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Project Objectives 
 
The Integrated Project BIOSYNERGY (2007-2010) 
aim was to develop multi-product biorefinery 
technologies for lignocellulosic biomass, notably 
straw. A strong focus area of the project was the 
valorisation of byproducts (pentoses, lignins) of 
cellulosic ethanol production. The ambition was to 
develop synergistic biorefinery concepts, using 
advanced fractionation and conversion processes 
and a combination of biochemical and thermo-
chemical pathways, including demonstration at 
pilot scale of selected technologies developed in 
the project.  

�
Introduction 

 
This newsletter is based on the project outcomes 
as they were presented at the Project final 
dissemination event held the 17th of November 
2010 in Reims, France (FR). The workshop title 
was “Development of multi-product lignocellulose 
biorefinery technology with focus on residues 
(pentoses, lignin) from cellulose ethanol production 
- Results of the Integrated Project BIOSYNERGY” 

The workshop was held as a side event of the 
Biomass derived pentoses: from biotechnology to 
fine chemistry conference, held on the 14-16 
November 2010 in Reims, France (FR).  

The presentations given during the workshop are 
available and more dissemination material, (as the 
final project brochure, a biorefinery video, 
publications, other newsletters and workshop 
reports) can be found on Biosynergy website 
www.biosynergy.eu.  

 

Project Outcomes 
 
Hans Reith, the BIOSYNERGY project coordinator, 
summarized the project outcomes as follows:  
• The Biosynergy Research and Technological 

Development provides a solid basis for the 
valorization of C5 sugars and lignin, fitting in a 
cellulose ethanol based biorefinery concept.  

• Substantial advances have been reached on 
lab/bench scale and several processes have 
been demonstrated on pilot scale in 2010.  

• Lignin valorization (at least in part) to 
chemicals is an important tool for economic 
profitability of biorefineries.  

•  

Promising results were obtained for : 
o direct application of (organosolv) lignin in 

resins: 25-30 wt% phenol substitution 
o catalytic pyrolysis of lignin to phenolics 
o enzymatic lignin conversion (laccases) to 

improve reactivity 
 

 
 
Pic. 1: Project coordinator Hans Reith presenting the projects 
conclusions. Hans Reith works for the Energy research Centre 
of the Netherlands (ECN) in Petten, The Netherlands, in the Unit 
Biomass, Coal and Environmental Research as Coordinator 
Biorefinery.  
 
• Pretreatment and enzymatic hydrolysis are 

critical for fractionation, product quality and 
techno-economic feasibility. Therefore: 
o Pretreatment technologies need to be 

optimised toward a particular goal.  
o Integrated development 

Feedstock<>pretreatment<>end-products  
is required 

• The complexity of the lignocellulose feedstock 
adds to the RTD challenges e.g. 
o inhibitors in fermentations 
o products often arise in complex mixtures 

which in turn causes (im)purity of 
intermediates for chemical conversion 

• On the other hand: 
o the project has generated unexpected 

positive results: e.g. the possibility to 
produce pentoside surfactants from 
unpurified hemicellulose hydrolysates, 
which leads to significant cost reductions 

o application is possible of relatively impure 
fractions/product mixtures such as lignin in 
resins/adhesives, mixed phenolics in 
resins or bitumen etc. 
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• To improve biorefineries development of 
separation technology is vital for both 
thermochemical and biochemical processing 
technologies and combinations thereof.  More 
effort in this area is needed and recommended. 

 

The Biosynergy Project was structured in the 
following 8 workpackages:  
WP Work package title Leadr 
0 Management activities ECN 
1 Advanced  physical/chemical fractionation A&F 
2 Innovative thermo-chemical conversion ECN 
3 Advanced biochemical conversion IFP 
4 Innovative chemical conversion and 

synthesis 
ARD 

5 Conceptual design biorefinery pilot-plant 
ABNT Salamanca, Spain 

ABNT 
 

6 Integral biomass-to-products chain 
design, analysis and optimisation 

Aston 

7 Demonstration at pilot-scale A&F 
8 Training and knowledge dissemination JRC 

 

The major outcomes of the technical 
workpacakages (the first 6) are hereafter reported 
more in detail. 

