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SUMMARY
This report provides an analysis of the research infrastructure capabilities and gaps in the
ERIFORE consortium and creates a common understanding on today’s research infrastructure
needs to close the identified gaps. The methods of analysis include a benchmarking gap
analysis, an expert panel and adaptions of social network analysis. The multi-method approach
generates a clear picture of the capabilities and bottlenecks in the ERIFORE consortium in
today’s perspective.
The results of the analysis show that the consortium is already quite well positioned on the way
to a distributed research infrastructure for a circular forest bioeconomy. The consortium can
cover all research fields and technology areas related to the entire biorefinery value chains.
The available research infrastructure in the consortium is complementary and enables
research on scientific and technological developments. The ERIFORE consortium has huge
expertise and capabilities in raw material availability. Only the research field “silviculture” is
mainly covered by French partners, so the addition of further plantations in other
biogeographical regions could be beneficial to enable research on further types of wood. In
primary processing, the capabilities in the consortium were assessed positively by the expert
panel. In secondary processing, the capabilities are also sufficient. The technology area “other
biobased products” defines a large field of possible application possibilities of forest based
intermediates, such as pharmaceuticals, food applicants or lubricants. Only few partners in the
ERIFORE consortium have strong expertise and a wide range of suitable lab and pilot scale
facilities in this area. Due to the broad spectrum of applications, this gap is rated minor in
today’s perspective. Downstream processing expertise within the ERIFORE consortium is
extensive and includes for example the following techniques: filtration, centrifugation,
evaporation, extraction, chromatography, distillation, and crystallization. The consortium has
large pilot scale equipment for these conventional separation technologies. More special
separation tools are also available, but in smaller laboratory scale.
Needs for research infrastructure can derive from structural gaps in the consortium. Research
developments are reflected directly in the need for more specialized infrastructure. Therefore,
all possible causes were analysed in the bottleneck analysis. The identified needs were
structured in configurational needs, focusing on the arrangement of the consortium and
coordination needs, fostering the integration and networking between the consortium partners.
For the ERIFORE consortium, only minor configurational needs were now identified.
Further equipment and piloting facilities could enhance the development of new bio-based
products and applications. Research integration leads to the need for enhanced technologies
and specialized equipment. The capabilities in the consortium can cover these identified needs
already in large parts. More non-technological needs have been identified for the coordination
activities. The further development of legal, funding and business models is needed to
establish an open access research infrastructure and facilitate the exchange of knowledge and
capabilities in the consortium. Sharing of information, knowledge, capabilities and research
tools should be incentivezed especially at pilot scale where investments of single units can
exceed 50 million euros. Shorter research cycles from lab to pilot scale, and more efficient
usage of resources could be achieved in Europe if the research coordination at European level
coordination has a stronger presence than at national or regional level. However, if the
coordination at European level is strengthened, local needs in bioeconomy should not be
ignored. In order to increase further co-operations in the consortium through the integration of
research at several levels, centralized business services and databases on available open
access facilities are required.
4
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1 Capability check and bottleneck analysis – an introduction
In research, the use of facilities (instruments, collections, data banks, laboratories, etc…) is
indispensable for the development of scientific and technology advancements. However, only
in some cases these facilities are built and managed to provide service to external users
(Rizzuto, Wood 2013). In this case, the facilities are defined as infrastructures. The term
‘research infrastructures’ refers to facilities, resources and related services that are built and
managed to provide service to external users (European Commission 2015). In order to
maximize the use and coordinate the funding and visibility of research infrastructures in
Europe, the European Commission supports the establishment of networks of research
infrastructures in Integrating Activity projects (COPORI 2016). Existing capabilities owned and
managed by different institutions with different legal basis are thereby integrated and upgraded
to a distributed research infrastructure (OECD 2014).
The aim of the project ERIFORE is to establish a distributed research infrastructure in the
circular forest bioeconomy. The consortium jointly focuses its usual research activities to form
a network of continuous research along the value chain from forest raw material supply to new
products and technological innovations. It consists of 13 leading research organizations and
one SME in Europe. The approach of the ERIFORE consortium is to facilitate the development
and commercialization of novel, industrially adaptable and techno-economically viable
solutions that can be derived from a circular forest bioeconomy through research
infrastructure co-operation. 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 a shared knowledge platform and
educational services, centralized information management environment, research
laboratories with up-to-date equipment, versatile characterization and analytical
equipment, modelling and simulation tools, and an extensive selection of pilot plants in
the field of biorefinery.
The consortium already has a significant set of complementary capabilities in the form of
knowledge, analytical and piloting research equipment. As the project consortium is widely
dispersed in Europe– from Spain down south to Finland up north, there is a need to
coordinate, complement and update the existing capabilities.
Additionally, the needed capabilities are closely linked to research and development.
Significant scientific and technology advancements provide new options for biomass
processing and novel products. This is directly reflected in more specific infrastructure needs to
realize the most up-to-date education, excellent research and new innovations that are needed
for industrial renewal.
The scope and technical content of the research areas and infrastructures in circular forest
biorefinery field can be described in several ways. In the project ERIFORE, the division is
based on the 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).
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The technology areas included in ERIFORE project

Within the scope of work package 5, the consortium is analysed for its capability to establish a
comprehensive distributed research infrastructure in the Circular Forest Bioeconomy. It is the
aim to map the current capabilities, identify future R&D needs, drivers and trends and
summarize the findings in an initial development plan (Figure 2).
The analysis and assessment of the research capabilities has been divided into five tasks:
 Internal view on current capabilities and gaps within the network (task 5.1)
 Analysis of emerging concepts and future infrastructure development needs (task 5.2
and task 5.3)
 External view on the infrastructure capabilities and gaps including relevant stakeholder
groups (task 5.4)
 Initial development plan for the distributed research infrastructure (task 5.5).

6

Horizon 2020 ref. 654371

Input

Issue 1.0
30/11/2016

Deliverable 5.1 Research infrastructure
capability check and bottleneck analysis

Objective

Approach

WPs 1-4

Capability check
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research infrastructure

External view

Downstream processing

Figure 2:

Generic overview of the
consortium’s capabilities

Case studies

Initial development plan

workflow

on

analysing

and

evaluating

the

This report (D 5.1) reviews the current capabilities and gaps in the consortium and
establishes a common understanding on needs to close the identified gaps from
today’s perspective.
Chapter 2 describes the methodological approach for the analysis. The following chapters
present the results of this task. The actual capability check is preceded by the definition of a
benchmark (see chapter 3). This benchmark forms the basis for the analysis of the
consortium’s capabilities. Projecting the current capabilities against the benchmark outlines the
capabilities, but it also reveals the gaps in the consortium configuration (see chapter 4). In
order to integrate the aspects of research integration and co-operation into the analysis, joint
collaboration scenarios were created (see chapter 5). The concluding bottleneck analysis
examines the identified gaps and derived needs to increase the consortium’s capabilities (see
chapter 6).
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2 Methodological Approach
The capability check and bottleneck analysis aim to identify today’s potential capabilities and
structural gaps in the consortium’s research infrastructure. The result of the capability check is
a comprehensive picture about the consortium’s potential in providing a distributed research
infrastructure for circular forest bioeconomy. Additionally, the analysis reveals missing
capabilities, later referred to as gaps in the consortium. This represents the basis for the
bottleneck analysis which reveals needs to close the identified gaps in the consortium.
A research technique, that is often used in today’s management literature, is the benchmarking
gap analysis. Thereby, a comparison is drawn between the current practice (baseline) and the
”best practice” (benchmark). Subsequently, the further analysis of the gaps between baseline
and benchmark provides insights on needs to close the gaps (Vahs, Schäfer-Kunz 2012;
Voigt 2008; Balm 1996). This type of benchmarking gap analysis provides a basic approach for
the capability check and bottleneck analysis.
In the project ERIFORE, the benchmarking gap analysis is titled capability check and
bottleneck analysis and it represents a comparative analysis of the current capabilities in the
consortium and the targeted status being a comprehensive distributed research infrastructure,
hereafter referred to as benchmark. Initially, the ERIFORE benchmark is defined as a
simplified depiction of processing lines, focusing on the wood derived intermediate and end
products. This enables a formal depiction of the biorefinery vision, irrespective of technology
readiness level of single technologies or combined processes. In the next step, the current
capabilities in the consortium are projected against this benchmark to reveal gaps in the
consortium. In the third step, the potential for research integration will be analysed with an aim
to identify further needs deriving from research integration in joint collaboration scenarios.
Finally, a bottleneck analysis will be carried out in order to derive needs to close the identified
gaps (Figure 3).
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Generic overview of the capability check and bottleneck analysis

The capability check and bottleneck analysis is performed in four consecutive steps:
 The actual capability check is preceded by the definition of a benchmark (see
chapter 3). It forms the basis for the analysis of the consortium’s capabilities.
 Projecting the current capabilities against the benchmark outlines capabilities and
revealed gaps in the consortium configuration (see chapter 4).
 In order to integrate the aspects of research integration and co-operation into the
analysis, joint collaboration scenarios are created (see chapter 5).
 The closing bottleneck analysis examines the identified gaps and needs to increase the
consortium’s capability (see chapter 6).
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3 Benchmark
The systematic evaluation of the current capabilities in the consortium requires a structured
approach. Therefore, a benchmark was created to formally depict the project’s objectives and
generate a common understanding on needed capabilities for a distributed research
infrastructure. As the consortium aims to establish a future-oriented and globally competitive
research infrastructure, the benchmark needs to include the relevant aspects of research in
today’s perspective, but also referring to topics on the long-term. The methodological approach
to develop the benchmark is explained in section 3.1. Section 3.2 describes the benchmark
which has been developed within the scope of this project. In section 3.3, strategic research
developments and targets to establish a comprehensive network of distributed research
infrastructure are summarized.
3.1

