The work leading to these results has received funding from
the European Community's Horizon work Programme under
grant agreement no 654371

Deliverable 3.2
Report on other main European and global players in the
field of forest biomass secondary processing
Project full title:
Project acronym:
Project reference:
Deliverable No.
Issue:
Date:
Nature:
Dissemination level:
Work package
Responsible organization:
Authors:

EUROPEAN RESEARCH INFRASTRUCTURE for CIRCULAR
FOREST BIOECONOMY
ERIFORE
654371
3.2
1.0
09/09/2016
R
PU
3
TECNALIA
Tecnalia: Maider Azpeitia, Enrique Ipiñazar, Javier Garcia Jaca
VTT: Jari Rautio, Mika Härkönen
Aalto: Minna Malin
FhG: Ville Nikkanen
SP: Rickard Fornell, Karin Johnson, William MacIntosh
KTH: Josefin Illergård
SINTEF: Roman Tschentscher
FCBA: Denilson Da Silva Perez
INRA: Benoit Joffres, Jean-Michel Carnus
Wood K Plus: F. Hesser, B. Hedeler
LSIWC: Martin Andzs
PPIMC: Iuliana Spiridon, Vlad Stelian
BBEPP: Frederik De Bruyn

Horizon 2020 ref. 654371

Change log:
Issue
Date
1.0

D3.2 Main European and global players in
forest biomass secondary processing

Status

Remarks

2016-09-09

2

Issue 1.0
09/09/2016

Horizon 2020 ref. 654371

D3.2 Main European and global players in
forest biomass secondary processing

Issue 1.0
09/09/2016

Table of Contents
1 Introduction ......................................................................................................................... 6
1.1 Scope and Objectives ................................................................................................... 7
1.2 Chemical conversions ................................................................................................... 8
1.3 Biochemical conversion and biotechnology .................................................................. 8
1.4 Biopolymer and biocomposites processing ................................................................... 8
1.5 Fiber technologies......................................................................................................... 9
1.6 Other high added value biobased products .................................................................. 9
2 Methodology ..................................................................................................................... 10
3 The capabilities, facilities, networking and funding sources of the ERIFORE consortium
partners .................................................................................................................................... 11
4 Expertise areas and capabilities of main European and global players ............................ 12
4.1 Austria......................................................................................................................... 12
4.2 Belgium ....................................................................................................................... 13
4.3 Bulgaria....................................................................................................................... 13
4.4 Croatia ........................................................................................................................ 14
4.5 Czech Republic ........................................................................................................... 14
4.6 Denmark ..................................................................................................................... 14
4.7 Estonia ........................................................................................................................ 15
4.8 Finland ........................................................................................................................ 16
4.9 France......................................................................................................................... 17
4.10
Germany .................................................................................................................. 17
4.11
Greece ..................................................................................................................... 20
4.12
Hungary ................................................................................................................... 20
4.13
Ireland...................................................................................................................... 20
4.14
Italy .......................................................................................................................... 21
4.15
Latvia ....................................................................................................................... 21
4.16
Lithuania .................................................................................................................. 21
4.17
Luxemburg............................................................................................................... 22
4.18
Malta ........................................................................................................................ 22
4.19
The Netherlands ...................................................................................................... 22
4.20
Norway .................................................................................................................... 23
4.21
Poland ..................................................................................................................... 23
4.22
Portugal ................................................................................................................... 24
4.23
Romania .................................................................................................................. 24
4.24
Slovakia ................................................................................................................... 25
4.25
Slovenia ................................................................................................................... 25
4.26
Spain ....................................................................................................................... 25
4.27
Sweden.................................................................................................................... 26
4.28
Switzerland .............................................................................................................. 26
4.29
United Kingdom ....................................................................................................... 27
4.30
Summary ................................................................................................................. 27
5 Research facilities of main European and global players.................................................. 28
5.1 Chemical conversions ................................................................................................. 28
5.2 Biochemical conversion and biotechnology ................................................................ 30
5.3 Biopolymer and biocomposites processing ................................................................. 33
5.4 Fiber technologies....................................................................................................... 35
3

Horizon 2020 ref. 654371

D3.2 Main European and global players in
forest biomass secondary processing

Issue 1.0
09/09/2016

5.5 Other high added value biobased products ................................................................ 39
5.6 Summary .................................................................................................................... 39
6 Co-operation networks of main European and global players........................................... 43
7 Funding sources of main European and global players .................................................... 46
7.1 Infrastructure investment ............................................................................................ 46
7.2 Support and coordination actions ............................................................................... 47
8 Conclusions ...................................................................................................................... 48
APPENDIX A: MAIN DEMO AND PILOT PLANTS DESCRIPTION ......................................... 50
APPENDIX B: ADDITIONAL INFORMATION .......................................................................... 71
B.1 Research players expertise summary table ................................................................ 71
B.2 Additional information on research facilities ................................................................ 78

4

Horizon 2020 ref. 654371

D3.2 Main European and global players in
forest biomass secondary processing

Issue 1.0
09/09/2016

SUMMARY
This second deliverable aims at evaluating the capabilities, facilities, networking and funding
sources of the other main European and global research providers in the forest biomass
secondary processing outside ERIFORE consortium. The field of secondary processing covers
different technologies, i.e., chemical and biochemical conversion, polymer processing, fiber
technologies and other high value added products, used to transform products obtained after
wood deconstruction steps considered in primary processing.
External key organizations in secondary processing have been identified through personal
contacts and networks of ERIFORE partners. A survey on capabilities, facilities, networking
and funding sources was sent to the experts and interviews were performed with organizations
and personal contacts with recognized expertise in secondary processing.
Firstly, as shown in Chapter 4, main European research players have been identified in a
country basis, identifying their expertise areas and capabilities related to secondary processing
of forest based materials. Among all the organizations analyzed (around 150), there is a great
expertise in the field of chemical and biochemical conversion, as well as in biopolymer
processing. To a lesser extent, organizations with expertise and capabilities related to fiber
technologies for the processing of forest based materials are also represented, especially in
Northern and Central Europe.
Likewise, in Chapter 5 main research infrastructure devoted to forest-based secondary
processing have been analyzed. The search focused specially on the open access pilot and
demo scale facilities and unique equipment available all along Europe. Accordingly, the
distribution of the infrastructures was similar to the expertise and capabilities of research
players, in terms of technological categories and geographical distribution.
On the other hand, cooperation networks and programmes where players involved in
secondary processing take part have been identified. There is no specific network covering all
technological categories of secondary processing. In turn, the networks and programmes often
concern several technological categories and address topics much broader than secondary
processing of forest based products.
In Chapter 7 main funding sources have been examined, listing funding type of infrastructures
identified and analyzing the main support and coordination actions related to secondary
processing.
Finally, Chapter 8 summarizes main conclusions on expertise, infrastructures availability and
challenges and needs identified. These conclusions have been drawn from surveys, interviews
and all data collected.
Additional information is included at the appendixes, expanding data on main demo and pilot
plants (Appendix A) and research players (Appendix B).
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1 Introduction
The aim of the ERIFORE is to establish a globally competitive European research
infrastructure in the field of Forest based Bioeconomy. The approach of ERIFORE is to
facilitate through research infrastructure co-operation the development and
commercialization of novel, industrially adaptable and techno-economically viable
solutions that can be derived from a Circular Forest Bioeconomy. These solutions are
founded on value chains ranging from sustainable biomass management, harvesting and
efficient biomass utilization producing the most value added products, enhanced recycling, and
reuse of material through the whole lifecycle. Thus, the future infrastructure shall comprise
shared knowledge platform and educational services, centralized information management
environment, research laboratories with up-to-date equipment, versatile characterization
and analytical equipment, modeling and simulation tools, and extensive selection of
pilot plants in the field of biorefinery.
Partners of ERIFORE have complementary research infrastructure for development of
processes for production of chemicals, fuels, fiber products and materials from renewable
biomass utilizing biotechnological, chemical and thermal processing technologies.
The scope and technical content of research areas and infrastructures in circular forest
biorefinery field can be described in many ways. In ERIFORE project the dividing is based on
steps in the development chain: raw material sourcing and availability, primary processing of
the forest biomass, secondary processing of the biomass components, and separation and
downstream processing technologies (Figure 1).

Figure 1. The technology areas included in ERIFORE action.
6
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The work in WP1-4 has been divided in 3 tasks:
 the capabilities, facilities, networking and funding sources of the consortium partners
 the other main European and global research providers in the field of forest based
bioeconomy
 the main R&D needs, drivers and trends in forest based bioeconomy
This report (D3.2) describes the capabilities and facilities of the other main European and
global research providers in the field of forest biomass secondary processing.

1.1

Scope and Objectives

The objective of this study is to evaluate the capabilities, facilities, networking and funding
sources of the main European and global research providers in the forest biomass secondary
processing (besides the ones of the ERIFORE partners already collected in Deliverable D3.1).
The field of secondary processing technologies includes all processes used to synthesize or
transform final or second generation intermediate products by using forest biomass derived
components (products obtained through primary processing or different intermediate products
obtained from those primary products) as raw materials. Therefore, a wide variety of processes
and technologies are considered in this Work Package, such as chemical and biochemical
conversions, biotechnology, polymer processing or fiber technologies among others. Figure 2
shows the classification considered.
CHEMICAL
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BIOPROCESSING
AND BIOTECH

BIOPOLYMER
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FIBER
TECHNOLOGIES

OTHER HIGH-VALUE
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Figure 2. Subdivision of thematic topics in Secondary processing (WP3).
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Chemical conversions

Chemical conversion is used in secondary processing to turn intermediate products to different
final products. The final product from chemical conversion is often liquid, slurry or solid material
which typically requires separation and purification process steps. The separation technologies
are analyzed in the WP4 (deliverable D4.2).
Chemical conversion utilizes normally either heterogeneous or homogenous catalysts. The
intermediate product, which is turned into a final product in the reactor, can be simple or
complex. Normally complex molecules utilizes homogenous catalysts or high-pressures and
temperatures, where as simple gaseous intermediate products utilizes solid heterogeneous
catalysts especially at high temperatures. Different catalysts are used to increase reaction
kinetics and most of the produced chemicals are produced in a catalytic environment.
Manufacturing, testing, screening and evaluation of new catalysts is a main research topic
especially with heterogeneous catalysts.
Operational temperature range is usually from room temperature up to several hundreds of
degrees Celsius. However, some special chemical reactions may require sub-zero
temperatures. Pressures are normally from ambient pressures up to hundreds of atmospheres.
Higher pressures and higher temperatures make the reaction kinetics faster, but increasing
temperature and pressure normally increases investment and operational costs
consequentially.

1.3

Biochemical conversion and biotechnology

Biochemical conversion and biotechnology employ enzymatic and whole cell catalysis for pretreatment and conversion of lignocellulose feedstocks. A key for this type of conversion is to
identify enzymes and microorganisms that work at the same conditions (temperature, pH,
inhibitor tolerance) to achieve optimal conversion with the least number of process steps.
Consolidated bioprocessing technology, meaning that enzyme production, cellulose hydrolysis,
sugar consumption and product generation are carried out by one microorganism in a single
reactor is not economically feasible but is currently under research.

1.4

Biopolymer and biocomposites processing

Within this section a variety of techniques for thermoplastic and thermosetting biopolymers and
biocomposites materials processing, such as compounding, extrusion, injection molding,
thermomolding or infusion, among others, are considered.

8
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Fiber technologies

Technologies aiming at the extraction and the synthesis of lignocellulosic fibers and their
transformation into fiber based webs or textiles are considered in this section.
In fiber based web technologies a uniform web is formed in a paper/board machine. The paper
machine has three major components – the base sheet forming section, the press section and
the drying section. After drying the paper can be calendered, coated and finally printed. Unit
operations are principally similar for all paper and board grades from thin tissue papers to
heavy paperboards.
A recently developed new technology, foam forming, gives exciting opportunities to develop
new recyclable and light weight wood fiber products. Examples of those products include e.g.
biobased nonwoven webs, filters, insulation materials and cushioning materials in packaging.
Wood cellulose can be used for production of man-made textile fibers. Typically cellulose is
dissolved and regenerated into textile fibers by wet-spinning process. The production of the
most common regenerated cellulose fiber, viscose, is based on derivation of cellulose using
carbon disulphide. Alternative processes of producing fibers from dissolving pulp include
commercial Lyocell process (by Lenzing) as well as pilot/lab scale processes, such as
cellulose carbamate, Biocelsol and Ioncell. Carbamate and Biocelsol methods are utilizing
alkaline water based wet-spinning processes, whereas Lyocell and Ioncell processes are
based on changing solvent and using dry-jet-wet-spinning.
Nano and microcelluloses can be manufactured from wood pulps by mechanical treatments.
Chemical and enzymatic pretreatments can be applied to ease the fibrillation and to produce
nanofibers with smaller width. Nanocellulose has potential in a series of products in a wide
range of application areas, e.g. paper, emulsions, composites, packaging material and medical
applications.

1.6

Other high added value biobased products

Within the processing of wood numerous streams containing hundreds of chemicals are
formed. Isolation, characterization and testing of these chemicals for either potential
pharmaceuticals, intermediates for high value chemicals or food additives is an area that is
underutilized today. Production of pharmaceuticals and food additives from forest feed material
are not that common. Examples include the pharmaceutical Paclitaxel (taxol) and the food
additive vanillin.
Identification, isolation and the ultimate production of potential pharmaceutical products will
require all disciplines in the ERIFORE consortium to work together. Complications include
variance of feed material causing variance of impurity profiles of the isolated product. Both upstream and down-stream processing, including isolation and purification of the product would
have to be tightly controlled. Production of several high value products would have to be
conducted in accordance to Good Manufacturing Practice (GMP).
9
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2 Methodology
Two distinct strategies were followed in order to collect and analyze data related to secondary
processing of forest based products. On one hand, a country-wise search was performed in
order to identify the main research players, together with their capabilities and expertise, within
Europe (27 countries of the EU, plus Norway and Switzerland). Each country has been
assigned among ERIFORE partners:
Austria
Belgium
Bulgaria
Croatia
Czech Republic
Denmark
Estonia
Finland

France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania

Luxemburg
Malta
The Netherlands
Norway
Poland
Portugal
Romania
Slovakia

Slovenia
Spain
Sweden
Switzerland
United Kingdom

On the other hand, data on networks and facilities (unique equipment, pilot and demo plants)
have been analyzed by expert panels formed for each technological category. The expert
panels were constituted by one person from each ERIFORE organization.
Data were collected by performing personal interviews to key players in secondary processing
and through an online questionnaire. ‘Forest based bioeconomy research infrastructure survey’
was performed using EU Survey tool (https://ec.europa.eu/eusurvey/). The survey consisted of
five parts, i.e. background information, forest based bioeconomy, infrastructure, networks and
future prospects. Project partners collected list of contacts (more than 300) to whom the survey
was sent by email. The survey was uploaded to the ERIFORE webpage and the link for
participation was distributed via e-mail. Altogether 96 completely filled out surveys were
received and analyzed.

10
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3 The capabilities, facilities, networking and funding sources of
the ERIFORE consortium partners
All the information regarding ERIFORE partners was gathered and analyzed in detail within
deliverable D3.1 and it is summarized within this chapter.
The ERIFORE partners have very extensive knowledge and tool basis. Expertise and
capabilities in the consortium is currently heavily focused on producing intermediate products
via chemical or biochemical processes. Most partners are capable of executing a wide range of
research in laboratory scale.
The ERIFORE consortium is especially strong in industrial biotechnology. The research
facilities cover the whole research and development chain: synthetic biology and strain
development, extensive selection of laboratory scale fermentors and advanced analytical tools,
and top level facilities for scale-up and piloting. In chemical conversions, the consortium has
also very good selection of research equipment from laboratory to pilot scale. Most of the
consortium partners have good tools for polymer processing equipment e.g. for biocomposite
production research and scale-up.
A notable shortage is detected in pilot scale facilities for fiber based material technologies and
bio-based high value specialty products. Several partners have laboratory scale tools for nanoor microcellulose production as well as spinning of cellulose based textile fibers. However, only
VTT reported having piloting facilities for the production of new cellulose fiber based materials,
and SP have special pilots for pharmaceuticals.
All partners have very good domestic co-operation networks between research organizations,
and most partners have good links to domestic industry. European research networks are in
most cases at good level. However, we should further strengthen the cooperation, crossutilization and awareness of research infrastructures, and some partners would like to
strengthen cooperation with industry.
Most partners have the major part of infrastructure development and investments funding from
national or regional public sources in combination to own investment funding. Most of the
partners have utilized the ERDF (European Regional Development Fund) funding. In addition,
some partners have utilized additional investment sources, such as industry or foundations.

11
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4 Expertise areas and capabilities of main European and global
players
The expertise areas of main European organizations are summarized in Table B.1 (in Appendix
B) across EU countries and WP3 technology areas, i.e., secondary processing of forest based
biomass: chemical conversion, biochemical conversion, biopolymer processing, fiber
technologies and other value added products. Short descriptions of organizations unique
capabilities are provided below for each country on the basis of the ERIFORE survey and
additional information from internet sources.
4.1

Austria

As the wood-timber sector is one of the biggest employers in Austria, a lot of research is
carried out within the country (Statistik Austria 2016)1. Based on an increased interest in
industrial processes and wood-based materials, the range of secondary processing has a
valuable contribution within the country. A direct comparison within the EU illustrates however
the role of Austria as an Innovation follower (European Union 2015)2.
A bibliometric study referring to the keyword “secondary processing”, conducted with Scopus,
shows that around 1 % of scientific publications in the EU are carried out in Austria. Various
Research providers and organizations focus their research on chemical conversion,
biochemical conversion, biopolymer processing, fiber technology and other products. The main
non-profit research centers are the Austrian Centre of Industrial Biotechnology (acib)3 with a
focus on industrial biotechnology (Austrian Centre of Industrial Biotechnology 2016), the
Austrian Institute of Technology (AIT) focusing on biomining and smart screening (Austrian
Institute of Technology 2016)4 and the ERIFORE partner Wood K plus with its core
competences on materials research and process technology along the complete value chain
(Wood K plus 2016)5. More research and development in the range of secondary processing is
carried out by Universities and related engineering schools. The most important academic
research institutes are the University of Life Sciences Vienna 6, analyzing secondary
processing from all ERIFORE perspectives in numerous research groups, the Vienna
University of Technology7 focusing on the chemistry and thermochemical conversion as well as
the Graz University of Technology, focusing on analysis in lab scale, the Management Centre
Innsbruck (MCI) and the University of Leoben. The main R&D infrastructures for secondary
processing are hosted by Wood K plus which has been already described in the previous
deliverable D3.1.
1

Statistik Austria (2016): Leistungs- und Strukturstatistik. Vorläufige Ergebnisse 2014.

2

European Union (2015): Innovation Union Scoreboeard 2015. Belgium.
http://ec.europa.eu/growth/industry/innovation/facts-figures/scoreboards/files/ius-2015_en.pdf (30.5.2016)
3
Austrian Centre of Biotechnology (2016): Research at acib. http://www.acib.at/research-in-acib/ (30.5.2016)
4

Austrian Centre of Biotechnology (2016): Research at acib. http://www.acib.at/research-in-acib/ (30.5.2016)
Wood K plus (2016); Research Interests. http://www.wood-kplus.at/en/research-areas/wood-chemistry-andbiotechnology/research-interests (30.5.2016)
5

6

University of Life Science Vienna (2016): Facts & Figures. Profile and Figures. http://www.boku.ac.at/en/themenfuer-oeffentlichkeit/profil-strategie/ (30.5.2016)
7
Vienna University of Technology (2016): Institute of Chemical Engineering. http://www.vt.tuwien.ac.at/home/EN/
(30.5.2016)
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Belgium

In the field of chemical conversions, the Tessenderlo Group has a development center that
combines a chemical R&D laboratory and an 8100 m² Pilot Plant. The latter includes flow
chemistry devices (65 m tubular flow reactor) and 5x130 L reactors in series, high-pressure
reactors (100 L – 18 bar, 3x130 L – 5 bar), and different types of pilot UV-reactors combined
with photochemical expertise.
Also, the Synthesis, Bioresources and Bioorganic Chemistry Research Group (Synbioc) at
Ghent University is partly focusing on the modification of non-fossil resources towards
renewable chemicals. Research topics comprise the modification of biopolymers, and the
production of biofuels and particularly of renewable fuel additives.
In the field of Biopolymer Processing and Fibers, there are 2 main groups active in Belgium:
the Composite Materials Group (CMG) of University of Leuven and the Flemish Plastics
Center (VKC). One of the research lines of the CMG is the focus on Natural Fiber- and Biobased Composites, whereby amongst others, emphasis was put on improving fiber-matrix
adhesion and reducing moisture sensitivity of flax fibers. VKC focuses on biopolymer research
(extrusion and functionalization of biopolymers such as PLA), ecological functionalization of
plastics (e.g. use of flax and hemp fibers to reinforce plastics), recycling opportunities, and
process development towards end products.
VITO (Flemish institute for technological research) has vast expertise in various biological
conversions of lignocellulosic materials and gas, and electroconversions into value chemicals.
Further scale-up of fermentations, gas fermentations, and enzymatic conversions are possible
at Bio Base Europe Pilot Plant, with a capacity up to 15000 L of fermentation volume (10 L gas
fermentation).
Finally, various university labs in Belgium have expertise in strain engineering:
 Johan Thevelein Lab: development of superior industrial yeast strains (C5 sugar
fermentation etc.)
 Centre for Industrial Biotechnology and Biocatalysis (InBio.be): Focus on bioprocess
engineering, biocatalysis and fermentation.
4.3

Bulgaria

The University of Chemical Technology and Metallurgy - Sofia (UCTM) is a state university
that has accreditation with one of the highest scores in Bulgaria. Bachelor degrees offered are
in the field of Chemical Technology and Engineering, Materials Science and Biotechnology.
The Institute of Polymers, Bulgarian Academy of Sciences (IP-BAS) is an autonomous
research unit and has been the leading center of polymer research in Bulgaria. Being coherent
with the vanguard trends in polymer science and technology its research policy has always
been oriented to meet the requirements set by society needs. The Institute having developed a
world-class level of expertise in polymer synthesis has become a Centre of Excellence for new
polymer materials for medicine and pharmacy. IP-BAS has been putting much effort to keep
itself well integrated in the national, regional, and European research communities. The
research policy of the Institute is also coherent with the key objectives for sustainable
development of Bulgaria as an EU member state formulated in a number policy documents.
13
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The main research activities of IP - BAS are focused on the developments of new polymers
and innovative polymeric (nano)materials and technologies; polymer materials for biomedical,
pharmaceutical and biotechnological applications, and polymer materials for alternative
energy sources and polymers from renewable, unconventional resources.
4.4

Croatia

The Faculty of Chemical Engineering and Technology of the University of Zagreb is a
non-profit research organization, supported mostly by public partnership, of, as stated,
prevailingly global importance. One of its research groups is working in the field of applied
biocatalysis, with isolated enzymes as catalysts, as well as with the whole cells. In addition,
mathematical models are a very important part of the work. Last years, Faculty of Chemical
Engineering and Technology, at the University of Zagreb has been developed research
activities in the field of biocatalysts and fermentation technology. The research activities
provide a basis for the advancement of processes that make efficient use of energy and raw
materials with minimal impact on the environment, the application of the methodology of
chemical engineering at the mathematical modeling and optimization of biocatalytic processes
being the main strategies in all investigations. Laboratory bioreactors for aerobic and anaerobic
wastewater treatment, laboratory and pilot scale reactors for composting are the main facilities
used in research activities.
Faculty of Textile Technology (TTF) is the only Institution for education and scientificresearch in Republic of Croatia in the area of textile technology. Scientific research is shaped
so as to meet the needs for social and economic development, while the lecturing process
strives to comply with the labor market needs, as well as with social needs and priorities.
The TTF vision is to keep its leading position in the region and broaden the cooperation with
similar high ranking universities and institutes.
4.5

