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SUMMARY
This deliverable is the first of a series of 4 aiming at gathering the information about
the research infrastructure available among the partners of ERIFORE project. The
project has been divided on the basis of the forest products development chain: raw
material sourcing and availability (WP1), primary processing of the forest biomass
(WP2), secondary processing of the biomass components (WP3) and separation and
downstream processing technologies (WP4). The current deliverable covers the R&D
topics related to WP1, which were divided in 7 topics: i) forest inventory and wood
availability; ii) silviculture; iii) wood supply chain, logistics and transportation; iv)
biotechnology and breeding; v) recycled wood and fibers, wood quality assessment;
vi) suitability between biomass and processing; vii) sustainability assessment tools
(environmental, social, economics).
The report itself is organized in six sections: i) and introduction to the WP1 and a
description of the R&D topics; ii) a description of the expertise and capabilities of the
ERIFORE partenrs related to the topics previously mentioned; iii) a description of the
facilities of the parteners to carry out R&D projects in these fields; iv) a description of
the cooperation networks of each partner in the scope of WP1; v) funding sources for
the facilities realted to the activities of WP1; vi) conclusions on the existing R&D
infrastructure of the partners related to raw materials sourcing and availability topics
vis-à-vis the forest circular bioeconomy.
It appears that the project consortium members are quite complementary in terms of
knowledge, skills and infrastructure. All the topics of the wood value chain are covered
by the partners. This is not really a surprise as the consortium has been built in order
to cover the whole chain of forest products, including recycling. However, it is clear
that some organizations have more specific knowledge in relation to the WP1 content,
namely FCBA, INRA, VTT and Wood K Plus, while others will be more specifically
connected to the primary and secondary transformations and downstream
separations. For exemple, silviculture and biotechnology/breeding are only covered by
French partners, what introduced a biais due to the type of wood species that can be
cultivated in this country compared to other European projects.
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1 Introduction
The aim of the ERIFORE is to establish a globally competitive European research
infrastructure in the field of Forest based Bioeconomy. The approach of ERIFORE
is to facilitate through research infrastructure co-operation the development and
commercialization of novel, industrially adaptable and techno-economically
viable solutions that can be derived from a Circular Forest Bioeconomy. These
solutions are founded on value chains ranging from sustainable biomass
management, harvesting and efficient biomass utilization producing the most value
added products, enhanced recycling, and reuse of material through the whole
lifecycle. Thus, the future infrastructure shall comprise shared knowledge platform
and educational services, centralized information management environment,
research laboratories with up-to-date equipment, versatile characterisation and
analytical equipment, modelling and simulation tools, and extensive selection
of pilot plants in the field of bio refinery.
Partners of ERIFORE have complementary research infrastructure for development of
processes for production of chemicals, fuels, fibre products and materials from
renewable biomass utilizing biotechnological, chemical and thermal processing
technologies. The scope and technical content of research areas and infrastructures
in circular forest biorefinery field can be described in many ways. In ERIFORE project
the dividing is based on steps in the development chain: raw material sourcing and
availability, primary processing of the forest biomass, secondary processing of the
biomass components and separation and downstream processing technologies
(Figure 1).
The work in the work packages 1-4 has been divided in 3 tasks:
 the capabilities, facilities, networking and funding sources of the consortium
partners
 the other main European and global research providers in the field of forest
based bio economy
 the main R&D needs, drivers and trends in forest based bio economy
This report (D1.1) cover the capabilities, facilities, networking and funding sources of
the consortium partners in the field of raw material sourcing and availability.
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Figure 1. The technology areas included in ERIFORE action.

1.1

Scope and Objectives

The objective of this study is to evaluate the capabilities, facilities, networking and
funding sources of the ERIFORE consortium partners in the downstream processing.
The fields of raw materials sourcing and availability convers the whole value chain of
forest production, organized in 7 topics :








Forest inventory and wood availability
Silviculture
Wood supply chain, logistics, transportation
Biotechnology / breeding
Recycled wood and fibers
Wood quality assessment and suitability between biomass and processing
Sustainability assessment tools (environmental, social, economics)
7
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Forest inventory and wood availability

This topic is related to all aspects of research dealing with inventoring forest
resources and the availability of forest biomasses for different usages. Forest
inventory can be considered as the systematic collection of data and forest
information which can be further exploited for assessment or analysis of the exisisting
resources. These data are usually collected at national level (NFI = national forest
inventory), but the precision depends on the spatial resolution of the data acquered.
The most important information of forestry inventories are the wood species, the
dendometric measurements (diameter at breast height (DBH) and height) and the
age. From these data, different information can be calculated such as the number of
trees per hectare, the basal area, the volume of trees in an area, and the value of
forest products, such as timber. However, forest inventories do not only record
dendrometric data, but also forest and the site characteristics.
From foresty inventory data, current and future availability of forest products, and
more particularly wooden biomass, can be estimated. However, wood availability
cannot be directly calculated from NFI data, firstly because NFI does not distinguished
between exploitable and non-exploitable forests and secondly because
overestimations can occur as economical restrictions are not taken into account,
including harvest losses, physical constraints of accessibility that make harvesting
unprofitable, or market conditions. Thus, economic data independent from the forest
inventory and specific expertise are sometimes used to estimate: i) harvesting system
costs as a function of accessibility, cut types and stand characteristics; ii) stumpage
prices as a function of species and stand characteristics; iii) roadside wood prices as
a function of species and assortments.
The needs for projections on forests and wood resources arise from two main
categories of forest stakeholders:
 Public authorities, at European, national and regional levels, require projections
to define and assess public policies, for strategic guidance and planning on the
industrial roundwood (sawing, papers and panels) and fuelwood sectors, or to
report the contribution of forests to carbon sequestration as required by
international policy processes on reduction of greenhouse gas emissions.
 Private or semi-private actors, including the National forest services that
manages the public forests, timber, paper, panel and fuelwood companies, and
other forest products professional organisations needing information on wood
availability and quality in a given area to support their economic strategies.
The most important R&D topics on this subject are currently :
 Creation, storage, maintenance and exploitation of databases (bigdata)
 Development of methodologies and algorithmes to extract information about
availability of woodent resources for forest inventories.
 Improve the spatial resolution by increasing the data collection in forest fields
 Use of GIS information in wood resource projections
 Developping ways of taking into account technical, economic or unforecastted
factors in the forest production such as data on fellings, data on extreme
8
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climatic disasters or changes, data on wood assortments of standing trees,
data on wood assortments of removals, etc
User-friendly computational interfaces between databases, mapping
Silviculture

Silviculture can be considered as the science of studying the establishment,
composition, constitution, and growth of forests. Different silvicultural systems are
applied dependent on the typology of forests, wood species, forest products, climate
and soil, etc. Different aspects of silviculture are currently subject of R&D programs.
 Seeds dewing, separation, germination and dormancy
 Forest trees nurseries techniques to increase productivity and decreasy
mortality
 Silvicultural practices (clearcuts, short and very short rotation coppicing, patch
cut, shelterwood, etc)
 Plantation site preparation
 Forest trees plantations techniques
 Plantations tendings
 Forest thinnings
 Advance growth management
 Forest harvesting (including mechanisation)
 Natural or artificial regeneration
 Conversion between agricultural and forestry lands
 Adaptive forest management approaches under climatic changes context
 Field validation and access to long-term experiments.
1.4

Wood supply chain, logistics, transportation

Up-stream wood procurement - from logging operations, transportation to delivery
while dealing with transversal supply chain management – is a complex process
which relies on the intervention of a vast and diverse network of forest companies
(wood suppliers, services providers…). The process and the decisions behind its
precise organization are highly dependent on the availability of:
 Geographic information
 Adequate equipment and machineries
 Transportation infrastructure
 Professional know-how guiding socio-economic practices and performances
 Decision support systems
 Inter-enterprise protocols for communication and commercial practices
In such a context, research providers’ tools and methodologies are adapted to
professional practices to accompany their development and steer the adoption of
relevant innovations in the process. Depending on the readiness of bio-economy
stakeholders at different levels (content-, geography-, economically-wise or other),
research infrastructure and resources are bound to be heterogeneous at European
level. The point of the following criteria and multiple options for each of them is to
capture this diversity during the ERIFORE inquiry.
9
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Biotechnology / breeding