 

WP1 -Physico-chemical pretreatment 
and fractionation of biomass  
 
The objectives of WP1 were to develop methods 
for the fractionation of the biomass in its 
components (C5 sugars, C6 sugars, lignin) with 
sufficient quality for the further steps aimed at the 
production of biochemicals and materials. The aim 
was also to enhance the enzymatic degradability of 
cellulose to fermentable sugars.  
The routes 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) 
 
Ethanol/ water Organosolv:   
Process: 160 – 200 °C, 60 min, 5-30 bar, ethanol/acetone, no  

catalyst or H2SO4, scaled up to 20 l batch reactor, 
conceptual design completed 

Results: High purity lignin for further conversion to added value 
chemicals Carbohydrates for 2nd generation biofuel or 
chemicals (furans) with digestibility up to 87-92 % for 
barley and wheat straw. Remaining solids for direct 
energy production 

Organic Acid Organosolv:  
Process:  105  °C, formic & acetic acid, microscale pilot pla nt 
Results:   High purity lignin for further conversion to added value 

chemicals. Carbohydrates for 2nd generation biofuel or 
chemicals (furans) with improved digestibility 
Remaining solids for direct energy production 

 
Mechanical-Alkaline Fractionation:  
Process:  75 - 100 °C, NaOH, 1-4 h, atm. Pressure, lab scale 

and bench-scale 
Results:   Lignin can be directly applied in phenolic resins A 

combined C5-C6 fermentation to alcohols and organic 
acids is possible   Remaining solids for direct energy 
production 

 
Mild fractionation of hemicellulose:  
Process:  120 °C, 60 min, 5 bar, catalysists: HCl FeCl 3,  
Results:   High purity lignin for further conversion to added value 

chemicals. Selective production of hemicellulose-
derived carbohydrates suitable for further conversion 
to furfural, xilitol, surfactants,  Remaining solids for 
further separation or enzymatic conversion.The 
process is simple and low cost, the remaining 
cellulose is intact and free of minerals, but its 
enzymatic degradability needs improvements 

 
HCl based Acid Hydrolysis:  
Process:  25 °C, 32-37 % HCl,  
Results:   :Lignin suitable for application in particle board. 

Improved 2 steps saccharification, no enzymes 
required, C5-C6 streams suitable for fermentation to 
alcohols and organic acids. Remaining solids for 
energy and heat generation. Lignin has a good 
heating value.This method is applicable to all 
feedstocks 

 
Enzymatic hydrolysis:  
Process: Simultaneous Saccharification and Fermentation  
Results:  Increased  activity of supplemented enzymes cocktails 
 

 
 
Pic. 2: Robert Bakker while illustrating WP1 results. Robert 
Bakker is Senior Researcher at Wageningen University and 
Research center - Food and Biobased Research, the 
Nederlands. In BIOSYNERGY he is Coordinator of WP1 on 
Physical pre-treatment and fractionation of biomass. 
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Benchmarking of the pretreatment technologies 
was conducted based on the performance of the 
fractionation techniques on the same feedstock, 
wheat straw. The following parameters were used 
as technical benchmarks: 

·  Delignification of lignocellulose, 
·  Lignin purity, quality of recovered lignin 
·  Hemicellulose hydrolysis as a result of 

fractionation 
·  Enzymatic degradability of cellulose 
·  Fermentability of glucose obtained from 

cellulose to ethanol 
The main conclusion of this work is that all  
developed technologies lead to significant C5 and 
C6 fractionation and lignin yields. 
The delignification is a success, with up to 82 % of 
the lignin removed, as well as the quality of the 
lignin produced, (EtOH organosolv lignin pure at 93 
%).   
The hemicellulose hydrolysis is very good for some 
of the processes (98% for mild fractionation of 
hemicellulose). The cellulose degradability is very 
high for most of the processes. 
There is often a trade-off between the desired 
effects, therefore there is no recommended 
fractionation technology that would fit all biorefinery 
goals. Therefore, an integrated approach for 
feedstock-process-end product development is 
recommended so that the fractionation technology 
can be optimized toward a particular goal. 
The remaining issues for further development of 
fractionation 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 

further improved (especially for upscaling at 
higher dry matter concentrations) 

·  Organic acids could replace mineral acids 
·  Continuous reactor systems should be 

developed 
 

WP2 - Innovative thermochemical 
conversion of biomass and lignin. 
 