Czech Republic

University of Liberec, Faculty of Textile Engineering was established in the year 1960 and
provides as the only one in Czech Republic academic education through whole textile subject.
Some research activities are focused on the development of special textile structures or their
modifications to increase utility value of products using laboratory or equipment for the
spinning, weaving and knitting; obtainment of multi-layered composites, 3D woven and knitted
structural composites and nanoparticle reinforced composites; development of nanoparticulate
and nanocomposite systems with the aim of acquiring multifunctional effects (antistatic,
antimicrobial, increased heat resistance, improved mechanical properties, self-cleaning effects,
etc.); modeling the geometry and properties of textile structures, simulation of behavior of
composite, comprehensive review of hierarchical structures, quality of textiles and special
criteria for the design of textile structures.
4.6

Denmark

The main actors in the field of biomass conversion are universities working closely together
with Danish industry, such as Novozymes, NovoNordisk and Haldor Topsoe. The main actor
covering all fields of primary, secondary processing and separation is the Technical
University of Denmark, DTU, with strong activities both in biochemical, chemical and
14
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thermochemical conversion of biomass. The Department of Systems Biology hosts various
research groups, such as the DTU Fermentation core including the fermentation lab, gas
analysis and the mammalian cell lab, further The Danish National Supercomputer for Life
Sciences, Computerome. The Department of Chemical and Biochemical Engineering hosts a
pilot plant hall for fermentors, thermochemical conversion and combustion processes.
Technical services include Designing and building large scale plants (engineering,
construction), Unit operations (theory and practice), Industrial chemical processes (design
complete process), Operational experience (solving practical process problems), Project
management, Design of experiments, Plant safety and Good Manufacturing Practice (GMP).
The University of Aalborg has a biomass research programme with its main focus on thermochemical and bio-chemical conversion of biomass for the purposes of either energy or
solid/liquid/gaseous biofuel production. Activities cover the full value chain from feedstocks
through conversion to end use application for example in engines or power stations and further
developments into fully equipped biorefinery platforms. Geographically, the Biomass research
programme has activities at both Aalborg and Esbjerg Campuses of the Department of Energy
Technology.
At the University of Aarhus various research groups work on the conversion of biomass into
materials, chemicals and energy. The Biomaterials Synthesis Laboratory at iNANO is used for
manufacturing implantable devices. It is equipped with rapid prototyping tools for bioplotting of
hydrogels thermoplastic polymers (degradable and non-degradable). Work in this lab is carried
out in close collaboration with the ElectroMed Laboratory at iNANO. The Biofuel laboratory
investigates the biomass combustion for heat and energy production.
4.7

Estonia

Estonian University of Life Sciences is the only university in Estonia whose priorities in
academic and research activities provide the sustainable development of natural
resources necessary for the existence of Man as well as the preservation of heritage and
habitat. According to QS World University Rankings by Subject (2015), the Estonian University
of Life Sciences is one of top 100 universities in the world in the field of agriculture and
forestry, ranked 51 to 100. Academic and Research area –Forest and wood processing
technology - Wood science, technology of logging and forest machinery, wood processing,
technology of wooden products, wood chemistry and technology, resources, properties and
production technology of wood(en) fuel. Biosystems engineering - Agricultural engineering and
processing of agricultural products, farm engineering, biofuels, ergonomics.8
Tallin University of Technology, Faculty of Chemical and Materials Technology, fields of
competence.
1.
2.
3.
4.
5.

The thermal processing of oil shale and other materials;
The chemical-technical analysis and improvement of the liquid fuels
Physiochemical properties of substances
Chemical technologies and equipment design
Thin-film and nanostructured materials by chemical methods

8

Estonian University of Life Sciences (2016): Facts & Figures. Profile and Figures.
https://www.emu.ee/en/research/ (02.06.2016)
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Researching the properties of conductive polymer materials and their modification for
using them as functional materials and parts of electronic devices
Sustainable polymer materials for sustainable future: cellulose derivatives and woodpolymer composites
Thermoplastic polymers with novel ingredients constituents and their composites: the
effect of the ingredients on the crystallization, rheology, and mechanical properties
Functional textiles made of nanofibers
New technologies for of thermochemical processing of oil shale and fuel blends blended
fuels
The development of wood preservatives-emulsions, aqueous solutions, and
impregnation technology
Testing wood polymer composites (PPKM) and developing improved and sustainable
materials.9

Finland

In Finland the forest-based industry is one of the biggest industrial branches. Therefore
research on refining this biomass into various products is abundant. There are several
universities working at lab-scale on chemical and biochemical conversion (e.g. Helsinki
University, University of Oulu, Tampere University of Technology, Åbo Akademie
University). In Finland there are several semi-pilot scale facilities related to forest biomass
secondary processing, but a limited number of large scale pilot ‘open access’ facilities. The
strengths of the pilot infrastructure and competences in Finland include a diverse pilot
equipment selection available for development of biobased material applications and process
development of thermochemical technologies. In addition, there are several universities
focusing on development of novel technology concepts for renewable raw materials
and supporting pilot infrastructure for chemical process technology.
For industrial biotechnology and biochemical conversions there are several small scale pilot
equipment, but large scale multipurpose biotechnology pilots are not available. The strength in
Finland in this area of research is the close links between the different areas of expertise from
the production strain engineering to piloting. Novel tools of synthetic biology are also in the
strategic focus with the aim to enhance the use of sustainable raw materials. Chempolis Oy
demo scale biorefinery is an exception. Biorefinery is based on Chempolis formico®biorefining technologies. Its wider utilization would open new possibilities for the development
of biomass utilization related processes.
Biopolymer processing related RI is available at pilot scale in Finland from several players
cellulose based fiber processes is being one if the key competence areas. Both SciTech
Service Ltd and Tampere University of Technology have pilot scale equipment for
production of cellulose based fibers. Pilot and demo scale infra for fiber technologies can be in
addition found from Mikkeli University of Applied Sciences, Fiber Laboratory.
In addition to the above main players and Finnish ERIFORE partners (VTT and Aalto
University), there is a number of other research institutes and university laboratories that have
expertise or infrastructure for specific areas of secondary processing. For chemical
conversions and synthesis laboratory and semi-pilot scale facilities are offered e.g. by
9

Tallin University of Technology (2016): Facts & Figures. Profile and Figures. http://www.ttu.ee/research/
(02.06.2016)
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University of Oulu. For conversion of biobased intermediates Natural Resources Institute
Finland (Luke) offers pilot scale equipment.
4.9

France

A review of French actors showed that two types of R&D organization have to be considered in
France. Industrial technical centers are mainly working close to industry needs and are often
involved as primary partners in the development of high scale facilities. 5 have been identified:
 With more than 100 researchers, CTP is supporting the pulping industry for more than
50 years providing a broad range of expertise in chemical conversion, polymer
processing and fiber based material and an access to number of pilot facilities.
 IFPEn, a public-sector innovation center active in the fields of energy, transport and the
environment, has a historically strong expertise in the field of chemical conversion.
IFPEn is involved in the development of important demo scale units dedicated to the
gasification and the bioprocessing of wood.
 The biggest technical center in France, CEA provides a technological platform
dedicated to the thermochemical conversion of biomass (GENEPI) and a research unit
LCMCE carrying out fundamental research for the development of new catalysts to
convert biopolymers into valuable molecules. CEA is involved in the development of
several large scale pilot/demo plants via collaborations with industrial partners.
 CIRAD is a French agricultural research and international cooperation organization
working for the sustainable development of tropical and Mediterranean regions. The unit
BioWooEb is expertised in low-tech materials and fiber based materials (LVL, plywood,
thermotransformed wood, biochar…).
 TWB is a pre-industrial demonstrator that supports the development of innovative
biological tools (enzymes, microorganisms, microbial consortia) for the production of
chemical molecules, biopolymers, biomaterials and biofuels based on the use of
renewable carbon.
The research units belonging to French universities or CNRS (main science and technology
organization in France), are more focused on fundamental research. Numerous actors have
been identified covering globally all the research topics. Some were historically involved on the
transformation of lignocellulosic materials as LERMAB, LCPO or CERMAV. Numerous were
originally researching on chemical conversion (IRCELYON, ICPEES, TIMR), biochemical
conversion (TIMR, LGPM), polymer processing (ICPEES, IAM) and geared their work toward
lignocellulosic feedstock valorization.
4.10 Germany
Bioeconomy is a major research and development theme within Germany. The federal ministry
of education and research BMBF and the federal ministry of food and agriculture BMEL
launched several research programs for material and energetic use of all kinds of biomass.
Within the leading edge cluster Bioeconomy, founded partially by the BMBF, the main forest
based biorefinery activities are summarized. Relevant sectors, like the timber and forestry
industry, the chemical industry, the plastics industry and plant engineering, are all working
together as part of a regional center of competency in bioeconomics.
Many universities and universities of applied sciences have dedicated themselves the use of
renewable resources. Also basic research is done in the Max Planck Society, Helmoltz
Association of Research Centers and Leibniz Association. Significant infrastructure and know17
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how is located at the Bioeconomy Science Center (BioSC), an institution between RWTH
Aachen, Heinrich Heine University, Wilhelms University of Bonn and Jülich Research Center.
The work is ranging from sustainable plant production and resource stewardship via
biotechnological and chemical processing of renewable resources to economy and social
implications of the bioeconomy. Focusing on molecular bio-engineering the Biotechnology
Center (BIOTEC) was founded in 2000 at the technical university of Dresden. At the Johann
Heinrich von Thünen Institute, a research unit of the BMEL, questions related to forest
management, wood use and usage of renewable resources are processed.
Applied research is mainly done in the institutes of Fraunhofer Society. Starting with
pretreatment technology development at Fraunhofer ICT and CBP, followed by chemical or
biotechnological conversion at Fraunhofer UMSICHT, ICT and CBP up to polymer synthesis
and material including several characterizations at the Fraunhofer institutes IAP, WKI and
IMWS the whole value chain is covered, even up to pilot and demonstration scale at
Fraunhofer CBP and IAP. Beneath the Fraunhofer institutes the German Biomass research
center DBFZ located in Leipzig offers expertise and pilot equipment especially for the energetic
utilization of biomass and residues. Also focusing on the energetic use the Karlsruhe Institute
of Technology KIT, part of the Helmholtz Association, is hosting the Energy Center, which is
pooling fundamental research with applied research into all relevant energy sources. Within
this framework the bioliq® pilot plant is operated, synthesizing liquid fuels by gasification and
Fisher-Tropsch-reactions.
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Figure 3. Reprinted from "Bioeconomy in Germany - Opportunities for a bio-based and sustainable future"
report which was conducted by Federal Ministry of Education and Research in 2015. The numbers in
rhombi illustrates the number of active insitututes in bioeconomy.
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4.11 Greece
Main universities in Greece are the University of Athens, with expertise in the field of
biotechnology, and Aristotle University of Thessaloniki (AUTH), with the School of Chemistry
the School of Forestry and Natural Environment.
On the other hand, the Chemical Process & Energy Resources Institute (CPERI) and the
Chemical Engineering Sciences (ICE-HT) are active in biopolymer and biocomposites
processing research.
4.12 Hungary
Two of the main universities from Hungary (University of West Hungary, Institute of Wood and
Paper Technology - Natural Resources Research Center and University of Debrecen, Faculty
of Engineering) have expertise in the development of composite materials based on wood
components. Also, a high interest to produce bioactive nano-chemicals using green chemistry
was identified. Some research activities dedicated to the investigation of bioethanol production
are performed to the University of Pannonia, Research Institute of Chemical and Process
Engineering.
4.13 Ireland
Ireland's national Technology Centre for Biorefining and Bioenergy (TCBB) is one of a number
of centers established and led by industry, and initially funded by Enterprise Ireland and the
IDA Ireland. The TCBB is co-hosted by 4 Irish universities, NUI Galway, University College
Dublin, University of Limerick and Trinity College Dublin to enable it to expand its expertise and
resources to serve the broad bioeconomy audience. TCBB has been established to provide
industry members with the ability to leverage the extensive expertise, knowledge, research
skills and facilities available in Irish third-level institutions in order to create energy and
valuable industrial materials from sustainable sources of biomass.
Through the TCBB industry members, can access academic research expertise, can access
government agencies to inform and influence policy development and can access funding from
national research programmes or from European Framework (Horizon 2020) programmes to
pursue their aims. The principal objective of the Research Programme is to identify and
develop those biorefining and bioenergy activities that hold the greatest commercial promise,
and to develop them into commercial reality as quickly as possible.
In anaerobic digestion the TCBB is working to improve the efficiency of the digestion process
by incorporating an enzymatic pretreatment of the biomass coupled with enabling development
of a high speed/low cost staged process for enabling the extract of intermediate building blocks
like organic acids prior to the methanization of residual waste to improve the economic
production of the process.
The TCBB is also working to optimize the fermentation of bioplastics, ethanol, butanol and
other transport fuels as well as valuable industrial chemicals from the sugars and other building
blocks derived from enzymatic, AD and other biological processes.
20
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The Technology Centre participates with a number of funding agencies to deliver its
programme, including Horizon 2020, INTERREG, Science Foundation Ireland, The Higher
Education Authority and other private research initiatives.
4.14 Italy
There is huge background related to research on biomass chemical and biochemical
conversion, and also to fibers and WPC development, even though it is mainly focused on
agro-based biomass. This is reflected in the number of companies that currently produce
biobased products (biobased chemical building blocks, biofuels, biopolymers,...)
Different institutes related to the National Research Council (CNR) deal with forest based
topics (IBAF, CNR-IVALSA, ISAFOM) or focus on chemical conversion (CNR-ISMAC),
biochemical conversion (IBBA) and biopolymer processing (IPCB and IMC institute).
Main Universities in Italy are Università degli Studi di Roma La Sapienza, The University of
Milan, Universitá degli Studi Padova and the University of Turin. The Department for
Innovation in Biological, Agro-food and Forest systems (DIBAF) of the University of Tuscia
should be also mentioned for their research related to forest resources.
4.15 Latvia
Latvian currently no companies engaged in the chemical conversion. Primarily, this direction is
being developed in the Latvian State Institute of Wood Chemistry, laboratory of
polysaccharides has unique and innovative technology developed for the production furfural,
which allows modeling of industrial process. Mainly pentose sugar conversion into high value
adds products (xylose, furfural, acetic acid, etc.).
Laboratory of Bio-process engineering specializes in the development and automation of
bioreactors and fermentation processes for academic and industrial use, as well as the
implementation of user friendly and easy adaptable advanced control methods for fed-batch
fermentation processes. They test new bioreactor solutions in laboratory and deliver
autonomous bioreactors for industrial production process with volume up to 15 m3. Laboratory
of Cellulose, improvement of paper and polymer properties by micro, Nano particles of
lignocellulose. Investigation Nano paper of cellulose.10
Riga Technical University (RTU) electrospunn Nano fiber composites technology application
for textile industry, filtration systems, smart materials and medicine.11
4.16 Lithuania
Aleksandras Stulginskis University science area is forest biomass nanomaterials and
nanotechnologies, biomass engineering in bioprocessing, chemical biotechnology. 12

10

Latvia State Institute Of Wood Chemistry (2016): Facts & Figures. Profile and Figures.
http://www.kki.lv/new/en/scientific-activity (30.05.2016)
11
Rigas Technical University (2016): Facts & Figures. Profile and Figures.
http://www.rtu.lv/en/content/view/1119/1930/lang,en/ (30.05.2016)
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Center for Physical Sciences and Technology (FTMC) is the largest scientific research
institution carrying out a unique fundamental research and technological development works in
scientific fields of chemistry, bio and nanotechnologies, electrochemical material science,
functional materials, electronics, fiber, textile, polymer nanotubes. Center focuses not only the
innovative science but also high technologies expedient for business and society needs are
developed.13
4.17 Luxemburg
The Luxembourg Institute of Science and Technology (LIST) is a mission-driven Research and
Technology Organization (RTO) that develops advanced technologies and delivers innovative
products and services to industry and society. Research topics include valorization of plant
biomass as a source for bioenergy and biopolymers for innovative and commercially
interesting applications, and Bio-based and functional composites.
4.18 Malta
No relevant data has been found related to forest-based research expertise.
4.19 The Netherlands
The Netherlands has 2 main pilot sites for secondary processing: the Bioprocess Pilot
Facility (BPF) and the Chemelot Institute of Science & Technology (Chemelot InSciTe).
BPF is able to run fermentations on 1 m³, 2 m³ and 4 m³ scale (CSTR vessels). Chemelot
InSciTe is a public-private institute for biomedical materials and biobased materials to make
materials smarter, and has its own biobased pilot plant for chemical conversion of building
blocks on a 100 kg/day scale. Topics include synthesis of adipic acid from levulinic acid, and
the production of aromatics from biomass (BIO-HART) which is part of an INTERREG
Flanders-The Netherlands program.
In the field of fiber technology, the Kenniscentrum voor Papier en Karton (BUMAGA) focuses
all its activities towards development and improvement of the paper and board industry to
bridge the gap between research and adoption of new technologies by the market.
The University of Wageningen (WUR) has created its own Lignin Platform, bringing together
unique competences from lignocellulosic biomass to value chemicals. One research project
focuses on bio-asphalt, whereby lignin fibers are blended with bitumen to create asphalt with
beneficial properties.

12

Aleksandras Stulginskis University (2016): Facts & Figures. Profile and Figures.
https://asu.lt/language/en/university/research/research-areas/strategic-scientific-action-lines-of-aleksandrasstulginskis-university/ (01.06.2016)
13
Center for Physical Sciences and Technology (FTMC) (2016): Facts & Figures. Profile and Figures.
http://www.ftmc.lt/en/science/directions-of-scientific-activity (01.06.2016)
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4.20 Norway
Norway has always had a strong focus on marine resources, such as fish, seaweed etc. With
the decline of the Norwegian pulp and paper industry the forestry and agriculture business are
increasingly focusing on value added products from wood. The following players are dominant
in research and development of lignocellulose conversion processes.
Norwegian University of Life Sciences, NMBU, has a strong focus on biochemical
processes such as enzyme development, fermentation technology, biogas production.
Facilities include the fermentation lab and the biogas lab.
The Norwegian University of Science and Technology (NTNU) has wide competence in
chemical conversion and fiber technologies. Fields of research include chemical conversion of
biomass and derived compounds, catalyst development and kinetic studies for fuel and
chemicals production processes, fiber production and application.
The Norwegian Institute of Bioeconomy Research (NIBIO) is Norway’s largest research
institute within agriculture and the environment. Research infrastructure includes a highly
advanced biogas lab shared with NMBU, from lab to pilot scale, analytical tools for wood
components, extractives etc.
Paper and Fiber Institute, PFI, has a wide range of lab/small pilot scale facilities for
biorefinery research, especially in the field of pretreatment, pulping and fiber production. This
includes characterization tools for feedstock and produced fibers. They also have started to
work on chemical and thermochemical conversion at lab scale.
NOFIMA with its sites in Tromsø and Ås focuses on process development for marine and plant
based biomass conversion. It has facilities from lab to industrial scale and focuses on test
production, process development and optimization, market analysis of products, renting of
small scale production facilities and research facilities.
4.21 Poland
Institute for Chemical Processing of Coal, there is Clean Coal Technologies Center,
European leading center of innovative researches on clean carbon processing. The scope of
actual conceptual competences and market activities: Thermochemical conversion of solid
fuels for energy and chemical industry – including renewable fuels for energy production,
pyrolysis and gasification of coal and biomass, oxy-combustion and innovative liquefaction of
coal. Rational individual and municipal heating systems based on coal and biomass – including
reduction of low emission from houses, by development of small capacity boilers, as well as
classified, low-emission fuels. Thermal processes for energy recovery from waste and solid
recovered fuels – including wastes compacting, pyrolytic conversion and gasification of wastes,
incl. sludge from wastewater treatment plants.14
Poznan University of Technology, has a very good world-class premises and infrastructure
as well as scientific and research facilities, the website of Poznan University of Technology

14

Institute for Chemical Processing of Coal (2016): Facts & Figures. Profile and Figures.
http://www.ichpw.pl/en/research-infrastructure/ (02.06.2016)
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provides the catalogs of the latest equipment of individual faculties, being an attractive offer
encouraging for cooperation with business.15
Lodz University of Technology, Faculty of Biotechnology and Food Sciences, main research
areas: bacterial cellulose as a modern biomaterial useful in medicine, enzymatic synthesis of
prebiotic oligosaccharides, cool adopted enzymes of Antarctic microbes origin and their use for
synthesis of chiral building blocks, metagenome of Antarctic soil as a source of unique
lipase/esterase genes, biosynthesis of lipases and pro-salubrious lipids by fungi of Macro
genus, biodiesel enzymatic synthesis production of enzymes of Aspergillus Niger and their
use in textile industry.16
Wood Technology institute is the only scientific-research institution in Poland which deals in
a comprehensive manner with theoretical and practical issues of wood processing, its
application and creation of new composites based on wood. One of activity in the field of
scientific research, stemming from the Statute, of the Institute encompasses scientific research
and development works conducted in the following scope: biotechnology, chemical wood
processing industries.17
4.22 Portugal
Forest-based research expertise in Portugal is very oriented to cork use for final products, for
instance in wood-polymer composites or for development of panels.
The Institute of Experimental and Technological Biology (iBET) focuses their research on
biotechnology.
Main universities in Portugal are the University of Lisboa, the University of Porto and the
University of Coimbra. The University of Aveiro is also important in the field of biopolymer
research.
4.23 Romania
“Petru Poni” Institute of Macromolecular Chemistry (PPIMC) has expertise in wood
processing. Wood, as well as main components are used as components of composite
materials. The main research facilities are dedicated to wood and composite characterization
at lab level.
Gheorghe - Asachi Technical University (TUIASI), Cellulose, Paper and Fibers Group is
the only group that trains engineers and specialists in the area of pulp and paper industry.
Research activities are focused on the delignification of different kind of biomass, as well as on
the development of new composite materials based on natural polymers.