Significant progress has been made in forest genetics research and tree breeding in
the last decades. Many breeding programs in the world have achieved substantial
genetic gains in productivity, pest resistance and wood quality. Genetically improved
plantations from breeding programs have had and continue to make significant
impacts on forest productivity, wood supplies, and sustainability of forest resources.
(Li and McKeand, 2005).
A new era of breeding has appeared in late 1980s with the first efforts to develop
genetic marker based approaches in forest trees. The first DNA-based markers,
RFLPs, allowed obtaining dense genetic maps to scan the genome and map
quantitative trait loci (QTLs). This approach was quite effective toward mapping QTLs
in many forest tree species but the approach could not be brought to application in
tree breeding due to low levels of linkage disequilibrium (LD) in forest tree breeding
populations and recombination between flanking markers and QTLs with each
generation. The next generation of DNA markers based of the polymerase chain
reaction (PCR), RAPD, AFLP and SSR, did not solve the LD and recombination
problem, even though more markers were available and throughput increased.
The situation began to change in the early 2000s with the availability of automated
DNA sequencing technology and single nucleotide polymorphism (SNP) genetic
markers. The updated version of the Populus genome, the recently released
Eucalyptus grandis genome and the concerted efforts towards the generation of
genome sequences for spruces (Picea sp.) and pines (Pinus sp.) by several groups
worldwide, are fueling a multitude of inter-disciplinary studies and applications in
sustainable forest production and conservation. (Grattapaglia 2011). Now association
studies could be performed where SNPs within candidate genes controlling complex
traits could be identified and thus “solving” or minimizing the LD and recombination
limitation. This approach to complex trait dissection has been widely applied in forest
trees and the early approach of QTL mapping in segregating populations has been
mostly abandoned. The association genetic approach has been used to find candidate
gene SNPs associated to a broad array of quantitative traits of interest (wood
properties, growth, abiotic stresses and disease resistance) (Neale 2011). However,
important questions remain still unsolved :
 Why individual SNP x trait associations (such as QTL mapping before) only
account for a small proportion of the variation (generally less than 2-3% of the
total phenotypic variance) and the total variation explained by all markers is
generally less than 50% ?
 What is the importance of DNA epiterogenesis phenomena in breeding of
forest species?
 How climate changes can be taken in consideration in genomic assisted
breeding ?
 Are there ways to speed up the breeding of wood species growing in northern
hemisphere to levels of those practiced in southern hemisphere ?
Grattapalia, D., BMC Proceedings, 2011 5(Suppl 5):A1
Li & McKeand, For Gen, 2005 12(2) 141-143
Neale, D., BMC Proceedings, 2011 5(Suppl 7):I4
10
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Recycled wood and fibers

The sustainable use of natural ressources by saving, reducing, re-using and recycling
is one of the pilars of the forest circular bioeconomy. Recycling wood and fibres is
therefore a mandatory issue for achieving high levels of rational utilization of forest
resources. However, due to its intrinsic characteristics and as a natural biomaterial,
used wood or fibres undergo different physical or chemical treatments or biological
decay and are rarely available to be used without further traitements, including
sorting, decontamination, physical comminition or chemical treatments. These
operations must be conducted under strict compliance with legislation relating to all
environmental issues while minimisation of the impact of its industrial facilities on
their locations and on the environment. Recycling wood and fibres process can be
summarized in four main steps: collection, sorting, re-processing and re-using.
Wood waste can arise from a number of sources, such as municipal, commercial and
industrial (C&I), construction and demolition (C&D) and in many different forms. Wood
waste can be collected via a number of routes depending on its source, amount and
grade. In most of the cases, great variety of different wood-containing material are
gathered together, what makes the sorting very difficult. Wood sorting is 'designed in'
to the collection system by pricing incoming wood waste according to its content. This
gives waste producers and intermediaries price incentives to keep lower grade wood
waste separate. The wood waste is then subject to a range of sorting and grading
processes. More investment and overheads in processing are required to produce
high value feedstocks whereas high throughput and low handling costs are necessary
to produce a lower value, higher volume product. Although different classes of
recycled wood exist in different European countries, we can basically consider 4 main
classes :
 Wood from packaging, pallets, moulds in concrete construction,…
 Wood based panels (OSB, particle board), plywood, coated, painted or glued
solid wood, wood from interior fittings without PVC compounds in coatings
 Preserved wood, wood from outdoor application, wood containing hazardous
substances, e.g. railway ties, telegraph poles, wooden windows, construction
timber, roof beams, timber from demolition,…
 Wood with PVC-coatings, pallets with plastic composites
The first type of recycled wood goes to higher value markets such as animal bedding
and panel products as well as in any incinerator. The second one can be used in
panel products and WID compliant incineration. The two last types must be used in a
WID compliant incinerator (Grade D is hazardous wood waste and only suitable for
specialist landfill or WID compliant incineration). The majority of the recovered wood
waste goes to the panelboard market, and about equal amounts are used for animal
bedding, biomass energy, and exports. Landfill or other 'informal' outlets are the fate
of the rest of the recycled wood.
The most important R&D questions related to recycling wood and fibres can be
summarized as the following :
 How to efficiently collect and sort different grades of wood to be recycled ?
 How to recycle different waste wood classes? Which applications ?
11
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How to efficiently (both from technical and economic point of view)
decontaminate wood previously treated ?
How to manage the losses of properties of wooden material during its previous
life before giving it a new one ?
What are the legal requirements of waste wood recycling? How to meet the
requirements?
Wood quality assessment and suitability between biomass and
processing

One of the consequences of managing fast-growing forests has been a significant
decline in wood quality. The managed resource is usually characterized by younger
age, smaller stem diameter, larger taper, larger knots, higher juvenile wood content
and different wood characteristics and processing properties. As quality has a
profound impact on wood processing, end-product quality and marketing, the
changes in wood quality have triggered a chain reaction that includes lower
productivity and end product quality and higher production costs. Some wood quality
attributes appeared to share a unique link. Stem diameter, stem shape, stem taper
and tree age are related to stem and log characteristics; wood anatomical and
chemical characteristics constitute basic wood characteristics; gross wood
characteristics (e.g., juvenile/mature wood, sapwood/heartwood) refer to woods that
are distinctly different in the basic wood characteristics; others are either wood
physico-mechanical properties or service-related attributes that are virtually
determined by the basic wood characteristics.
On the other hand, most wood quality attributes are somehow interrelated, and thus
any attempt to group them into categories appears somewhat arbitrary. In general,
gross wood characteristics are related to stem and log characteristics (e.g., age,
diameter). For example, juvenile wood and heartwood content usually increase with
increasing age or diameter. Reaction wood is often associated with stem shapes or
straightness. Since gross wood characteristics are related to stem characteristics, the
basic wood characteristics of a stem depend, to some extent, on the stem
characteristics. This implies that, for a given species, stems and logs of different ages
or diameter classes have different wood characteristics at the gross, anatomical and
chemical levels, which suggests that these stems or logs may have different physicomechanical properties and service-related attributes (Zhang, 2003).
The main R&D questions raised by theses changes are :
 Can forests be managed efficiently to produce the wood quality desired by
manufacturers?
 How can a different resource be used efficiently to manufacture the quality
products desired by customers?
 It is possible to conjugate the wood quality needs of different sectors into the
same forest management for shared wooden resource ?
Zhang, 2003, XII World Forest Congress.
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Sustainability assessment tools (environmental, social, economics)

Society and stakeholders increasingly evaluate products and corporations against
their environmental and social performance. Especially sustainability claims of
premium products which’s USP comprises quality as well as sustainability underlie
public scrutiny and this trend may even exacerbate in the future. This does not only
apply for a corporation’s direct impacts, but for the impacts of their supply chain as
well (Pesonen, 2001).
Nevertheless, no objective definition of sustainability exists (Somogyi, 2016) and
production as well as consumption always causes impacts. Concurrently, reducing
one impact can come at the cost of increasing another. As a consequence, the
translation from theoretical sustainability to sustainability measures is always
influenced by societal valuations. The degree of subjectivity further increases, when
companies, researchers or administrative bodies apply certain methods and according
criteria to measure the impacts of products. 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.
Pesonen, H-L. “Environmental Management of Value Chains. Promoting Life-Cycle Thinking in Industrial Networks,” 2001.
http://www.greenleaf-publishing.com/content/pdfs/gmi33peso.pdf.
Somogyi, Z. “A Framework for Quantifying Environmental Sustainability.” Ecological Indicators 61, 2 (February 2016): 338–45.
doi:10.1016/j.ecolind.2015.09.034.

2 Expertise areas and capabilities
2.1

VTT Technical Research Centre of Finland LtD

Bioeconomy and circular economy are currently among the key research areas at
VTT, with strong focus in using wood as one of the fundamental renewable raw
materials. In the development of various wood-based processes and products, VTT’s
research capabilities cover the whole value chains from raw material sourcing to final
marketable products, including sustainability assessment and related topics. For raw
material sourcing, logistics and transport, and characterisation the following VTT’s
competences need to be mentioned:






Studies on wood availability for different European countries.
Remote sensing using satellite-based optical data in producing maps of forest
areas and different types of forest.
Harvesting, chipping and grinding, drying, handling, and upgrading of wood
biomass. Development of mobile machinery using 1) hardware in the loop (HIL)
simulation environment for advanced automation and 2 virtual environment
Use of omprehensive package of analytical and microscopic methods for the
characterisation of wood raw materials and different wood constituents.
Processing of recovered wood and recycled fibres to different value-added
products..
13
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Sustainability and life cycle assessment including environmental, economic and
social aspects.
Concept studies and techno-economic modelling.
FhG Fraunhofer-Gesellschaft zur Förderung der angewandten Forschung

Fraunhofer is Europe’s largest application-oriented research organization. Its research
efforts are geared entirely by people’s needs: health, security, communication, energy
and the environment. The Fraunhofer-Gesellschaft consists of more than 80 research
units, including 67 Fraunhofer Institutes, at different locations in Germany. The
majority of the 24,000 employees are qualified scientists and engineers. The annual
research budget is about € 2.1 billion. Fraunhofer-Gesellschaft does not have
activities directly related to the topics of WP1 of ERIFORE project.