The WP2 objective was the valorisation of biomass 
(mainly wheat straw) into added value chemicals 
and fuels by innovative thermochemical 
processing. 
 

One of the technologies developed is 
aquathermolysis, a  hot pressurised water 
treatment (200 °C, 15-60 min) that selectively 
hydrolyses hemicellulose, dehydrates C5 sugars to 
furfural and leaches out soluble ash minerals. The 
process is autocatalysed by organic acids such as 
acetic acid. The tests were conducted in both lab-
scale vessels (0.5L – 2L) and in a bench-scale 20 
L vessel. 
The dried hemicellulose and ash-free lignocellulose 
residue is a good feedstock for the pyrolytic 
production of levoglucosan from the cellulose.  
 

 
 
Pic. 3: Paul de Wild presenting the results of WP2.  Paul de 
Wild is Senior Researcher at the Energy research Centre of the 
Netherlands (ECN), Petten, The Netherlands, in the Unit 
Biomass, Coal and Environmental Research. In the 
BIOSYNERGY project he is Coordinator of WP2 Innovative 
thermochemical conversion. 
 
The optimum temperature is about 450 °C but the 
scaling up decreases the yield (up to 9 % 
levoglucosan see graph in the presentation). 
Laboratory scale tests on anaerobic digestion of 
aquatermolysate as it is and furfural extracted have 
shown that unstripped substrate inhibits anaerobic 
microorganisms, probably due to the presence of 
furfural. The CH4 yield can be as high as 90 % of 
the theoretical.  
Regarding the fast pyrolysis, an effective 
production of bio-oil from all BIOSYNERGY 
feedstocks was achieved for applications as fuel 
and as feedstock for further upgrading. 
Furthermore a process that enables the production 
of a valuable fraction from side streams suitable for 
application in phenol/formaldehyde resins was 
developed.  
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Pyrolysis of organosolv lignin in a bubbling 
fluidized bed produced: 34% char, 14% gas, 23% 
water and 29% organics with high phenols content. 
 
WP3 - Advanced biochemical 
conversion of pentoses  
 
WP3 aimed at the development of advanced 
biochemical processes for the conversion of sugars 
and lignin into value-added products or 
intermediates including higher alcohols, platform 
chemicals and functional lignin derivates.  
The presentation focussed on technologies for the 
valorisation of C5 sugars through biochemical 
conversion. 

 
 
Pic. 4: Frederic Monot  presenting the results of WP3 (biological  
conversion processes). Frédéric Monot is Head of the 
Biotechnology Department at IFP Energies Nouvelles, FR. In 
the BIOSYNERGY project he was Coordinator of WP3 on 
Advanced Biochemical Conversion. 
 
The first technology presented was the ABE 
fermentation (Acetone Butanol Ethanol).  
This fermentation is performed by the anaerobic 
bacteria Clostridium acetobutylicum or Clostridium 
beijerinckii that can ferment both C5 and C6. The 
fermentation is a two-phase process (acidogenesis 
and solventogenesis).  
The shift to solventogenesis depends on the pH, 
but the toxicity of the products limits the solvent 
production.  
The fermentation was carried out on two products 
from other processes: hemicellulose hydrolysates 
from wheat straw and DDGS (Dried Distillers 
Grains with Solubles).  
With regard to the hemicellulose hydrolysates, 
batch fermentation has given good results.  