Methodology

The creation of the benchmark is based on a multi-method approach. Possible product use
derived from forest raw materials was formally summarized in a so called product-flowchart.
The product flowchart depicts all main intermediates and end products that can derive from
forest-based raw materials. The initial starting point was formed within an internal workshop
session (in Month 6 of the project). In small discussion groups, possible product lines were
drawn. Supplemented by an intensive literature research and succeeding iterative feedback
loops, a generic overview of the processing possibilities was created. In the next step, required
research fields and technology areas, based on the project structure (see Figure 1) were
aligned to the product-flowchart. In order to map the most relevant challenges of the forest
based bioeconomy, the benchmark was extended by data from literature. The result of the
benchmarking activity is a formal depiction of the needs to a distributed research infrastructure
for circular forest bioeconomy. Figure 4 summarizes this applied research approach to define
the benchmark.
The benchmark constitutes a formal depiction of the future-oriented biorefinery vision. For
simplification purposes, the biorefinery concept are summarized at product levels. This
benchmark provides the basis to assess the capabilities in the consortium in the next step (see
chapter 4).
Benchmarking Product-Flowchart
RAW
MATERIALS

PRECURSORS

INTERMEDIATES

END
PRODUCTS

Research fields and technology areas
RAW MATERIAL
AVAILABILITY

SECONDARY
PROCESSING

PRIMARY PROCESSING

DOWNSTREAM
PROCESSING

Figure 4: Summary of the integrated main layers of the biorefinery value chain in the
benchmark (adaption of Schindler, 2015)
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Benchmarking Product-Flowchart

Forest biomass can be used and processed in numerous different ways. The end product is
dependent on the raw material and the process steps. Several different technologies are used
in succession or as alternative routes towards the desired final products.
Therefore, systematic classifications of possible processing lines and product uses are difficult
to implement. Depending on the perspective taken, a range of different terms and definitions,
approaches and levels of itemisation exist (VDI 2016). Nevertheless, biorefinery processes
follow a principal procedure. The raw material has to be initially fractionated before being
converted and further processed to end products and uses. Within the scope of International
Energy Agency (IEA) Bioenergy Task 42, a systematic classification approach of biorefinery
concepts was developed (IEA 2014). The classification approach is based upon four main
features: (1) platforms, (2) products, (3) feedstock and (4) processes (IEA 2014). The scope of
the ERIFORE project limits the feedstock to wood or wood residues. Additionally, the main
objective for the biorefinery research is to develop enabling technologies for new value added
products from forest biomass. These value added products include mainly biomaterials and
biochemicals but also biofuels and bioenergy which further narrows the amount of relevant
processing lines.
Due to the enormous variety of biorefinery processing concepts and technology chains, a
generic depiction of biobased value chains at technology level is difficult to be implemented.
Moreover, the overarching objective of the project is to establish a distributed research
infrastructure for Circular Forest Bioeconomy which is future-oriented and enables the
development of cutting-edge technologies and processes. The current research infrastructure
needs to be comprehensive in order to foster research, development and innovation for
biorefinery processing concepts as well as for the optimisation of technologies and separations
techniques. Therefore, the depiction of relevant biorefinery concepts is limited to the level of
products.
Raw materials mark the starting point of the forest-based value chain. In the ERIFORE
project, all wood-based raw materials are relevant. These include wood (and bark), wood
products, and recycling materials.
By means of different technologies, wood-derived bulk fractions, later referred to as
precursors are obtained. According to the classification of the IEA and limited by expert
opinions, the precursors hemicellulose, cellulose, lignin, bio-oil from pyrolysis and syngas are
addressed (IEA 2014).
These fractions can be converted to different intermediates in alternative processing routes.
According to the IEA classification, biomaterials, biochemicals, bioenergy and biofuels can be
distinguished as the intermediates (IEA 2014).
These intermediates are relevant for different end products and uses. The biobased
intermediates can serve as substitute for fossil intermediates. Some products are, however,
processed further for the use of biobased products and end uses. The depiction of end
products and uses follows the classification of the Energy Technologies Institute (2015).
Figure 5
shows
the
relevant
product
lines
for
the
project ERIFORE.
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INTERMEDIATE PRODUCTS

END PRODUCTS/ USES

Industrial
e.g. Corrosion inhibitors, dust control, boiler water treatment,
gas purification, emission abatement, specialty lubricants,
Biomaterials

Transportation

Polymers

e.g. Fuels, oxygenates, anti-freeze, wiper fluids molded
plastics, car seats, belts hoses, bumpers, corrosion inhibitors

Composites
Textiles
Cellulose
Biochemicals

Hemicellulose

Flavours

Safe Food Supply

Monomers

e.g. Food packaging, preservatives, fertilizers, pesticides,
beverage bottles, appliances, beverage can coatings, vitamins

Bulk Chemicals

Wood

Fine and speciality Chemicals

Environment
e.g. Water chemicals, flocculants, chelators, cleaners and
detergants

Lignin

Biofuels

Bioethanol
Biodiesel
Biogas

Syngas

Communication

e.g. Molded plastics, computer casigns, optical fiber coatings,
liquid crystal displays, pens, pencils, inks, dyes, paper products
Housing

Bioenergy

e.g. Paints, resins, siding, insulation, cements, coatings,
varnishes, flame retardents, adhesives, carpeting

Electricity/ Heat

Recreation

Liquid fuels

References:
Energy Technologies Institute (2015): Insights into the future UK bioenergy sector, gained using the ETI's Bioenergy Value Chain Model, Loughborough, UK.
Härkönen, M.; Da Silva Perez, D.; Gravitis, J.; Nikkanen, V.; Johnson, K.; Hesser, F.; Tukiainen, P.; Vuorinen, T.; Malin, M. (2016): European Research Infrastructure for Circular Forest Bioeconomy (ERIFORE).
Detailed implementation plan. Finland.
IEA Bioenergy Task 42 (2014): Sustainable and synergetic processing of biomass into marketable food & feed ingredients, products (chemicals, materials) and energy (fue ls, power, heat). Wageningen, the

Figure 5:

e.g. Carpets, Fibers, fabrics, fabric coatings, foam cushions,
upholstery, drapes, lycra, spandex

Resource-Product-Flowchart showing possible product lines of forest biomass
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Strategic research and development targets in the benchmark

Research in the area of circular forest bioeconomy is related to all aspects dealing with the
whole value chain of forest products with increasing complexity and diversity (Bouvet et
al. 2016). The processes of converting forest based biomass into high-value added products
are currently in various stages of maturity. Additionally, the best allocation and optimum
utilization depends on the basic suitability of the research infrastructure and resources for the
production task (Fallböhmer 2000). The optimum use of a technology is not fixed but varies
according to specific scale-, product- or process-related environment factors
(Wiendahl et al. 2007). Therefore, these strategic research and development factors are
included in the benchmarking activity. Section 3.3.1 describes the required research fields and
technology areas to process forest raw materials to high value added products. Section 3.3.2
summarizes the current challenges in research on the circular forest bioeconomy.
3.3.1

Required research fields and technology areas

Raw materials mark the starting point of the forest-based value chain. The field of raw
material sourcing and availability includes research on availability and sources of forest
biomass, forest/ biomass growth and management, as well as computational tools and data
bases for the forest raw material. Forests are sources for renewable materials for bioproducts,
but they also have nature and recreation values. The relation of these values varies in different
areas of Europe, and therefore the work includes also assessments of sustainable and diverse
use of forests in different parts of Europe.
In order to use different biomass constituents for further processing, wood pretreatment and
deconstruction steps are required for their separation. The benchmark depicts possible
precursors derived from wood. The corresponding technology area is defined as primary
processing in this project. The technologies for pulping processes are well developed, but
novel bioproducts, such as new lignin products, polymeric hemicellulose or specialty fibers,
often require new advanced deconstruction processes including e.g. enzymatic pre-treatments
and solvent assisted fractionations. Thermal conversion technologies, such as gasification,
pyrolysis or hydrothermal conversion are increasingly important technologies for biobased fuel
component or chemical precursor production. Next generation biotechnical process utilise
sugars from enzymatic hydrolysis of wood. The development actions in this field often target
cost, energy and material effecient processes, e.g. high consistency processing, combined
hydrolysis and fermentation or new effective gasification processes.
After the separation and primary processing of forest biomass components, further
modifications and processing steps are required in order to obtain intermediate products.
Scientific and technological research is summarized to secondary processing in this project.
The targets of the development are typically new, added value products and effective
processes achieved through science and scale-up. Typically, the research topics include
chemical, catalytic and biotechnological conversions of biomass based precursors, including
polymerisations. Utilisation of advanced tools in metabolic engineering and synthetic biology
allow development of high-yield production organisms. Another major area of secondary
processing is further converting and application technologies of biomass based materials or
chemicals to end products, such as lignocellulose fibre web based products, man-made
cellulose fibers, biocomposites, biobased plastics and adhesives, or films and coatings. These
materials are typically used in packaging, construction, technical applications, or as value
added components in fuels, feed or food.
13
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The biorefinery processes typically result in complex process streams containing the desired
main products and various valuable by-products, to be recovered. The corresponding field of
research is here referred to as separation and downstream processing. In this area, special
processes and unit operations are often required. These typically include advanced solid-liquid
separation methods, extraction, precipitation and crystallization, membrane filtration, and more
traditional unit operations like drying, evaporation and granulation. Effective water handling and
waste management tools are often important steps in biobased processes. They can be
considered as generic tools required in many production steps of industrial products, but the
raw material diversity and special needs for cost and material effecient separation processes
emphasise the need for their further development.
3.3.2