2.3

SP Sveriges Tekniska Forskningsinstitut AB

SP takes part in the ERIFORE project with its parts SP Energy and Bioeconomy and
the subsidiaries SP Processum and SP Process and Development.
SP Technical Research Institute of Sweden is a leading international research
institute. SP works closely with customers to create value, delivering high-quality input
in all parts of the innovation chain, and thus playing an important part in assisting the
competitiveness of industry and its evolution towards sustainable development. The
SP Group consists of eight companies including the parent company SP Technical
Research Institute of Sweden AB. The Swedish state is via Rise Holding AB the sole
owner of the SP Group.
SP contributes to sustainable development by developing new expertise and
dependable technical decision criteria for use in the business sector and society. The
instititute use and provide world class expertise for innovation and the creation of
added value both for the corporate sector and for a sustainable society.
The purpose of the Finnish‐Swedish Forest Refine project was to analyze and
improve the raw material supply to biorefineries. Forestry and chemistry researchers
from both countries worked together to develop the knowledge in three areas:
forestry, transport and biorefineries. The geographic distribution of feedstock was
mapped with GIS and new machines and techniques for the harvest, comminution
and storage of feedstock were tested and evaluated. The role of SP was to describe
feedstock quality requirements for future biorefinery industries, to test the
processability of new feedstock assortments and to assist in systems analyses to
estimate supply chain energy balances and costs.
2.4

KTH Kungliga Tekniska Högskolan

KTH in Stockholm is the largest technical university in Sweden. Education and research spans from natural sciences to all the branches of engineering and includes
architecture, industrial management and urban planning. There are a total of almost
14,000 undergraduate students and more than 1,700 active postgraduate students.
KTH has just over 4,600 employees. KTH is a University active in education and re14
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search and is ranked no 34 in Times Higher Education World University Rankings
2014 within the subject area Times Engineering & Technology.
Research related to forest resources is of long-term strategic focus at KTH and has a
tradition as being an important research area at KTH, with strong ties to the Swedish
industry. KTH is very well positioned internationally within traditional materials
science, chemical engineering, mechanical engineering and biotechnology. Research
activities are performed based on financing based on excellent science (ERC, etc.) as
well as in close cooperation with industry.
Within the topic of biotechnology KTH is working towards research focused in various
areas of glycobiology, comprising fundamental research on plants and
microorganisms, as well as biotechnological developments towards carbohydratebased products. A major goal is to understand how extracellular polysaccharides in
microorganisms and plants - especially trees - are formed, remodelled and
hydrolyzed. This fundamental knowledge on cell wall polysaccharide metabolism and
self-assembly is exploited to develop applications relevant to a wide range of
industries.
Furthermore, KTH is developing and applying Sustainability assessment tools
(environmental, social, economics) and LCA-related research on the societal and
environmental effects and socio-economic aspects of the wood-based industry.
2.5

SINTEF

Stiftelsen SINTEF is the largest independent contract research organisation in
Scandinavia and the 4th largest in Europe having around 2100 employers performing
in the order of 9000 individual projects with an annual turnover of about 377 M€. It is a
multidisciplinary organisation with over 90% of the income coming from bilateral
industrial research contracts and participation in European or National research
projects. The institute carries out industrial contract research, as well as basic
research, mainly in close collaboration with the Norwegian University of Science and
Technology (NTNU) in Trondheim and the University of Oslo. SINTEF does not have
activities directly related to the topics of WP1 of ERIFORE project.

2.6

FCBA Institut Technologique Foret Cellulose Bois-construction
Ameublement

FCBA is a multi-sector Industrial Technical Center composed of 340 people
distributed in 6 sites in France (Paris, Bordeaux, Grenoble, Dijon, Limoges, Nantes).
FCBA works for the ensemble of the different forest-based industry sectors, including
forestry, pulp and paper, wood, and furniture on different activities such as innovation,
research and development, technical assistance, certification, testing, standardisation,
training information, etc.
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FCBA has strong expertise in different topics related to the project. About raw material
sourcing and availability, the following existing infra-structures can be cited:
 Forestry biomass field trials (1000+ trials, the largest network of forestry trials in
Europe)
 Biomass availability and procurments tools for different European countries
including forestry, agricultural, recovered waste wood, agricultural co-products,
residues of agro-food industry, etc
 Database of different biomass characteristics
 Life cycle and costs analyses
Five departments of FCBA have facilities and skills directly involved in this project:






2.7

InTechFibres (Grenoble) for the biomass characterisation and suitability for
thermochemical and biochemical processes;
Environmental and Health (ENSA – Paris) for the LCA evaluations;
Energy, Economy and Prospective (Paris) for the resources availability and
costs and economic evaluations;
Research and Innovation (Paris) for the logistics;
Advanced Biotechnology and Sylviculture (Bordeaux, Dijon, Limoges) for the
forest exploitation and logistics and biomass supply.
INRA Institut National de la Recherche Agronomique

INRA has strong competencies and expertise in different topics related to raw material
sourcing and availability. Those competencies are gathered in one main scientific
department of the Institute (department EFPA on Forests, Grasslands and Water
Ecology) located in 4 main locations and 8 main laboratories in France (Avignon,
Bordeaux, Orleans, Nancy).
The following national R&D infrastructures and platforms coordinated by INRA can
contribute potentially to the development of the ERIFORE initiative regarding raw
material production:
 Forest genetic ressources including field trials
 Network of silvicultural experiments
 National Excellence Research Infrastructure including 6 research & innovation
platforms on forest genomics, biotechnologies, silviculture and wood sciences
in 4 main locations (XYLOFOREST www.xyloforest.org)
 Open forest modelling platform (Capsis) and Wood phenotyping platform
(Genobois)
2.8

Wood K plus Kompetenzzentrum Holz GmbH Wood K plus

The Kompetenzzentrum Holz GmbH – a competence center for wood chemistry and
wood composites – is a leading research institute in the area wood and wood-related
renewable resources in Europe. The core competences are materials research and
process technology along the complete value chain – from raw material to finished
16
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products. We develop methods and basics and perform applied research on the
economy-science interface.
The main research topics in the field of sustainability assesment are covered by the
team Market Analysis and Innovation Research:
Bio-based industries are connected with the different dimensions of sustainability
throughout the whole product life cycle. Starting from product and technology
development and raw materials procurement, different aspects of sustainability in the
forest-based sector are investigated. The combined investigation (e.g. life cycle
assessment and regional added value; cumulated energy demand and ecological
payback time; water footprint and argument delphi) ensures a critical use of methods
and allows a comprehensive evaluation of lignocellulosic materials’ sustainability.
In addition the market-oriented technology evaluation aims at the identification of
barriers and incentives that will influence the success rate of new products and
technologies. Technology foresight methods (e.g. econometrics, delphi-studies, social
network analysis, technology diffusion or substitution analyses,input-output modelling,
agent-based modelling) will be applied to improve the understanding of changing
environments and technology impacts.In context of the development of knowledgebased bio economies it is especially useful to assess key topics like recommendations
for the standardisation of the developed bio-chemicals and materials in order to
facilitate the market uptake of the developed products or a detailed comparison of
materials (e.g. value performance-relations). Furthermore, medium- and long-term
projections covering the whole forest-based sector combining the economic and
environmental view are established with System-Dynamics based simulation models
(FOHOW and E-FOHOW).
2.9

LSIWC Latvian State Institute of Wood Chemistry

The Latvian State Institute of Wood Chemistry (LSIWC) was founded in 1946. During
its existence strong traditions have been formed in comprehensive research of wood
from sub-microstructure to technologies for obtaining products of chemical industry
and wood-based materials.
LSIWC is a unique research institution not only in Latvia, but on the Baltic scale,
embracing a spectrum of utilisation and processing the biomass of wood and plant
kingdom. The LSIWC research themes’ priorities embrace practically all fields related
to utilisation of wood and lignocellulose biomass. The main topics of competence and
knowledge accumulation include:
 interdisciplinary theoretical studies of wood and lignocellulosic materials at the
molecular and nano-level;
 structure, bio-durability, biodegradation mechanisms of wood and wood-based
materials, methods for improving sustainability (including modification) to
enhance competitiveness with other building materials;
 biorefinery approaches, development of technologies for wasteless cascade
use of wood components to obtain chemical compounds, composite and hybrid
materials and added value products designed for food industry, agriculture,
pharmacy, health care, etc.;
17
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rational use of woodworking, wood and biomass processing residues for
innovative multifunctional products including fibre and insulation materials for
agriculture, building, transport, forestry and environment protection.