15

Poznan University of Technology (2016): Facts & Figures. Profile and Figures.
http://www.put.edu.pl/content/structure-put (07.06.2016)
16
Lodz University of Technology (2016): Facts & Figures. Profile and Figures. http://www.p.lodz.pl/en/faculties
(07.06.2016)
17
Wood Technology institute (2016): Facts & Figures. Profile and Figures.
http://www.itd.poznan.pl/en/index.php?id=99 (07.06.2016)
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4.24 Slovakia
The research of Polymer Institute of the Slovak Academy of Sciences is concentrated on
intentional and spontaneous structural changes in polymers in relation to their properties.
Research projects are focused on modification by introduction of functional groups, grafting,
cross-linking, thermal and light stabilization of polymers, on mechanism of emulsion
polymerization, preparation of new polymer materials based on polymer mixtures and
composites, materials for biotechnology and biomedicine and supports for liquids
chromatography. The thermodynamics of polymeric systems, conformation and mobility of
polymer chain of synthetic polymers and biopolymers is investigated. New chromatographic
separation and characterization techniques for complex polymer systems are being developed.
4.25 Slovenia
At Maribor University, Faculty of Chemistry and Chemical Engineering, the activity of
Laboratory for Process Systems Engineering and Sustainable Development is dedicated to
design sustainable manufacturing technologies by improving mass and energy efficiencies and
the development of new materials and products, while Laboratory for organic and polymer
chemistry and technology is involved in the study of biodegradable and biocompatible
polymers.
The Center of Excellence Polymer Materials and Technologies, Ljubljana is a private research
center focused on the use of materials from renewable resources in polymer production, study
of degradation and stabilization of natural and modified natural polymer materials.
4.26 Spain
There is a great background and expertise regarding forest-based secondary processing in
Spain. According to the Spanish Ministry of Agriculture, Food and the Environment
(MAGRAMA) indictors, forest related industry contributed 0.56% to national Gross Domestic
Product (GDP), generating 5.9 billion euros of Gross Value Added in 2012. Paper industry
generated 3.3 billion, timbre and cork industry 1.8 billion € and silviculture and forestry
contributed in 0.7 billion euros. Besides, bioenergy sector contributed to GDP in 3.5 billion
euros per year during 2007-2014 period (AGRIPA Report “The Spanish Bioeconomy Strategy:
2030 Horizon”).
Among the 80+ Universities and 100+ Research Centers in Spain, there is a number of
organizations dealing with biomass valorization research. In particular, several players should
be highlighted in the field of forest-based secondary processing covering all technological
categories (i.e., chemical and biochemical conversion, biopolymer processing, fiber
technologies or other valuable products), such as the Spanish National Research Council
(CSIC), TECNALIA Corporation (Azti, Neiker and TRI-Tecnalia Research & Innovation),
CARTIF, GAIKER-IK4, Madrid Institute of Advanced Studies (IMDEA) and also players
specially focused on chemical and biochemical conversion, such as the National Renewable
Energy Center (CENER), IVICAM-CLAMBER and Centro de Investigaciones Energéticas,
Medioambientales y Tecnológicas (CIEMAT); or on biopolymer processing, e.g. AIMPLAS,
ANDALTEC, AITIIP.
Several universities are active in the field too, e.g. Universidad Complutense de Madrid (UCM),
Universitat Autónoma de Barcelona (UAB), Euskal Herriko Unibertsitatea (UPV/EHU),
25
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Universitat Jaume I (UJI), Universidad de Valladolid (UVa), Universitat Politècnica de València
(UPV), Universitat Pompeu Fabra (UPF), Universitat Rovira i Virgili (URV), among others.
4.27 Sweden
Sweden is by tradition strong in the forest bioeconomy and has long experience in both fiber
technologies and in biorefinery approaches. Therefore, in Sweden the forest-based industry is
one of the biggest industrial branches. Due to the increasing global competition within the pulp
and paper industry, and the Swedish abundance of forest biomass, research on refining this
biomass into various other products has increased in recent years. The need from the industry
for a strong research infrastructure has also led to investments in pilot and demo facilities for
secondary processing in Sweden in the past decades.
There are several facilities at the research institutes SP, Innventia and Swerea, but also
within companies such as MoRe Research. There are also many universities working at laband semi pilot scale on chemical and biochemical conversion (e.g. KTH Royal Institute of
Technology, Swedish Univ. of Agricultural Sciences (SLU), Lund University, Chalmers
Univ. of Technology, Univ. of Borås, Umeå Univ. and Luleå University of Technology,
MidSweden University), and also competences in process control and optimization of
biorefinery processes (e.g. Mälardalen University).
On a larger scale, there are at least four institutions (excluding the ERIFORE-partners SP and
KTH Royal Institue of Technology) in Sweden based on the questionnaire-replies. Firstly, Lund
University has the Process Development Unit, a collection of pilot equipment for
biochemical pathways biorefinery research. Secondly, University of Borås has pilots and
experience in running different types of bioprocesses, e.g. biogas, ethanol, syngas
biomethanation. The research institute Innventia has several pilot plants, e.g. on
nanocellulose production, on papermaking, on extrusion of carbon fiber from lignin. Innventia
also runs a demonstration plant for lignin extraction from black liquor, according to the
LignoBoost-concept. This demo-plant is part of a test bed called LignoCity where lignin is to
be refined to chemicals, materials and fuels. Finally, the Biorefinery Demo Plant (BDP) for
hydrothermal treatment and biochemical conversion of lignocellulose (described in D3.1),
which is run by SP, is owned by Umeå University and Luleå University of Technology (95%),
and the company SEKAB E-technology (5%).
4.28 Switzerland
According to the Federal Statistical Office in 2015 1.82 million cubic meters of roundwood was
cut in Switzerland. 62 % therefrom is used as lumber, the residues are mainly used for
fiberboard production, pulp and paper and decentralized energy production.18
Due to the fact that the produced wood cannot cover the domestic demand an additional use of
wood for new bioeconomy products is strongly inhibited. Only topics like biodiversity,
landscape or natural hazards (research areas of the Swiss Federal Institute for Forest, Snow,
and Landscape Research – WSL) or new material developments are within the Swiss research
strategies. The Paul Scherrer Institute – PSI three main subject areas: Matter and Material;
Energy and the Environment; and Human Health. At EMPA (Materials science and technology)
18
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an interdisciplinary research institute of the ETH, materials and technology research is
performed. Empa’s R&D activities focus on meeting the requirements of industry and the
needs of society, and thus link applications-oriented research to the practical implementation of
new ideas.
4.29 United Kingdom
The main players in the field of forest biomass secondary processing that have been identified
are The Biorefinery Centre, Biorenewables Development Centre (BDC) and the Centre for
Process Innovation (CPI). Much of the research is sponsored by Biotechnology and
Biological Sciences Research Council (BBSRC).
The Biorefinery Centre is located within the Institute of Food Research and the work is mainly
focused on production and commercialization of biofuels and fibrous material from
lignocellulose. It is a one-stop shop for biomass evaluation and valorization up to pilot scale
level with facilities for biomass pretreatment, enzymolysis and bioreactors for liquid, solid and
dispersed systems. High cell density fermentations can be carried out from 100 L up to 2 m³
scale.
CPI has its own Industrial Biotechnology facility. Besides the ability to conduct classic
fermentations, CPI is one of the only facilities that investigate the potential of (C1) gas
fermentations for conversion into biofuels and value chemicals. In addition, CPI focuses on
fractionation and extraction of products from renewable resources such as woody biomass. In
addition, CPI has an Anaerobic Digestion Facility up to 5 m3 and a C1 Gas Facility
comprising of a 10 L syngas fermentor and pilot-scale methane fermentation units for biomass
production.
The Biorenewables Development Centre (BDC) is able to conduct fermentations up to 30 L,
and investigates the potential of extracting valuable chemicals from waste. A supercritical CO2
fractionation/extraction pilot is installed, together with various reaction vessels and a pilot
chromatography unit.
4.30 Summary
Expertise related to secondary processing of forest based products is represented all over
Europe, to a greater or a lesser extent, depending on the technological area considered.
Around 150 R&D players have been identified within secondary processing fields. These
organizations and their fields of expertise are listed in Table B.1 at Appendix B.
Nearly half of the organizations are mainly devoted to chemical conversion (roughly 50% of
them) as well as to biochemical conversion (50%). Among all the players, 40% are experts in
biopolymer processing, 25% have expertise in fiber technologies and 15% are related to
other valuable products research.
In the case of Spain, research spins around eucalyptus industry, pulp and paper industry or
agroforestal residues. There is a great background and some infrastructure in secondary
processing research, both for agro-based and forest-based research. Even though there is
very little pilot scale research infrastructure available, CLAMBER facilities should be specially
highlighted since they have great capacity steam explosion equipment for biomass and
unique large scale fermentors. On the contrary, in Portugal research is strongly oriented to
cork and the development of WPCs and panels. As for Italy, there is a great background
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related to chemical and biochemical conversion, and also fibers and WPC development, even
though they are mainly focused on agro-based raw materials (in line with their natural
resources). There is a lot of industry related to agricultural resources transformation.
However, no pilot/demo facilities open and available to others for research have been identified
so far.
In the countries of the Danube area, the expertise in chemical conversion was identified in
organizations from Bulgaria (Institute of Polymers), Slovenia (Center of Excellence Polymer
Materials and Technology and Institute of Chemistry-Ljubljana). The expertise in biochemical
conversion is well represented in Croatia (University of Zagreb), Slovenia (Maribor University),
Hungary (University of Pannonia), while that in biopolymer processing was identified in
Bulgaria (UCTM), Slovenia (Maribor University), Slovakia (Polymer Institute of the Slovak
Academy of Sciences), Romania (“Gheorghe Asachi” Technical University of Iasi), Hungary
(University of West Hungary, University of Debrecen). The fiber technology processes are
developed in the University of Liberec, Faculty of Textile from Czech Republic and University
of Zagreb from Croatia. It must be mentioned a reduced presence, sometimes a lack of RI at
pilot scale in some secondary processes.

5 Research facilities of main European and global players
Within the present chapter main research facilities (available pilot/demo scale or unique
equipment) devoted to forest-based secondary processing are summarized for each category.
5.1

Chemical conversions

The ERIFORE consortium has state-of-the-art equipment/facilities in chemical conversion,
catalyst preparation and high-throughput catalyst screening including equipment for batch and
continuous processing in pilot scale for solid, liquid and gaseous streams. ERIFORE
consortium has e.g. ATEX classified multi-purpose reactors up 2 m3 and 50 bars and abilities
to run the facilities in continuous manner for several days. Higher-pressure reactors are
available up to 1 000 bar and high-temperature reactors up 1200°C in a smaller scale. The list
of different analysis tools for characterizing the produced catalysts (XRD, XRF, TEM, SEM,
DRIFTS, BET, XPS, SIMS etc.), different complex reactions (FTIR, MS, NMR, py-GC-MS,
HPLC UV/VIS, Raman etc.) or processed materials (TGA-MSD, DSC, HPLC-DAD/MSD, SEC
etc.) is also extensive (D3.1 and D4.1).
In addition to comprehensive set of facilities, ERIFORE consortium is experienced in a wide
range of biobased value chains e.g.:
 Lignin depolymerization and subsequent chemical modifications to produce e.g. bioaromatics, phenols, highly functionalized monomers and oligomers
 Modification of lignin e.g. via epoxidation and subsequent biopolymer production
 Conversion of sugars to furfural (FDCA) and subsequent biopolymer production
 Conversion of ethanol to ethylene or other dehydrated products e.g. to propanol and
butanol
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Chemical modification of cellulose to cellulose esters or ethers and subsequently to
polymer products. Modification of hemicelluloses
Chemical surface modification of cellulose fibers
Conversion of biobased syngas via Fischer Tropsch or methanol to different fuels or
platform chemicals
Pyrolysis oil upgrading e.g. by hydrodeoxygenation, hydrocracking, aldol condensation
Synthesis of oxymethylene ethers OME from biobased sources

The main relevant organizations outside ERIFORE consortium having experience in dealing
with lignocellulosic primary products are described below.
Many external organizations are also active in chemical conversion of biobased materials.
Numerous universities are developing new chemical routes for utilization of lignocellulosic
materials in different forms. From the identified external biorefinery piloting plants most have
focused on biochemical route in secondary conversion rather than in chemical conversion.
Lignin valorization is aiming in production of aromatics e.g. in Biorizon Shared Research
Center (BE & NL). Biorizon was initiated by TNO (ND), Vito (BE), Green Chemistry Campus
and Biobased Delta. Innventia (SWE) runs together with the company Nordic Paper and the
company cluster Paper Province an open testbed called LignoCity which aims to valorize kraft
lignin. Facilities range from lab (gram scale) to demo-scale (ton-scale). Innventia is aiming to
produce e.g. carbon fibers from lignin. In addition to lignin processing external partners are
researching and developing reaction routes for pyrolysis oil. Secondary conversion of pyrolysis
oil uses similar tools and reactions than which are used in lignin processing e.g. high-pressure
hydrodeoxygenations is one possible reaction which is carried out in high-pressure reactors.
But also more special tools are available, for example Biorenewables Development Centre is
researching synthesis reactions in microwave reactors. Chemical conversions of different
sugars (e.g. to HFM -> FDCA -> Polymers) are also researched and developed by several
different organizations globally.
In gasification and syngas based value chains, chemical conversion route is well piloted and
demonstrated and e.g. bio based FT-paraffin waxes, dimethyl ether and methanol can be
produced in the range of 10 – 100 kg/h at public research facilities. Many of these processes
are also well demonstrated by commercial organizations. Clean syngas, paraffins and
methanol can be considered as bulk commodities and chemical industry is capable to further
convert these materials in industrial scale. The main challenge in syngas value chain is to
produce clean syngas affordably in remarkably smaller scale (< 0.1 million tonnes/ year) than
what currently is done in fossil based industry (> 0.5 million tonnes / year). Currently the
research is focusing in process intensification and in utilization of e.g. micro reactors. Reactors
which are available for research purposes in non-profit organizations are many times operating
at below 1 kg/h scale. TU Freiberg has a unit to convert syngas to methanol and subsequently
to gasoline fractions but their research has strongly focused on fossil based materials.
Relevant organizations in syngas and thermochemical value chain are ENEA (IT),
CERTH/CPERI (GR) and PSI (CH), ECN (ND), KIT (DE), The Swedish Centre for Biomass
Gasification SFC (SWE), CEA (FR), TU Freiberg (DE), Fraunhofer UMSICHT (DE), IFPEn
(FR).
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Table1 summarizes key research facilities outside ERIFORE consortium.
Table 1. Compilation of research infrastructures for chemical conversions.

Country

Denmark

Organization
Technical University of
Denmark
University of Aalborg

Denmark

University of Aarhus

France
Germany
Germany
Germany
Germany
Germany
Germany
Greece
Norway

IFPEn
DBFZ
Fraunhofer IKTS
Fraunhofer UMISCHT
FZ Jülich
KIT
TU Freiberg
CERTH/CPERI
HiT

Norway

NIBIO

Norway

NTNU

Sweden

Innventia
The Swedish Centre for
Syngas conversion pilot (Luleå)
Biomass Gasification SFC
The Paul Scherrer
Syngas conversion
Institute, PSI

Denmark

Sweden
Switzerland

5.2

Equipment/facility
Various autoclaves and test rigs for gas and bio oil conversion, catalytic test
lab, catalysis center
Pilot scale HTL unit with trickle bed for bio oil hydrotreatment
Biomass synthesis lab: wet chemistry for the synthesis of polymers and
porous systems. Analysis of polymer chemistry and morphology through
rheology, FTIR, HR SEM, EDX, AFM
Conversion of syngas, bio based chemicals, pilot
Bio- and chemical conversion pilots
Thermochemical conversion of biobased syngas
Gasification and thermcal conversion related pilots
E.g. material development for syngas value chains
Bioliq gasification demonstration plant
Syngas conversion units e.g. 100 kg/h methanol reactor
Catalytic conversions
Biogas pilot plant
Wood chemistry lab. Several autoclaves, analysis tools for wood
components
Small pilot plants for catalytic reforming/isomerization and
hydrotreating/hydrocracking
LignoCity, test-bed for lignin conversion.

Biochemical conversion and biotechnology

The ERIFORE consortium has valuable expertise and competency in the diverse field of
bioprocessing and biotechnology. Core-pilot facilities (>1 m³) for bioconversion, and more in
particular for fermentation can be found at VTT (30 L to 1200 L), BBEPP (7 L to 15000 L),
Fraunhofer CBP (7 L to 7000 L), and SP (50 L to 600 L and Biorefinery Demo Plant in
Örnsköldsvik with 5 x 10 m³ (anaerobic) fermentors).
Among the ERIFORE partners, special expertise areas include gas fermentation and high
throughput strain engineering/screening. VTT has over 60 bioreactors for parallel strain
evaluations and a robotic system which allows high-throughput screening (3500 cultures per
week). SINTEF has state-of-the art laboratories for molecular biology and high-throughput
screening. Also Toulouse White Biotechnology (TWB) has a fully automated platform for
microbial strain engineering and validation. In the field of gas fermentation, BBEPP has built
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up a significant expertise on syngas fermentation with a fully operational 10 L ATEX gas
fermentation unit.
External European/International organizations have good expertise in the field of biotechnology
and some institutes have open access pilot infrastructure for fermentations. Pilot facilities
include:













The Centre for Process Innovation (CPI) in the UK has a fermentation capacity
ranging from 10 L to 750 L on lab-scale and up to 10.000 L on pilot/demo scale. CPI
possesses gas fermentation equipment ranging from microbioreactors (BioLector) to a
10 L scale gas fermentor for C1 gases. They are currently investigating the possibility to
build a pilot-scale rig (>5000 L) to convert methane into biomass.
The French Agro-Industrie Recherches et Développements (ARD) is very strong in
strain engineering (high throughput development), plant fractionation, 2nd generation
technologies (FUTUROL project - Lignocellulosic ethanol pilot), and process scale up.
Their fermentation capacity stretches from 2 L up to 180 m³, allowing fast market
entrance and implementation.
The Bioprocess Pilot Facility (BPF) in the Netherlands is able to run fermentations on
1 m³, 2 m³ and 4 m³ scale (CSTR vessels).
NOFIMA (Norway) has a National Facility for Marine Bioprocessing with two
fermentation reactors of 2 m³ and a continuous/batch hydrolysis on pilot scale.
The National Renewable Energy Laboratory (NREL) in the US has bench-scale to
pilot-scale capabilities for the conversion of biomass to sugars, fuels, and chemicals.
Fermentation capacity includes multiple stirred bioreactor systems from 10 L to 100 L, 2
x 1500 L stirred vessels, and 4 x 9000 L stirred vessels.
CLAMBER (Castilla- La Mancha Bio-economy Region) is a pilot biorefinery born as a
result of an initiative of the Regional Government of Castilla-La Mancha (Spain) with
EU-Funds to support the strategic sector of bioeconomy in the region.
Biopolis S.L. is a privately-held company, founded as a spin-off of the Spanish National
Research Council (CSIC). Biopolis provides services to agri-food, pharmaceutical and
chemical industries and has a total fermentation and production capacity of over 9000
liters.
Michigan Biotechnology Institute (MBI) is a non-profit biotechnology research
accelerator with a 3000 L pilot scale bioreactor and a multi-tonne AFEX pretreatment
line.

Various companies and institutes have and offer expertise in strain engineering, and adopted
high throughput creation and screening methods to propagate industrially robust organisms for
the production of high-value or bulk chemicals from 2G biomass. The open-access
fermentation pilot-scale capacity is available to implement the new generation of industrial
superbugs, and many private custom manufacturing organizations offer services for >100 m³
fermentations. Many efforts are also ongoing to bundle efforts in the field of bioeconomy in
various European Regions.
Table 2 summarizes key research facilities outside ERIFORE consortium.
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Table 2. Compilation of research infrastructures of biotechnology.

Country
Belgium

Organization
BBEPP

Equipment/facility
Up to 15000 L fermentors

Finland
Finland
France

Chempolis
VTT
ARD

France

IFPEn

France
France
Germany
Germany
Netherlands

TWB
TWB
Fraunhofer CBP
Fraunhofer IGB
BPF

Norway

NOFIMA

Norway

NMBU

Spain
Spain

UK

Biopolis
CLAMBER
Process
Development Unit,
Lund University
SP + Biorefinery
demo plant
CPI

Demonstration scale biorefinery
Up to 1200 L fermentors
Fermentation capacity up to 180 m³.
The Futorol Project aims to develop pilot, prototype and commercial-scale
plants for the production of bioethanol. It aims to develop an end-to-end
process to produce second generation bioethanol.
Cutting edge microbial strain engineering platform
Biotransformation and culture process platform
Up to 7000 L fermentors
Biochemical conversion tools
Fermentors of 1 m³, 2 m³ and 4 m³ scale
Pilot scale facilities for Fermentation, hydrolysis, downstream processing
Enzyme production line from lab to industrial scale
Batch and continuous hydrolysis reactors
Two Fermentation reactors of 2 m3
Continuous and batch hydrolysis on pilot scale
Biogas pilot lab
Fermentation lab with lab to pilot scale fermentors
Fermentation and production capacity of over 9000 litres
Large scale fermentors. Train of fermentors of up to 20.000 L
Pilot scale facility with capabilities in pretreatment, hydrolysis,
fermentation (up to 100l reactors) and downstream processing (distillation
and membranes)
Up to 600 L fermentors and 5 x 10 m³ pilot scale fermentors.

USA
USA

NREL
MBI

Sweden
Sweden

Pilot fermentation of 10 m³. Lab (syngas) and pilot scale (methane) gas
fermentation.
2 x 1500 L stirred vessels, and 4 x 9000 L stirred vessels.
Fermentation capacity up to 3000 L.

32

Horizon 2020 ref. 654371

5.3

D3.2 Main European and global players in
forest biomass secondary processing

Issue 1.0
09/09/2016

Biopolymer and biocomposites processing

Almost all ERIFORE partners have suitable equipment and a broad expertise related to
biopolymer and biocomposites processing.
In general, equipment used for conventional polymers and composites processing is suitable
for bio-based polymers and composites, including forest based ones. However, in addition to
plastic compounding knowledge, biocomposite development requires skills and equipment to
handle natural fibres, such as pulp fibres. Besides, except for quite specific technologies, there
is usually no need for pilot equipment in polymer processing as an essential previous stage
before industrial scale. Nonetheless, there are research players in Europe that have pilot
processing lines specifically used for biopolymers and biocomposites
PFI (Paper and Fiber Research Institute, Norway), University of Belgrade, Faculty of Biology
(Serbia), BioComposites Centre at University of Bangor (UK), Innventia (Sweden), University
of Borås (Sweden), LERMAB (Laboratoire d'Etudes et de Recherche sur le Matériau Bois)
from the Université de Lorraine (France), Martin Luther University Halle-Wittenberg (Germany),
RAIZ - Forest and Paper Research Institute (Portugal), Université de Bordeaux-Laboratoire de
Chimie des Polymères Organiques (France), Swerea SICOMP (Sweden) or Bioeconomy
Science Center (BioSC) and Forschungszentrum Jülich (Germany) have semipilot scale
equipment for biopolymer processing.
Pilot scale infrastructures can be found in Bioprocess Pilot Facility (Netherlands),
Lappeenranta University of Technology (Finland), Centre Technique du Papier (France),
Leibniz institute for Polymer Research Dresden (Germany), GAIKER-IK4 (Spain), AIMPLAS
(Spain) or AITIIP (Spain). BCM BioEconomy Cluster Management GmbH (Germany) have also
a Demo plant. Regarding specific technologies, Carbon Fiber Lab (Innventia, Sweden) should
be mentioned for having monofilament and multifilament extruders for lignin-based carbon
fiber.
Likewise, similar facilities can be found in Non-European countries, e.g., semipilot equipment
at the University of Maine (USA) for instance.
Key European research facilities outside ERIFORE consortium are summarized in the Table 3.
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Table 3. Compilation of research infrastructures of polymer processing.

