss and those with a high heat amdep demand. Biorefineries that
produce only heat and power from biomass are rsiteftective

Discussion:
Q: what about plant capacity as a factor? A: aldhses have a capacity of 500’000
tonnel/y (dry basis), sensitivity analysis is betagried out
Q: Do the costs reflect the real costs accordirthecscale of the plant? A: yes, but
there is a high volatility in prices of productpufe phenols varies between 700$ and
1100 $ in one year. It is possible using the metlamyy to carry out sensitivity based
on product prices.
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4. Qverall conclusions

BIOSYNERGY project coordinator Hans Reith summatiiee workshop and proposed the
following conclusions:

* The Biosynergy Research and Technological Developmpmvides a solid basis for

the valorization of C5 sugars and lignin, fittingto a cellulose ethanol based
biorefinery concept.

» Substantial advances have been reached on lab/bealehand several processes have
been demonstrated on pilot scale in 2010.

« Lignin valorization (at least in part) to chemicaédsan important tool for economic
profitability of biorefineries. Promising resulteve obtained for :

o direct application of (organosolv) lignin in resin25-30 wt% phenol
substitution

0 catalytic pyrolysis of lignin to phenolics
0 enzymatic lignin conversion (laccases) to impraaactivity

Pic. 9: Project coordinator Hans Reith (ECN) preseg the projects conclusions

* Pretreatment and enzymatic hydrolysis are critioalfractionation, product quality
and techno-economic feasibility. Therefore:
0 Pretreatment technologies need to be optimisedrtbav@articular goal.
o0 Integrated development Feedstock<>pretreatment<pesdlcts is required
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The complexity of the lignocellulose feedstock attdthe RTD challenges e.g.

0 inhibitors in fermentations

0 products often arise in complex mixtures which umtcauses (im)purity of
intermediates for chemical conversion

On the other hand:

o the project has generated unexpected positivetsesuly. the possibility to
produce pentoside surfactants from unpurifieeimicellulose hydrolysates,
which leads to significant cost reductions

0 application is possible of relatively impure fracts/product mixtures such as
lignin in resins/adhesives, mixed phenolics inmegir bitumen etc.

To improve biorefineries development of separatieohnology is vital for both
thermochemical and biochemical processing techiedognd combinations thereof.
More effort in this area is needed and recommended.
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5. Presentations

The workshop presentations are available in pdi&drin the Biosynergy public website
http://www.biosynergy.eu/publications/
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