The tools for Life Cycle Assessment, Material and Energy Flow Analysis, and Emergy
Analysis within the approach bio-refinery systems are applied to bio-refinery research
realised in cooperation with main Latvian universities providing new manpower and
PhD students.
2.10 PPIMC Petru Poni Institute of Macromolecular Chemistry
The “P. Poni” Institute of Macromolecular Chemistry (ICMPP) is an Institute of
excellence of the Romanian Academy. Established in February 1949, the Institute has
a long tradition of over fifty years in fundamental and applied research in the field of
organic and inorganic chemistry, polymer chemistry and physics. ICMPP is a not-forprofit organization and has various facilities (laboratories of synthesis and physico–
chemical analysis, conference hall, library, production units, mechanical and electrical
workrooms), with a research team whose achievements (papers, patents, participation
at national and international meetings, technologies elaborated and implemented in
industry) related to biomass treatment, chemistry, characterization of materials.
PPIMC does not have activities directly related to the topics of WP1 of ERIFORE
project.
2.11 BBEPP Bio Base Europe Pilot Plant
Bio Base Europe Pilot Plant is an independent, state-of-the-art facility that operates
from a laboratory level to a multi-ton scale. Bio Base Europe Pilot Plant is a service
provider for process development, scale-up and custom manufacturing of biobased
products and processes. A wide and flexible spectrum of modular unit operations
enables us to translate your biobased lab protocol into a viable industrial process. In
this way, BBEPP’s focus is not directly on the first phase of the forest bioeconomy
value chain, i.e. forest inventorization, silviculture, biotechnology/breeding programs,
mapping wood supply chains etc.
On the other hand, BBEPP participated in the VISIONS project (supported by the
Flemish Agency for Innovation by Science and Technology (IWT) and co-funded by a
large consortium of companies interested in either valorising their waste stream or in
finding alternative feedstocks for biobased processes. During this project, an inventory
of organic waste streams and by-products that are abundantly available in Flanders
were made up (paper pulp, corn stover, poplar chips, …). The products were
clustered depending on their composition and an efficient processing technology that
turns the waste-stream into a valuable resource for new biobased value chains, was
identified. BBEPP optimized and demonstrated 2nd generation technologies at an
industrially relevant scale for lignocellulosic materials. Focus was on pretreatment
technologies and hydrolysis of biomass into fermentable sugars. BBEPP does not
have activities directly related to the topics of WP1 of ERIFORE project.
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2.12 Summary
The project consortium members are quite complementary in terms of knowledge,
skills and infrastructure on the subjects related to wood raw material sourcing and
availability. Nevertheless, some organizations have more specific knowledge in
relation to the WP1 content, namely FCBA, INRA, VTT and Wood K Plus. All the
topics of the wood value chain are covered by the partners. However, concerning
silviculture and biotechnology/breeding, the consortium is imbalanced due to the fact
that the only two partners dealing with these topics are from France.

3 Research facilities
3.1

Forest inventory and wood availability
3.1.1 VTT

During the past twenty years VTT has conducted many feasibility studies including
woody and other biomass assessment in many countries in Europe and beyond,
particularly for energy industries and biorefineries. Although forest inventory is usually
done by specifically appointed organizations, for example Natural Resources Institute
in Finland, general data are publicly available in all countries in Europe. In addition,
extensive networking with other research organizations enables VTT to assess the
availability of woody biomass in most parts of the world.
The remote sensing team of VTT has used satellite-based optical data in producing
maps of forest areas and different types of forest. The key methodological tool in
these forest mapping projects is the VTT-developed Probability method. Here an
unsupervised clustering is applied to the satellite image dataset. The clusters are
used as classes in maximum-likelihood classification. For each class, the forest type
and forest volume variables are estimated from ground data. The final estimates for
forest variables are computed as weighted averages over classes using class
probabilities as weights. The amount, type, and format of ground data can vary a lot.
The widest area that has been mapped is the whole Europe. It was covered with a
mosaic of NOAA/AVHRR (National Oceanographic and Atmospheric
Administration/Advanced Very High Resolution Radiometer) data, which has a spatial
resolution between 1.1 km and 2 km. In the on-going NorthState project (EU/FP7),
two test sites of 200-km by 200-km have just been mapped for forest types, forest
area, and forest change (logging) with Landsat data.
The same Probability methodology can also be used in more localized forest resource
mapping projects for forest industries. In these projects, the satellite image resolution
has varied from Landsat (30 m) and Spot (10 m) to VHR satellites like GeoEye
(multispectral resolution 2 m, panchromatic 50 cm). In addition to optical data, VTT
has used satellite-based radar data (ALOS/PALSAR, Advanced Land Observing
System/Phased Array L-band Synthetic Aperture Radar, resolution 20 m) for mapping
forest biomass.
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In addition to satellite remote sensing data, VTT has developed an interactive tool for
ground data measurement in forest stands. The tool called RelasPhone (for Android
devices) is available from Google Play store. Basal area is measured per tree species
using a technique similar to the traditional optical relascope measurement. Tree
height estimates are used to complete stand-wise stem volume measurements.
3.1.2 SP
SP has some competence within forest inventory, wood availability and wood supply
chains. For expertise in these areas SP cooperates with Skogforsk - the forestry
research institute of Sweden, SLU – the Swedish University of Agricultural Sciences,
and others.
3.1.3 FCBA
Every year, the French NFI inventories the whole metropolitan forested area including
poplar plantations. The NFI is carried out in public and private forests, irrespective of
whether they are available for wood supply or not. Hedges and heathlands are also
inventoried. FCBA uses these data and applies methodologies developed internally to
correct the availability of wood numbers.
FCBA has also worked on the development of aerial stereoscopic image analysis
(systematic cover over the forested area) and airborne laser data (experimental
projects) that allow measuring young stand attributes and integrate them in resource
projections, which is currently made impossible by the use of a 7.5 cm-diameter
threshold for tree inventory. The availability of such images also makes it possible to
compare stand height measurements at different time periods. That would allow
mapping stand growth dynamics and increase the accuracy of wood availability on the
local scale. The use of periodic maps of forest attributes linked to the growing stock
(e.g. stand height, basal area, volume) in a multi-source forest inventory design would
contribute to improve the accuracy of NFI results at local level. Major improvements
on the assessment of harvest conditions in wood resource projections are also
expected in the near future. Cadastral (ownership) maps are currently fully digitized
but not yet completely vectorized. As soon as this task is completed, integration of
further attributes such as cadastral stands size and ownership size as stratification
factors in the resource projections will be possible. Maps of harvest costs based on
slope and distance to roads would also be useful to determine areas where additional
harvests could be a problem because of economic constraints.
The second major issue of wood availability is the prediction of future resources. The
typical temporal horizon for forest resource projections ranges between 10 and 30
years ahead. Typical spatial scales in forest resource projection refer to: i) a given
tree species in a given area, ii) all the broadleaved/coniferous species in a given area,
iii) a comprehensive approach on a regional or national domain. Fundamental target
variables include the estimation of future growing stock (in quantity and quality), the
availability of wood for different uses (sawnwood, pulpwood and fuelwood), and
projections of forest carbon stocks and fluxes. In France, specific growth models are
still missing for many wood species. And for the existing models (e.g. for abundant
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species such as sessile oak, beech or maritime pine), they are usually not appropriate
for projections at the regional level, or even less at the national level. As a
consequence, robust projections for the French forest resource, which is
characterized by its diversity in forest types and ecological conditions, and its nonstationary state, have required the development of large-scale forest resource models
and simulators, as well as a specific expertise based on forest inventory data. The
description of the current forest resource (area, growing stock, etc. distributed by tree
species etc.) and the parameters of forest dynamics processes (growth increment,
natural mortality and recruitment) are also of interest of FCBA in order to be
implemented in wood resource projections in France based on NFI data and statistics.
Typical models used for evaluation of wood availability are diameter-class and ageclass distribution models. More elaborated models are needed, such as models taking
into account the stratification of the forests and wood species according to different
geographic region or a categorization of the study area based on biophysical
classifications, models which consider different silvicultural scenarii for each stratum,
since a stratum often aggregates stands differing in terms of ecological conditions,
forest owner objectives (wood production, biodiversity, hunting, recreation, nothing,
etc.) and forest management practices. These type of modelling is of major interest for
R&D in this topic at FCBA.
3.1.4 INRA
The forest modelling platform CAPSIS (http://capsis.cirad.fr/capsis/home) provides
access to different types of growth models which can be used for predicting forest
resources and wood availability for different tree species.

3.1.5 LSIWC
Access to forest inventory and wood availability data is realised through
research within the framework of Latvian National Research Programmes in
cooperation with the Latvian State Forest Research Institute “Silava” – the main
institution for forest inventory in Latvia.
3.2

Silviculture
3.2.1 VTT

As for silviculture, VTT’s current expertise lies on understanding the whole production
chain of wood, and developing methods and machines for silvicultural operations such
as thinning and clearing.
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3.2.2 FCBA
Since the 1960s, AFOCEL then FCBA has set up more than 3,000 forest experiments.
A thousand is still followed at present, which represents approximately 2 500
hectares. It is the largest network of experimental trials in Europe and their distribution
is represented in the Figure 2.