Country
Finland
France
France
France
Germany
Germany
Germany
Germany
Netherlands
Norway
Portugal
Serbia

Organization
Lappeenranta University of
Technology
Centre Technique du Papier
LERMAB
Université de BordeauxLaboratoire de Chimie des
Polymères Organiques
Leibniz institute for Polymer
Research Dresden
BCM BioEconomy Cluster
Management GmbH
Martin Luther University HalleWittenberg
Bioeconomy Science Center
(BioSC) and
Forschungszentrum Jülich
Bioprocess Pilot Facility
PFI (Paper and Fiber Research
Institute)
RAIZ - Forest and Paper
Research Institute
University of Belgrade, Faculty
of Biology

Spain

AIMPLAS

Spain

AITIIP

Spain

GAIKER-IK4

Sweden

University of Borås

Sweden

Innventia

Sweden
United
Kingdom

Swerea SICOMP
BioComposites Centre, Bangor
University

Equipment/facility
Pilot plant
Semi pilot and Pilot infrastructure
Semi pilot equipment
Semi pilot equipment
Pilot plant
Semi pilot, Pilot infrastructure and Demo plant
Semi pilot equipment
Semi pilot equipment
Pilot plant
Semi pilot equipment
Semi pilot equipment
Semi pilot equipment
Pilot scale processing lines of bioplastics, composites,
thermoplastic and thermosetting polymers
Pilot lines for biopolymer processing
Pilot scale processing lines of bioplastics, composites,
thermoplastic and thermosetting polymers
Semi pilot equipment
Monofilament and multifilament extruders for carbon fiber
from e.g. lignin, semi-pilot for biocomposites
Extruders for biopolymers
Semi pilot equipment
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Fiber technologies

Among ERIFORE consortium VTT has the broadest range of semi-pilot and pilot-scale facilities
for fiber technologies. Fiber based webs can be formed in pilot-scale either by using traditional
water-laid forming or recently developed foam forming. Cellulose based textile fibers and
nanocellulose can be produced in semi-pilot scale. VTT’s pilot facilities for biobased materials
are presented in Appendix A, Table A.11. Inclusive description of ERIFORE consortium
facilities is reported on deliverable report D3.1.
European facilities for fiber technologies
In this chapter we try to highlight key research facilities of European research organizations
outside the consortium. Papermaking and fiber web based technologies have long
development history. Within this chapter we are referring mainly to open access research
institutes, universities or companies that have activities also in the fields of cellulose based
textile fibers or production of nano and microcelluloses.
In Sweden Innventia has a complete pilot-scale papermaking facility, the FEX system,
including a TMP refiner, a fractionation and screening system, a semi-pilot sheet former and a
pilot-scale machine designed to study and convert moving paper webs. MoRe Research has
pilot equipment in different sizes complementing each other and to be used for all types of
papermaking. A fast retention/formation paper pilot running at 270 m/min is suitable for tests of
chemical systems for papermaking, whereas an experimental paper machine needing only four
to five kilos of dried pulp can be used also for tissue trials. Papiertechnishe Stiftung (PTS) in
Germany has state-of-the-art pilot plant facilities including also a pilot coater for innovative pulp
upgrading and paper development. Fiber composites are one of their newest focus areas.
Centre Technique du Papier (CTP) in France and the Paper Converting and Packaging
Research Unit at Tampere University of Technology (TUT) in Finland are known for their
pilot facilities related to treatments and coatings on papers and boards. In addition Paper and
Fiber Research Institute (PFI) in Norway has a calendar and TMP-refiner as pilot-plant
machinery.
There are organizations (e.g. FiberLaboratory at Mikkeli University of Applied Sciences
(MAMK) in Finland and CTP in France) with pilot-scale facilities for the extraction of
lignocellulosic fibers from high yield pulp. LignoBoost Demonstration plant owned and operated
by LignoBoost Demo AB, a subsidiary to Innventia, is however the only plant in the world that
can produce lignin from kraft pulp production and other sources in sufficient grades for
upscaling (8000 tonnes/year). The demonstration plant in Bäckhammar, Sweden, will be
further developed and made into an open test bed called LignoCity for companies who want to
evaluate and validate new refining concepts in the lignin area. One of Innventia’s own focus
areas is to convert lignin to carbon fibers. At the moment there exists a test bed facility for that,
but Innventia is targeting towards a pilot plant for continuous process.
Innventia also operates the world’s first large-scale nanocellulose pilot plant, which has a
capacity of 100 kg/day. In addition cellulose micro/nanofibrils are produced at NaMiCell pilot
plant built in collaboration of CTP and FCBA in France. They have the capacity to produce 30
to 70 kg batches of CMF/CNF dry equivalent in the form of a 2% concentration gel. MoRe
Research with Holmen and the ERIFORE partner SP Technical Research Institute of
Sweden have recently invested in nanocrystalline cellulose by building a pilot facility close to
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the Biorefinery Demo Plant in Örnsköldsvik, Sweden. The facility will be the first of its kind in
Europe allowing interested companies to develop nanocrystalline cellulose from cellulosebased material on a large scale. The operation in the pilot is based on technology developed
by an Israeli start-up company Melodea. The Nanocrystalline cellulose pilot plant is expected
to be in place during 2016 with planned production capacity of 100 kg/day.
Several organizations are working in the fields of fiber non-wovens, filament production and
spinning techniques. Thuringian Institute of Textile and Plastics Research e.V. (TITK) in
Germany is known for its textile expertise. They have application field -scale spinning plants for
fiber and filament production (up to 100 kg). Regenerated Lyocell-type fibers are typically
produced in low kg scale. SciTech-Service in Finland has a unique 10-100 kg scale
regenerated cellulose spinning pilot for the production of textile fiber test batches. The
Institute of Biopolymers and Chemical Fibers (IBWCh) in Poland is quite famous for its
textiles as well. They have nice plants for wet spinning of all kinds of polysaccharides, and a
small pilot plant on film formation of Cellophan-type films. In addition small pilot plants for the
manufacture of regenerated cellulose fibers are available at Institute of Textile Chemistry
and Chemical Fibers (ITCF) Denkendorf in Germany, and at Tampere University of
Technology, Fiber Materials Science (TUT) in Finland. At University level e.g. the Institute of
Textile Technologies (ITA) at RWTH Aachen University in Germany and the Faculty of Textile
Engineering at Technical University of Liberec (TUL) in Czech Republic have great piloting
facilities for fiber production, processing, yarn formation and fabric production. For the time
being it seems however that they are operating mainly in the field of synthetic textile fibers.
Competences and facilities of each organization are briefly described in Appendixes.
ROW: facilities for fiber technologies
ERIFORE Survey was mainly targeted to European RTD providers. Limited number of answers
was received from outside Europe. In respect of fiber technologies the following three
organizations in Canada, New Zealand and USA reported to have laboratory and semipilot
scale facilities.
The University of British Columbia (UBC), Canada. The Pulp and Paper Centre (PPC) is an
inter-disciplinary, cross-faculty research center with specialized laboratories to conduct
research for the benefit of the current and future pulp and paper industry. The Centre is located
adjacent to the University of British Columbia’s engineering departments and the Faculty of
Forestry in Vancouver campus. Research is focused on fluid mechanics and physics applied to
the pulp and paper industry. Facilities include a pilot pressure screen, low consistency refiner
lab, wet lab and CTH Paper lab as well as laboratory flow visualization equipment. There are
also projects aimed at enhancing the strength and other properties of fibers to enable them to
be used in a wide range of new, innovative fiber-based products.
Scion is a New Zealand Crown Research Institute (CRI) that specializes in research, science
and technology development for the forestry, wood product and wood-derived materials and
other biomaterial sector. Their fiber processing plant is an industrial-style research facility that
offers mechanical pulp refining, fiber segregation and a MDF blowline. New process
configurations and new products can be examined in a production environment.
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At University of Maine, Chemical and Biological Engineering Department, one of the research
areas is pulp and paper manufacturing (covering oxygen delignification, pulp bleaching,
pulping and recovery, refining and drainage). Other forest biomass based focus areas are
related to nanocellulose production, or to the production of bio-based chemicals, biomaterials
and biofuels from hemicelluloses and lignin. State-of-the-art labscale equipment is available for
research. For paper making one could point out a pilot paper machine with 12 inch trim and
equipped with gate-roll size-press, CLC pilot coater capable of running at 6000 fpm, lab superand soft-calender, KRK proof press and IGT print tester. The UMaine Process Development
Center (PDC) is a shared collaboration facility where researchers, entrepreneurs, and industry
leaders work together to develop new products and improve manufacturing processes. The
UMaine Nanofiber Pilot Plant was opened in 2012 as a joint venture with the USDA Forest
Service. Constructed in parallel to the Cellulose Nanocrystal Pilot Plant at the Forest
Products Lab (FPL), the plant provides samples of biobased nanomaterials for application
development. The PDC is currently offering samples of cellulose nanofibrils (CNF,
manufactured at the PDC) and cellulose nanocrystals (CNC, manufactured at the FPL) in
slurry, spray-dried and freeze-dried forms. The PDC’s pilot plant can produce CNF at a rate of
one ton a day. A typical batch for CNC is about 20 kg (dry weight) and requires about a week
of total process time.
According to TAPPI - the leading technical association from professionals in the pulp, paper,
packaging, tissue and allied industries - activities in the production of Cellulose Nanomaterials
(CN) has greatly accelerated over the past 5 years. In respect of current production capacity
the biggest players come from the U.S. and Canada, while Norway, Sweden, Finland and
France lead the way in Europe. Japanese pulp and paper companies are also quite active in
the field.19
Key research facilities outside ERIFORE consortium are summarized in the Table 4.
In recent years several pilot plants have been announced to produce nanocelluloses either as
nanofibers or nanocrystals. The collected information also shows that numerous institutes are
interested in taking up R&D challenges related to fiber technologies for forest based cellulose
raw materials. Piloting facilities are available for fiber based webs and biocomposites.
Research on regenerated cellulose fibers is actively going on in many research organizations,
not to mention numerous unreported universities. However, in most cases spinning for textile
fibers is still carried out in rather small scale. There is also a need for facilities enabling
continuous production of lignin fibers.

19

Jack Miller: Production summary of Cellulose Nanomaterials, TAPPI NanoDivision, December 2015. Website
th
link accessed July 11 2016.
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Table 4. Compilation of research infrastructures of fiber technologies

Country
Finland
Finland

Organization
MAMK
SciTech-Service

Finland

TUT

France

CTP

Germany

ITCF

Germany

PTS

Germany

TITK

Norway

PFI

New
Zealand
Poland

Scion

Industrial-style fiber processing plant with a MDF blowline.

IBWCh

Pilot plant for the preparation of film/casings from polysaccharides
Nanocellulose pilot plant, FEX pilot papermaking facility (Table A.7 and Table
A.8), test bed facility to convert lignin or cellulose to carbon fibers. LignoCity
test bed
Pilot equipment in different sizes for papermaking or tissue trials: R/F and
XPM machines, Formette dynamic sheet former. A batch type spinning
equipment for viscose solution between 140 ml and 220 ml (Table A.3)

Sweden

Innventia

Sweden

MoRe Research

Sweden
Sweden
United
States

Equipment/facility
Pilot equipment to produce 300 kg/d MCC (Micro Crystalline Cellulose)
Pilot for spinning 10-100 kg of regenerated cellulose
Small pilot scale equipment for wet spinning of regenerated cellulose fibers
(max. 3 kg/batch).
Pilot lines for developing processes for extrusion and dispersion coatings,
lamination and cast film techniques in the field of paper converting and
packaging.
Several pilot plants available.
NaMiCell: Pilot plant for cellulose micro/nanofibrils. One system with a
capacity of 50 liters/h, another with a capacity of 1 m3/h.
High-speed laboratory calender: This plant can be used to calender sheets or
reels (width 80 mm) in industrial conaditions (max. speed 1600 m/min, max.
pressure 550 kN/m, max. temperature 270°C).
Small pilot plant for regenerated cellulose fibers,
equipment for carbonization of cellulose fibers
Pilot plant facilities for pulp upgrading and paper development, VESTRA pilot
coater
Small pilot plant for regenerated cellulose fibers
Specialized pilot-scale equipment includes e.g. a pilot calendar, TMP-refiner
and FiberXpress. Labscale equipment for fiber and nanocellulose production
and characterization.

Holmen
(Melodea), More
Research, SP
Swerea
UMaine PDC &
USDA Forest
Service FPL

Pilot plant for nanocrystalline cellulose expected in 2016
Wet spinning pilot for textile fibers
Pilot-scale paper machine,
Nanofiber pilot plant, Cellulose nanocrystal pilot plant
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Other high added value biobased products

Within this section the main focus is on the facilities for the production of pharmaceuticals. In
order to produce pharmaceuticals for “test in man” the requirement from the authorities is that
the production facilities are managed under “Good Manufacturing Practice (GMP)”.
Within the ERIFORE consortium SP Process Development has GMP facilities for production of
“small molecules” in batch mode up to 100 liter scale. These facilities are suited for chemical
conversions, isolation and drying of the produced material. Typical production is for phase 1
studies.
“Large molecules” pharmaceuticals include enzymes, proteins, etc., which are produced using
biotechnological processes. Within the ERIFORE consortium no partners have been identified
that have suitable GMP facilities for biotechnological processing.
Outside of the ERIFORE consortium numerous private “open” access actors have GMP
capabilities, both for small and large molecule pharmaceutical production. It is common in the
pharmaceutical industry that “standard” production facilities are used, so equipment for all
scales from lab to full commercial scale is available.
Examples of CRO/CMO companies within the pharmaceutical industry, just to name a few are
Lonza, EMS Dottikon, Omnichem, DSM, etc. For a more exhaustive list see following
Company directory. Examples of identified institutes and universities with GMP capabilities are
City of Hope, University of Minnesota and Fraunhofer. This list is not an exhaustive list and
there are more institutes active within this area of expertise and with GMP capabilities.
5.6

Summary

There is no lack of lab-scale facilities all over Europe available for R&D in the different fields of
secondary processing.
Regarding available large scale infrastructures, 61 organizations have been reported and up to
90 semipilot, pilot or demo facilities have been identified, among them 20 dealing with chemical
conversion, 30 for biochemical conversion, 24 devoted to biopolymer processing and 16
related to fiber technologies (See Table 5).
Besides, unique equipment and facilities have been identified, as shown in Table 6, such as
two pilot plants for chemical conversion (DTU in Denmark and NTNU in Norway), seven for
biochemical conversion (DTU in Denmark, Chempolis in Finland, Futurol in France, BIOTEP in
Norway, Fermentation lab at NMBU in Norway, Process development unit at Lund University in
Sweden, and cutting edge strain engineering and culture process platforms at TWB in
France), unique equipment for biopolymer processing (monofilament and multifilament
extruders for carbon fiber at Innventia in Sweden) and fiber technologies (High-speed
laboratory calendar at CTP in France, Fiber lab at PFI in Norway or carbon fiber lab at
Innventia in Sweden).
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Table 5. Summary of Research infrastructure in the field of Forest based Bioeconomy

Fibers
technol.

BBEPP

Chem.
Biochem. Biopolymer
Conversion Conversion Processing
P

University of Zagreb

s,L

L

Country

Org.

Belgium
Croatia
Czech
Republic
Denmark
Denmark

University of Liberec

L,P

Aalborg University
Aarhus University

L, s
L, s

Denmark
Finland

DTU
Aalto

L,s,P
L

Finland

Chempolis

Finland

Finland
Finland

Lappeenranta University of Technology
Mikkeli University of Applied Sciences /
FiberLaboratory
SciTech Service
Tampere University of Technology

Finland
Finland
France

University of Oulu
VTT
ARD

L, s
L,s,P

L, s
L,s,P
s

France
France

CEA (LCMCE), Saclay
CTP, Grenoble

L, s
L,s,P

L
L,s,P

France

IFPEn, multiplace

L,s,P

s,P

France
France
France

LERMAB, University of Lorraine, Nancy
LGPM, Châtenay-Malabry
TWB, Toulouse
Université de Bordeaux-Laboratoire de
Chimie des Polymères Organiques
BCM BioEconomy Cluster Management
GmbH
Bioeconomy Science Center (BioSC) and
Forschungszentrum Jülich

L

Germany
Germany

DBFZ
Fraunhofer CBP

L,s,P

Germany
Germany

Fraunhofer IGB

Finland

France
Germany
Germany

Germany
Germany
Germany
Germany
Germany

L, s
L,s
L,s

L,s
L,s

L

D
P
s
L, s

L,s,p,D
L

L, P
P

L, s
L,s,P

L, s
L,s,P

L,s,P

L,s,P

L,s

L

L,s
L,s,P
s
s,P,D
s

Fraunhofer IKTS
Fraunhofer UMISCHT

L,s,P

FZ Jülich
ITCF

L,s,P

KIT
Leibniz institute for Polymer Research
Dresden

L,s

L,s,P
s
s
s

L,s,P
L,s,P
s
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Martin Luther University Halle-Wittenberg
PTS

s
P
P

TITK
TU Freiberg
BPF

L,s,P

HiT

P

Norway

NIBIO

P

Norway
Norway

NMBU
NOFIMA

Norway

NTNU

L, s, P

Norway
Poland

PFI
IBWCh

L

Portugal

RAIZ - Forest and Paper Research Institute

s

Serbia

s

Spain
Spain

University of Belgrade, Faculty of Biology
Polymer Institute of the Slovak Academy
of Sciences
AIMPLAS
AITIIP

Spain
Spain
Spain

Biopolis
CLAMBER
GAIKER-IK4

Sweden
Sweden
Sweden

Holmen (Melodea), More Research, SP
Innventia
Lund University

L,s

Sweden

Mälardalen University

L

Sweden

MoRe Research

Sweden

SLU Biogas Centre

Sweden

SP + Biorefinery demo plant

Sweden
Sweden

Swerea
University of Borås

Netherlands
Norway

Slovakia

L
s

P

L,s
L,s,P
s

L,s
P

L
P
P
P
P
P

L,s,P

L,s
L

P
L,s,P,D

L,s
P

L

L, P
D

L,s

UK
BioComposites Centre, Bangor University
UK
CPI
L= laboratory; s= semi pilot; P= pilot; D= Demo

41

L,s,P

s, L
L,s
s

L,P

s,P
L

Horizon 2020 ref. 654371

D3.2 Main European and global players in
forest biomass secondary processing

Issue 1.0
09/09/2016

Table 6. Summary of unique equipment in the field of secondary processing of Forest based Bioeconomy

Country
Denmark

Org.
DTU

Finland
France

Chempolis Oy
IFPEn

France

France

Norway
Norway
Norway
Norway
Sweden

Sweden

Chem.
Conversion
Pilot Plant

Biochem. Conversion
Pilot Plant

High-speed
laboratory
calender
Cutting edge microbial strain
engineering platform

TWB,
Toulouse

Biotransformation and
culture process platform
BIOTEP

NOFIMA

PFI
NMBU
Lund
University

Fibers technol.

Chempolis
Futurol

CTP, Grenoble

NTNU

Biopolymer
Processing

Pilot lab shared
with SINTEF
Fiber lab
Fermentation lab
PDU
Carbon fiber lab Carbon fiber lab,
(Monofilament and
LignoBoost
multifilament
demo/Lignocity
extruders for carbon testbed, FEX pilot
fiber)
papermaker

Innventia
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6 Co-operation networks of main European and global players
The first deliverable D3.1 already provides a significant list of cooperation networks all over
Europe at local, national and European level in the field of secondary processing technological
categories. The networks and programmes often concern several technological categories and
address topics much broader than secondary processing of forest based products.
Strong mainly local or national networks for individual organisations can be identified. PanEuropean networks identified include: SPIRE PPP (Sustainable Process Industry through
Resource and Energy Efficiency), Biobased Industries Consortium (BIC), AMANAC EU Cluster
(Advanced Material and Nanotechnology Cluster), SUSCHEM (European Technology Platform
for Sustainable Chemistry), MIRRI (Microbial Research Resource Infrastructure). BIC is the
most relevant network for ERIFORE and there is a clear need to find out the effect of BIC on
ERIFORE RI and identify eventual overlapping aspects. There are individual networks for
specific fields, e.g. biopolymer processing, but no specific network for secondary processing
covering all categories.
The main European networks related to secondary processing, as well as some basic
information, is presented in the Table 7.
Table 7. European networks related to secondary processing areas
European
Network information
Network
COST – Domain
COST is a unique means for transnational cooperation among researchers, engineers and
on Forests,
scholars across Europe to jointly develop their own ideas and new initiatives across all
Products and
fields in science and technology, including social sciences and humanities, through panServices
European networking of nationally funded research activities. Some COST actions
concern directly primary processing.
Mission:
- Build capacity by connecting high-quality scientific communities in Europe and
worldwide
- Provide networking opportunities for Early Stage Researchers (ESR)
- Increase research impact on policy makers, regulatory bodies and national decision
makers as well as on the private sector.
The activities are carried out by the members of Four Working Groups covering:
European Biofuels
Technology
Biomass supply and demand; Conversion technologies and fuel production; End Use and
Platform (EBTP)
distribution; and Policy and sustainability. There is also liaison with national biofuels
platforms and bioenergy associations and Member States representatives.
Objectives:
- the development of cost-competitive world-class biofuels value chains,
- to the creation of a healthy biofuels industry, and
- to accelerate the sustainable deployment of biofuels in the EU
Bio-based
BIC is host to a unique mix of sectors that currently covers agriculture, agro-food,
Industries
technology providers, forestry/pulp and paper, chemicals and energy. With close to 200
Consortium (BIC)
members including large companies, SMEs, SME Clusters, RTOs, universities, technology
platforms and associations spread across Europe, BIC brings together an authoritative
pool of cross sector and multi-disciplinary expertise in the field of bio-based industries. BIC
industrial members have all committed to invest in collaborative research, development
and demonstration of bio-based technologies within the BBI.
Main objectives are to:
- Define the BBI's Strategic Innovation and Research Agenda (SIRA)
- Lead the development and drafting of the annual BBI Work Plans and Call for
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Proposals Topics
Mobilize industry (large, SMEs, SME Clusters), research organizations, universities,
regions and all relevant stakeholders across Europe that are active/ought to be active,
or interested in the field of bio-based.
Sustainable Process Industry through Resource and Energy Efficiency.
-

SPIRE PPP
AMANAC

AMANAC is EU Cluster on Advanced Material and Nanotechnology Cluster is the cluster
of all the PPP-EeB projects of this topic under FP7. It is an extension and further
development of the Nano-E2B-Cluster, formed in 2011.
The main objectives develop around four pillars: Collaboration Activities, Awarenessraising and Networking, Exploitation, and Coordination and Support services.