Current challenges in research on the circular forest bioeconomy

The utilisation of forest biomass to new value added products requires the combined
understanding of the whole development chain, from raw materials, primary processing,
secondary processing and further conversions to products as well as advanced separations
techniques and improved downstream processing. Future biorefinery concepts will go beyond
the current biomass uses. This is directly reflected in the infrastructure needs to realize the
most up-to-date education, excellent research and new innovations that are required for
industrial renewal. Therefore, the capabilities of the consortium must be analysed with regard
to state-of-the-art research and development.
One of the current challenges of biorefineries is the maturity of several technologies and steps
in the processing concepts. One of the key issues in the fractionation processes is that most of
them have been designed for just a single main product. Thus, for example, new and existing
equipment and technologies are needed to separate hemicellulose from cellulosic pulp and
process them by different reactions in order to obtain more added value products (internal
Delphi-Study, see section 6.3 for more details). This will allow maximum utilization of
lignocellulosic biomass. Further, new separation and extraction processes must be developed
which are not only technically and environmentally valuable but also economically (Luguel et
al. 2011). For the catalytic conversions, more attention could be paid to the cascading use of
reactors where enzymes are immobilised on chemical catalysts. This would also help to
increase yields and efficiencies in the integrated future biorefineries.
Process integration is necessary in the advanced biorefineries, to improve the overall yields
leading to higher efficiency. New facilities for process development and testing would help to
accelerate and improve process optimization. Further, planning synergies within the existing
facilities would help in reaching efficient process integration. One of the main challenges is to
close cycles in the production processes without risking optimal production rates. Following the
classification of the Star-COLIBRI project (Luguel et al 2011), research integration was now
taken into account in vertical and horizontal orientation. The vertical research integration
defines the connection of different sectors and steps along the value chain. The horizontal
research integration focus on the combination of different research fields within a step of the
value chain. This includes, for example, better networking between biotechnologists and
chemical engineers. Additionally, the aspect of upscaling was taken into account. Processing
in different scales leads to some subtle differences and unique challenges to be considered in
process development (Edwards 2012).
In order to achieve full potential in the forest-based bioeconomy, the cooperation level between
different industries and research institutions needs to be increased. For that, supporting
14
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activities such as centralized information platforms and databases of available analytical
facilities (and services) and open access networks are essential. Their availability will help to
coordinate and support researchers to work together. Currently, cross-sectorial cooperation
and integration activities seem to be rather limited and complex. The increased network cooperation would readily reflect the current level of integration between different research fields
and between research, industry and research infrastructures. As research integration has been
identified as a key success factor for future forest biorefineries (Luguel et al 2011), the analysis
of this aspect in this ERIFORE report is considered to be crucial.
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4 Capability check
The consortium of the ERIFORE project, consisting of leading research organizations and one
SME in the field of circular forest bioeconomy, aims to establish a distributed research
infrastructure. This consortium already has a complementary set of research capabilities. The
term capabilities refers to the expertise, facilities and equipment that is currently available in
the consortium. In order to establish a globally competitive research infrastructure, there is a
need to coordinate, complement and update the existing capabilities. The work in the
ERIFORE project started with the mapping of the available research infrastructure in the
consortium. Detailed reports are available at the homepage of the ERIFORE project (see
Deliverables 1.1, 2.1,3.1 and 4.1). The capability check is carried out to analyse the current
capabilities in the consortium for biorefinery research. Therefore, the capabilities are projected
against the developed benchmarks to reveal the capabilities as well as gaps in the consortium.
The comparison of the data collected in the previous reports with the benchmarking flowchart
allows a generic assessment of the capabilities in the consortium.
The applied methodological approach to carry out the capability check is explained in
section 4.1. The result of the assessment of the capabilities of the consortium are presented in
section 4.2. The additional in-depth analysis by experts is divided according to the division of
research fields and technology areas (see Figure 1). Section 4.3.1 describes the capabilities in
raw material availability. Section 4.3.2 reports the findings in primary processing. The
capabilities of the consortium in secondary processing and downstream processing are
analysed in section 4.3.3 and 4.3.4, respectively.
4.1

Methodology

Based on the results of the benchmark development, the current capabilities of the ERIFORE
consortium were analysed. The analysis is based on the data collection of the preceding
workpackages (see Deliverables 1.1, 2.1, 3.1 and 4.1). This data on the existing capabilities
was aligned to the product-benchmark in order to assess the generic configuration of the
consortium.
Due to the multitude of requirements, the capability check was divided into two consecutive
assessment parts (Figure 6). First, the capabilities were mapped according to their research
focus and divided into the scales laboratory, semi-pilot, pilot and demonstration. The
classification of the capabilities is based on qualitative expert opinions collected in the
preceding work packages (see Deliverables 1.1, 2.1, 3.1 and 4.1). Second, for a more detailed
analysis of the technology areas, the expert panel examined the capabilities of the consortium
in two consecutive rounds. This procedure enables a comprehensive assessment of the
current configuration of the consortium.
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Mapping of the consortium’s capabilities
Capability check

1

Expert assessment

Gaps in the consortium considering the
targeted benchmark

Qualitative evaluation of the capabilities
for each research field

Figure 6:

4.2

2

Comparison with benchmark

Two-step approach used to analyse the consortium’s capabilities

Assessment of the capabilities in the consortium

The consortium has a complementary set of research capabilities. The research field raw
material availability, covering forest inventory, forestry processes and assessment tools is
dominated by the partners VTT, INRA and FCBA. Further partners such as Wood K plus,
LSIWC, KTH and SINTEF cover individual research fields and technology areas.
The reactive fractionation of the raw materials to the main wood products or their certain
reaction products is covered by primary processing in this project. The studied fractionation
technologies thermochemical conversions, pretreatment technologies and pulping are well
covered up to demonstration scale facilities.
The further processing of precursors to intermediates and end products and in different
applications is summarized in secondary processing. For the valorisation of intermediates the
consortium is well equipped from laboratory to pilot scale. Especially the chemical and
biochemical conversions are well covered in the consortium. Research capabilities for the
provision of end products in the biopolymer route and by fiber technologies are also available
in all scales from lab to pilot. The separation and purification of intermediates and waste
treatment is separately analysed in downstream processing. Due to the broad scope of
applications, the assessment of research capabilities is challenging. Downstream processing is
covered by the majority of partners in the consortium.
The Biorefinery Demoplant, hosted by SP, enables the demonstration of entire value chains
from raw material to intermediate products. Figure 7 provides a generic overview of the
distribution of the capabilities in the consortium.
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Qualitative evaluation of the capabilities for each research field

A more detailed analysis in the following sections by the expert panel provides additional
insights on the capabilities. The qualitative in-depth evaluation was carried out by an expert
panel. 14 experts, covering all research fields and technology areas assessed the existing
capabilities potential to cover the resource-product-flowchart, summarized as benchmark. The
results of the expert assessment are depicted as internal view for each research field and
technology area.
To provide a basic overview, the available research infrastructure in the consortium is depicted
for each technology area in geographical maps.
4.3.1

Raw Material Availability

The field of raw material availability refers to all topics related to forest inventory, harvesting
technologies and sustainability assessment tools required for the whole value chain of forest
production. According to the scope and technical focus of the project, relevant raw materials
are forest biomass, forest residues and recycled wood and fibers.
The screening of available capabilities in the consortium demonstrates knowledge based
capabilities in forest inventory, sustainability assessment and processes related to forest
materials. This includes silviculture, biotechnologies, the recycling of wood and fibers and the
supply chain of wood.
The consortium has a complementary set of virtual and physically existing facilities across
Europe (Figure 8).
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ERIFORE capabilities in Raw Material
Availability

Figure 8:

Mapping of the capabilities in Raw Material Availability in the ERIFORE consortium
20