Figure 2 – Distribution of FCBA experimental trials network in France.
In this field of activity, the data collected have an interest for very long periods like the
life span of a tree (dozens of years even higher than one hundred). These data form
the basis of numerous studies on new themes such as wood energy or climate
change.
The experimental stands are installed throughout the whole French territory and
managed by the staff of the territorial delegations, each delegation having a welldefined geographical area. Historically, it was considered essential to centralize
information on these stands which led to the creation of a database (ESSSIG) which
includes all data relating to the experimental trials. This SQL Server format base is
accessible by viewing by all the FCBA staff via an interface developed internally.
Testing officials have access in creation/modification for tests which they are
responsible. The database handler has access to create/change on the whole
database. ESSSIG database contains around 3 000 experiments, 1.8 million trees, 8
million ratings and 6,500 files or measures linked (format PDF, EXCEL, WORD or
text). Every year, around 20 news experimental stands are put in place and about 150
are measured (350 000 measured trees).
A second database is AFOGENE. It includes the descriptive information of genetic
material tested at FCBA since the 1970s. This database currently contains more than
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43,000 references and is enriched each year by new FCBA (eucalyptus, maritime pine
and poplar essentially) varieties and germplasm (seed lots) sent by other research
organizations. Complementary to ESSSIG, AFOGENE describes the genetic material
tested on FCBA’s experimental plots or used on silvicultural trials. It allows to know
the provenance of the seed received externally and manage the genealogy of the
materials created by the FCBA.
Finally, BIOGENE database is used by the Laboratory of Biotechnology to record all
transactions carried out on the plant material to ensure complete traceability on the
genetic or phenotypic (as many stages of multiplications are carried out) and on the
different treatments (cryopreservation, multiplication, initiation or maturation on
various media) undergone by the genetic material.
3.2.3 INRA
The XYLOSYLVE platform is a large forest experimental facility (50 ha) to test
innovative silvicultural regimes for increasing biomass production using fast growing
tree
species
such
as
pines
and
eucalyptus
(http://www.xyloforest.org/xyloforest_eng/Technical-platforms/Xylosylve-Ecosylve).
This open access infrastructure is also connected to ICOS network for monitoring
carbon cycles in terrestrial ecosystems.
The scientific network “cooperative de données sur la croissance des peuplements
forestiers” (cooperative for data on silviculture and forest growth) includes 180 field
trials to explore the variations of forest dynamics and different silvicuture options. This
network concerns the main forest tree species in France : Douglas fir, oaks, Maritime
pine, Corsican pine, mixed forest stands.
3.2.4 LSIWC
Silviculture research is carried out within the framework of Latvian National Research
Programmes in cooperation with Latvian State Forest Research Institute “Silava” and
the Latvia University of Agriculture.

3.3

Wood supply chain, logistics, transportation
3.3.1 VTT

VTT’s profound expertise is based on long experience in developing biomass supply
chains, on the one hand for large enterprises such as forestry and energy companies,
and on the other for entrepreneurs with new innovations. VTT offers expert help for
biomass fuel suppliers, power and heating plant operators and biorefineries in finding
concrete solutions for the whole biomass supply chain. VTT’s expertise encompasses
applied research, feasibility studies and method development in the areas of
harvesting, chipping and grinding, logistics, drying, handling, and upgrading of solid
biomass, wood in particular.
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VTT’s research facilities include the following:
 A robust warm air dryer with a capacity of for drying large badges of biomass
(up to 12 m3) for further processes
 A large laboratory warm air dryer with a weather simulation chamber. At the
moment the dryer is being upgraded to have a possibility to study solar drying
together with thermal drying (a hybrid dryer)
 6 stand-alone field weather stations for monitoring and recording weather data
 2 pellet presses (laboratory and full scale) + 2 grinders for material preparation
+ 8 m3 hopper
 An industrial size two-stage grinder mounted on a trailer
 Equipment for machine work studies in the field
 2 small-scale chippers (drum and disc)
 Several conveyors and augers
 Biomass screening devices
VTT has recently developed a calculation tool for the supply of woody biomass that
can be used for example to assess wood fuel supply logistics, economics and
environmental impacts as new energy plants or biorefineries are planned. This tool
can be tailored to fit different countries and biomass supply conditions, and it suits
calculating procurement costs of timber as well.
VTT has two specific research environments for mobile machinery and automation
system development: hardware in the loop (HIL) simulation environment for advanced
automation and a virtual environment, especially for ergonomy and safety
development of machines and machine fleets. Current targets are to increase
productivity, safety and reliability of the mobile machinery in forest, mining,
construction and agricultural sectors, in collaboration with industrial partners. .
Examples of the latest research are e.g. coordinated control and automated work
processes for heavy machinery boom control to improve the productivity and
decrease the workload and stress of less skilled operators, data analytics for
optimization of operation and maintenance processes and safety functionalities for
operation with automated and remote controllet machine fleets.
VTT’s logistics research team combines technological expertise to supply chains
management competences. The research areas include supply chain structure, value
chain development, multimodal logistics solutions, transport corridors and the
utilization of ICT in logistics. VTT has technological expertise in logistics including
monitoring, automated identification, electronic information exchange, security
technologies and energy-efficiency solutions for heavy transport. In addition, VTT has
a transport emission calculation system known as LIPASTO.
VTT has conducted projects related to different aspects of supply chain management
and optimizing the entire supply chain. These issues include procurement strategies,
transportation and warehousing options of raw materials and products, development
of subcontractor networks and final delivery options.
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3.3.2 FCBA
FCBA has been involved with topic by developing solutions adapted to the needs of
R&D projects or forest stakeholders, which ca be categorized into different classes,
depending on the needs :
Geographic information for wood supply chain:
- Coupling National Forest Inventory (NFI) and Topography data
o Tool with restricted access and available for research use only
- Research results in the field
o Availability fragmented institution-wise
o Pooled on a platform for research community
o Pooled and open
- National Geographic information system
o Restricted (User access or Geographic scope)
o All geo-layers/DataBases pooled and available for open access and
exploitation
Adequate equipment and machineries:
- Monitoring of logging equipments
o Description of fleet available
o Monitored and instrumented
- Monitoring of transportation equipments
o Description of fleet available
o Monitored and instrumented
Transportation infrastructure:
- Forest roads infrastructure
o Scattered information
o Digital inventory including qualification
o Monitored and instrumented at restricted level/scale
o Monitored and instrumented on national level
- Product transportation infrastructure (road, rail, sailing routes…)
o Scattered information
o Digital inventory including qualification
o Monitored and instrumented at restricted level/scale
o Monitored and instrumented on national level
Socio-economic practices and performances
- Context-wise performances (cost functions and socio-environmental indicators)
o Scattered operation-specific information
o Models available by operation types
o Models available and pooled on platform for research community
o Pooled and available for open access and exploitation
- Monitoring infrastructure for practices and performances
o Scattered project-dependent operations
o Regular monitoring at restricted level/scale
o Regular instrumented monitoring
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Decision support systems
- Virtual processing environment
o Isolated project-dependent operations
o Simulation tool available under restricted access
o Simulation tool-set available and pooled on platform for research
community
o Simulation tool-set available for open access and exploitation
Inter-enterprise protocols
- Communication standard for electronic data exchange between forest-based
companies
o Known but not implemented
o Restricted adoption in the country
o Wide adoption in practice
-

Inter-operable infrastructure for communication with stakeholders’ information
systems (ERP)
- Restricted scope
- Operational infrastructure available
- Operational infrastructure actually collecting data from practitioners’s
information systems
3.3.3 LSIWC

Research of the wood supply chain, logistics, and transportation is made in
cooperation with the Department of Forestry of the Ministry of Agriculture and with the
University of Agriculture within the framework of Latvian National Research
Programmes.
3.4

Biotechnology / breeding
3.4.1 FCBA

XYLOBIOTECH is one of the six technical platforms of the XYLOFOREST EquipEx
”Investissements d’Avenir” French program. It is designed to maintain and propagate
genetic resources and to better characterize them. XYLOBIOTECH allows 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. To
achieved that, the different teams grow, clean, multiply, retain and make available to
plants, meeting the needs of research, the conservation of genetic resources and
nurseries. The EquipEx brought equipment and improvements to devices already in
place. Two teams work in this platform, FCBA Biotechnology Laboratory and AGPF
team from INRA Orléans.
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The main missions of Xylobiotech platform are :
 To provide a service of Cryopreservation of forest trees and ornamental
 To provide transgenesis for the functional genomics
 To study physiological and molecular phenomena related to the rejuvenilisation
and culture in vitro
 To characterize produced plants in vitro (phenotyping)
Treebreedex database aims to collect meta-data of genetic resources linked to forest
tree breeding across Europe. Genetic resources include genetic material (population,
progeny, clone, variety, etc) and field experimental trials (provenance, progeny, clone,
variety, archive, clonal bank, seed orchard, etc). As such, it allows searching specific
material available through dedicated open or more focused queries and identifying
contact institutes for further exchanges (material, data).
Up to date (March 14, 2016), it hosts over 297000 genetic units and 7700 genetic field
trials for 117 species (including hybrids) over 56 partners, members or not of the
consortium.
3.4.2 INRA
XYLOMIC is a platform combining genotyping and phenotyping facilities and
equipments for analysing forest tree genomes and characterising phenotypes and
wood
properties
in
relation
with
breeding
programmes
(http://www.xyloforest.org/xyloforest_eng/Technical-platforms/Xylomic).
Those facilities are connected to Tree4Future European infrastructure and are located
in INRA centres of Bordeaux and Orléans.
INRA is also involved in XYLOBIOTECH platform on forest biotechnologies (see
FCBA).
The “Plantacomp” network gathers around 1000 genetic field trials to compare
different provenances, progenies and clones for main forest tree species in France
(introduced or indigeneous species).
The INRA Platform for phenotyping tree water relations comprises basic equipment
for testing the responses of potted trees to different micro-environments including
three high performance climate chambers (temperature, light, and atmospheric
humidity are regulated), a temperature controlled greenhouse containing an
innovative robot for automated control of irrigation and for imposing controlled levels
of drought stress and weighing for transpiration monitoring.
The facility enables precise control of climatic growth conditions of tree seedlings and
precise control of soil water status for drought experiments on medium numbers of
tree seedlings.
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Recycled wood and fibers
3.5.1 VTT