SUSCHEM

European Technology Platform for Sustainable Chemistry (SUSCHEM) was created in
2004 as a joint initiative between Cefic, DECHEMA, EuropaBio, GDCh, ESAB and RSC
with the main objective to revitalize and inspire European chemistry and industrial
biotechnology research, development and innovation in a sustainable way.
MIRRI is the pan-European research infrastructure for microbial resources. By provision of
high quality microorganisms, associated data and the broad expertise of our partners,
MIRRI aims to support research and development in the field of biotechnology.
The mission of this network is:
- to assure a coordinated policy in order to make such genetic resources available is
needed to support research and development in academia as well as industry
- by an increased interoperability of existing data and databases MIRRI will overcome
this problem: material as well as expertise can easily be accessed via the MIRRI web
portal.
The European Biotechnology Network is dedicated to facilitating co-operation between
professionals in biotechnology and the life sciences all over Europe.
The objective is to facilitate collaboration between biotechnology and life science
professionals throughout Europe

Microbial Resource
Research
Infrastructure
(MIRRI)

European
Biotechnology
Network

Biocluster.dk

EPNOE

Biocluster.dk is a cluster initiative that focuses on business opportunities and innovation in
the conversion to bioeconomy. The cluster works with the entire value chain from the
production of biomass to logistics and processing/refining of biobased products.
- to document and to visualize that the Central Denmark Region is an international
center of excellence within the bioeconomy
- to offer new inspiration, access to knowledge and be a forum for creating contact
between organizations within the bioeconomy
- to reduce the costs and risks by trying to create new business models and products in
the bioeconomy.
The European Polysaccharide Network of Excellence (EPNOE), established with the help
of the European Commission, is a research, education and knowledge transfer network
connecting Companies, Academic and Research Institutions working or interested in
polysaccharides.
The main achievements of the EPNOE project are:
-

EUROLIGNIN
network

establishment of the legal instrument and a structure able to ensure a durable
networking over the next 5-10 years;
- creation of an active network involving 16 institutions, more than 20 companies, 100
scientists, more than 70 PhD students;
- building of a research and education road map 2010 - 2020;
- promoting top-level scientific research
- education, with more than 50 exchanges of students, and creation of one EC-intensive
on ”Sustainable utilization of renewable resources” (2009-2011).
active business and industry club with more than 20 members;
- high level participants in many important stakeholder' organizations (like organization
of meetings with scientific societies).
Coordination network for lignin: standardization, production and applications adapted to
market requirements
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Some regional or national and global networks and projects have been identified as well:


The Biotechnology Innovation Organization (BIO) was founded in 1993 in
Washington, D.C. and it is very active in SUA. It is one of the world's largest trade
association representing biotechnology companies, academic institutions, state
biotechnology centers and related organizations across the United States and in more
than 30 other countries. BIO members are involved in the research and development of
innovative healthcare, agricultural, industrial and environmental biotechnology products.



Industrial Biotech Network Norway (IBNN), gateway to Norway’s biobased industry
and industrial biotechnology sectors. The network was established by Innovation
Norway, the Research Council in Norway and SIVA together with industry and R&D
institutions. The initiators want to stimulate to cross-sectorial knowledge transfer and
innovation.



BioMim - Advancing biomass technology project is a four-year research
project, funded by the Norwegian Research Council. Research and technology
development are critically needed to find cost-effective and sustainable solutions for the
conversion of biomass. Extensive exploitation of lignocellulosic biomass as a feedstock
for a variety of products is the key to develop a viable bio-economy. However, the
natural resistance of lignocellulosic biomass to chemical and biological deconstruction is
a challenge that biorefineries have to overcome.



BioSmart: managing the transition to a smart bioeconomy (2015-2018) is led by the
Centre for Rural Research. Key partners are NIBIO- Norwegian Institute of Bioeconomy
Research, NORUT, Sintef and NTNU. A key component in the project will be a foresight
analysis of 1500 Norwegian businesses to ascertain what the needs of Norway's five
key biosectors are (farming, forestry, fisheries, bioscience, industry), and where there is
potential for integration.



POLINTEGRA Centre (Poland), based in EPNOE, was created for the cooperation with
external bodies Industry/Innovation area and it includes 10 academic institutions and 30
companies in Poland. POLINTEGRA promotes and develops research-based innovation
in scientific and technological areas where polysaccharides and polysaccharide-based
products are developed.



Polysaccharide bio shapes (PSHAPES) is a Trans – European project, Industrial
Network. The goal of this project is to create new value-added bio-based products
based on polysaccharides that are suitable for different value chains. These bio-based
materials with multifunctional capabilities can create new concepts for utilization of
forest resources in new high added value chains. In the project partners from different
countries of Europe, from industry, university and research institutes come together to
pool their knowledge and competences for achieving the goals of the PShapes project.
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7 Funding sources of main European and global players
7.1

Infrastructure investment

ERIFORE survey and interviews show that most of the identified research infrastructures are
co-financed, national funding and own investments are the main funding sources. Generally,
own investments come from public agencies with eventual co-funding from private companies.
On the other hand, National funding comes from different national or regional funding agencies
are depending on each country. Regarding European funding, it represents a small part of the
total cost of the infrastructures and is generally provided by the European Regional
Development Fund (ERDF).
For example, in the Table 8 main funding sources of some infrastructures in the field of
secondary processing are listed, as gathered through the ERIFORE questionnaire, the
personal interviews performed and different internet sources.

Table 8. Main funding sources of the main infrastructures in Europe in the field of secondary processing

Infrastructure

PDU

Organization / Country

National
public
funding

EU infra
funding

Own
investments

Lund University / Sweden

X

MoRE / Sweden

X

X

Norbiolab

SINTEF, PFI, NTNU, NMBU / Norway

X

X

BIOTEP

NOFIMA / Norway

X

BioTfuel

IFPEn / France

X

X

Futurol

IFPEn / France

X

X

Steam explosion equipment (400L)
and train of fermentors (20,000L)

CLAMBER / Spain

X

MoRe Research
Digesters
Paper machines
Spin pilot
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Support and coordination actions

R&D programs related to forest biomass processing are mainly supported by national or
industrial funding. The EU can as well provide funding for networking and scientific cooperation
via COST, Europeaid, International Cooperation and Development, Erasmus Plus and Climate
Actions.
Examples of COST Actions related to this field are:
COST Action FP1205 - Innovative applications of regenerated wood cellulose fibers
This Action aims to develop the sustainable emerging technologies in the areas of textile fiber
production, cellulosic fibers, and the various forms of nanocellulose derived solely from wood.
This advancement needs to be undertaken within a COST framework not only to provide a
means of information sharing, but to educate and train scientists in new areas of development.
Through a programme of collaboration and knowledge exchange and training, this Action will
develop a pan-European leap in capabilities, product and processes. This will lead to an
improvement in the environmental credentials of advanced cellulose-based materials,
strengthening R&D and innovative material production across Europe.
COST Action FP1306 - Valorization of lignocellulosic biomass side streams for
sustainable production of chemicals, materials & fuels using low environmental impact
technologies
COST FP1306 has provided an important network where the main objective is to develop a
solid European multidisciplinary network able to provide a range of innovative alternatives to
the valorization of lignocellulosic residues to chemicals, fuels and materials making use of
environmentally sound protocols from pre-treatment/fractionation to conversion to valuable end
products.
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8 Conclusions
There is a high professional level of specialists around forest based economy in Europe.
Expertise related to secondary processing of forest based products is represented all over
Europe, to a greater or a lesser extent, depending on the technological area considered.
Nonetheless, research infrastructure devoted to forest based secondary processing at a pilot
or demo scale is mainly found in Northern or Central European countries such as Finland,
Norway, Sweden, The Netherlands, UK, Germany or France.
All expertise areas are well represented within Central and Northern Europe, especially
regarding chemical and biochemical conversion of forest based products, together with
biopolymer processing activities. Fiber technologies are mainly identified in Finland, Sweden,
Norway, Germany or France, while several organizations from Belgium, Estonia, France,
Germany, Latvia, Poland, or Switzerland deal with other valuable products processing.
As for Southern European countries, such as Greece, Italy, Portugal and Spain, there is also a
good background regarding biobased secondary processing, mainly related to chemical and
biochemical conversion together with biopolymer processing. However, there are not many
pilot plants.
There is no lack of lab-scale facilities all over Europe available for R&D in the different fields of
secondary processing. Regarding available large scale infrastructures, 61 organizations have
been reported and up to 90 semipilot, pilot or demo facilities have been identified, among them
20 dealing with chemical conversion, 30 for biochemical conversion, 24 devoted to biopolymer
processing and 16 related to fiber technologies.
The networks and programmes often concern several technological categories and address
topics much broader than secondary processing of forest based products. The main
networking activities in secondary processing of forest biomass are generally supported by
well-established European programs and networks such as SPIRE PPP (Sustainable Process
Industry through Resource and Energy Efficiency), Biobased Industries Consortium (BIC),
AMANAC EU Cluster (Advanced Material and Nanotechnology Cluster), SUSCHEM (European
Technology Platform for Sustainable Chemistry), MIRRI (Microbial Research Resource
Infrastructure).
The main funding sources for infrastructure are generally coming from national funding and
own investments coming from public agencies with eventual co-funding from private
companies. At this moment, European funding represents a small part of the total cost of the
infrastructures and is generally provided by the European Regional Development Fund.
The following challenges and development needs were identified:
1. Forest industry is undergoing important transformations, changing from fine paper to
dissolving pulp or cardboard, and mills are transforming into biorefineries. The
infrastructure already exists for pulp manufacture; however, there is a lack of
infrastructures that cover the whole chain. Process technologies that are
economically viable must be developed in order to obtain products with competitive
prices and to envisage possibilities for the end users to move from petrol-based to bio48
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based products. Therefore, there is a need for accelerating the industrial processes
and for creating interested industries.
2. The interviews have evidenced that cooperation at local and national levels often
contribute to the main part of their networks and also to the development of the research
infrastructure dedicated to this topic. Flexibility of piloting lines and more funding
possibilities for scaling up are needed. Besides, an overview of European
competencies available for pilot/demo scale units is missing. New co-operation
models at European level are needed to increase awareness of these piloting
facilities and improve value chain wide piloting offering. Increased collaboration and
networking is one of the solutions to improve utilisation of current research
infrastructure and avoiding the overlapping investments.
3. Constraints identified for the development of research infrastructure in the future mainly
point out towards financing issues and the lack of flexibility of the programmes or
the funding instruments. Long term funding/commitment for infrastructure
development and support mechanisms for operational cost would be needed to facilitate
transformation of scientific discoveries to novel products. Moreover, networking should
be further improved to aid cooperation and technology transfer and facilitate access to
infrastructure.
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APPENDIX A: MAIN DEMO AND PILOT PLANTS DESCRIPTION
Table A.1: CPI- Bioprocessing and biotech
Country

UK

City

Wilton

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot / demonstration
Centre for Process Innovation (CPI)
Fermentation
Carbohydrates, gases

Main product(s)
Centre for Process Innovation (CPI) is active in the gap between early stage concept and scalable commercial
process. Early and mid-stage technologies are characterized against scale-associated risk and guided by an
understanding of relevant cost contribution.
Services are built around each of the following themes:







Technology landscaping and technical due diligence
Process guidance for relevant targeted host-strain development
Process modeling and optimization
Techno-economic process benchmarking and plant build cost estimation
Process scale-up and demonstration

The facilities are open access asset base dedicated to proof of concept, scale up and commercialization of
industrial biotechnology processes. CPI can demonstrate processes to 10,000L fermentation scale and can
custom manufacture quantities of bio product for market and application testing.

Research topics
and facilities








Scale-up demonstration from micro liters to 10,000L
Process optimization
Evaluation of alternative feedstocks
Novel process technology testing and support
Access to fully equipped laboratories including novel C1 gas fermentation capability
Benchmarking through validated process economics

Process intensification
Strain development
Equipment:





National Industrial Biotechnology Facility: pilot 10 – 750 liter fermentation facilities, demonstration
10,000 liter fermentation facilities
Anaerobic Digestion Facility- digester working volumes of between 1.5 m3 and 5 m3,
C1 Gas Facility: Carbohydrate and lignin feedstock fermentation for high yield product (1 to 10 L)

Special unit(s)

C1 gas facility

Open access

Open access, contract work

Status
Scale

from liters up to 10 000 L

Webpage

https://www.uk-cpi.com

Main contact(s)

info@uk-cpi.com
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Table A.2: The Biorefinery Centre- Bioprocessing and Biotech
Country

UK

City

Norwich

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Biofuels, chemicals and fibrous material
The Biorefinery Centre is located within the Institute of Food Research and has a Cambi™ Steam Explosion
Pilot Plant and yeast screening and propagation facility for R&D. The center works on production and
commercialization of biofuels and fibrous material from lignocellulose (biomass).
The research is focused on plant biomass.

Fermentation
Lignocellulose biomass (plants)

The partner organizations are Institute of Food Research, the National Collection of Yeast Cultures, Norwich
Research Park, Biotechnology and Biological Sciences Research Council

Research topics
and facilities

Current research interest:
Current research interests include development of fine and platform chemicals and fuels from agri-food chain
waste biomass
Equipment:






Bioreactors for microbial liquid culture- from 1 ml up to 100 L
Bioreactors for high concentrations of biomass- High biomass concentrations can be handled at 5-10
L or 500-2000 L scale
Enzymolysis/hydrolysis- from1 ml to 2000 L
Chemical Hydrolysis- scale of 1 ml up to 30 L

Special unit(s)

Yeast cultures

Open access

Open access

Status
Scale
Webpage

http://biorefinerycentre.ifr.ac.uk/about-us/

Main contact(s)

biorefinery@ifr.ac.uk
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Table A.3: MoRe Research – Fiber Technologies
Country

Sweden

City

Örnsköldsvik

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Fiber webs, viscose
MoRe Research Örnsköldsvik AB is a neutral and independent research and development company in the field
of products and processes for e.g. the forest industry. The company used to be a part of the MoDo group, a
large paper and pulp company, founded more than one hundred years ago. The focus areas of MoRe
Research are All the way (Hela vägen®), Analytical services, Biorefinery, Process Emergency and Education.

Wet laid techniques, viscose spinning
Pulp

MoRe Research is a member company in SP Processum.
Equipment:
Paper pilots



Research topics
and facilities



A dynamic sheet former, Formette, where the fiber anisotropy can be set. It is also possible to
produce multi-layer board in the former. The machine speed is 1,200 m/min.
A complete experimental paper machine (XPM) with a closed loop white water system, wire section,
press section, drying section with online size press and a calender which makes it possible to
produce paper in a substance range from 15 to 300 g/m2. The machine is also suitable for tissue
trials. Four to five kilos of dried pulp is enough for a trial on the machine.
A fast Retention/Formation paper pilot running at 270 m/min and with a closed loop white water
system and a wire section. When the white water system has reached equilibrium, paper web
samples can be taken and dried separately. This pilot is suitable for tests of chemical systems for
papermaking.

Dissolving pilot
In MoRe’s viscose pilot all steps from dissolving pulp to viscose dope can be simulated. The spinning pilot can
produce directly spun fibers, i.e. viscose filaments, for evaluation of process and product characteristics from
raw material to dissolving cellulose and further to viscose threads. The spinning pilot is a batch type pilot for
viscose solutions between 140 and 220 ml.

Special unit(s)

Tissue pilot, viscose pilot

Open access
Status
Scale

Spinning pilot: 220 mL

Webpage
Main contact(s)

Anna Svedberg anna.svedberg@more.se
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Table A.4: BIOTEP – Biochemical conversion
Country

Norway

City

Tromsø

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Proteins, extractives, packaging materials, health products
BioLab: Nofima’s accredited contract and research laboratory offers analytical services in chemistry,
microbiology and physical measurements.

Research topics
and facilities

NOFIMA
Hydrolysis, fermentation, separation, packaging
Marine, plant based biomass

Biotep: In the flexible mini-factory, opened in 2013, high technology companies can test and optimize their
processes to extract all desired components from marine- and plant-based biomass. Facilities: Handling of a
large variety of biomass; reactors for hydrolysis(batch and continuous); separators, two/three phase; liquid
phase separation; purification of lipids; water filtration (ultra/micro, nano, reverse osmosis); concentration,
evaporators; mill dryer, hot air; spray dryer; powder handling; packaging
Patogen Pilot Plant: The experimental pilot plant is a national center in Norway, and the first high-security
production hall in Europe. Scientists study life-threatening bacteria such as Listeria and E. coli here in a
realistic production environment, in order to prevent serious food poisoning.

Special unit(s)
Open access

yes

Status

running

Scale

2x 2.2 m3 reactors, feed rate up to 500 kg/h

Webpage

http://nofima.no/en/research-facilities/
www.biotep.no

Main contact(s)

ragnhild.whitaker@nofima.no
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Table A.5: Malardalen University - Chemical conversion and Bioprocessing and biotechnology
Country

Sweden

City

Västerås

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

biogas

Malardalen University Future Energy
Gasification, fermentation
Microalgae, sewage sludge, waste

Example of on-going and previous projects
COSSMICA-Co-digestion of Sewage sludge and Microalgae
The main objective of the project is to show if and how cultivation of microalgae and co-digestion of microalgae
and sewage sludge can be integrated in municipal waste water treatment plants with the aim of increasing
biogas production and increasing the efficiency of sludge treatment.
http://www.mdh.se/forskning/inriktningar/framtidens-energi/cossmica-samrotning-av-avloppsslam-ochmikroalger-1.76639?l=en_UK

Research topics
and facilities

REMOWE – project
REMOWE aimed to contribute to a decreased negative effect on the environment by reduction of carbon
dioxide emission by creating a balance between energy consumption and sustainable use of renewable energy
sources.
Reduction of carbon dioxide emissions and use of renewable energy sources are broad areas and this project
focused on energy resources from waste and actions to promote implementation of energy efficient technology
in the Baltic Sea region within the waste to energy area. The focus was to catalyze utilization of waste from
cities, farming and industry for energy purposes (electricity, heat, fuels) in an efficient way in the BSR region.
Partners from Sweden, Finland, Poland, Lithuania, Estonia and Germany represent both far developed regions
in the field as well as regions in which the level of energy utilization of waste is currently low. E.g. Germany
possesses valuable experiences of producing biogas and these were shared and transferred through this
project to other regions.
The ABOWE project
The ABOWE project (Implementing Advanced Concepts for Biological Utilization of Waste) was an extension
stage project of the finalized REMOWE project (Regional Mobilization of Sustainable Waste to Energy
Production). As a direct result from REMOWE, work continued with two promising technologies, unlocking
investments with support from the Baltic Sea Region (BSR) programme.
Two mobile pilot plants were to be built and tested in several BSR regions. The pilots would be based on a
novel biorefinery concept from Finnoflag Oy, Finland, as well as a German dry fermentation process. The pilots
formed the basis for compilation of investment memos and upcoming Investor events. The regional model,
developed in REMOWE, was to be used to evaluate the new processes’ economic and climatic impacts in each
region.

Special unit(s)
Open access

Yes

Status

Running

Scale

Biomass gasifier 100-200 kW, fermentors in the range 1-50 liters including light (algae).
Bio processing – semi pilot (1-5 kg)

Webpage

www.mdh.se

Main contact(s)

erik.dahlquist@mdh.se
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Table A.6: Lund University, Bioprocessing and biotechnology
Country

Sweden

City

Lund

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Semi-pilot; Pilot

Main product(s)

Starting materials for the chemical industry, such as succinic acid, ethanol, glycerol
Unique competencies
Pretreatment, biotechnology and downstream processing, especially membrane technologies. Technoeconomic evaluations

Lund University
Enzymatic hydrolysis, fermentation, membrane technologies
Lignocellulose from wood

Process Development Unit (PDU), Equipment
The Process Development Unit (PDU) is a collection of unit operations in bench and pilot scale for bioethanol
and biorefinery research. In the PDU there´s capability for pretreatment of biomass (batch or continuous),
enzymatic hydrolysis and fermentation, and downstream processing (membrane technologies and distillation).
The main difference between the research done in laboratory scale (typically 25-400 g dry matter) and the PDU
research (typically 2-20 kg dry matter) is the possibility to scale the results obtained in the PDU to demo plant
scale (typically 1 ton/day).
Research topics
and facilities

At the heart of the PDU three pretreatment reactors reside: two batch reactors and one continuous (for acidic,
neutral or alkaline conditions). The batch-reactor systems are based on an in-house design, which has evolved
over the years through cooperation with industry. The batch reactors have 4 and 10 L working volume
enabling treatment of 300-1000 g of raw material per batch. Included in the PDU is a new horizontal continuous
pretreatment system from AdvanceBio Systems having a capacity of 10-20 kg/hr, a max pressure/temperature
of 18 bar/204°C, and residence times between 2-30 minutes.
For enzymatic hydrolysis and fermentation the PDU is equipped with 6 fermentors ranging in sizes from 5L
(yeast cultivation) to 100L. They can handle both aerobic and anaerobic conditions.
There is a large membrane pilot facility at the PDU. Several pilots handling up to 1 m3 feed volume, and with
capacity for nano-, micro-, ultrafiltration as well as reverse osmosis, are located at the PDU.
Finally, a pilot scale distillation equipment is located at the facility,

Special unit(s)

Batch and continuous steam pretreatment units, membrane separation facilities

Open access

Yes

Status

Running

Scale

Semi pilot (3-50L, 1-5kg);Pilot (50-5000L, 5-5000kg)

Webpage
Main contact(s)

www.chemeng.lth.se (general)
http://www.chemeng.lth.se/research/green1.jsp (Chemicals from biomass)
http://www.chemeng.lth.se/pdu/equipment.jsp (PDU)
ola.wallberg@chemeng.lth.se;
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Table A.7: Innventia AB - Chemical conversion; Biopolymer processing; Fiber and fiber web technologies
Country

Sweden and United Kingdom

City

Stockholm and London

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

specialty cellulose, hemicellulose
Pilot plant for nanocellulose
In 2011, Innventia opened the world's first pilot plant for the production of nanocellulose, which has a capacity
of 100 kg/day. The facility makes it possible to produce nanocellulose on a large scale for the first time and is
an important step towards the industrialization of this technology. Having the capability to produce larger
volumes means it is now possible to study the use of nanocellulose in applications that demand significant
amounts of material.
The pilot facility's connection to the existing pilot-scale processing equipment at Innventia, which includes
screens, refiners, fractionation equipment, not to mention a paper machine.

Biorefinery & Biobased Materials

Wood

FEX – A complete pilot papermaking facility
The FEX system is a complete pilot-scale papermaking facility serving the pulp and paper industry and its
suppliers with process studies, product development and the evaluation of new technology and raw materials.
Our full-length paper machine enables us to customize your papermaking research, and our flexible stock
preparation allows us to make endless adaptations. In connection with this, we also operate the world's first
pilot facility for large-scale production of the promising material nanocellulose.

Research topics
and facilities

The FEX system is more than an advanced paper machine. The pilot plant includes other important resources
on a pilot scale:
 a TMP refiner
 a fractionation and screening system
 a system for low consistency refining, StratEx, a semi-pilot sheet former
 LINDA, a pilot scale machine designed to study and convert moving paper webs.
The team working at the FEX pilot facility is composed of more than 30 people who are qualified in pulp and
paper technology, mechanical construction, innovative measurement techniques, advanced paper chemistry
and managing research and development projects.
The FEX organization is extremely project oriented in order to deal with development and innovation projects in
close cooperation with industry.
Multifilament extruder and carbon fiber lab
In the test bed, lignin can be converted into carbon fiber in different ways. In the monofilament extruder, small
quantities of material are used in order to screen the proccesability in fiber converting. For larger quantities, a
multifilament extruder can be used. It can spin up to 80 filaments.
The conversion from lignin fibers into carbon fibers is done in by several heat treatment steps. Today the
conversion is done in batches where stress can be applied to the fibers during the heat treatment in our
specially designed equipment. Currently we are also designing a laboratory device where the produced lignin
fiber can be semi-continuously stabilized and carbonized.
The mechanical properties of the fibers can be determined between each treatment and their chemical
composition and the visual appearance can be determined. It also possible to convert other materials than
lignin. So far lignin has been the major raw material, but also cellulose has been converted. Innventia is also
working towards a large pilot plant facility to continuously convert lignin into carbon fiber.