Continuous cultures could be carried out efficiently 
on a synthetic media (glucose) but led to very low 
production of ABE on wheat straw hemicellulose 
hydrolysate because of a slow utilisation of xylose 
and the presence of high concentrations of 
inhibitors such as phenolics. 
The ABE fermentation is effective on DDGS 
hydrolysates prepared in alkaline conditions. The 
addition of DDGS to wheat straw hydrolysates 
enhances the fermentation as DDGS are a good 
source of nutrients for poor substrates. 
As the ABE fermentation is inhibited by the 
presence of the solvent, product extraction is 
required. Two technologies were presented: 
membranes and rotating disks contactors. 
The on-line pervaporation membranes boost 
productivity by removing the inhibiting solvents. 
The test on a 100-liter fermentor coupled with 
pervaporation membrane did not show any 
operational problem.  
The continuous removal of inhibiting products still 
needs further research.  
The rotating disks contactor was tested on model 
mixtures. The system looks promising and was 
effective in ABE removal.  
It could replace membranes and also reduce the 
costs of extraction. 
Very interesting results were obtained regarding 
the bio-conversion of xylose to xylonic acid, a 
chemical that might have several applications but 
that has not yet reached a large scale commercial 
production.  
Various biological systems were investigated: 
bacteria, fungi and yeasts.  
It was shown that xylonic acid could be produced 
directly from plant biomass hydrolysates with 
various yields and rates according to the presence 
of toxic compounds. Although the bacterial system 
was initially the most productive one, similar 
performances could eventually be obtained using 
engineered yeast strains thanks to a 10 fold 
improvement of production rates. 
 
WP4 - Innovative chemical conversion 
and synthesis  
 
Objective of WP4 was the technical development 
of reaction chemistries and process designs for a 
well-defined portfolio of added value products and 
the assessment of their commercial opportunities 
in existing and also new industrial and consumer 
markets and applications.  
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The focus was on sugars (C5 and C6 sugars) and 
lignin valorization.  
Processes and technologies for the following 
products were presented: 
 
Furfural:  
Total yields for the production of furfural from 
xylose as high as 85% of the theoretical value have 
been achieved under some conditions (in presence 
of Chloride salts).  
Based on these results a novel process for 
economically sound and low energy intensive 
production of furfural has been designed and 
patented (energy consumption reduction up to 85-
95%). 
 

 
 
Pic. 5: Boris Estrine presenting the results of WP4. Boris Estrine 
is Head of the Chemistry Group at the company Agroindustrie-
Recherches et Developpements, Pomacles FR. In the 
BIOSYNERGY project he was the coordinator of WP4 
Innovative chemical conversion and synthesis 
 
HMF (HydroxyMethylFurfural) 
A simplified process for the production of HMF 
from cellulose and glucose was developed. 
The target was to achieve an efficient recovery of 
HMF. The result achieved is a sugars conversion 
of 98%, this represents a clear improvement when 
compared to literature data. 
 
Phenolics from lignin 
The supercritical depolymerisation of lignin to 
monomeric phenolics was carried out at lab scale.  
The process produced phenolic oil from organosolv 
lignin (yield of about 30%) that can be used in 
resins. The phenolic fraction is a substantial phenol 
substitute, (at least up to 25% phenol replacement), 
that can be used for the synthesis of phenol-
formaldehyde resins for wood panels. 
 
Furan DiCarboxylicAcid (FDCA) 
An efficient process was designed for the synthesis 
of FCDA from HMF with quantitative yields. The 

process converts HMF to resin grade FDCA 
(>99.9% purity). The polymerisation of FDCA 
produces, (after precipitation) colourless polymers 
powders or transparent fibres that can replace PET. 
FCDA uses as co-catalyst for acidic equilibrated 
reaction have been developed as well. 
 
Surfactants  
Surfactants from C5 sugars (alkyl xylosides) 
proved effective as additives in wetting agents for 
paper impregnation in the wood-based panels 
industry. Two original processes were designed for 
the production of alkyl polypentosides from various 
C5 streams. A process for the production of 
surfactants using unpurified pentose streams from 
organosolv treatments or steam explosion of wheat 
straw that produces short tail surfactants (C4 and 
C5) with good results and significant cost savings. 
The second process is the direct conversion of 
wheat straw to surfactants that gives high yields at 
low cost. These products have good market 
potential. 
 