Horizon 2020 ref. 654371

Deliverable 5.1 Research infrastructure
capability check and bottleneck analysis

Issue 1.0
30/11/2016

Forest inventory and wood availability
This topic is related to all aspects of research dealing with inventorying forest resources and
the availability of forest biomasses for different uses. Forest inventory can be considered as
the systematic collection of data and forest information for the assessment or analysis of the
existing resources. These data are usually collected at national level (national forest inventory),
but the precision depends on the spatial resolution of the data acquired.
Internal view: In Europe, forest inventory is usually done by dedicated organizations.
Nevertheless, VTT and SP have led studies on the assessment of wood and other biomass
resources in Europe. VTT and FCBA have methodological tools for forest mapping based on
satellite remote sensing data. INRA can provide an open access forest modelling platform
(Capsis) with different types of growth models which can be used for predicting forest
resources and wood availability for different tree species. In order to cover the varying
availability of raw materials, virtual facilities for raw material availability mapping are needed in
the consortium.
Silviculture
Silviculture is the science on the establishment, composition and growth of forests. Different
aspects of silviculture are addressed depending on the topology of forests, wood species,
forest products, climate and soil and other questions.
Internal view: For silviculture, the expertize is available in the ERIFORE consortium at INRA,
VTT, FCBA and PPIMC. This enables a comprehensive understanding of the production chain
of wood, developing methods and machines for silvicultural operations. FCBA has the largest
network of experimental trials in Europe distributed through the whole French territory
composed of around 1.000 trials and covering 2.500 hectares. INRA can provide access to a
scientific network, including 180 field trials to explore the variations of forest dynamics and
different silviculture options for the main forest tree species in France (Douglas fir, oaks,
maritime pine, Corsican pine and mixed forest stands). It is a large forest experimental facility
(50 ha) to test innovative silvicultural regimes for increasing biomass production using fast
growing tree species (XYLOSYLVE platform) is available, as well. However, research on
silvilculture is mainly covered by French partners in the ERIFORE consortium. This limits the
research on the type of wood species that can be cultivated in France. In order to cover all
relevant biogeographical regions of the consortium, the addition of forest experimental facilities
would be beneficial.
Wood supply chain, logistics, transportation
Up-stream wood procurement – from logging operations and transportation to delivery while
dealing with supply chain management – is a complex process which relies on the intervention
of a vast and diverse network of forest and forestry companies (wood suppliers, services
providers...). The wood supply chains can vary a lot, depending on the available geographical
information, adequate equipment and machineries, transportation infrastructure, professional
know-how guiding socio-economic practices and performances, decision support systems and
inter-enterprise protocols for communication and commercial practices.
Internal view: VTT and FCBA can provide expertise for applied research, feasibility studies
and method development in the areas of monitoring, decision support systems, harvesting,
chipping and grinding, logistics, drying, handling, and upgrading of solid biomass, wood in
particular.
Biotechnology/ breeding
Tree breeding is the selection of trees with superior characteristics of economic interest,
multiplying these selections or bringing copies of them together in cross-breeding, and then
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deploying the resultant seed or propagules in the forest as new planting stock. Field trials help
to identify the best selection in terms of genetic quality but are costly and take 20 years or
longer.
Internal view: The dedicated platforms (xylomic, xylobiotech) from INRA and FCBA combine
equipment for analyzing forest tree genomes and characterising phenotypes and wood
properties in relation with breeding programmes. Studying the genetic evolution of different
tree species in order to develop new tools selection and propagation of forest varieties adapted
to the needs of foresters to produce sustainably wood matching the needs of the various forest
products sectors. Strong expertise is available at INRA which can provide forest genetic
resources including field trials. The research field biotechnology and breeding is mainly
covered by French partners, which limits the analysed tree species to those growing in the
French bioregions.
Recycled wood and fibers
The sustainable use of natural resources by saving, reducing, re-using and recycling is one of
the pillars of the forest circular bioeconomy. Recycling wood and fibres is therefore a
mandatory issue for achieving high levels of rational utilization of forest resources. The
research field recycled wood and fibers includes the parts wood with PVC coating, wood based
panels, wood from packaging and preserved wood.
Internal view: VTT, SP, PPIMC, LSIWC, FCBA and FhG have strong expertise in different
handling, recycling and valorization methods for recovered wood or fibers and new means are
constantly being developed. For example, Fraunhofer (WKI) is coordinating a European project
ReWoBioRef, on mobilization and utilization of recycled wood for lignocellulosic Biorefinery
processes, where VTT is also a partner.
Wood quality assessment and suitability between biomass and processing
The research field of wood quality assessment and suitability between biomass and processing
refers to the evaluation of different wood characteristics and attributes.
Internal view: At laboratory scale, facilities for chemical, physical and structural
characterizations are available at VTT, Aalto, SP, KTH, FCBA and INRA. VTT develops
simulation and optimization research tools (software) for wood quality assessment purposes.
INRA has a strong expertise in wood quality assessment for highly detailed characterization of
wood material (XYLOSCIENCE platform) or routing wood phenotyping (Genobois platform).
Capabilities for wood structure and composition are also available at KTH. In order to match
wood characteristics with processing requirements in larger scales, especially pilot facilities are
needed in the ERIFORE consortium.
Sustainability Assessment
The scopes of research on sustainability may widely differ in terms of research approaches,
integrated analysis levels and degree of impartiality. The approaches range from political
indicators to monitor forest development to scientific approaches with very specific focusses
and may comprise quantitative, qualitative or both elements. They can be categorized as
voluntary and obligatory approaches and can vary in their focus as well as in their results.
Based on the recognition that environmental sustainability can only be implemented in
conformity with social and economic aspects (see inter alia World Commission on Environment
and Development 1987), methods and tools to analyse them are brought into focus, as well.
Different approaches and standardised methods are available in the field of economic analysis,
e.g. market analysis and potential assessment or innovation- and technology foresight. The
research field of social analysis however is characterized by inhomogenic methodological
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approaches and a variety of different perspectives. Hence, an integrated analysis of the
different dimensions of sustainability is indispensable for a valid assessment.
Internal view: Different methods and tools to analyse the sustainability of biorefinery value
chains are available in the consortium. Methods and tools to assess the life cycle and
sustainability of products and processes are available at VTT, SP, FCBA, WKP and LSIWC.
Specific expertise and knowhow for the assessment of the production and supply of raw
materials is available at FCBA. VTT has special knowhow and expertise to analyse mature and
novel wood based products (including both intermediate and end-products) and processing
technologies. WKP can provide additional knowledge on market launch and foresight methods,
including a System Dynamics based simulation model on modelling markets and C-Storage
capabilities. Combining the specific capabilities in the ERIFORE consortium, entire value
chains can be assessed considering their sustainability.

4.3.2

Primary Processing

The field of primary processing covers the wood deconstruction steps via pretreatment, pulping
and thermochemical processes.
The preceding deliverables related to primary processing demonstrate the capabilities for the
development of a European research infrastructure in the ERIFORE consortium (see the
deliverables D 2.1-2.2) report research opportunities not only for conventional technologies but
also for more advanced technologies such as hemicellulose prehydrolysis, organosolv pulping
and biopulping.
In primary processing, all partners are carrying out elaborate research programs on
pretreatment technologies with a strong focus on the utilisation of cellulose, hemicellulose,
lignin and extractives.
Research on the development of pretreatment technologies using bioprocesses is also carried
out with important technical capabilities by FhG, SP, KTH, FCBA, INRA, Wood K Plus, BBEPP
and Aalto. Considering pulping technologies, most of the expertise is shared by VTT, LSIWC,
FhG, BBEPP, KTH, FCBA, Wood K Plus and Aalto. The main actors in the field of
thermochemical research are VTT, LSIWC, SP, FhG, Tecnalia, FCBA and Aalto. The whole
range of technologies is covered by the consortium which can offer important hydrothermal,
supercritical (FhG, SP and Aalto) and gasification (SP and Aalto) facilities.
On a facility level, the first deliverable shows that all partners have advanced laboratory
research equipment in their area of expertize. Very advanced semi-pilot, pilot and demo scale
using advanced software have been listed. Figure 9 shows the geographical distribution of the
research infrastructure in the consortium.
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ERIFORE capabilities in Primary Processing

Figure 9:

Mapping of the consortium’s capabilities in Primary Processing in the ERIFORE consortium
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Pretreatment technologies
Lignocellulosic feedstock pretreatment is a complex system of processes, technologies and
products to facilitate controlled fractionation of biomass into its major components: cellulose,
hemicelluloses and lignins. The main pretreatment technologies of interest include steam
explosion, CO2 explosion, ammonia fibre explosion (AFEX), ionic liquid fractionation, deep
eutectic solvents treatment, high-energy radiation pre-treatment, liquid hot water fractionation,
wet oxidation, ozonolysis, acid and alkaline pre-treatment and different combinations of them.
Internal view: The consortium is well equipped and has a lot of expertise in pretreatment
technologies in laboratory scale. INRA, for example, can provide expertise on some specific
pretreatment technologies such as dry fractionation with a platform equipped for pilot scale
testing and dedicated to the understanding and modelling of the process; environmentally
friendly fractionation processes of the biomass with a strong focus on the downstream
separation techniques at the Laboratory of Agro-Industrial Chemistry (LCA). LCA can provide a
fractionation and chemical pilot plant. VTT is currently developing an alkaline-oxidation
pretreatment process (AlkOx) that produces easily hydrolysable cellulose fraction from different
types of lignocellulose raw materials. Though the consortium is quite well positioned in
laboratory scale, there is still a need to perform different treatments of forest biomass at higher
levels. In pilot scale, the consortium is well equipped and has sufficient expertise. The
biorefinery demo plant, hosted by SP, enables research on steam explosion in demonstration
scale. By this, it is possible to cover the conversion of lignocellulosics into C 6 sugars and lignin
after hydrolysis of the pretreated material.
Pulping
The pulping process is the base for the paper making, where the fibers first are separated from
the wood by either mechanical or chemical (cooking) technologies. The obtained pulp can then
be further treated by e.g. bleaching. The main pulping technologies include chemical,
mechanical, thermomechanical and chemi-thermomechanical pulping processes. Organosolv
pulping and new alternative pulping methods have been heavily studied but little
commercialized so far.
Internal view: The consortium is well positioned in the field of pulping technologies. If all, there
might be a need for laboratory scale equipment which enables a facilitated transfer to the large
scale equipment. For organosolv equipment, for instance, forced liquor circulation is used for
heat transfer in pilot scale. However, there is no such equipment in the ERIFORE consortium
in laboratory scale in ATEX making the scale-up more difficult. Otherwise, the equipment
available within the consortium is well-suited for different types of traditional and emerging
pulping processes. In demonstration scale, expertise is available on the specific requirements,
though there is no such facility in the ERIFORE consortium.
Thermochemical conversions
Thermochemical conversion defines the transformation of biomass into gas, liquids and solids
involving both heat and thermochemical reactions. The thermo-chemical conversions include
pyrolysis, torrefaction and gasification. Other significant areas on the thermochemical
conversion of biomass include direct liquefaction by hydrothermal conversion or solvolysis,
which consist in dissolving the biomass respectively in an aqueous or an organic solvent under
various operating conditions (temperatures, total pressure, presence of reducing gas, presence
of catalyst…).
Internal view: The consortium is well equipped for thermochemical conversion in laboratory,
semi-pilot and pilot scale.
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Secondary Processing