Special unit(s)

screens, refiners, fractionation equipment, not to mention a paper machine

Open access

Yes

Status

Running

Scale

Nanocellulose: 100 kg/day
Paper: 5-5000 kg
Carbon fiber: Lab scale

Webpage

http://www.innventia.com/en/Our-Ways-of-Working/Demonstration-and-pilot/

Main contact(s)

peter.axegard@innventia.com

56

ATTACHMENTS – APPENDIX A

Table A.8: Innventia AB (LignoBoost) - Fiber and fiber web technologies
Country

Sweden

City

Bäckhammar

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Demo

Main product(s)

Lignin,

Research topics
and facilities

Biorefinery & Biobased Materials
LignoBoost
Wood

LignoBoost demonstration plant
The LignoBoost demonstration plant in Bäckhammar opened in 2007. The demonstration plant is owned and
operated by a subsidiary to Innventia, LignoBoost Demo AB, which was established with the aim of proving the
LignoBoost process concept on a near-commercial scale.
There is a daily production of high quality lignin in the plant. Innventia carries out assignments for clients
wishing to evaluate their own black liquor or the lignin product from it. It is also possible to perform large-scale
product- and process development at the LignoBoost Demo plant.
A new initiative, called LignoCity, will now further develop the demonstration plant and make it an open test bed
for companies who want to evaluate and validate new refining concepts in the lignin area.
Use of lignin from the demonstration plant in Bäckhammar: Co-firing of lignin and coal in Värtaverket CHP
plant, operated by Fortum Värme.
The LignoBoost Demo plant can produce up to 8,000 tonnes of lignin per year, which is used for large scale
trials. For example, the lignin fuel has been used in long-term trials (2007-2008) to replace coal at the Fortum
combined cycle heat and power plant in Stockholm. Another example is full-scale trials in a lime kiln in Sweden
where replacement of fossil fuel was evaluated.

Special unit(s)
Open access

Yes

Status

Running since 2007

Scale

Lignin: 8000 tonnes/year

Webpage

http://www.innventia.com/en/Our-Ways-of-Working/Demonstration-and-pilot/

Main contact(s)

per.tomani@innventia.com
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Table A.9: University of Borås – Chemical conversion; Bioprocessing and biotechnology; Biopolymer
processing
Country

Sweden

City

Borås

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot
Faculty of Textiles, Engineering and Business

Main product(s)

Biogas, ethanol, methane

A3 Tree breeding and forest biotechnologies;A4 Recycled wood and fibers
Textile waste, food waste, wood

Examples of ongoing and previous projects.
Biogas 2020
Biogas2020 is a transboundary cooperation for biogas development in the Öresund-Kattegat-Skagerrak. The
project will bring together the currently dispersed knowledge about biogas in a common, strong, collaboration
platform. The aim is to create synergies and partnerships that develop knowledge about biogas, and lay the
foundations for sustainable production and increased demand. The University of Borås has a well-equipped
laboratory that can be used for different pre-treatment technologies both in laboratory and pilot scale. The
laboratory can also analyze structural changes that can lead to an improved biogas production after pretreatment.
Developing biogas reactors from textile for household applications
In this project we are going to develop a simple reactor and a more advanced one suitable for rapid digestion.
The goal of this project is to develop full scale digesting reactors from textile for biogas production from kitchen
and garden wastes for households. A prototype in lab scale has been developed and should be scaled up to a
volume of about 1.4 cubic meters. It should be examined for its functionality. In addition, a prototype will also be
developed for rapid digestion, in which the reactor has an internal membrane to separate the digesting bacteria
from the solid wastes inside the reactor.

Research topics
and facilities

Developing rapid digestion bioreactors for biogas production
In this project we are going to develop a digester for more rapid digest of biological wastes. Our goal is to
decrease the total time of digestion. This project aims to develop bioreactors and a process for rapid digestion
of waste materials. For this purpose we pretreat the wastes and then digest it in a two-step reactor system
using flocculated sludge. Our goal is to reduce the total digestion process to less than seven days.
Textile wastes to ethanol and biogas
The cotton-based waste textiles such as used jeans to produce biogas and bioethanol. The cotton is composed
of almost pure cellulose polymers. These polymers can be hydrolyzed to sugar. This sugar can be fermented to
ethanol by baker’s yeast or digested to biogas (methane) by bacteria. This process is principally simple. But,
there are a lot of details that make it difficult and interesting subject for research. We have succeeded well to
produce almost 0.5 kg ethanol or 380 liters methane from each kg cotton. However, we are still working with
the challenges of the process and other types of textile materials in order to make the concept attractive for the
industries.
DDGS from fungi in a first and second generation ethanol factory
This project aims to develop the feed component DDGS in an integrated the first and second generation
ethanol production plant with fungi. Straw and bran will be pretreated with various pretreatments (which does
not negatively affect the quality of the end product, DDGS), mixed with grains stillage and fermented with
various edible zygomycetes and ascomycetes fungi to produce ethanol and simultaneously refine DDGS as a
major byproduct.
The work will be carried out first in lab and then on larger scale in order to produce ca. 100-500 kg DDGS in
order to examine the product as feed component. These results will then be technically and economically
evaluated for possible commercialization.
Syngas Biomethanation in a Semi-Continuous Reverse Membrane Bioreactor (RMBR)
Syngas biomethanation is a potent bio-conversion route, utilizing microorganisms to assimilate intermediate
gases to produce methane. However, since methanogens have a long doubling time, the reactor works best at
a low dilution rate; otherwise, the cells can be washed out during the continuous fermentation process. In this
study, the performance of a practical reverse membrane bioreactor (RMBR) with high cell density for rapid
syngas biomethanation as well as a co-substrate of syngas and organic substances was examined in a longterm fermentation process of 154 days and compared with the reactors of the free cells (FCBR). The RMBR
reached maximum capacities of H2, CO, and CO2 conversion of 7.0, 15.2, and 4.0 mmol/Lreactor.day,
respectively, at the organic loading rate of 3.40 gCOD/L.day. The highest methane production rate from the
RMBR was 186.0 mL/Lreactor.day on the 147th day, compared to the highest rate in the FCBR, 106.3
mL/Lreactor.day, on the 58th day. The RMBR had the ability to maintain a high methanation capacity by
retaining the microbial cells, which were at a high risk for cell wash out. Consequently, the system was able to
convert more syngas simultaneously with the organic compounds into methane compared to the FCBR.

Special unit(s)
Open access

Yes
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Status
Scale

Running
Bioprocessing: Pilot (50-5000L, 5-5000kg)
Chemical conversion and synthesis; Semi-pilot 3-50 l
Biopolymer processing: Semi pilot (3-50L, 1-5kg)

Webpage

www.hb.se

Main contact(s)

mohammad.taherzadeh@hb.se
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Table A.10: VTT – Process Chemistry Pilot
Country

Finland

City

Rajamäki and Espoo

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Chemicals, polymers, fuel components, modified fibers

VTT Technical Research Centre of Finland Ltd
Pressure reactors, high solid content processing, polymerizations, downstream separation units (solid-liquid
separation, precipitation/crystallization, drying, evaporation)
Chemicals, monomers, forest and agro biomass, natural polymers, natural fibers

Chemical secondary conversion:
Process chemistry pilot facilities serve as a multi-purpose scale-up platform for many types of chemical
processes and products. Pilot plants can be used to gather empirical production data for the design or
commercialization of a new process or product, or as production services for special products or premarketing
purposes.
Characteristics and current issues of the pilot





Research topics
and facilities

Relatively large multi-purpose pressure reactors, high solid content processing, and versatile
separation units.
Ex-classified equipment and pilot halls.
Scale-up support includes a large pool of professionals, laboratories and analytics. Techno-economic
feasibility studies and process modeling.
Biomass modification and fractionation, chemical synthesis and polymerization, product recovery and
purification.

Equipment:
















Multi-purpose stainless steel reactors, 400 -1800 dm3
Multi-purpose glass lined reactors, 60, 160 and 500 dm3
Semi-pilot high pressure and temperature reactors, up to 300 bar and 500 C, 1-10 dm3
Lödige/Drais all-in-one reactors/dryers: 5, 100, 130, 250, 600 dm 3
Powder dry mixing unit, grinders (wet and dry), Atrex-grinder
Separation units: decanter centrifuges, separators
Filters: rotary vacuum filter, frame filter, membrane filtration units
Dryers: vacuum contact dryers (see Lödife/drais) and spray dryer (capacity 30-50 kg/h)
Falling film evaporators (ATEX and non-ATEX, max 150 kg/h), distillations
Fixed bed hot water or solvent extractor (30 bar, 250 dm 3)
Counter current extraction units, high pressure and glass columns
Tubular polymerization reactor
Reaction calorimeters
Ex-classified pilot halls and equipment

Special unit(s)
Open access

Open access - Contract research and project cooperation

Status

Running from 1990

Scale

300-1800 dm3 pressure reactors, pilot scale down stream units

Webpage

http://www.vttresearch.com/services/business-essentials/pilot-plants-and-r-d-infra/bio-and-chemicaltechnologies/chemical-pilots

Main contact(s)

antero.laitinen@vtt.fi, mika.harkonen@vtt.fi
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Table A.11: VTT – Biobased materials pilots
Country

Finland

City

Jyväskylä, Tampere, Espoo

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Foamed fiber web materials, coated paper&board, nanocellulose film, biocomposites and foams.

VTT Technical Research Centre of Finland Ltd
Foam forming at paper machine wet end, roll-to-roll coating, biocomposites processing
Pulp, natural fibers, dispersions, nanocellulose

Biomaterials secondary conversion:
VTT facilities have the flexibility you need for the process performance you are looking for. You can either
concentrate on one process step or combine fiber web or biofilm production with solution and/or extrusion
coating.
Current issues:





Fiber web processes including foam forming
Multilayer film production and CNF films
Extrusion of foams, films and profiles

Equipment:
Fiber webs:
Research topics
and facilities





Test new products, process concepts and new types of equipment as well as raw materials in
realistic papermaking conditions
Fourdnirier / hybrid / gap forming options
Single layer and multilayer forming

Surface treatment line






Roll to roll line with versatile unit operations
Multiple application methods for example flexo, roll and foam coating systems
Efficient drying units (UV, IR, air)
Base substrates: plastics, paper, board, non-woven

Extrusion pilot





Tandem foam extrusion line
Multi-layer coating and cast film extrusion line
Multi-layer pipe extrusion profile

Special unit(s)
Open access

Open access - Contract research and project cooperation

Status

Running since 2000

Scale

5-1000 kg starting material

Webpage

http://www.cbp.fraunhofer.de/en/Competences/chemical-processes.html

Main contact(s)

erkki.hellen@vtt.fi, harri.kiiskinen@vtt.fi
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Table A.12: VTT Fermentation and bioprocessing pilot
Country

Finland

City

Espoo

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Platform chemicals, fuel components, enzymes, plant cells

VTT Technical Research Centre of Finland Ltd
Fermentors, separation units, small scale screening tools
Sugars, cellulose, gases

Fermentation and bioprocessing pilot:
VTT pilots for industrial biotechnology combines expertise in biological sciences and engineering with up-todate research infrastructure. VTT offers process development and piloting, from biomass pretreatment to
enzymatic hydrolysis, fermentation and product purification, in addition to techno-economic evaluations. We
also offer production host engineering as well as intracellular metabolite and flux measurement.
Pilot characteristics:





Research topics
and facilities



Confirmation of biotechnical process performance in world-class fully equipped bio-manufacturing
pilot plant.
Scale-up of bio-processes in batch, fed-batch and continuous cultivation with bacteria, yeasts or
filamentous fungi.
Production of batches for testing of DSP alternatives, pre-clinical API production, enzymes,
antibodies, cosmetic ingredients.
Piloting new bio-refinery concepts: optimized hydrolysis and fermentation, high dry matter processing
and equipment design.
Pilot supported by versatile strain development and robotic screening tools and expertise.

Equipment:










Up- and downstream process optimization (2 – 20 dm3). Possibilities for e.g. transcriptome and flux
balance analysis. Floating bed bioreactor for plant cell cultivations
Three pilot fermentors: 28, 300 and 1200 liters working volume. New Brunswik Scientific –
fermentors
High dry matter fermentor (300 l)
Special reactors, including electrobioreactor and gas bioreactor
Biomass separation: continuous centrifuge (100-300 l/h), vacuum drum and pressure filtration, belt
filtration (200-400 l/h), microfiltration.
Cell disruptor:: High pressure homogenizer (600 bar, 50-60 l/h)
Product separation: ultrafiltration with tubular and plate-and -frame membrane modules,
chromatography
Spray and freeze drying equipment

Special unit(s)
Open access

Open access - Contract research and project cooperation

Status

Running since 1990’s

Scale

Pilot fermentors up to 1200 dm2

Webpage

http://www.vttresearch.com/services/bioeconomy/liquid-biofuels1/lignocellulosic-bioethanol1/bioprocessdevelopment

Main contact(s)

jouni.ahtinen@vtt.fi, jaana.uusitalo@vtt.fi
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Table A.13: VTT Fermentation and bioprocessing DEMO
Country

Finland

City

Oulu

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Demo

Main product(s)

Pulp, Bioethanol, Biochemicals

Chempolis
Fractionation, hydrolysis, fermentation, filtration, evaporation, distillation
Straw and other agricultural residues, energy crops, wood

1. Development, demonstrations and testing of Chempolis´ formico®-technologies and systems
2. Customer test runs and production of sample materials.
Research topics
and facilities

3. Design of commercial scale biorefineries.
Demo scale equipment can be applied also for other than Chempolis own process tests. Chempolis reserves
the right to choose the projects.
Chempolis Biorefining Park includes biorefinery, R&D center and Chempolis headquarters. The raw materials
used in the biorefinery are non-wood and non-food materials, such as grain straws, for production of pulp,
bioethanol and biochemical.

Special unit(s)
Open access

Open access – Can be used for other than Chempolis own projects. External projects’ fit is case dependent.

Status

Running from 2009

Scale

Not specified

Webpage

www.chempolis.com

Main contact(s)

juha.anttila@chempolis.com
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Table A.14: Fraunhofer CBP – Biochemical conversion
Country

Germany

City

Leuna

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Lignin, platform chemicals, solvents, aromatics, polyols, dicarboxylic acids
Biochemical secondary conversion:
The use of renewable raw materials by employing enzymatic synthesis of biobased chemicals and the
fermentative production of biocatalysts or other metabolic products, for example organic solvents and acids,
are objectives defined by the working group “Biotechnological Processes”.

Fraunhofer CBP, Fraunhofer IGB, Fraunhofer ICT
Fermentation, enzymatic conversions
Plants, straw, wood or microalgae

The fermentation technology is supplemented by a cultivation platform for microalgae. As a natural and
sustainable aquatic source of raw materials that makes available a wide range of basic chemical substances
(e.g. essential fatty acids, vitamins or pigments) and provides an easily fermentable biomass, microalgae
provide an ideal platform for coupled material/energetic processes.
The team possesses broadly based bioprocess engineering expertise in the field of scale-up and process
intensification. The processes developed on the laboratory scale in terms of their transferability to an
industrially relevant scale are evaluated in the preliminary stages and are optimized repetitively during transfer
and scale-up. This includes, for example, the adjustment of process control strategies (batch, fed-batch,
continuous) and integrated product purification to reduce the number of process steps or the reutilization of the
biocatalysts (e.g. by immobilization on carrier materials).
Current issues:


Research topics
and facilities




Integrated production of platform chemicals from plant oils by means of technical enzymes (e.g.
epoxidation or selective transesterification) or whole-cell catalysis (e.g. ω-functionalization)
Fermentative production of organic solvents (acetone, butanol, ethanol, isopropanol) from
lignocellulose hydrolyzates
Process development to extract new technical enzymes

Equipment:









Fermentation of various microorganisms: reactor cascade with total volumes of 10, 100, 300, 1000
and 10,000 liters
Continuous sterilization of fermentation media
Bag-emptying unit and dispersing machine up to 1000 kg / h
Production e.g. of organic solvents with the help of a fermentor designed to ATEX specifications
(total volume: 75 L)
Continuous process control in fermentations by cell retention (sterilizable crossflow filtration plant)
Reactors for enzyme-catalyzed reactions (500 (mobile), 1 300, 2 000, 5 000 and 10 000 liters, stirred,
temperature-controlled)
Enzymatic hydrolysis / modification of fibers (tank with special stirrer configuration for high
viscosities)

Special unit(s)
Open access

Open access - Contract research and project cooperation

Status

Running from 2012

Scale

10 m3 fermentation, 10m3 enzyme catalyzed reactions

Webpage

http://www.cbp.fraunhofer.de/en/Competences/biotechnological-process.html

Main contact(s)

katja.patzsch@igb.fraunhofer.de
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Table A.15: Fraunhofer IGB - Biotechnology
Country

Germany

City

Stuttgart

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot(s)

Main product(s)

Manipulated strains and biobased products
Biotechnology:
The Fraunhofer Institute for Interfacial Engineering and Biotechnology IGB offers R&D solutions in the fields of
medicine, pharmacy, chemistry, the environment and energy. Our competences comprise Interfacial
Engineering and Materials Science, Molecular Biotechnology, Physical Process Technology, Environmental
Biotechnology and Bioprocess Engineering, as well as Tissue Engineering. We offer solutions from market
analysis through research & development till the finished product.

Fraunhofer IGB
Biotechnology and bioprocess engineering
Different biomasses

Environmental Biotechnology and Bio process Engineering:
The core areas of the Department of Environmental Biotechnology and Bioprocess Engineering are the
development of biotechnological processes in the fields of water management, bioenergy, environmental
technology, algal technology, product recovery from organic raw materials and waste materials, and interfacial
biology.
Bio, Electro and Chemocatalysis:

Research topics
and facilities

The focus of Fraunhofer IGB’s Straubing branch “Bio, Electro, and Chemocatalysis BioCat” is on the
development of new chemical catalysts and biocatalysts and their application in technical-synthetic and
electrochemical processes. Based on substrates such as biomass, CO2 and waste streams, the entire
spectrum of catalysis is used to develop new sustainable and resource-efficient chemical products. Here,
homogeneous and heterogeneous chemical catalysis, enzymatic and whole cell catalysis, electrocatalysis, and
especially their combinations are utilized. In the case of using plant biomass, the goal is to achieve the
substantial use of the material variety of biobased molecules and to exploit the potential of chemicals and
biocatalysis so as to achieve a considerate transformation while obtaining important functionalities. Successful
examples of our work include the transformation of terpenes (residual material of wood processing) to
biosurfactants, biobased epoxides or monomers, especially impact-resistant, cold-stable polyamides. Other
recycled material flows are vegetable oils and fatty acids, lignin and nitrogenous sugar, which are, for example,
converted to functionalized carboxylic acids, conductive polymers, and monomers for polyesters and
hydrocolloids.
Current issues:








Interfacial Engineering and Materials science
Molecular Biotechnology
Physical Process Technology
Environmental Biotechnology and Bioprocess Engineering
Cell and Tissue Engineering
Bio, Electro and chemocatalysis

Special unit(s)
Open access

Yes

Status

Running

Scale

N/A

Webpage

http://www.igb.fraunhofer.de/en.html

Main contact(s)

Ursula.schliessmann@igb.fraunhofer.de
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Table A.16: Fraunhofer CBP – Chemical conversion
Country

Germany

City

Leuna

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot

Main product(s)

Lignin, platform chemicals, solvents, aromatics, polyols, dicarboxylic acids
Chemical secondary conversion:
This field of work focuses on the process-technological development of chemical processes to produce
biobased basic and fine chemicals for further processing in the chemical, pharmaceutical or food industries. In
addition to new process concepts, the optimization of the resource and energy efficiency of existing processes
also plays an important role here. Established processes can be adapted and optimized from the ecological
and economic viewpoint. In doing this, we both consider biobased raw materials and also examine
conventional processes for manufacturing petrochemical products.
Current issues:

Fraunhofer CBP, Fraunhofer IGB, Fraunhofer ICT
Oxidation, hydrogenation, metathesis, lignin cleavage, dehydration
Plants, straw, wood or microalgae







Research topics
and facilities

Oxidation of lignin to obtain monomer aromatic building blocks
Catalytic hydrogenation of glucose and beech wood hydrolyzate to obtain polyols
Metathesis of fatty acid esters to synthesize dicarboxylic acids
Base-catalytic cleavage of lignin to obtain aromatic platform chemicals
Dehydration of biobased alcohols to generate olefins in the gas phase and the compressed phase

Equipment:
With the equipment available at the Fraunhofer CBP we can represent a variety of established types of
reactions and conversions in the gas or liquid phase, but we can also realize them with solids. Here the main
emphasis is on catalytic reactions for the (de-)functionalization of biogenic raw materials. Before pilot testing on
the 0.1 – 10 liter scale, feasibility studies can be carried out or the required synthesis stage can be modified
accordingly.
Continuous and discontinuous reactors are used for scale-up to the technical and pilot scale in order to
demonstrate conversions in the kilogram to the metric ton range. These reactors are designed in accordance
with ATEX specifications (Zone 2).





Stirred tank reactors for discontinuous reactions under atmospheric conditions with a capacity of 1,
10 and 100 liters
Stirred reactors to represent pressure reactions up to 200 bar at 300°C with a capacity of 0.3, 1.2
and 50 liters, suitable for homogeneously and heterogeneously catalyzed reactions in the gas and
liquid phase
Flow tube reactors with a flow rate of 5 – 20 kg educt / h for hydrothermal conversions in the gas or
compressed phase

Special unit(s)
Open access

Open access - Contract research and project cooperation

Status

Running from 2012

Scale

10 m3 fermentation, 10m3 enzyme catalyzed reactions

Webpage

http://www.cbp.fraunhofer.de/en/Competences/chemical-processes.html

Main contact(s)

daniela.pufky-heinrich@igb.fraunhofer.de
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Table A.17: Fraunhofer ICT – Polymeer Engineering
Country

Germany

City

Pfinztal

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot and demonstration

Main product(s)

Different polymer (final) products
Polymeer Engineering:
Long-standing experience in the product development of plastic components makes us a competent partner
for research and development services throughout the value chain, from the idea, and product, material and
process development, through to the manufacture of prototypes. At each stage of the development our
researchers work closely together within thematically focused research groups

Fraunhofer ICT
Polymerization and polymer production
Bio based and conventional fossil based material

Since the institute's restructuring in 1994, within this core competence Fraunhofer ICT has successfully
conducted application-related research ranging from polymer synthesis, mechanics of materials, component
development and manufacture through to the recycling of polymers and their applications.