WP5 - Transformation of Abengoa 
Bioenergy BCyL cellulose ethanol 
demonstration plant into an integrated 
biorefinery 
 
Reyes Capote Campos presented the current 
status for 2nd generation biofuels production from 
the point of view of the industry. Two main 
pathways for ethanol production from  
lignocellulosic biomass are distinguished: 
thermochemical conversion (gasification and 
catalytic synthesis) and biochemical conversion 
(enzymatic hydrolysis) 
The Abengoa vision for the biorefinery 
development is summarized in the following steps: 
1) integration of first and second generation 

biofuels plants: synergies in the heat 
integration and sharing of utilities, logistics, 
personnel and knowledge.   

2) enzymatic hydrolysis with gasification of lignin 
and other residues of biochemical processing 
to minimize import of energy and maximize 
output per unit of biomass 

3) use of biomass fractions not converted to 
ethanol to produce added value bio-products to 
improve the competitiveness of the whole 
biorefinery system through the complete 
integration of thermochemical and biochemical 
processes. 
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The Abengoa starting point for the conceptual 
design carried out within the Biosynergy framework 
is the BCyL Biomass plant in Salamanca, Spain. 
The BCyL industrial plant produces bioethanol from 
agricultural residues (wheat straw). The input 
capacity is 70 dry tonnes of biomass per day with a 
product output capacity of 5 million litres ethanol 
per year. The technologies used are steam 
explosion and enzymatic hydrolysis. The operation 
started in mid 2009 and since Nov.2009 the plant 
has been operational for 4000 h, providing enough 
information for industrial implementation of the 
technology (the data and the experience will be 
used for the plant that ABNT is designing and will 
construct in Kansas (US) that uses corn stover at a 
scale of 60 Ml/y ethanol).  
Within Biosynergy a number of biorefinery 
concepts have been analysed by Abengoa on the 
basis of the information obtained from pilot and 
demonstration plants and experimental work 
carried out in other workpackages.  
 

 
 
Pic. 6: Reyes Capote Campos presenting the results of WP5. 
Reyes is R&D director Bioprocess Development at Abengoa 
Bioenergia Nuevas Tecnologias (ABNT) in Madrid/Seville. In the 
BIOSYNERGY project she is Coordinator of WP5 Conceptual 
design of a biorefinery plant. 
 
The modelling work has made possible a detailed 
and comprehensive comparison of biorefinery 
concepts in terms of economics concluding that the 
biorefinery approach is considered a way to 
increase the competitiveness of the biomass to 
ethanol process in the long term and the 
valorisation of biomass fractions not converted into 
ethanol is necessary to make the whole process 
competitive. A further conclusion is that the 
biorefinery approach should take advantage of 
synergies with first generation plants and 
integrated processes.  

WP6 Techno-economic and 
environmental projections of 
biorefinery concepts- Katie Chong 
(Aston University) 
 
The objective of the work package was the 
identification 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 
product options studied in Biosynergy  leads to an 
even larger number of possible combinations a 
logical and consistent methodological procedure 
for generating and comparing biorefinery process 
chains was required.  
The identified methodology is organized in three 
steps: chain generation (process synthesis); 
process modeling and data collection; chain 
evaluation and comparison. (through a MCDA: 
Multi Criteria Decision Analysis). The MCDA 
provides a technique to measure the extent that 
each biorefinery achieves desired objectives such 
as lowest capital cost, highest efficiency, best LCA 
etc. This method assigns “scores” to each criterion 
for each concept from the modelling processes. 
The criteria are weighted according to their 
perceived importance. The result is a set of scored 
concepts ranked according to the objective set by 
weighting the criteria. An example, actually used in 
this project was the equal weighting that assigns to 
each criterion the same relevance. The data for the 
process modeling were provided by the project 
partners through research activities or literature 
research.  
The socio economic analysis was carried out for 5 
EU countries (NL, PL, UK, DE, ES) and has taken 
into account the following aspects (sub criteria): 
 