The field of secondary processing technologies includes all processes used to transform
intermediate products to further intermediates or final products. Therefore, a wide variety of
processes and technologies are considered, especially different chemical and biochemical
processes. Figure 10 maps the research capabilities of the consortium in secondary
processing.
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ERIFORE capabilities in Secondary
Processing

Figure 10: Mapping of the consortium’s capabilities in Secondary Processing in the ERIFORE consortium
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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 D4.1).
Internal view: The consortium is well equipped with various laboratory scale equipment for
chemical conversions (batch and continuous reactors) and has the know-how to cover the
conversion of cellulose-based C6 and hemicellulose-based C5 sugars into fine/speciality and
bulk chemicals. However, it is important to keep the characterization and analysis equipment
for chemical reactions and final products up-to-date. In pilot scale, flexible equipment is
available for different kinds of chemical conversions. Research staff with in-depth knowledge
on organic synthesis and subsequent downstream processes is also available. In
demonstration scale, no facilities are available within the ERIFORE consortium, though there is
expertise for the scale-up from pilot scale for several processes available.
Bioprocessing and biotech
Biochemical conversion and biotechnology employ enzymatic and whole cell catalysis for pretreatment and conversion of lignocellulose feedstock. 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 lowest number of process steps.
Internal view: The consortium is well equipped with various laboratory scale equipment for the
biotechnological conversion of sugars into fine, speciality and bulk chemicals. The conversion
into biogas and bioethanol is covered as well. Expertize in the field of bioprocessing and
biotech is available at VTT and INRA, especially for the development of innovative biological
tools (enzymes, microorganisms, microbial consortia, fungi) (Toulouse white biotechnology
TWB, Engineering and Screening for Original Enzymes platform ICEO platform and Fungal
Biodiversity and Biotechnology Laboratory BBF) and fermentation processes with an extensive
set of facilities. Equipment for the cascaded up-scale of fermentation processes is also
available, as well as relatively large scale pilot facilities at BBEPP and SP. Staff with in-depth
knowledge on strain screening, fermentation and subsequent downstreaming is also available.
In demonstration scale, SP has facilities for industrial biotechnology , and there is expertise
within the consortium to support the scale-up from pilot scale for several processes.
Biopolymer processing
Polymerisation reactions include a variety of chemical reactions that proceed through stepwise or chain-growth mechanisms resulting in the formation of polymeric chains. Polymers,
either thermoplastics or thermosets, can be further processed to various endproducts with
several techniques. Within this section commonly known techniques for biopolymer and
biocomposite processing, such as compounding, extrusion, injection molding, thermomolding
or infusion are considered.
Internal view: Most of the partners have expertise for biopolymer processing as well as for
processing of composites from biopolymers (containing mainly lignocellulosic fillers). Relevant
expertise with semipilot or pilot scale facilities are present at VTT, FhG ICT, Tecnalia, INRA,
AALTO, Sintef and Wood K plus to facilitate basic research and industrial development of
biopolymer based materials. Infrastructure for the development and production of biogenic
carbon fibers (e.g. lignin based) as well as activated carbons at lab scale is at the beginning of
operation within Wood K plus.

28

Horizon 2020 ref. 654371

Deliverable 5.1 Research infrastructure
capability check and bottleneck analysis

Issue 1.0
30/11/2016

Fiber technologies
Fiber technologies refer to technologies for the production of bio-based fibers and their
conversion into fiber based webs or reinforcing natural fibers e.g. for biocomposites. Nano- and
microcellulose and cellulose based textile fibers also belong to the category of fiber
technologies.
Internal view: At INRA, a research unit is specialized in designing new biobased composite
materials (BIA). At VTT, well-equipped laboratory and pilot-scale facilities are available,
including a specific line for the development of foam forming process with various benefits
compared to traditional water-based forming. At KTH, lab-scale equipment for fibre
technologies, both for conventional fibers and for novel nanocellulose-based technologies (e.g.
fibre foams, ultrastrong fibers) is available.
Other biobased products
The research field of other biobased products includes pharmaceuticals, food additives,
biomimicking products, surfactants, lubricants and many others. The processing of wood may
produce numerous streams containing even hundreds of compounds in varying
concentrations. Isolation, characterization and testing of these chemicals for either potential
pharmaceuticals, intermediates for high value chemicals or food additives is today an
underutilized area. The production of pharmaceuticals and food additives from forest feed
material is not that common apart from a few exceptions, including the pharmaceutical
Paclitaxel (taxol) and the food additive vanillin.
Internal view: The consortium has huge expertise in all steps of the value chain for the
valorisation of intermediates. From this point, only a few key players are involved and
necessary steps like formulation and product testing have limited availability. This is due to the
very broad application possibility of the intermediates the consortium aims to achieve. The
needed equipment for the first demonstration should be available within the ERIFORE
consortium, including formulation, material characterization, and product testing.
4.3.4

Downstream Processing

The field of downstream processing refers to processes and unit operations used in the
recovery of side streams and purification of the desired products. Purification define the
physical separation or enrichment of a substance of interest from one or from a mixture of
other contaminating substance(s). Separations are carried out based on differences in
chemical or physical separations such as size, shape, mass, density or chemical affinity
between the substances of the mixture. Figure 11 presents the geographic distribution of the
research infrastructure in downstream processing currently available in the ERIFORE
consortium.
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ERIFORE capabilities in Downstream
Processing

Figure 11: Mapping of the consortium’s capabilities in Downstream Processing in the ERIFORE consortium
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Mechanical separations
Mechanical separations techniques include filtration and centrifugation, used to separate solid
and liquid fractions. The equipment for mechanical separations in the consortium can be used
for various purposes.
Internal view: The consortium is already well equipped in the areas of filtration and
centrifugation. There is expertise from laboratory scale up to ton scales for some partners, e.g.
VTT, SP and BBEPP. For specific challenges mechanical separation equipment may be
lacking, but these separation instruments are relatively easy to rent from equipment
manufacturers.
Chemical/ physical separations
Chemical and physical separation techniques rely on the differences in the physical properties
of the components within a mixture. The separation techniques include evaporation, extraction,
chromatography, distillation, crystallization and precipitation and flocculation.
Internal view: With regard to the biorefinery flowchart, it is sometimes hard to have separation
technologies for all possible processes and products. The consortium does however have
sufficient separation technology/equipment and expertise for most of the value chains
proposed (at all scales and separation technology areas). There is in-depth expertise for the
single downstream steps (e.g. distillation) As bio-based research results in more and more
high value products, there is a need for higher purity intermediates which may in the future
require other pilot scale downstream processing techniques. Pervaporation and Simulated
Moving Bed are examples of such techniques in addition to extractive distillation, reactive
extraction, high-pressure extraction, electrodialysis. Commercial vendors rent out “skid
mounted” modules (or have access to pilot/demo facilities on site) of special separation
technologies in some cases.
4.4

Summary of the capability check

The results of the capability check show that all research fields and technology areas related to
the biorefinery value chain are well covered in the ERIFORE consortium. The assessment by
the expert could identify only minor gaps.
The ERIFORE consortium has huge expertise and capabilities in raw material availability. Only
the research field “silviculture” is mainly covered by French partners, so the addition of further
plantations in other biogeographical regions could be beneficial to enable research on further
types of wood. In primary processing, the capabilities in the consortium were assessed
positively by the expert panel. In secondary processing, the capabilities were rated mainly
positive, as well. The technology area “other biobased products” defines a large field of
possible application possibilities of forest based intermediates, such as pharmaceuticals, food
applicants or lubricants. Therefore, only a few consortium partners have strong expertise and a
wide range of suitable lab and pilot scale facilities in this area. Due to the broad spectrum of
applications, this gap is rated minor in today’s perspective. The analysis on future
developments will be carried out in the following tasks 5.2 and 5.5 in this project. Downstream
processing expertise within the ERIFORE consortium is extensive and includes the following
techniques: filtration, centrifugation, evaporation, extraction, chromatography, distillation,
crystallization and flocculation. The most basic equipment is demonstrated well and in large
scale in the consortium. Figure 12 summarizes the findings of the capability check.
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Figure 12: Summary of the internal view on the existing capabilities in the ERIFORE consortium
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5 Joint collaboration scenarios
The success of biorefineries depends largely on the level of integration that can be achieved
(Luguel et al., 2011, International Energy Agency 2014). In a network of open access research
infrastructure, the co-operation dimension is characterized either as joint research between
different organizations or the shared use of infrastructure (European Commission 2016).
Therefore, the analysis of the consortium’s capabilities within the preceding capability check
(chapter 4) is extended by its potential to enable integrated research co-operations in the
scenarios joint research and shared use of infrastructure. Section 5.2 depicts the results of the
potential for joint research, based on technological needs. The strategic business aspects of
establishing a distributed research infrastructure for integrated research in Circular Forest
Bioeconomy are described in section 5.3.
5.1