Research topics
and facilities

In the Polymer Engineering Department emphasis is placed on application-oriented research and the
development of products to pilot production level. Our integration in the thematic networks of the FraunhoferGesellschaft, our excellent contacts with other European countries and beyond, and our collaboration with the
Karlsruhe Institute of Technology (KIT) means that we can offer our partners comprehensive research services
that range from ideas via product, material and process development to the manufacture of prototypes.
Current issues:










Nanotechnology
Compounding and extrusion
Thermoplastic processing
Foaming technologies
Thermoset processing
High-performance fiber composites
Microwaves and Plasmas
Plastic testing and failure analysis

Special unit(s)

Large scale extruders, foaming technologes, thermoset procesing and polymer modification

Open access

Open access - Contract research and project cooperation

Status

Running

Scale

Extrusion up to 250 kg/h products

Webpage

http://www.ict.fraunhofer.de/en/comp/pe.html

Main contact(s)

frank.henning@ict.fraunhofer.de
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Table A.18: TU Bergakademie Freiberg – Chemical conversion
Country

Germany

City

Freiberg

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot(s)

Main product(s)

Methanol and stabilized gasoline
Institute:

Efficient and sustainable use of fossil and renewable energy raw materials

Leading in research for large-scale gasification pro cesses based on comprehensive knowledge of
ther mo-chemical conversion processes

Educating students in bachelor, master and diploma courses in process engineering, environmental
engi- neering, industrial engineering and energy technology

Internationally connected and promoting knowledge exchange and collaboration between science,
industry and public/governmental agencies 90 employees from seven nations with interdisciplinary
background (engineers, chemists, mathematicians, mineralogists, economists, lab and technical
staff)
Syngas to methanol and stabilized gasoline (STF):

Syngas-to-Fuel (STF) – Pilot plant for the synthesis of high-octane gasoline from syngas (start-up in
2010)

STF plant characteristics:

Pilot-scale synthesis plant for demonstration of the production of high-octane gasoline from
synthesis gas

Input: 700 m3 (STP)/h of syngas (provided by the HP-POX)

Two-stage reactor concept: 1 stage: methanol synthesis at 50 bar, 2nd stage: gasoline synthesis

Output: 120 l/h of stabilized gasoline
STF process innovations:

New heat exchanger concept and reactor design allowing for isothermic operation of the gasoline
synthesis reactor

Application of a newly developed catalyst for the selective yield of isomeric hydrocarbons instead of
aromats during gasoline synthesis

New catalytic waste water treatment for minimization of process waste water production

Research topics
and facilities

TU Bergakademie Freiberg + IEC + ITC
Chemical conversion of syngas
Syngas

STF gasoline quality:

Gasoline quality meeting DIN standard and achieving an octane number higher than 93

Substitution of aromats by isomers (Aromatic content <35 %)
Accomplished projects and funding:

Demonstration and performance of test programs
proving and optimizing a new gasoline
synthesis technology (Syngas-to-Fuel)

Funded by the European Fund for Regional Development (EFRE) and the State of Saxony
(Saxon Development Bank) and co-financed by Chemieanlagenbau Chemnitz GmbH and
partners
Special unit(s)

Methanol and gasoline reactors

Open access
Status

Running from 2010

Scale

120 dm3/h stabilized fuel

Webpage

http://tu-freiberg.de/en/iec/evt/groups/equipment/pilot-plants

Main contact(s)

Olaf.schulze@iec.tu-freiberg.de
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Table A.19: TWB Cutting edge microbial strain engineering platform
Country

France

City

Toulouse

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Technological platform

Main product(s)

Not relevant
This platform provides access to equipment and automated devices for projects involving genetic and metabolic
engineering and synthetic biology.

TWB
Biotechnologies
Not relevant

The platform is equipped with several automated liquid transfer devices, to automate in microplate format a number of
crucial steps in engineering projects involving strains of microorganisms, e.g. nucleic acid purification, cloning and
transformation of micro-organisms, optimization of the expression of proteins through automated expression screening.
Research topics
and facilities

This fleet of automated equipment is rounded out with an automated colony picker and specific equipment dedicated to
the high-throughput analysis of nucleic acids, proteins and microorganisms, e.g. capillary electrophoresis systems,
spectrofluorometer, luminometer, flow cytometer analyzer/sorter.
The platform can be used in its entirety or for independent steps. In connection with the biotransformation & culture
platform, a global approach from gene to process is available, from the construction of strains to the selection of more
efficient in culture and optimization of the process.

Special unit(s)

See above

Open access

Open access - Contract research and public research

Status

Running

Scale

No data found

Webpage

http://www.toulouse-white-biotechnology.com/en/toulouse-white-biotechnology-2/expertise-fields/cutting-edgemicrobial-strain-engineering-platform/

Main contact(s)

Hélène CORDIER, helene.cordier@insa-toulouse.fr
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Table A.20: TWB Biotransformation and culture process platform
Country

France

City

Toulouse

Pilot/Demo
Leading
Organization(s)
Main processing
technologies
Main feedstock(s)

Pilot
TWB
Biochemical conversion and biotechnology
Carbon-based raw materials

Main product(s)
This platform provides access to a whole range of instrumented bioreactors with capacities from 50 mL to 300 L. These
reactors are coupled to an adapted at-line or on-line analytical system characterizing liquid, solid and gas phases. The
reactors’ environment is designed for the proactive monitoring of biotransformations. Its equipment can be used to
evaluate and optimize the conversion of carbon-based raw materials using enzymatic and microbial processes (pure
strains or consortia).
Research topics
and facilities

The platform is equipped not only with devices capable of placing micro-organisms in pure or mixed culture (consortia)
in different modes (batch, fed-batch, continuous) but also enzymatic catalysts. In particular, it consists of a culture
robotic device equipped with 24 mini-bioreactors (50mL) for the in-depth characterization and culture optimization of
microorganisms.
The equipment of the biotransformation & culture platform was selected to maximize the potential of the other technical
platforms (analytical, strain engineering and unitary operations) without compromising speed or capacity.

Special unit(s)

See above

Open access

Open access - Contract research and public research

Status

Running

Scale

No data found

Webpage

http://www.toulouse-white-biotechnology.com/en/toulouse-white-biotechnology-2/expertise-fields/biotransformationand-culture-process-platform/

Main contact(s)

Julien CESCUT, julien.cescut@insa-toulouse.fr
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APPENDIX B: ADDITIONAL INFORMATION
B.1 Research players expertise summary table
Information in the following table has been gathered from public resources. Some of the data
are approximations as precise information was not publicly available.
Table B.1: Summary list of organizations per country and areas of expertise

Chem.
Conversion

Biochem.
Conversion

Country

Organizations

Austria

Austrian Center of
Industrial
Biotechnology

X

Austrian Institute
of Technology
Management
Center Innsbruck
Montan University
Leoben
University
of
Technology Graz
University of Life
Science BOKU
University
of
Technology
Vienna
BBEPP

X

Belgium

Tessenderlo
Group
VKC

X
X

X

X

X

X

X

Czech
Republic

X

X

X
X

X

X

X

X

X

X

CMG

Croatia

X

X

of

X

and
of

Other prod.

X

X

Ghent University

University
Chemical
Technology
Metallurgy
Institute
Polymers,
Bulgarian
Academy
Sciences
University
Zagreb

Fiber
technologies

X

VITO

Bulgaria

Polym.
Processing

X

X

of
of

X

University
of
Liberec, Faculty of
Textile

X

X
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Chem.
Conversion

Biochem.
Conversion

Country

Organizations

Denmark

Technical
University
of
Denmark
Aalborg University

X

X

X

X

Aarhus University

X

X

Estonian
University of Life
Sciences
Tallin University of
Technology
VTT

X

Aalto

Estonia

Finland

France

Mikkeli University
of
Applied
Sciences
Åbo
Akademie
University
Natural Resources
Institute
Finland
(Luke)
INRA

Other prod.

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

Tampere
University
of
Technology
University of Oulu

Fiber
technologies

X

University
of
Eastern Finland
Chempolis
SciTech Service

Polym.
Processing

X

X

X

X

X

X
X

X
X

X

X

X

X

X

X

FCBA

X

IFPEn, multiplace

X

X

CTP, Grenoble

X

X

CEA multiplace

X

X

X

CIRAD
(BioWooEb),
Montpellier
TWB, Toulouse

X

X

X

X

LERMAB,
University
of
Lorraine, Nancy
LCPO, Bordeaux

X

CERMAV,
Grenoble
ICPEES,
University
Strasbourg,

X

X

X

X

X

X
X

X

X
X

of
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Country

Organizations
Strasbourg
TIMR, University
of Technology of
Compiègne,
Compiègne
IRCELYON, Lyon

Chem.
Conversion

Biochem.
Conversion

X

Fiber
technologies

Other prod.

X

X

LGPM, ChâtenayMalabry
IAM, Montpellier

Germany

Polym.
Processing

X
X

University of Pau
and
Pays
de
l'Adour
IRSTEA, Rennes

X

BioSC
BioEconomy
Science center

X

X

X

DBFZ
German Biomass
research center

X

X

X

Fraunhofer CBP
Center
for
chemicalbiotechnological
processes

X

X

X

X

X

X

Fraunhofer IAP
Institute
for
Applied Polymer
Research
Fraunhofer ICT
Institute
for
chemical
technology

X

X

X

Fraunhofer IMWS
Institute
of
Microstructure of
materials
and
systems
Fraunhofer
UMSICHT
Institute
for
Enviromental,
Safety and Energy
Technology

X

Fraunhofer WKI
Institute for Wood
Research

X

FZ
Jülich
Institute of Bioand Geosciences
Johann Heinrich
von
Thünen

X

X

X

X
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Country

Greece
Greece

Greece

Greece

Hungary

Ireland

Organizations
Institute
KIT – Karlsruhe
Institute
of
Technology
Research Institute
Bioaktive Polymer
Systems
TU
Dresden
Biotechnology
Center
and
Institute of Natural
Materials
Technology
University
of
Athens
Aristotle
University
of
Thessaloniki
(AUTH)
Chemical Process
&
Energy
Resources
Institute (CPERI)
Chemical
Engineering
Sciences (ICE-HT)
University of West
Hungary
University
of
Debrecen
University
of
Pannonia
TCBB

Chem.
Conversion

X

X

X

X

Other prod.

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X
X

X

X

X

Italy

University
of
Tuscia (DIBAF)

Latvia

Latvia
State
Institute of Wood
Chemistry
(LSIWC)
Riga
Technical
University (RTU)
Aleksandras
Stulginskis
University
Center
for
Physical Sciences
and
Technology
(FTMC)
Luxembourg
Institute
of
Science
and
Technology (LIST)
BPF

X

Chemelot

X

Netherlands

Fiber
technologies

X

National Research
Council (CNR)

Luxemburg
(BBEPP)

Polym.
Processing

X

Italy

Lithuania

Biochem.
Conversion

X

X

X

X

X

X

X

X

X

X

X
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Country

Organizations

Chem.
Conversion

Biochem.
Conversion

Polym.
Processing

WUR
Norway

Poland

Portugal

Portugal

NTNU

X

PFI

X

X

NMBU

X

NOFIMA

X

NIBIO

X

Institute
for
Chemical
Processing
of
Coal
Poznan University
of Technology
Lodz University of
Technology
Wood Technology
Institut
Institute
of
Experimental and
Technological
Biology (iBET)

X

X

X

X

X

X

X

X

X

X

Spain

CIEMAT

X

X

Spain
Spain

X

X

GAIKER-IK4

Slovenia

X

X

Spain

Slovakia

X

X

Spain

Romania

Other prod.

X

University
of
Aveiro
“Petru
Poni”
Institute
of
Macromolecular
Chemistry
“Gheorghe
Asachi” Technical
University
Polymer Institute
of
the
Slovak
Academy
of
Sciences
University
of
Maribor
Center
of
Excellence
Polymer Materials
and Technologies
National Institute
of Chemistry
National Research
Council (CSIC)
TECNALIA
Corporation (Azti,
Neiker and TRITecnalia Research
& Innovation)
CARTIF

Romania

Fiber
technologies

X
X

X

X

X

X

X

X
X

X

X
X

X

X

X

X

X

X

X

X
X

75

X
X

X

ATTACHMENTS – APPENDIX B

Chem.
Conversion

Biochem.
Conversion

Polym.
Processing

Country

Organizations

Spain

IVICAM-CLAMBER

X

X

Spain

X

X

X

X

Spain

National
Renewable Energy
Center (CENER)
Madrid Institute of
Advanced Studies
(IMDEA)
AITIIP

Spain

ANDALTEC

X

Spain

AIMPLAS

X

Spain

Universitat
Autónoma
de
Barcelona (UAB)
Euskal
Herriko
Unibertsitatea
(UPV/EHU),
Universidad
Complutense
de
Madrid (UCM)
Universitat Rovira
i Virgili (URV)
Universitat
Pompeu
Fabra
(UPF)
Universitat
Politècnica
de
València (UPV)

Spain

Spain

Spain

Spain
Spain

Spain

Spain
Spain
Sweden

Switzerland

Fiber
technologies

X

X

X

X

X

X

X

X

X

X
X

X

Universidad
de
Valladolid (UVa)
Universitat Jaume
I (UJI)
KTH
Royal
Institute
of
Technology
Mälardalen
University
Biofuel
Technology
Centre
Umeå
Plant
Science Centre
Karlstad
University
Chalmers
University
of
Technology
Lund University

X

X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

University
of
Borås
MoRe Research

X

X

Innventia

X

EMPA
Materials

Other prod.

X

science
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Country

United
Kingdom

Organizations
and technology
PSI
Paul
Scherrer
Institute
WSL
Swiss
Federal
Institute
for
Forest, Snow, and
Landscape
Research
CPI

The
Biorefinery
Center
BDC

Chem.
Conversion

Biochem.
Conversion

X

X

Polym.
Processing

Fiber
technologies

Other prod.

X

X

X

X

X

X

X
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B.2 Additional information on research facilities


CHEMICAL CONVERSION

Fraunhofer UMISCHT – Institute for Enviromental, Safety and Energy Technology
Fraunhofer UMISCHT is an applied science institute which is located in Oberhausen.
Fraunhofer UMSICHT consist around 500 employees and its yearly budget is around 40 million
euros. Their research areas are polymer materials, chemistry, environment, biomass and
energy.
Fraunhofer IKTS – Institute for Ceramic Technologies and Systems
Fraunhofer IKTS is an applied science institute which is located in Dresden. Fraunhofer
UMSICHT consist around 650 employees and its yearly budget is around 40 million euros.
Their relevant research areas are nanoporous membranes, high-temperature separation and
catalysis, biomass technologies and membrane process engineering, bio- and
nanotechnology.
Fraunhofer ICT – Institute for Chemical Technology
Fraunhofer ICT is a member of ERIFORE project. Fraunhofer ICT is an applied science
institute which is located in Pfinztal. Fraunhofer ICT consist around 240 employees and its
yearly budget is around 34 million euros. Their research areas are energetic materials,
energetic systems, applied electrochemistry, environmental engineering and polymer
engineering.
Fraunhofer CBP - Center for Chemical-Biotechnological Processes
Fraunhofer CBP is a member of ERIFORE project. Fraunhofer CBP is piloting center for
chemical and biotechnological processes. Fraunhofer CBP is located in Leuna and consist
around 40 workers. Fraunhofer CBP is part of Fraunhofer IGB.
LignoCity (Sweden, Innventia)
Innventia, Nordic Paper and Paper Province have started establishing an open test bed called
LignoCity. Here, companies can develop and scale up technology that refines lignin to new
climate-friendly fuels, chemicals and materials. Innventia’s demonstration plant in Bäckhammar
will be further developed and made into an open test bed for companies who want to evaluate
and validate new refining concepts in the lignin area. The plant is currently the only one in the
world that can produce tailor-made lignin qualities in sufficient quantities for upscaling. The
purpose of LignoCity is to create a center where ideas are brought together and opportunities
for commercial development are identified and supported. Lignin from kraft pulp production and
other sources, for example from ethanol and sugar production, can be processed at the plant.
Institute of Polymers, Bulgarian Academy of Sciences (Bulgaria)
The Institute of Polymers, Bulgarian Academy of Sciences (IP-BAS) is an autonomous
research unit and has been the leading center of polymer research in Bulgaria. Being coherent
with the vanguard trends in polymer science and technology its research policy has always
been oriented to meet the requirements set by society needs. The Institute having developed a
world-class level of expertise in polymer synthesis has become a Centre of Excellence for new
polymer materials for medicine and pharmacy. IP-BAS has been putting much effort to keep
itself well integrated in the national, regional, and European research communities. The
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research policy of the Institute is also coherent with the key objectives for sustainable
development of Bulgaria as an EU member state formulated in a number policy documents.
The main research activities of IP - BAS are focused on the development of new polymers and
innovative polymeric (nano)materials and technologies; polymer materials for biomedical,
pharmaceutical and biotechnological applications, and polymer materials for alternative energy
sources and polymers separated from renewable, unconventional resources. The equipment
facilities of IP-BAS enable the synthesis and/or modification of polymers, preparation of
polymer (nano)materials and their versatile characterization. The main equipments are as
follows: microwave reactor RotoSYNTH (Milestone s.r.l.); AVS-310 Schott Gerate automatic
viscometer; electrospinning equipment; analytical ultracentrifuge ProteomeLab XL-I Beckman
Coulter; universal modular rheometer RheoStress 600, Thermo Haake.
Center of Excellence Polymer Materials and Technologies, Ljubljana (Slovenia)
One of the research areas is focused on the use of materials from renewable resources in
polymer production, and on the study of processes of degradation and stabilization of natural
and modified natural polymer materials. The central research focus is on the treatment of
biomass, including liquefaction, modification and processing of products to be used as raw
materials in the production of materials or as fuel. Related is the study of degradation
processes in terms of biomass processing, biodegradation and preservation of natural
materials. Main equipment: MALDI-TOF-TOF MS; TGA; DSC; reaction calorimeter;
respirometric analyzer for polymer biodegradation measurement; PoliMaT Laboratory
elemental analyzer C, N, H, S, O; adsorption porosimeter; UV system for polymerization;
Laboratory spray dryer; laboratory mixer reactor; laboratory high pressure reactor; GPC/SEC
instrument; lyophilizator; mass spectrometer (MS); Near infrared (NIR) spectrometer;
electrospinning device. As pilot facilities, they have a pilot plant ultrasound processor and a
pilot scale electrospinning device.
Institute of Chemistry, Ljubljana (Slovenia)
Laboratory of Catalysis and Chemical Reaction Engineering
The research activity is focused on chemical transformation of reactants to desirable products
in homogeneous and heterogeneous catalytic or non-catalytic systems, theoretical
determination of thermodynamic possibility for certain transformation and experimental
evaluation of kinetic parameters for these transformations. The main topics are as follows:
catalytic wet oxidation of organics dissolved in wastewater carried out in membrane reactors;
optimization of process hydrodynamic conditions in single- and multi-channel membrane
contactors; interpretation of experimental data through mathematical modeling and
optimization of parameters; development of Pd-Cu bimetallic catalysts for integrated process of
underground drinking water denitrification; kinetic and mechanistic studies of heterogeneously
catalyzed reactions with in situ FTIR/ ATR method; study of kinetics and mechanisms of
catalyzed reactions in the hydrogen production and cleaning processes from primary fuel
sources (fossil and renewable) for PEM fuel cells; synthesis, structural and electrochemical
characterization of new CO-tolerant anode catalysts for PEM fuel cells; synthesis, structural
and electrochemical characterization of proton conducting nanocomposite polymer membrane
for PEM fuel cells. The main equipment: Reaction calorimeter RC1e with FTIR (ReactIR 45m)
and FBRM (Lasentec D600 tip L), High-throughput stirred reactor system, High-throughput
fixed bed reactor system, Micromeritics ASAP 2020, Perkin Elmer Spectrum 100 FT-IR,
CompuCell GT, Micromeritics AutoChem, LabMax reactor.
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BIOCHEMICAL CONVERSION

Chempolis (Finland, Chempolis Oy)
Demonstration scale pilot for: 1. Development, demonstrations and testing of
Chempolis´formico®-technologies and systems 2. Customer test runs and production of
sample materials. 3. Design of commercial scale biorefiners. Demo scale equipment can be
applied also for other than Chempolis own process tests. Chempolis reserves the right to
choose the projects.
Chempolis Biorefining Park includes biorefinery, R&D center and Chempolis headquarters.
The raw materials used in the biorefinery are non-wood and non-food materials, such as grain
straws, for production of pulp, bioethanol and biochemical.
BIOTEP (Norway, NOFIMA)
National Facility for Marine Bioprocessing; flexible Mini-Factory for extraction of valuable
compounds from and biochemical conversion of marine and land based biomass. Available
services: Industrial scale test production; process development and optimization, Scale-up of
laboratory research; Production costs estimates; Market and consumer analysis and evaluation
of product; Companies can rent the facilities for periodical small scale production. The facilities
can be used for research and educational purposes.
Process Development Unit (Sweden, Lund University)
The Process Development Unit (PDU) is a collection of unit operations in bench and pilot scale
for bioethanol and biorefinery research. In the PDU there´s capability for pretreatment of
biomass (batch or continuous), enzymatic hydrolysis and fermentation, and downstream
processing (membrane technologies and distillation). The main difference between the
research done in laboratory scale (typically 25-400 g dry matter) and the PDU research
(typically 2-20 kg dry matter) is the possibility to scale the results obtained in the PDU to demo
plant scale (typically 1 ton/day).
For enzymatic hydrolysis and fermentation the PDU is equipped with 6 fermentors ranging in
sizes from 5L (yeast cultivation) to 100L. They can handle both aerobic and anaerobic
conditions.
Indienz AB (Sweden, Close cooperation with Lund University))
Indienz AB is a biotech-based company situated in southern of Sweden outside the city of
Lund. Indienz was founded 2005.
Indienz activities involve the production of various biotechnological substances (e.g.
recombinant proteins/enzymes, organic acids, osmolytes) on contract and as own products.
Moreover, Indienz serve customers with competence regarding bioprocess design and
development in the areas of biorefinery and environmental biotechnology, both as consultants
and for in-house developed concepts together with the client.
At Indienz process plant in Billeberga, numerous bioreactors are available up to a reactor
volume of 85 m3.
JTI Swedish Institute of Agricultural and Environmental Engineering (Sweden)
JTI conducts qualified and independent pilot studies, investigations and evaluations mainly
within the agricultural sector but these expertise areas are even applicable to the forest
industry. The areas of expertise include Bioenergy, Biological waste management and biogas
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production, Energy and resource efficiency, Handling of nutrients and organic residuals,
Precision agriculture, Sensor development, Small-scale wastewater treatment, System
analysis and Working environment.
JTI offers access to a number of specially equipped facilities, laboratories and methods. A
number of the technical resources are unique in their kind in Sweden, such as the mobile
biogas plant (for production of biogas from organic waste through fermentation) that has a
fermentor reactor volume of 6 m3.
Fraunhofer IME – Institute for Molecular Biology and Applied Ecology
Fraunhofer IME is an applied science institute which is located in Aachen. Fraunhofer IME
consist around 200 employees. Their research areas are applied life sciences from the
molecular to the ecosystem level in the areas of pharmacy, medicine, chemistry, agriculture,
and environmental and consumer protection.
FZ Jülich – Institute of Bio- and Geosciences
Research at IBG-1 is subdivided into the topics “Systemic Microbiology”, “Systems
Biotechnology”, "Bioorganic Chemistry" and "Molecular Enzyme Technology". They cover a
broad spectrum of interdisciplinary competences ranging from biological basic research to
engineering sciences. Scientific projects are tightly coordinated and worked on
complementarily.
Fraunhofer IGB – Institute for Interfacial Engineering and Biotechnology
Fraunhofer IGB is an applied science institute which is located in Stuttgart. Fraunhofer IAP
consist around 400 employees and its yearly budget is around 30 million euros. Yearly
investments are around 2 million euros. Their research areas are interfacial engineering and
materials science, molecular biotechnology, physical process technology, environmental
biotechnology and bioprocess engineering, cell and tissue engineering
BioSC
The Bioeconomy Science Center – BioSC is an institution between RWTH Aachen, Heinrich
Heine University, Wilhelms University of Bonn and Jülich Research Center. The partners are
located in North Rhein-Westphalia. Their research areas cover numerous areas of bioeconomy
including: 1. Sustainable plant production and resource stewardship; 2. microbial and
molecular transformation; 3. chemical engineering and processing of renewable resources and
economy; and 3. social implications of the bioeconomy.
Biotechnology Center TU Dresden
The Biotechnology Center (BIOTEC) was founded in 2000 as a central scientific unit
Technische Universität Dresden. It is a unique interdisciplinary center focusing on research
and teaching in molecular bio-engineering. The BIOTEC hosts top international research
groups working on genomics, proteomics, biophysics, cellular machines, molecular genetics,
tissue engineering, and bioinformatics.
University of Zagreb (Croatia)
Faculty of Chemical Engineering and Technology is a non-profit research organization,
supported mostly by public partnership, of, as stated, prevailingly global importance. One of its
research groups is working in the field of applied biocatalysis, with isolated enzymes as
catalysts, as well as with the whole cells. Another area of interest is fermentation technology.
Also, mathematical models are a very important part of the work. Need for additional
assistance in establishing partnerships with potential regional and EU partners has been
indicated. Last years, Faculty of Chemical Engineering and Technology, at the University of
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Zagreb has been developed research activities in the field of biocatalysts and fermentation
technology. The main equipments involved in the research activities on biochemical conversion
of biomass and products’ characterization are as follows: Bioreactor BIOSTAT MD®;
refrigerated Incubator shaker INNOVA 4330; High performance liquid chromatography
Shimadzu; Gas chromatographs Varian 3300; Shimadzu GC-2014; Spectrophotometer, X-ray
difractometer XRD Shimadzu 6000; Scanning electron microscopy (SEM) Tescan Vega.