VTT has expertise and solutions based on recovered wood and fibres. VTT has
worked for example with the construction and demolition wood wastes and
wastepaper. VTT’s core competences including purification, fractionation, grinding,
fibre treatments, product manufacturing technologies and characterization in order to
upgrade recovered wood and fibres to be used in high performance products. VTT
can utilize mechanical, chemical and enzymatic treatments as well as dissolution
technology in fibre production phase. The main product manufacturing technologies
used for recycled wood and fibre based materials are water forming, foam forming,
extrusion, injection moulding and spinning techniques and the target product sectors
are printing papers, packaging boards, nonwovens, acoustic panels, thermal
insulations and wood-plastic composites. VTT has versatile laboratory and pilot scale
devices to perform experiments needed. Characterisation possibilities cover whole
production chain from raw material quality to end product properties. Real-time
monitoring and online analysis of processes can also be done. Different kinds of
simulation and modelling tools as well as techno-economic and environmental
analyses complement the experimental work.
3.5.2 SP
SP Sustainable Built Environment works with both recycling of composites containing
wood particles or fibres, for example from building materials, and recycling of fibres for
production or other high-value products.
3.5.3 LSIWC
Recycled wood after steam explosion treatment is used to make self-binding boards
or materials for thermal insulation. Recycled fibres from waste paper are used for
packing (e. g., egg boxes) in food transportation. LSIWC cooperates with
manufacturing company VLT.
3.6

Wood quality assessment and suitability between biomass and
processing
3.6.1 VTT

During the past years, VTT has significantly reduced studies related to mechanical
wood products and wood quality. The present know-how in the field of wood quality
assessment relates to the development of bucking simulation and optimisation
research tool (software). In this approach, the wood quality is determined largely by
knottiness, requiring understanding on wood raw material inner quality. The work has
especially focused on detecting inner knots and their positions, size and quality. The
data is one of the key inputs in in bucking simulation purposes. In addition, VTT has a
data bank consisting optical, computed tomography and bucking data of 2,300 stems
(pine, spruce and birch). Today, VTT is outsourcing research facilities, such as x-ray
scanners for inner quality detection.
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For chemical composition of wood raw materials (including bark, foliage and other
residues), VTT’s analytical capabilities cover all polymeric and low molar mass
constituents, including inorganic substances. The main polymeric constituents can be
isolated and characterised for specific chemical and physical properties.
Various microscopy techniques from brightfield, polarisation, differential interference
contrast and epifluorescence to confocal microscopy are also available at VTT for
studying the structures of wood, bark or other tree-derived fractions. These include
embedding into methylacrylic resin and sectioning as well as separation of wood into
fibres by maceration. Both sections and separated fibres can be stained for
visualisation of the structure and localisation of the components.
3.6.2 SP
SP has expertise in wood quality assessment for both logs and sawn timber through
e.g. x-ray scanning, laser scanning, vision technology, IR and NIR. Expert
competences include image analysis, multivariate data analysis and development of
scanning systems and SP has a number of systems installed at sawmills for
measuring wood quality and process quality. For example, SP currently develops
methods to measure wood moisture content during drying.
3.6.3 KTH
As for the technology areas “Primary processing” and “Secondary processing” KTH
has a standard university state-of-the-art research infrastructure including instruments
and laboratories, equipment for processing of wood-based material components from
wood-chip to fibril and paper as well access to the pilot-scale facilities at the research
institute Innventia, which resides on campus. Examples of are: several SECs,
IR/Raman spectroscopy, Real time-FTIR, NMR spectroscopy, MALDI-TOF, DSC,
DMTA, TGA, TEM, FE-SEM, AFM, Optical Microscope, DLS, X-ray diffraction, QCMD, Contact Angle Measurements, UV-VIS etc. Furthermore there are fully equipped
workshops as well as up-to-date computational facilities.
There is an on-going effort of developing a unique research and development
infrastructure based on synchrotron light (i.e. the MAX IV synchrotron presently under
construction in Lund, Sweden) that will be made available to future research within
this area. This includes the development of a dedicated beamline at MAX IV called
ForMAX. This beamline is intended for in-situ studies of processes and materials.
With respect to the technology area of “Feedstock” this beamline will facilitate in-situ
studies wood-structure and composition.
3.6.4 INRA
The GENOBOIS platform located in INRA centres of Bordeaux and Orléans develops
tools and methods for characterisation of wood physical and chemical properties
(http://www.trees4future.eu/transnational-accesses/genobois.html). The platform was
included in TreeFor Future (T4F) platform.
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3.6.5 FCBA
At FCBA InTechFibres in Grenoble, special facilities for the evaluation of chemical
composition, fibres morphology at micro scale, as well as the chemical pulping and
papermaking at micro scale were developed. This infrastructure is completed with NIR
spectroscopy equipements for the fast predicting of physical, chemical and
morphologicial properties of wooden resources.

3.7

Sustainability assessment tools (environmental, social, economics)
3.7.1 VTT

VTT has a long background in sustainability and life cycle assessment (LCA) of forest
based products, starting from harvesting until end-use and recycling, re-use or
disposal of products. Areas of special knowhow and expertise include both mature
and novel wood-based products (including both intermediate and end-products) and
processing technologies. Researchers working in this area participate in international
projects (FP6, FP7, Horizon 2020) and international method development such as
ISO-standardization in the fields of LCA (ISO14040-14044), carbon footprint of
products and organisations (ISO14067 ISO 14069), water footprint (ISO14046), ecoefficiency (ISO 14045) and social responsibility (ISO 26000).
Applied sustainability assessment methods and indicators (including environmental,
economic and social aspects) are based on LCA or life cycle thinking and take into
account the challenges for evaluating circular use of forest-based resources. For life
cycle assessment, VTT has developed and maintains a specialized, commercially
available SULCA software (https://www.simulationstore.com/sulca). For research use,
VTT maintains its own forest industry specific LCI database EcoData, which has been
built in 30 years of cooperation with forest industry and related value chain actors.
Sustainability assessment and LCA are compatible and can be conducted jointly with
techno-economic modelling and simulation, which includes cost accounting and risk
assessments in process industrial context. VTT’s BALAS software package for
process simulations is compatible with LCA software SULCA, enabling efficient and
integrated assessment of biorefinery concepts, taking into account relevant
environmental, economic and social aspects. In addition, other commercially available
LCA softwares and databases are regularly applied in research and customer
projects.
3.7.2 SP
SP has expertise in sustainability assessment of forest products, particularly in terms
of tools such as environmental and social life cycle assessment. These tools are
capable of assessing a wide range of environmental and social sustainability impacts
over the life cycles of products, materials and services.

30

Horizon 2020 ref. 654371

D1.1 - Report on the capabilities,
research tools, networking and
funding sources of the consortium
partners in the field of forest biomass
raw material sourcing and availability

Issue 1.0
01/04/2016

3.7.3 FCBA
The LCA activity at FCBA is performed using the LCA software SIMAPRO, with multiusers licences and access to the ECOINVENT database which provides LCI data for
a very large number of materials, substances and processes. FCBA has also
established a specific database on LCI data for forestry and harvesting operations for
most of the French wood species used on the market, as well as for the French
production of wood based materials (sawings, wood based panels, construction
products)
In the frame of its R&D activities, FCBA has also developed an Environmental Product
Declaration on line configurator for the wood construction products sector, which
allows the construction sector actors as well as wood products manufacturers to
calculate and edit EPDs specific to their project or their production. The same kind of
tool has been developed for the furniture sector, for the calculation by furniture
manufacturers of products environmental footprints.
3.7.4 Wood K plus
Different aspects of sustainability in the forest-based sector are investigated by the
use of following concepts:





Environmental assessment methods (e.g. life cycle assessment, cumulated
energy demand, water footprint, carbon footprint)
Socio-economic assessment methods (e.g. regional added value; ecological
payback time, social network analysis)
Technology foresight methods (e.g. econometrics, delphi-studies, technology
diffusion or substitution analyses)
Sector modelling with System-Dynamics based simulation models market and
C-storage
3.7.5 LSIWC