Methodology

The integration of research fields and technology areas is paramount for the further success of
the bioeconomy (IEA 2014). Therefore, the capabilities in the consortium were analysed
considering its potential for research co-operations. As already mentioned above, the cooperation dimension is typically either (European Commission 2016):
 Joint research: common research between actors of different organizations or shared
research in common research projects.
 Shared use of infrastructure: Provider of equipment to the research infrastructure or
research infrastructure user.
In order to capture both dimensions of research co-operations for the ERIFORE project, the
analysis was distinguished between these two types of co-operation. The necessary
information was obtained from a survey among the project consortium. The analysis was
performed with the software UCINET (Borgatti et al., 1999).
By means of the methodology of social network analysis, the co-operation among the
ERIFORE consortium can be depicted. Social networks represent the connections between a
set of actors. The nodes represent the actors, the ties between them indicate existing cooperations. Upon reversion, missing ties represent a lack of co-operation (Hannemann, Riddle,
2005). According to the classification of the European Commission, the analysed ERIFORE
network was divided into the units research infrastructure, research teams and industry
(European Commission 2016). The scope of this report limits the analysis on the consortium
partners in research organizations and research infrastructure. Figure 13 displays an
exemplary network of research co-operations.

Figure 13: Exemplary depiction of a research network
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Within the consecutive work package 6, possible business and funding models will be created
to enable the legal establishment of a distributed research infrastructure.
By means of these joint collaboration scenarios, the potential capabilities of the research
infrastructure not yet fully used are depicted.

5.2

Scenario: joint research

The scenario, joint research, depicts the capabilities in the consortium for research cooperations either as research co-operations between different organizations or common
research in research projects (European Commission 2016). The need for integrated research
derives from the increasing complexity of biorefinery processing concepts and a need for
integrated process development and optimisation. The consortium posseses a comprehensive
set of knowledge capabilities. However, no single partner can cover the whole value chain
alone, as they all need specific input to fill the missing capabilities in their organizations.
Following the classification of the Star-COLIBRI project (Luguel et al. 2011), research
integration was now addressed along the entire biorefinery value chain (vertical) and within a
research field or technology are (horizontal orientation). Research integration along the value
chain defines the connection of different sectors and parts along the value chain. For example,
researchers focusing on the breeding of plants should collaborate with researchers in further
downstream to generate raw material which is easier to process. The integration of research
within a research field or technology area focuses on the combination of research fields within
a step of the value chain. This includes, for example, better networking between
biotechnologists and chemical engineers.
In order to show the current and potential capabilities of the consortium for joint research, the
ties in the consortium were summarized. Due to the high effort for data collection, the network
scenario depicts binary measures of relations. This approach, by far the most common in
scaling data of social networks, distinguishes simply between relations being present or absent
(Hannemann, Riddle 2005). The frequency or intensity of research co-operations could not be
considered in the analysis. As the project situation is changing from year to year, it is hard to
make an inclusive overview on joint research activities. Figure 14 shows a simplified depiction
of the co-operations for joint research along the value chain in the consortium beside the
ERIFORE project. The symbols represent the expertise capabilities in the consortium. Their
shapes imply the research organizations included in the consortium, their colour indicate the
research fields and technology areas of the ERIFORE project (see Figure 1).
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Figure 14: Mapping of the consortium’s capabilities in joint research (Computed by UCINET, Borgatti et al.,1999)
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Within the consortium, a considerable amount of existing ties could already be identified. The
consortium is highly connected in various research fields and technology areas. Intensive
research co-operation can especially be identified in primary and secondary processing. The
partners of the consortium already show a high level of co-operation in pretreatment
technologies, pulping, thermochemical conversions, chemical and biochemical conversions
(bioprocessing and biotech) and biopolymer processing. In the research field fiber
technologies, only few co-operations could have been identified. Other bio-based final
products, representing research on pharmaceuticals, food additives and other product
applications, represents a very new research field. So far, no co-operations in the consortium
have been established in this field. Nearly all partners carry out research in mechanical,
physical and chemical separations. Within the consortium, some research co-operations are
already existing to a smaller extent. The integration of different technology areas within a step
of the ERIFORE classification of the biorefinery value chain remains quite low so far. Only in
raw material availability, some co-operations between silviculture, biotechnology and breeding
of plants and wood quality and suitability assessment could be established. In other steps of
the value chain, such as pretreatment collaborations or secondary processing, the amount of
research co-operations is more limited, though this could enhance further process optimisation.
The integration of research fields along the value chain is less established. Some cooperations between raw material availability and secondary processing should be mentioned.
The integration of research within the steps in the value chain has spread to a lower extent so
far. Some research co-operations exist between biotechnology and breeding of plants and the
further bioprocessing and biotech in secondary processing as well as biopolymer processing
and fiber technologies. These co-operations foster the coordination between the breeding of
forest raw materials and the required characteristics of the raw material for further processing.
The establishment of co-operations between primary processing and the methods and tools
from downstream processing for example could lead to the development of advanced
separation technologies. The consortium has an enormous potential for integrated research
co-operations covering the entire value chain of forest based biorefineries.
Successful strategic cross-sector integration and networking leads to the need for more
specific infrastructures and requires a supporting environment. Section 6.3 reports the
identified needs in the consortium’s capabilities fostering scientific and technological
advancements through integrated research. The following work package 6 will review the legal,
governance and funding frame to foster integrated research co-operations.
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Scenario: shared use of infrastructure

Besides the joined development and optimization of biorefinery concepts, research cooperation can also focus on the shared use of infrastructure. The partners in the ERIFORE
consortium could act equally as provider or users of open access research infrastructure.
Within this report on the capabilities and gaps of the consortium, the scope of the analysis is
limited to collaborations in the consortium. In task 5.4, the analysis will be spread on additional
research organizations and industrial companies to identify existing production in correlation
with research clusters.
The open access research infrastructure capabilities in the consortium form the basis for the
scenario. The shared use of infrastructure can be depicted by binary measures, existing links
indicate shared use of infrastructure between the partners, missing ties represent potential
research co-operations. Figure 15 maps the existing co-operations within the consortium.
Existing facilities with no shared use among the ERIFORE partners are not depicted in this
map.

37

Horizon 2020 ref. 654371

Deliverable 5.1 Research infrastructure
capability check and bottleneck analysis

Issue 1.0
30/11/2016

Figure 15: Mapping of the consortium’s capabilities in shared use of infrastructure (Computed by UCINET, Borgatti et al.,1999)
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The amount of shared use of infrastructure is less spread. Close connections can be identified
between VTT and Aalto University as well as FCBA and INRA. BBEPP is an open innovation
pilot plant that actively participates in many refional and interregional projects, and hence
closely collaborates with many different organizations and research institutes. BBEPP is a
service provider and focuses mainly on process development, scale-up, and custom
manufacturing of bio based products and processes. This shows up in close co-operations with
several other partners of the consortium in bioprocessing and biotech as well as physical and
chemical separations. Fraunhofer CBP hosts another pilot plant that provides services to other
partners of the consortium.
The principle of a network of open access research infrastructure, as the ERIFORE consortium
aims to establish for Europe, already exists on national levels in roadmaps or national
agreements. Among the consortium’s partners, two show cases of shared use of infrastructure
could be identified.
Aalto and VTT have joined forces in a unique national research, education and innovation
BIOECONOMY research environment. This infrastructure is internationally exceptional in
combining the research facilities of forest-, bio- and chemical process technologies.
BIOECONOMY Research infrastructure (RI) follows the open access operation so that its
facilities are accessible for all interested parties through collaborative projects, contract
research or training for user operation. The Academy of Finland has nominated
BIOECONOMY RI as part of the National Infrastructure Roadmap for 2014-20. The principles
of ultilisation of research infrastucture have been agreed in “The joint use of Bioeconomy
infrastructure” agreement between Aalto and VTT.
FCBA and INRA, two research providers in France, have an agreement on shared equipment
and co-investments, as well.
In order to foster the amount of shared use of infrastructure, decisions need to be taken on the
formal collaboration status. This includes the membership, legal form, foundation documents,
sustainability/duration and link to the host. The governance considering the administrative and
operating structures is part of the decision making process. The establishment, funding,
access policy and equipment and intellectual property rights are further aspects that need to be
considered when fostering shared infrastructures (OEDC 2014). The following tasks in work
package 5 and work package 6 will focus on the analysis of research clusters and the
development of supporting activities to foster shared research infrastructures on a European
level.
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6 Bottleneck Analysis
The capability check revealed the complementary capabilities of the partners. The consortium
is already quite well positioned in the field of circular forest bioeconomy. In order to foster
scientific and technological advancements by providing a comprehensive infrastructure, the
identified gaps in the consortium need to be filled. Within this bottleneck analysis, the identified
gaps are further analysed. The result of this bottleneck analysis will form a common
understanding on research capabilities needed to close the identified gaps.
However, the analysis of gaps and deriving needs is challenging. The range of possible
process configurations is practically infinite. The most R&D infrastructure has some degree of
flexibility and equipment of different scale that can, to a certain extent, replace each other.
Additionally, new needs may emerge as development progresses. The exact needs may,
however, be unknown until development of a particular application has started.
To meet the complex causes of research infrastructure gaps, the bottleneck analysis is divided
in two parts. The first part is based on the gaps in the consortium’s configuration that have
been identified in the preceding capability check (see chapter 4). The second part of the
bottleneck analysis focuses on research infrastructure needs deriving from scientific and
technological advancements. One of the major challenges of biorefinery research in today’s
perspective is the integration of research on technologies and processing concepts. Therefore,
special attention was paid to the needs deriving from research integration. Following the
classification of the Star-COLIBRI project (Luguel et al 2011), vertical and horizontal
approaches were now applied in the bottleneck analysis. Vertical research integration defines
the connection of different sectors and steps along the value chain. For example, researchers
focusing on the breeding of plants should collaborate with researchers further downstream in
order to generate raw material which is easier to process. Horizontal research integration
focuses on the combination of research fields within a step of the value chain. This includes,
for example, better networking between biotechnologists and chemical engineers. Additionally,
the aspect of upscaling was now taken into account. Processing in different scales leads to
some subtle differences and one of a kind challenges that need to be considered in process
development (Edwards 2012).
Section 6.1 describes the applied methodolocial approach. Section 6.2 reports the findings on
needs deriving from the gap between current capabilities and the benchmarking flowchart.
Additionally, needs deriving from research and development advancements due to research
integration are described in section 6.3.
6.1