Maribor University, Faculty of Chemistry and Chemical Engineering (Slovenia)
Laboratory for Process Systems Engineering and Sustainable Development is based on
innovative approaches for simultaneous solving of multi-level structure of production systems,
i.e. from the atoms and molecules over the individual processes up to the local and global
supply chains for products and energy. The main equipments identified in this organization are
as follows: Scanning electron microscopy (SEM) Tescan Vega 3; AnaerAnaerobic and aerobic
reactors Armfield; Liquid phase chemical reactor Armfield; Tubular flow reactor Armfield;
Avtom Reaction Calorimeter RC1 Mettler Toledo, 2 L capacity Parr 4843type high-pressure
reactor.
Some research topics of the Laboratory for dyeing, colorimetry and finishing ecology from
the same university are Bio-modification and bio-functionalization of natural and synthetic fiber
polymers; Enzymatic processes in different mediums (water, organic solvent, ionic liquid,
supercritical fluid) and/or co-using of physical technique (ultrasound, microwave, magnetic
field); Enzyme-catalyzed processes of hydrolysis, surface modification, derivatization and
functionalization of fibers, polymers and nanomaterials for different applications; Enzyme
induced degradation or release (controlled or specific) of bioactive substances from
macromolecular matrix; Enzyme binding domains (e.g. CBD), bio-functional proteins and
peptide segments in bioactive or biomimetic materials preparation; Enzymes stabilization and
immobilization (adsorption, covalent binding, encapsulation), bionanotechnology.
University of Pannonia, Research Institute of Chemical and Process Engineering
(Hungary)
The main research activities related to the topics of WP3 (ERIFORE) are focused on the
utilization of lignocellulose for bioethanol production; microbial production of organic
compounds (e.g. succinic acid) with more functional groups; biofuel production from
microalgae. The research facilities used are reactor vessels, Vibracell VCX 750 (Ultrasonic
processor), 2 L capacity Parr 4843 type high-pressure reactor, fermentor system containing 12
Pyrex batch reactors of 1 L capacities, Biostat A bioreactor (B. Braun, Melsungen, Germany) –
2 L, HPLC Jasco HPLC chromatographic system (Jasco Analytical Instruments, Japan).
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Carbon Fiber lab (Sweden, Innventia)
In the test bed, lignin can be converted into carbon fiber in different ways. In the monofilament
extruder, small quantities of material are used in order to screen the proccessability in fiber
converting. For larger quantities, a multifilament extruder can be used. It can spin up to 80
filaments.
The conversion from lignin fibers into carbon fibers is done in by several heat treatment steps.
Today the conversion is done in batches where stress can be applied to the fibers during the
heat treatment in specially designed equipment.
The mechanical properties of the fibers can be determined between each treatment and their
chemical composition and the visual appearance can be determined. It is also possible to
convert other materials other than lignin. So far lignin has been the major raw material, but also
cellulose has been converted.

Fraunhofer IAP – Institute for Applied Polymer Research
Fraunhofer IAP is an applied science institute which is located in the area of Berlin.
Fraunhofer IAP consist around 180 employees and its yearly budget is 17 million euros. Yearly
investments are around 1 million euros. Their research areas are biopolymers, functional
polymer systems, synthesis and polymer technology, life science and bioprocesses and
polymeric materials and composites. Fraunhofer IAP has also a polymer engineering pilot plant
Schkopau.
Leibniz institute for Polymer Research Dresden
The Leibniz Institute of Polymer Research Dresden (IPF) is one of the largest polymer
research facilities in Germany. As an institute of the Leibniz Association, the IPF is committed
to carrying out application-oriented basic research and receives its base funding in equal parts
from the federal and state governments.
The focus of activities at the IPF is directed toward the advancement of basic scientific
knowledge for the development of functional polymer materials and polymer materials with new
or improved characteristics. In addition, emphasis is also put on combining material
development with innovative and sustainable production and processing technologies.

Leibniz institute for New Materials
INM is focused on the research and development of materials – for today, tomorrow and the
future. Chemists, physicists, biologists, materials and engineering scientists shape the work at
INM. From molecule to pilot production, they follow the recurring questions: Which material
properties are new, how can they be investigated and how can they be used in the future.
INM – Leibniz Institute for New Materials, situated in Saarbrücken/Germany, is an
internationally leading center for materials research. It is a scientific partner to national and
international institutes and a provider of research and development for companies throughout
the world. INM is an institute of the Scientific Association Gottfried Wilhelm Leibniz and
employs around 210 collaborators. Its main research fields are Nanocomposite Technology,
Interface Materials, and Biointerfaces. Annual budget of INM is around 24 million euro and
third party funds are around 5 million euro. INM has more than 100 patents.
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Fraunhofer ICT – Institute for Chemical Technology
Fraunhofer ICT is a member of ERIFORE project. Fraunhofer ICT is an applied science
institute which is located in Pfinztal. Fraunhofer ICT consist around 240 employees and its
yearly budget is around 34 million euros. Their research areas are energetic materials,
energetic systems, applied electrochemistry, environmental engineering and polymer
engineering.

UCTM (Sofia, Bulgaria)
The University of Chemical Technology and Metallurgy - Sofia (UCTM) was founded in
1953. This is a state university that has accreditation with one of the highest scores in Bulgaria.
The University has approximately 4000 students annually (bachelors, Masters and PhD).
Bachelor degrees offered are in the field of Chemical Technology and Engineering, Metallurgy,
Materials Science, Biotechnology, Environmental Protection, Information Technology and
Control Engineering, Industrials Safety and Industrial Management. Additionally more than 40
Master and PhD degree courses are offered in these areas. Some Bachelor and Master
courses are taught in English, French or German.
The main equipments are dedicated to obtain and characterize different wood/biomass based
composite materials.

Maribor University (Slovenia)
Maribor University, Faculty of Chemistry and Chemical Engineering developed some
activities related to Biodegradable and biocompatible polymers such as: synthesis of porous
polymers based on acrylates and polysaccharides with thiol-ene chemistry for applications in
tissue engineering and tissue culture; synthesis of porous cross-linked polymers of acrylic acid
and acrylamide; polymeric porous membranes.

Polymer Institute of the Slovak Academy of Sciences (Slovakia)
The research of Polymer Institute of the Slovak Academy of Sciences is focused on
intentional and spontaneous structural changes in polymers in relation to their properties.
Research projects are focused on modification by introduction of functional groups, grafting,
cross-linking, thermal and light stabilization of polymers, on mechanism of emulsion
polymerization, preparation of new polymer materials based on polymer mixtures and
composites, materials for biotechnology and biomedicine and supports for liquids
chromatography. The thermodynamics of polymeric systems, conformation and mobility of
polymer chain of synthetic polymers and biopolymers is investigated. New chromatographic
separation and characterization techniques for complex polymer systems are being developed.
The main equipments used to process and characterize composite materials are: Brabender
Plasticorder, Universal testing machine Instron, Universal testing machine Shimadzu,
Hydraulic press Fontijne SRA-100 and Fontijne TP 50, Microcompounder DSM, Becker & Hickl
TCSPC modular equipment.
TUIASI (Romania)
The “Gheorghe Asachi” Technical University of Iasi (TUIASI) is a prestigious Romanian
university, classified as a university for advanced research and education, according to the
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Ministry of Education& Research Order (MECTS nr. 5262/2011) and being also a relevant
component of the research and development system of national interest according to ANCS
Decision No. 9708/29.07.2009. TUIASI develops programs for undergraduate, master,
doctoral, postdoctoral studies and scientific research in 14 research areas, out of which 10
areas were classified in the category A, according to Law 1/2011 and HG 789/2011. The
doctoral activity is organized within 10 doctoral schools including 13 doctoral fields developed
according to national and international research priority areas, with a total of 535 doctoral
students co-ordinated by 108 doctoral Ph.D. supervisors. “Cellulose, Paper and Fibers Group”
from Technical University “Gh.Asachi” Iasi prepare engineers and specialists in the area of
“Paper Engineering”, and ensure the knowledge improvement by post-graduate and Ph.D.
studies. The staff of the group has published over 32 books, 1000 scientific papers and 26
patents.
University of West Hungary, Institute of Wood and Paper Technology - Natural
Resources Research Center (Hungary)
The main research activities developed in this organization are focused on: (i)composite
materials and products: inorganic bonded composites, traditional wood based panels, fiberreinforced composites, wood fiber-plastic composites, biocomposites; (ii) nanotechnology:
producing bioactive nano chemicals using green chemistry; (iii)
bioplastics and
nanocomposites, nanocrystalline cellulose.
In the education field, the institute’s laboratories are used for lab sessions, student science
projects, individual lab projects, thesis projects, PhD programm. The most important areas of
education include wood based composites, wood drying and steaming, paper raw materials,
defibration technology, mat forming, physical and chemical testing, flow mechanics, nondestructive testing of wood, acoustics, light frame construction technology and materials,
insulation techniques, color theory.
The main equipments used in polymer processing and composites’ characterization are:
COLLIN ZK25T four zoned compact laboratory twin screw corotating extruder, LABTECH
Scientific twin screw extruder with melt pump and LBRC—150 chill roll cast line, Istron 3345
tensile tester, Perkin Elmer DSC 7 calorimeter, Melt flow index meter, high speed blender,
SEM Hitachi S-3400N, Jeol JEM-2000EX TEM, Philips PW1710 WAXD.
University of Debrecen, Faculty of engineering
The University of Debrecen contributes to the development of the economy and the society by
creating and disseminating new knowledge through education and research. The research and
development activity, as demonstrated by the number of publications, citations and the amount
of research expenditure, has steadily grown and proven outstanding when compared
nationally. Priority areas of research, such as molecular science, physical, computational and
material science, molecular medicine, medical, environmental and agricultural science are
focus areas selected for their multidisciplinary approach. The University of Debrecen aims to
generate research results that may be exploited by the industry, for the primary benefit of the
society. To achieve this goal, the administrative support of cooperation between the business
sector and the university researchers has been improved in the last few years. Cooperation
formed at strategic levels provide better opportunities to develop new innovative products and
services, creating value through public and private investments to research, development and
innovation.
The main equipments dedicated to the topics of polymer processing and biocomposites are:
tensile testing machine, ZD 20 type hardness tester, Impact tester, Brinell hardness tester,
Fatigue-testing machine, torque meters.
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SciTech-Service (SciTech Oy, Finland)
SciTech-Service is a technology development company that offers consulting and laboratory
services in biorefining and regenerated cellulosics. They have the know-how and facilities for
kg-scale piloting from wood/biomass to paper products or textile fiber with separation of lignin
and hemicellulose – “one-stop-shop” for development of industrial concepts. In the field of
secondary processing they offer a pilot for spinning of regenerated cellulose (100 kg/d) for
production of textile fiber test batches.
Tampere University of Technology (TUT, Finland)
Fiber Materials Science is one of the nine operational groups of the Department of Materials
Science at Tampere University of Technology. TUT has small pilot scale equipment for wet
spinning of regenerated cellulose fibers. Capacity ranges from 1 L (ca. 50g of fibers) to 60L
(ca. 3 kg fibers). In addition, TUT has great piloting facilities in the field of Paper Converting
and Packaging research. The pilot lines of this research unit are developing processes for
extrusion and dispersion coatings, lamination and cast film techniques as well as novel
materials and structures for packaging. Also, the pilot lines provide a wide range of possibilities
for testing different surface treatment techniques.
Mikkeli University of Applied Sciences (FiberLaboratory, Finland)
The FiberLaboratory began operating at the end of 2005 in Savonlinna. The laboratory
develops technology and innovations for the processing and forestry industry, as well as for
chemical, measurement, regulation and automation system manufacturers. There are fiber,
water and wastewater laboratories, piloting equipment up to production scale and portable
piloting equipment for factory tests. The core of the FiberLaboratory is the pilot hall, where pilot
and factory-scale test runs can be conducted using wet pulp mass, water and/or other test
materials. The facilities also contain pilot production facilities for production of microcrystalline
pulp, mass treatment and for pulp processing. Piloting is supported by analysis laboratory.
Centre Technique du Papier (CTP, France)
The Centre Technique du Papier (CTP), Located on the University Campus, Grenoble,
promotes the technical development of the Pulp, Paper and Board industry as well as the
related industries. Over the years, the CTP and its partners have equipped themselves with a
number of pilot facilities. There are pilot plants for cooking, bleaching, high yield pulp, and
refining. Treatments and coatings on papers and boards are performed in chromatogeny,
atmospheric plasma and coating pilot plants. There are also pilot plants for high-speed
laboratory calender, for recycling and de-inking as well as for activated-sludge effluent
treatment. Related to fiber technologies there is NaMiCell pilot plant built in collaboration with
FCBA technological institute. This pilot plant produces cellulose micro/nanofibrils based on
cellulose pulps. Associated with the refining pilot plant it can be used to produce 30 to 70 kg
batches of CMF/CNF dry equivalent in the form of a 2% concentration gel. The system is
based on the mechanical processing of a lignocellulosic element suspension through very
high-pressure homogenization. The pilot plant has one system with a capacity of 50 liters/h
and another with a capacity of 1 m3/h for producing larger batches.
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Thuringian Institute of Textile and Plastics Research e.V. (TITK, Germany)
The Thuringian Institute of Textile and Plastics Research (TITK) is an industry-oriented
research institute conducting both fundamental and applied research in the fields of
chemistry, plastics and textiles. Over the past several years TITK has utilized its textile
expertise to become a modern institute for materials research, whereby TITK's R&D activities
are founded primarily on work with natural and synthetic polymers. The working scope of
fiber development focuses on cellulose and its derivatives, proteins, polyacrylonitrile, polyvinyl
alcohol and aramides. There are several apparatuses for the preparation of spinning solutions
and for fiber, fiber non-wovens and filament production (up to 100 kg). Application field-scale
spinning plants exists for fiber and filament production. TITK has pilot plant for material
developments and machining testing for spunbonded nonwowens and for manufacturing of
long fiber granulas in Rudolstadt.
Institute of Textile Chemistry and Chemical Fibers (ITCF Denkendorf, Germany)
The ITCF specializes in the development of sustainable processes and materials from
synthetic and natural polymers. Among the institute's core competences are the synthesis of
fiber polymers and fiber production using all important spinning methods and the finishing of
textiles. Melt spinning tests can be conducted with gram quantities of polymers (Minilab
Extruder) or on major industry-scale spinning plants. A modern spinning plant is available for
spinning yarns from up to 1000 filaments for wet spinning tests. It offers conventional spinning
through a precipitation bath or using the air gap method. The dry spinning technology is used
for the production of ceramic fibers. For years, ITCF Denkendorf has focused on derivatising
cellulose and worked with alternative solvents for cellulose (ionic liquids). Using new
environmentally harmless methods, fibers with specific characteristics can be produced, for
example in the field of medicine or hygiene. They have a small pilot plant for the manufacture
of regenerated cellulose fibers. In addition they have equipment for the carbonization of
cellulose fibers.
Institute of Textile Technologies at RWTH Aachen University (ITA, Germany) The Institut
für Textiltechnik belongs to the Faculty for Mechanical Engineering of RWTH Aachen
University. Research focus is therefore on the development of new textile machines and new
textile processes. The current areas of research are: Spinning, spinning preparation,
nonwovens, Textile fabrics production, Man-made fiber technology, Technical textiles and
fiber-reinforced composites, Medical textiles and biomaterials, Smart Textiles, Clothing
Technology (joining processes), Textile economics, Quality management and process
optimization, Recycling.
Papiertechnische Stiftung (PTS, Germany)
PTS is a foundation that assists companies in all sectors with the development and use of
modern fiber-based solutions in the areas of research, consultancy, testing and training. Their
competences focus on the following areas: fibers & composites, packaging & conformity, print
& functional surfaces, industry 4.0 solutions for quality assurance and measuring systems,
material testing & analytics. They have state-of-the-art pilot plant facilities for innovative pulp
upgrading and paper development.
Paper and Fiber Research Institute (PFI, Norway)
Paper and Fiber Research Institute (PFI) is an independent research institute within wood
fiber, pulp, paper, new biobased materials and biofuels. PFI is a subsidiary of INNVENTIA AB,
a Swedish R&D-corporation with head office in Stockholm. PFI has the equipment for doing
most of the common assessments of pulp and paper properties important to the industry. More
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specialized equipment, such as special-purpose microscopes, is also available. The list of
pilot-plant machinery includes a calender and a TMP-refiner.
Institute of Biopolymers and Chemical Fibers (IBWCh, Poland)
The domains of activity at IBWCh include a) processing, modification and application of
biopolymers, b) manufacture, processing and application of chemical fibers and other
polymeric and similar products and c) manufacture, processing and quality assessment of pulp
and paper and similar products. The institute is quite famous for its textiles. Fibers from natural
polymers, like cellulose, chitosan, starch, alginates and their derivatives is one of the core
research areas. Equipment suitable for the modification of polymers, preparation of spinning
solutions in various solvents and big laboratory spinning lines for continuous yarns and staple
inclusive:
• wet spinning line for the preparation of multifilament yarn from polymer solutions,
• laboratory line for wet-forming of microfibrils from polymer solutions
• tanks and auxiliary equipment for the preparation of spinning solutions,
• pilot plant for the preparation of film/casings from polysaccharides.
There are nice plants for wet spinning of all kinds of polysaccharides, as well as a small pilot
plant on film formation (Cellophan-type films).
Nanocellulose pilot plant (Innventia, Sweden)
In 2011, Innventia opened the world's first pilot plant for the production of nanocellulose, which
has a capacity of 100 kg/day. The pilot facility's connection to the existing pilot-scale
processing equipment at Innventia, which includes screens, refiners, fractionation equipment,
not to mention a paper machine.
FEX pilot papermaking machine (Innventia, Sweden)
The FEX system is a complete pilot-scale papermaking facility serving the pulp and paper
industry and its suppliers with process studies, product development and the evaluation of new
technology and raw materials. Our full-length paper machine enables us to customize your
papermaking research, and our flexible stock preparation allows us to make endless
adaptations. In connection with this, we also operate the world's first pilot facility for large-scale
production of the promising material nanocellulose.
The FEX system is more than an advanced paper machine. The pilot plant includes other
important resources on a pilot scale:
-

a TMP refiner
a fractionation and screening system
a system for low consistency refining, StratEx, a semi-pilot sheet former
LINDA, a pilot scale machine designed to study and convert moving paper webs.

The FEX organization is extremely project oriented in order to deal with development and
innovation projects in close cooperation with industry.
MoRe Research spinning pilot (MoRe Research, Sweden)
MoRe Research is a neutral and independent research and development company in the field
of product and process development, mainly for the pulp and paper industry. At MoRe you can
find a complete chain of pilot equipment under the same roof, from chipping, cooking and
bleaching via viscose solutions to the finished viscose thread in the spinning pilot. Here a direct
spun viscose fiber can be produced for evaluation of process and product characteristics from
raw material to special cellulose and further to viscose fibers. The spinning pilot is a batch type
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pilot for viscose solutions between 140 and 220 ml. MoRe Research will be operating the
Nanocrystalline Cellulose pilot plant in the near future.
Nanocrystalline cellulose pilot plant (Holmen, Sweden)
Holmen is a forest industry group that manufactures printing paper, paperboard and sawn
timber and runs forestry and energy production operations. In 2013, Holmen became a major
stakeholder in Melodea, and sub-licensee of technology licensed to Melodea for production of
CNC from paper sludge. In 2015, MoRe Research with Holmen and SP Technical Research
Institute of Sweden invested in nanocrystalline cellulose pilot facility.
Swerea (Sweden)
A pilot plant for wet spinning of the next generation textile fibers has been installed at Swerea
IVF. The pilot plant will be used for production of textile fibers based on cellulose from forest
raw materials. However, also recycled textiles, marine raw materials as well as several other
biopolymers will be possible to use in the fiber production process.
FPInnovations and Krueger Inc. (Canada)
FPInnovations is a not-for-profit world leader that specializes in the creation of scientific
solutions in support of the Canadian forest sector’s global competitiveness and responds to the
priority needs of its industry members and government partners. It is ideally positioned to
perform research, innovate, and deliver state-of-the-art solutions for every area of the sector’s
value chain, from forest operations to consumer and industrial products. Its R&D laboratories
are located in Québec City, Ottawa, Montréal, Thunder Bay, Hinton and Vancouver, and it has
technology transfer offices across Canada. FPInnovations has been a catalyst in creating an
innovation hub for the forest sector involving the industry, governments, universities, suppliers
and the innovation capacity of FPInnovations. Facilities include for instance pilot tissue
machinery (speed up to 1500 m/min) and a pilot plant for fiber biomaterials. The innovation
behind cellulose filaments led to a joint project with Kruger to implement the world’s first five
ton/day cellulose filament demonstration plant at Kruger’s Trois Rivieras mill in 2014. Kruger
Inc. is a major producer of publication papers, tissue, lumber and other wood products,
corrugated cartons from recycled fibers, green and renewable energy and wines and spirits.
The company is also a leader in paper and paperboard recycling in North America. Kruger
operates facilities in Quebec, Ontario, British Columbia, Newfoundland and Labrador and the
United States.
Alberta Innovates (Canada)
Alberta Innovates - Technology Futures (AITF) and the three other Alberta Innovates
corporations (Bio Solutions, Energy and Environment Solutions and Health Solutions) will be
consolidated this summer 2016 into one corporation called Alberta Innovates, along with a
new applied research services subsidiary. The new corporation will make it easier to identify
and access services and supports for researchers, companies and partners. The AITF
Biomass Conversion and Processing team operates under the Food and Fiber sector. AITF
also performs research in Bio-Processing. Key activities include pulp and paper technologies,
chemical technologies, cellulose, hemicellulose and lignin utilization technologies, cellulose
nanocrystals as well as biofiber handling and decortication. Known for its Cellulose
Nanocrystals Pilot plant.
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