• Employment (direct and induced) 
• Agriculture and land assessment (consumption 

as % regional and national production, land 
required, land required as % of regional and 
national agricultural land) 

• Trade assessment (revenue from traded 
feedstock and products, revenue from traded 
feedstock and products as % of national GDP) 
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Pic.7: Katie Chong  presenting the results of WP6. Katie Chong 
is working as a Researcher in the Bio Energy Research Group 
(BERG) at Aston University in the UK. Together with Prof. Tony 
Bridgwater, Katie was involved in the coordination of WP6 
Integral biomass-to-products chain design. 
 
To assess the environmental performances of the 
concepts a Life Cycle Analysis was carried out 
considering the following environmental impact 
categories: Global Warming Potential; cumulated 
Primary Energy Demand; Acidification Potential; 
Eutrophication Potential and Photochemical Ozone 
Creation Potential with a quantitative approach. 
 
Abiotic Depletion; Freshwater Aquatic Ecotoxicity 
Potential; Marine Aquatic Ecotoxicity Potential; 
Terrestric Ecotoxicity Potential; Human Toxicity 
Potential and Ozone Layer Depletion Potential 
were analyzed qualitatively. 
 
The project consortium decided to carry out the 
evaluation and comparison of 27 complete 
biorefinery concepts but the methodology (and the 
Excel model developed) allows the analysis of 
many more biorefinery concepts.   
 
The results lead to the following conclusions: 
 
·  Most promising biorefineries are those where 

specialty chemicals are produced in addition to 
ethanol using simple processing routes and all 
fractions of the biomass are used to produce only 
value added products 

·   
·  Least promising biorefineries are those with a 

poor conversion efficiency combined with 
economic loss and those with a high heat and 
power demand. Biorefineries that produce only 
heat and power from biomass are not cost 
effective 

 

 BIOSYNERGY facts 
�

The total budget of BIOSYNERGY was 13.4 M€. 
The project has received financial support from the 
Sixth Framework Programme for Research and 
Technological Development of the European 
Communities (Contract No. 038994 / SES6). The 
Communities’ financial contribution was up to 7.0 
M€ in the form of a grant to the budget. 
BIOSYNERGY started on 01.01.2007 and lasted 
for four years, until the end of 2010. 
 
For more information, publications, workshops 
proceedings and the Biosynergy Video  please 
consult the project website:  

www.biosynergy.eu  
 

The participants in BIOSYNERGY 
 

The project consortium includes 17 partners from 
industry, academia and research from 10 EU 
countries: 
·  ECN – Energy research Centre of the Netherlands (NL) – 

project coordinator  
·  ABNT – Abengoa Bioenergy S.A. (ES) 
·  CEPSA – Compania Espanola de Petroles S.A. (ES) 
·  DOW – DOW Benelux B.V. (NL) 
·  VTT – VTT Technical Research Centre (FI) 
·  ASTON – Aston University (UK) 
·  FBR – WUR Food & Biobased Research - Wageningen 

University & Research (NL) 
·  ARD – AgroIndustrie Recherches et Développements (FR) 
·  IFP Energie Nouvelles – Institut Français du Pétrole (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 Energy (NL) 
·  CHIMAR – Chimar Hellas S.A. (GR) 
·  TUD – Delft University of Technology (NL) 
 

BIOSYNERGY contacts 
 

Hans Reith  – Project Coordinator (ECN) 
Tel: +31 (0)224 56 43 71 
E-mail: reith@ecn.nl 
Alessandro Agostini  – Coordinator “Training and Knowledge 
Dissemination” (JRC) 
Tel: +31 (2)224 56 5258 
E-mail: alessandro.agostini@ec.europa.eu 

 
The Biosynergy Newsletter is edited by the Institute of Energy of 

the Joint Research Center of the European Commission on 
behalf of the Biosynergy Project. The views expressed in this 

publication are the sole responsibility of the authors and do not 
necessarily reflect the views of the European Commission
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