LCA tools, Energy approach, sustainability indexes, analysis. is applied.
Wood quality assessment and suitability between biomass and processing is realised
using the LCA methodology and CO2 footprint calculations. The LSIWC has LCA
software and a strong data base. The case studies refer to steam explosion biorefineries.
The general approach of LCA and Environmental Accounting (Prof. Howard T. Odum)
is engaged for analysis of material and energy flows to assess sustainability. The
LSIWC has LCA software and data base.
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Summary

ERIFORE partners possess R&D infrastructure covering all topics of this WP, from
laboratory to large scale or to field demonstration. However, the needs in therms of
infrastructure are very different and must be considered independently. For exemple,
forest inventory and wood avaibility, wood supply chain, logistics and transportations
and sustainability tools asks for investissements in computation platforms and
databases while the other others topics ask for physical structures both at laboratory
or pilot/field experiments. The main needs in silviculture are instrumentation of
experimental fields, while biotechnology/breeding would need investissements in fast
genotypying/phenotypying techniques and bigdata generation, storage and
exploitation. Transgenese tools and experimental fields are also needed in order to
allow further expansion of this topic in the future. Investissment in sorting and
characterisation of recycled wood would be benefitial for new programs on this topic.
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Table 1. Summary of ERIFORE partners Research infrastructure in the field of Forest based
Bioeconomy

Country

Forest inventory
and wood
availability

VTT

Finland

SV, MV

FCBA

France

SV, MV, LV

SE, ME, LE

INRA

France

SV, MV,LV

SE, ME, LE

Silviculture

Wood supply
chain, logistics,
transportation

Biotechnology /
breeding

SV, MV
SV, MV

SV, MV, LV
SE, ME, LE
SV, MV, LV
SE, ME, LE

SE = small scale physically existing facility (laboratory, nurseries, etc)
ME = medium physically existing facility (small pilot, platforms, green houses, small plantations, etc)
LE = large physically existing facility (pilot, demonstrators, field plantations, etc)
SV = small scale virtual facility (not dedicated computing facilities using in-house softwares and/or databases)
MV = medium scale virtual facility (dedicated/not-dedicated computing facilities using free or paid shared
softwares and/or databases)
LV = large scale virtual facility (multi-users/multi-partners computing facilities or platforms using dedicated
softwares and/or databases)

Country

VTT

Finland

SP Processum Sweden
KTH
Sweden
FCBA

France

Recycled wood
and fibers

Wood quality assessment
and suitability between
biomass and processing *

SE, ME, LE

SE, ME

LE
SE

LE

SE, ME

SE, ME

SV, MV
SV, MV

INRA
France
Wood K Plus Switzerland
LWSIC

Sustainability
assessment tools
(environmental, social,
economics)

SV, MV

ME
SV, MV

Latvia

SV, MV

SE = small scale physically existing facility (laboratory, nurseries, etc)
ME = medium physically existing facility (small pilot, platforms, green houses, small plantations, etc)
LE = large physically existing facility (pilot, demonstrators, field plantations, etc)
SV = small scale virtual facility (not dedicated computing facilities using in-house softwares and/or databases)
MV = medium scale virtual facility (dedicated/not-dedicated computing facilities using free or paid shared
softwares and/or databases)
LV = large scale virtual facility (multi-users/multi-partners computing facilities or platforms using dedicated
softwares and/or databases)
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4 Co-operation networks
4.1

VTT

For most of the topics, VTT has been active in establishing both national and
international collaboration with universities, research institutes, companies, and
relevant associations. At the national level, VTT has close links to Aalto University in
the form of joint Bioeconomy infrastructure (http://www.bioeconomyinfra.fi/) aimed for
co-operation in the development and utilisation of research infrastructure for
bioeconomy technologies. The Bioeconomy infrastructure is nominated on Finland’s
National roadmap for Research Infrastructures 2014–2020 (FIRI). An important
partner in studies on wood availability and other raw material questions is National
Resources Institute Finland (Luke). Various analytical methods have been jointly
developed with universities, for example with Åbo Akademi University.
VTT has industrial cooperation in the form of jointly funded public research projects in
many fields related to the raw materials, their availability and logistics/transport. The
companies include both pulp and paper companies and bioenergy providers, and
mobile machinery suppliers. So far, mining machinery suppliers have had an
important role in the development of the automation research environments. However,
one of the future targets is to increase similar collaboration with the forest mobile
machinery companies. The public part of the funding is in most cases received from
Takes (the Finnish Funding Agency for Innovation) or EU (Horizon 2020). In addition,
there are several contract research activities with the Finnish industry as well as with
international partners.
In the area of biomass supply VTT has the longest business relationship with Vapo,
the leading biomass fuel supplier in Finland. Major bioenergy produces such as
regional energy companies including Jyväskylän energia, Kuopion energia,
Rovaniemen energia, Etelä-Savon energia, Helsingin energia, Neste and Fortum, and
the leading forest industries UPM, Stora Enso and Metsä Group have been in
frequent collaboration with VTT in recent years. VTT’s industrial partners also include
machine manufacturers such as John Deere, Ponsse, Logset and Kesla.
VTT regularly collaborates with other research organizations in Finland, including
Luke (Natural Resources Institute Finland), Lappeenranta University of Technology,
University of Eastern Finland, Aalto University, University of Oulu and Metsäteho, and
elsewhere in Europe, for example with SLU (Sweden), Skogforsk (Sweden), BOKU
(Austria), CNR (Italy), FOBAWI (Germany), BTG (Netherlands) and CENER (Spain).
In the area of logistics and supply chain management VTT is a member in the
following national organizations: LIMOWA Logistics Centre Cluster, Finnish
Association of Purchasing and Logistics (LOGY) and Intelligent Transport Systems
Finland (ITS Finland). Internationally VTT belongs to the European Conference of
Transport Research Institutes (ECTRI), which is the leading European research
association for sustainable and multimodal mobility, and to ERTICO - ITS Europe.
VTT’s remote sensing activities are primarily international but comprise also all the
main actors in Finland in forest industry and other forestry sectors as well as in earth
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observation. The international cooperation partners include the FAO of the United
Nations, the European Space Agency, NASA, and central value adding companies
and research units in the field of forestry remote sensing
In the area of sustainability assessment and LCA, VTT actively cooperates with forest
industry actors and associations related to LCA and indicator development, both in
national and international levels (e.g. in LCI data production & method testing and
piloting).
To facilitate European and international networking, VTT and Innventia jointly
organise Nordic Wood Biorefinery Conferences (in turn in Finalnd and Sweden).
These events, planned especially for industrial participants, have been held every 18
months since March 2008.

4.2

SP

SP Processum collaborates closely with the Bio4Energy research environment which
includes, among others, the Swedish University of Agricultural Sciences (SLU) with
expertise in biomass forest availability, silviculture and forestry operations and
logistics. SLU is responsible for the Swedish national forest inventory. Part of
Bio4Energy is also Umeå Plant Science Center (UPSC) – an internationally leading
centre of experimental plant biology, which is a collaboration between the Department
of Plant Physiology at Umeå University and the Department of Forest Genetics and
Plant Physiology at SLU. Other collaboration partners include Skogforsk – the forestry
research institute of Sweden and Luke – the natural resources institute of Finland.
SP Sustainable Built Environment cooperates both in national and international
networks. One example of a national cooperation partner is Swerea IVF and
examples of two international network is Nordic-Baltic network and Innova wood. SP
also leads two COST actions within Biobased building materials (COST FP1303) and
regeneration of wood cellulose fibres (COST FP1205).
Research projects include Horizon 2020 projects such as Trash-2-Cash and Mobile
FLIP; InterReg projects such as Forest Refine, and national projects such as Mistra
Future Fashion and BioInnovation project “Established locally grown textiles”
Sustainability assessment networks include: NORNET LCA(www.nornetlca.nu) and
the Swedish Life Cycle Center (http://lifecyclecenter.se/)
SP’snetwork also comprises other research institutes, universities and manufacturers
of measuring systems both national and international.
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FCBA

Two strategic partnerships of FCBA can be mentionned about the activities of this WP


FCBA-INRA that covers most of the topics This partnership can be cleary
illustrated by the shared facilities of GENOBOIS, XYLOMICS ans
XYLOBIOTECH in the fields of wood quality phenotyping, genomics and
genetic materials conservation.



FCBA-CTP (InTechFibres) in which, the shared stracture can be used for the
wood quality evaluation for breeding and for recycled wood aspects.