Methodology

The bottleneck analysis builds on the capability check. The identified gaps between the
baseline and benchmarking infrastructures were analysed to understand the required needs to
increase the consortium’s capability. An iterative survey among the expert panel provides the
internal view of identified needs on the way to a distributed research infrastructure for circular
forest bioeconomy (see section 4.3 for a description of the expert panel).
In order to link research integration in the bottleneck analysis, an internal Delphi study was
carried out to identify further constraints. The Delphi-method, named after the ancient oracle, is
an iterative survey to form a stable group opinion (Corsten et al. 2006). In three consecutive
rounds, a group of fourteen experts, identified gaps in the research infrastructure for research
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integration and process upscaling. Figure 16 summarizes the methodological approach of the
conducted Delphi study.
ERIFORE DELPHI ANALYSIS
Written consultation of internal expert panel in three consecutive rounds
1
2
3
4

5
6
7

Start: ERIFORE capabilities and key questions
1. Expert survey

Interim summary
2. Expert survey
Second interim summary

3. Expert survey
Final results

Common understanding on the research infrastructure needs
deriving from research integration and upscaling

Figure 16: Methodological approach to conduct the Delphi analysis on research
infrastructure needs

6.2

Needs closing the identified gaps in the consortium

The composition of the ERIFORE consortium for biorefinery product lines showed some gaps
in research infrastructure and know-how. In order to improve the capabilities of the consortium,
needs to close these gaps were identified by the experts of the project consortium. These
needs can be linked to the consortium’s configuration and the coordination. The configuration
focuses on the arrangement and availability of the capabilities in the consortium. The addition
of coordination extends the analysis of configuration with needs to enhance the development
of a co-operation network.
6.2.1

Configurational needs in the consortium

The ERIFORE research field raw material availability is covered only by few partners. Most of
the expertize and the equipment for studying silvicultural and biotechnology/breeding programs
in the consortium are developed at VTT and INRA. In order to provide research facilities for all
biogeographic regions in Europe, access to field trials with a European scale coverage is
needed.
Due to the increasing use of diverse raw materials, the varying availability of raw material
characteristics also needs more attention. Therefore, innovation and flexible production
systems adjustable to available resources are needed. In order to tackle these challenges, pilot
and demonstration scale facilities for the horizontal integration of research fields and
technology areas in raw material availability need to be established.
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In order to match wood characteristics with processing requirements, equipment for studying
the integrations between wood production and processing lines need to be developed. In the
ERIFORE consortium, especially pilot scale facilities are needed.
Pretreatment technologies refer to the second step in many bioeconomy value chains. The
consortium is already well positioned in this field. The need to perform different treatments of
forest biomass at laboratory level will continue, though. In the field of pulping technologies,
there might be a need for laboratory scale equipment which enables a facilitated transfer to the
large scale equipment. In the consortium, there is no facility in demonstration scale.
For the processing of intermediates, there is a need for demonstration scale facilities for
chemical and biochemical conversions. For further processing of the intermediates, the
consortium is quite well equipped, although the consortium’s capabilities do not cover all broad
processing and application possibilities of forest raw materials. In the field of biomaterials and
biochemicals, new equipment for chemical modification of components separated from forest
biomass are needed for example electrospinning device to obtain fibers from solution; quartz
thermobalance to follow kinetic parameters of some chemical reactions. This equipment will
allow the consortium to improve its research infrastructure, to extend the research area, and to
improve the netwoking opportunities.
6.2.2

Coordination needs in the consortium

Besides the configuration of the research infrastructure, additional issues and options need to
be considered.
Sustainable financing dependent on the EU funding is the crucial “bottleneck” in activating and
extending the full research capacity and expertise available from the ERIFORE partners,
national research institutions and industrial enterprises to promote a forest bioeconomy.
Presently the lack of sustainable funding concerns maintaining and modernising the research
infrastructure while it may soon concern the education of national research personnel. It is
essential to expand the existing research capacity by engagement of science students and
young researchers in teamwork for advancement of forest bioeconomy and by seeking
additional financial support from industry sectors.
In case the industry approaches open-access platforms, there may be too many hurdles to get
fast and easy partial funding. Furthermore, IPR issues may discourage the industry to get
involved with such third-parties.
To meet these challenges, the consortium needs to define a formal agreement for its legal
form, the members and duration of the collaboration. The governance of the research
infrastructure must continue to enable a shared use of infrastructure. Especially formal
structures for short-term interactions, e.g. the use of unique equipment for only a few days
needs to be managed by adequate business and funding models.
6.3

Needs deriving from research integration

Research integration leads to the need for more specific research infrastructure on the one
hand and supporting activities on the other hand. In order to identify relevant needs in the
consortium, a Delphi study was now carried out among the expert panel. The panel experts
were from all relevant research fields and technology areas. Section 6.3.1 describes the
identified configurational needs. Specialized needs for coordination are summarized in
section 6.3.2.
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R&D caused configurational needs in the consortium

Progress from integrated research leads to the need for specialized capabilities. The needed
arrangement in the consortium, identified by the expert panel, can be summarized in the
following subgroups.
New product uses
New application areas are constantly being developed for the current and emerging main
products and by-products from forest industry.
For example, the progress in the isolation and utilization of different pulping spent liquor
components may result in new commercial products and applications. In the Delphi Study, the
potential of lignin for phenolic polymers and tall oil for polyurethane insulation foams was
highlighted. Another example mentioned by the expert panel is the increasing use of cellulose
for different packaging materials with special properties.
Lignin can be used as a raw material for a wide range of chemicals, resins and products, for
example carbon fibers and activated carbon. Many technical lignins, including hydrolysis
lignins are suitable for the manufacture of lignofiber boards or additives in concrete and bricks.
They may also serve as antioxidant-antidegradant additives in different polymer and rubber
products and as asphalt additives. The conversion of lignins into high(er) value added products
such as aromatic platform chemicals, resins and other polymeric products may increase to the
need for specialized research equipment. However, the consortium’s current equipment
(available at VTT and BBEPP) can already be used for many chemical operations needed in
lignin valorization studies. In addition, specialized pilot equipment for base-catalyzed lignin
fragmentation to lignin oligomers is available.
The fermentation and catalytic conversion of syngas to methanol, ethanol, ammonia and many
other potential chemical building blocks is receiving more and more attention.
In principle, research for the advanced processing of syngas requires reactors as well as
upscaling units from laboratory to pilot scale for dimethylether. In the consortium, bioreactors
are already hosted by VTT and BBEPP. BBEPP operates a 10 L stainless steel, pressurized,
ATEX-conform syngas fermenter built in 2013. This unique bioreactor is typically used for the
scale-up of gas-fermentation technology. The unit has separate gas inlets for CO 2, CO, H2 and
N2 and can be run in continuous mode with cell recycle. A compact GC is connected to the
outlet of the reactor and analyses the composition of the off-gas. Based on this, the conversion
efficiency of the gas can be calculated and gas recycled with adjustable gas composition.
Optimised conversion technologies
The optimization of biorefinery processes requires optimized conversion technologies.
In the Delphi study, a need for more efficient conversion technologies is the intensification of
research co-operations between primary and secondary processing, was mentioned. One
example case: after pretreatment (for example by steam explosion), the fractionated raw
material can be converted to composite materials such as self binding boards, heat and sound
isolation materials or to nanocellulose and nano-spinning fibers. Intense research cooperations between pretreatment and further processing enables the generation of optimized
conversion technologies.
Other exemplary needs, which were mentioned in the Delphi Study, are new and robust
catalysts for chemical conversions to improve the pyrolysis processes. Additionally, in the
consortium there is a need for further equipment for the treatment of bio oil. Another approach
for process optimization is the increase of yield in enzymatic conversions. This is possible by
43

Horizon 2020 ref. 654371

Deliverable 5.1 Research infrastructure
capability check and bottleneck analysis

Issue 1.0
30/11/2016

the use of enzyme cocktails and microorganisms with higher efficiency. In the consortium,
many of the ERIFORE partners already have these needed equipment.
There is often a general need to develop more industrially feasible chemical process
technologies to convert convert findings at laboratory to practice. This is case e.g. for solvent
free high solid content modification of cellulose pulp and lignin for new value added products.
Integrated process development
In the circular forest bioeconomy, research on processing concepts needs to cover the entire
value chain and a variety of scientific disciplines. It is especially important to include different
relevant scientific fields in the early stages of process development. This requires access to
more and more specific research infrastructure and supporting activities in the consortium.
In addition to the use of forest biomass for chemical and material uses, the integration of
simultaneous energy production is often essential in the process development. Different
residual streams can often be used for the generation of steam and electrity which improves
the overall mass and energy balances of the process. Therefore, the modelling of energy and
mass balances is needed as well as set-ups for the study of reaction kinetics.
Separation techniques
Fractionation of different biomass raw materials and subsequent product separation are
essential key technologies in integrated forest biorefineries. This moment, there are several
fractionation and separation technologies (with varying degrees of novelty) under development
for commercial market implementation (IEA 2014). These bottlenecks in the final research and
development steps must be overcome to foster the large-scale implementation of new
biorefining plants. Within the consortium, some gaps have been identified in the research
infrastructure.
The fractionation of pyrolysis oil results in fractions of varying quality which could be further
upgraded into fine chemicals, petrochemicals, automative fuels and energy products.
Moreover, equipment and technologies are needed to separate hemicelluloses from pulp mill
operations, including from pulp itself. In the consortium, VTT for example has developed an
alkali extraction of xylan from hardwood kraft pulps followed by purification by membrane
filtration. Fostering further research co-operations between primary and downstream
processing could help to improve these processes.
Upscaling/ Pilot plants
Piloting facilities are needed to validate and demonstrate biorefinery processes and products.
The consortium already has a comprehensive set of research infrastructure in pilot scale. In
order to cover all application potentials and product uses, needs for additional piloting facilities
have been identified.
In the Delphi Study, missing scale up capabilities in the consortium for example for cellulose
conversion and the production of dimethylether were highlighted.
Pilot plants are needed for studies on the production of bioplastics and their precursors from
hemicellulose, for unconventional thermochemical conversions, for the demonstration of newly
developed lignin-based composites and the development of technologies for treating recycled
wood. In silviculture, large scale demonstration platforms are needed to test new tree varieties
and innovative silviculture with mixed species.
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R&D caused coordination needs in the consortium

Successful integration of research across different scientific disciplines and country boarders
needs well-performing coordination activities. In particular, advanced coordination fosters the
development, awareness and use of integrating research activities.
Centralised business services
A comprehensive overview of the distributed research infrastructures in Europe will facilitate
centralized business services. Centralized services help researchers to find appropriate
facilities to test or validate developed processes and products and facilitate the integration of
research in Europe. The ERIFORE project marks the starting point for mapping the available
capabilities in the consortium and identifying further relevant infrastructures. Additionally, there
is a need for further supporting activities.
A database on open access facilities is needed to get an overview over the European pilot
facilities. Presently, it is often unclear if facilities are available for open access. In this context
specific platforms for technological innovations were mentioned in the Delphi Study to promote
the flexibility of R&D infrastructures. This implies the development of a centralized services for
all research fields and technology areas. Within the Delphi study, a need for centralized
platforms was especially mentioned for facilities in semi-pilot scale in all technology areas,
open access semi-pilot and pilot facilities for pretreatment processes and analytical
advancements.
Standardisation of assessment methods
The integration of research increases the need to standardise assessment methods.
In sustainability assessment and system analysis, a platform for the development of
standardized methods, assessment tools and common databases is needed. Standardized
characterization techniques are also needed for recycled wood and fibers and the assessment
of wood quality and suitability between biomass and processing. The field of wood supply
chain, logistics and transportation is in need of facilities for advancing digital technologies for
wood supply chains, information technology and the raw material traceability. In remote
sensing and resource inventory, facilities for the technological development of applications of
remote sensing methods such as LIDAR, satellite or drones are needed for forest inventory
and monitoring.
Access
Access to research infrastructure is a prerequisite for the development of technological and
scientific advancements. The facilities and equipment included in the network are built and
managed to provide service to external users.
Besides a centralized database on open access facilities, new business and funding models
are needed to offer the access to external researchers. On the research organization’s part,
access to semi-pilot facilities is highly demanded, especially by public R&D organizations. For
some external partners however, access to smaller scale units with larger flexibility is of higher
interest.
6.4

Summary

Needs for research infrastructure in the ERIFORE consortium have been analysed from two
perspectives. The needs can derive from gaps in the consortium or from the integration of
research fields and technology areas that lead to scientific and technological advancements
and thereby to the need for more specific research infrastructure. The needs can be further
distinguished between configurational needs, focusing on specific facilities or equipment
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enabling high-class research and needs in order to coordinate the network of open access
research infrastructure.
For the ERIFORE consortium, only minor configurational needs were identified. Further
equipment and piloting facilities could enhance the development of new bio-based products
and applications. Research integration leads to the need for integrated process development
and optimised processes, enhanced separation technologies and specialized equipment. The
capabilities in the consortium can cover these identified needs already in large parts. More
infrastructure needs were identified for the coordination activities. The further development of
legal, funding and business models is needed to establish an open access research
infrastructure and facilitate the exchange of knowledge and capabilities in the consortium. In
order to increase further co-operations in the consortium through the integration of research at
several levels (see chapter 5), centralized business services and databases on open access
facilities are required. In order to facilitate joint research in different organizations, needs for
standardised assessment methods could also be identified. As the ERIFORE consortium is
only about to start the establishment of an open access research infrastructure, these identified
needs for research coordination can be used as a starting point for the further tasks and work
packages in the ERIFORE project. Figure 17 summarizes the internal view on the research
infastructure needs for the ERIFORE consortium.
Gaps in the ERIFORE consortium

Gaps deriving from R&D advancements

Configurational needs

R&D caused configurational needs

Coordination needs

R&D caused coordination needs

Figure 17: Summary of the identified needs in the ERIFORE consortium
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7 Conclusions
The ERIFORE consortium aims to establish a distributed, globally competitive research
infrastructure. To achieve this, there is a need to coordinate, complement and update the
consortium’s existing capabilities that were mapped in the initial phase of the project. The
reports on the mapping activities are now available at ERIFORE website (see Deliverables 1.1,
2.1, 3.1 and 4.1). As a supporting task, the current capabilities in the consortium in biorefinery
research were also analysed in a capability check.
The capability check and bottleneck analysis confirmed that the consortium members are
complementary in terms of knowledge, skills and infrastructure. All the research fields and
technology areas of the main wood value chains are covered by the partners.
A separate benchmark study was conducted to compare the consortium’s existing capabilities
in the ERIFORE consortium with an advanced, generic depiction of forest-based biorefining.
This way, it was possible to identify gaps in the consortium. This analysis showed the
enormous potential of the consortium. For example, the consortium has a complementary set
of research expertise and infrastructure for both of primary and secondary biorefinery
processes. With regard to further downstream, for the processing of end products and the
development of new product applications, would benefit from access to identified new research
facilities and equipment.
As a whole, the identification of gaps may greatly depend on the time perspective for the
required infrastructure as well as the configuration and capabilities in the consortium. A change
in the configuration of the consortium changes the assessment immediately. Therefore, in the
ERIFORE project the time perspective was divided into several tasks: This capability check
and bottleneck analysis limits the analysis on today’s infrastructure needs. Gaining knowledge
on its own capabilities and gaps, the consortium can adapt its needs to close the identified
gaps considering emerging technology concepts and future research developments. In the
ERIFORE project, the following task 5.2 will identify future trends and developments. Task 5.5,
the creation of an initial development plan will summarize the results of these taken
perspectives.
The level of research co-operations in the consortium are already existing to a small extent. To
foster the shared use of infrastructure and integrated development of scientific and
technological advancements, the awareness of available capabilities and open access
infrastructure needs to be increased. This co-operation aspect will be taken up in task 5.3
when several biorefinery value chains will be analysed further with regard to products,
applications/markets, non-technological bottlenecks and stakeholders.
Besides the identified gaps in the configuration of the consortium, an expert panel focused on
the identification of additional needs for research infrastructure that derive from R&D
advancements. One of the major present challenges of R&D is the integration of relevant
research fields and technology areas for the development of new biorefinery concepts.
Therefore, the expert panel identified capability needs deriving from the integration and
upscaling of research. The analysis revealed needs mainly for specialized research
infrastructure for process and technology optimisation, product characterization and testing
and integration of research areas in the process development. Another major need is the
promotion of research integration with supporting funding and policy activities. The results
of this capability check and bottleneck analysis show that adequate coordination of the
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available capabilities is crucial for the establishment and further development of the network of
open access research infrastructure. These implications, directly linked to the ESFRI
programme or other collaboration agreements, mark the interface with the analysis in work
package 6 of this project, the development of relevant funding and business models.
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