Moreover, FCBA cooperates with many other universities, institutes and companies
worldwise. The most important for each topic of the WP1 are cited here below :


Forest inventory and wood availability
o IFN (FR), EFI (FI), Université Lyon (FR)



Silviculture
o IRSTEA (FR), CETEMAS (ES), EFI (FI)



Wood supply chain, logistics, transportation
o IGN (FR), Microtec (IT), VTT (FI), ENGIE (FR/BE), EFI (FI), Université
Grenoble Joseph Fourier (FR), ONF (FR), GIP ECOFOR (FR), FP
INNOVATIONS (CA), UNIVERSITAT FREIBURG (DE), CENTRE
TECNOLOGIC FORESTAL DE CATALUNYA (ES), CETEMAS (ES),
CFBL (FR), CBB (FR), FIBRE EXCELLENCE ST GAUDENS (FR),
ALLIANCE FORETS BOIS (FR) SMURFIT KAPPA COMPTOIR DU PIN
(FR), ARBOCENTRE (FR), INRA (FR), IFMA (FR), FNEDT (FR)
NEOEN BIOSOURCE (FR), SOVEN (COFELY) (FR). CRET-LOG FR),
FORAC - UNIVERSITE LAVAL (CA), HAUTE ECOLE SPECIALISEE
BERNOISE – HAFL (CH), IFSTTAR (FR), CRET-LOG (FR), KEDGE
BUSINESS SCHOOL (FR), CRITT TRANSPORT ET LOGISTIQUE
(FR).



Biotechnology / breeding
o Univesriét de Copenhagen (DK), Université d'Oviedo (ES), NIBIO (NO),
CSF (CA), Université Mendel (CZ), HUB (DE), IMIDRA (ES), NeikerTecnalia (ES), Université d'Alcalá (ES), Université de Valencia (ES),
Luke (FI), Université de Limoges(FR), INRA (FR), CIRAD (FR), Nestlé
(FR), Université Paris 6 (FR), KFRI (Korea), SCION (NZ), The Tree Lab
(NZ), Université de Lisbonne(PT), Université Technique de Zvolen (SK),
BFW (AU), CRAWE (BE), Université de Liége / Gembloux (BE),
Université de Málaga (ES), CNRS (FR), Université Toulouse III Paul
Sabatier (FR), CNR (IT), IBET (PT), IICT (PT).
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Recycled wood and fibers
o DALKIA (FR), VERI (FR), RAGT (FR), ENGIE (FR), FnF (DE), PTS
(DE), VTT (FI), TUM (DE), WKI (DE), CTIF (FR), CTMNC (FR), CTP
(FR), ESB (FR), SITA (FR)



Wood quality assessment and suitability between biomass and processing
o CEA (FR), Université de Lorraine (FR), ENSIACET (FR), INRA (FR),
CIRAD (FR), ENGIE (FR/BE),



Sustainability assessment tools (environmental, social, economics)
o Thunen Institute (DE), CIRAD (FR), Ecole des Mines de Paris (FR),
LERMAB (FR)

4.4

INRA
Some of the key research networks and industrial partners include:

4.5

-

Key research network at national level includes the Scientific Group GIS COOP
for forest data which has developed a network of forest experiments for main
tree species (maritime pine, poplar, douglas fir, oaks)

-

relevant research networks at EU level coordinated by INRA includes the T4F
(Tree for future) infrastructure and the European research Group EVOLTREE
which has set up a network of intensive forest study sites, a repository of forest
genetic resources in Austria and a data platform

-

Key industrial partners include the French National Forest Service (ONF) in the
frame of a joint laboratory for forest genetic ressources in Orléans and the
industry cluster XYLOFUTUR for the competitiveness of forestry-wood chains
through innovations.
Wood K plus

The great part of the research is public research in cooperation with companies under
the COMET(Competence Centers for Excellent Technologies) programme of the
Austrian Research Promotion Agency (FFG). The objective of COMET is the initiation
of high-quality research defined jointly by science and industry with a medium-term to
long-term perspective. Wood K plus has defined a long term reseach programme
(2015-2018) and counts 26 partner companies and 13 scientific partners.
4.6

LSIWC

Knowledge of the development tendencies and innovations in forest field products
favours the cooperation with Latvian woodworking enterprises, especially in the
framework of the EU supported Forest Area Competence Centre.
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The LSIWC cooperates with students from University of Latvia, Latvian University of
Agriculture and Riga Technical University and provides an opportunity to develop their
bachelor's, master's and doctoral works.
Global Footprint Network (www.footprintnetwork.org/public) Latvia National
Programme’s data bases.
Latvian State Forest Research Institute “Silava” – the main institution for forest
inventory in Latvia.
Contacts with industry – plywood company “Latvijas Finieris” (turnover more than 220
M EUR/year).
4.7

Summary

ERIFORE partners have clearly good network of cooperation, especially in their own
countries or with European partners.

5 Funding sources
5.1

Infrastucture investment
5.1.1 VTT

Main part of infrastructure investment in the Finnish innovation system is supported by
public financers (e.g. Tekes) through accepting depreciations for research equipment
investments as direct research costs. There are very few other funding instruments for
investments to research equipment of facilities. However, the academy of Finland has
a funding instrument for research equipment called FIRI, where the research
infrastructure having the national FIRI-status (as Aalto and VTT) has certain priority.
During the past years European Regional Development Fund (ERDF) has financed
research infrastructures through Finnish regions, but that funding source is not
currently active in investment funding. In these circumstances VTT has received
special grants directly from the national government budget for large infrastructure
investments, such as Bioruukki Pilot Centre.
.
5.1.2 SP
EU, Mistra, BioInnovation (i.e. Vinnova, Energimyndigheten, Formas).
SP has funding from industrial partners, Vinnova and European funding from Horizon
2020. SP coordinates one H2020 project that deals with wood fibre recycling among
other things.
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SP’s funding sources are national and international research funds as well as private
companies and consortia.
5.1.3 FCBA
The most important share of investments at FCBA comes from internal fundinds.
However, public funding sources were also used to acquire some of the facilities
described in this report, including national funding from PIA (Programme of
Investments for the Future) and National Research Agency (ANR) (different
XYLOFUTUR platforms), regional funding from Regional authorities (ex: Aquitaine
Regional Council for XYLOSYLVE platform) and European funding (Tree4Future and
TreeBreedEx projects).
5.1.4 INRA
INRA Infratructure investment comes exclusively from public funding sources
including national funding from PIA (Programme of Investments for the Future) and
National Research Agency (ANR) (ex: PIA funding for XYLOMIC infrastructure),
regional funding from Regional authorities (ex: Aquitaine Regional Council for
XYLOSYLVE platform) and European funding through the ERDF for funding of
physical capacities (new laboratories and scientific equipment). As an example, the
infrastructure investments relevant for WP1 in XYLOMIC and XYLOSYLVE represents
a total budget from PIA of 5 M€ (2012-2014).
5.1.5 LSIWC
Latvian State Institute of Wood Chemistry is getting funding for infrastructure
development, investments and for support and coordination actions from several
national and EU funded projects
•

ERDF – European Regional Development Fund

•
2011-2015 Forest and Water Resources Research Centre of National
Importance in Science Infrastructure
•
2015 Development of Excellence of Latvian State Institute of Wood
Chemistry
•

Scientific institution Base funding for 2016

•
Forestry Competence Centre (cooperation of science with industry.
Financial support from industry)

39

Horizon 2020 ref. 654371

5.2

D1.1 - Report on the capabilities,
research tools, networking and
funding sources of the consortium
partners in the field of forest biomass
raw material sourcing and availability

Issue 1.0
01/04/2016

Support and coordination actions
5.2.1 VTT

Coordination and support actions (CSAs) have an important role in planning and
arranging VTT’s cooperation activities for research infrastructures at European level
through. VTT is currently coordinating a H2020 CSA named SAMT, Sustainability
assessment methods and tools to support decision-making in the process industries.
It will collect, evaluate and communicate the experiences of leading industrial actors
from cement, oil, metal, water, waste and chemical industry, and review the latest
scientific developments within the field of sustainability assessment. A central
outcome of the project is a strategy for implementing best practices across different
sectors of the process industry.
VTT has also found relevant COST Actions as fruitful networking instruments. For
example, VTT is currently coordinating COST Action FP1104, New possibilities for
print media and packaging – combining print with digital. VTT had an important role in
recent COST Action FP0901, Analytical techniques for biorefineries, and has currently
a national representative (management committee membership) in several others. For
domestic co-operation, there are no similar funding sources, and VTT funding those
from own budget.
5.2.2 FCBA
Strong involvement in several COST actions (E41, FP0901) and CSA (Tree4future,
TreeBreedEx) projects related to the content of WP1.
5.2.3 INRA
INRA supports the coordination and management of its own infrastructures through
dedicated staff (scientists, technicians, administrative) and its own funding for
permanent staff (national funding). The operational costs of the infrastructures can
also be supported by additional funding from public or private contracts and projects
depending on the type of infrastructure.
5.2.4 LSIWC
• COST Action FP 1105. Understanding wood cell wall structure, biopolymer
interaction and composition: implications for current products and new material
innovation On 4th-8th April 2016, Riga, the LSIWC will organise the training school
“The physical principles underpinning self-organization in plants”
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6 Conclusions
This first series of ERIFORE project deliverables allowed a clear overview of the R&D
competences, skills and existing infrastructures of the project partenrs in raw material
sourcing and availability. In order to allow a deeper view of the capabilities and
facilities, this main topic of this workpackage has been divided in 7 topics: i) forest
inventory and wood availability; ii) silviculture; iii) wood supply chain, logistics and
transportation; iv) biotechnology and breeding; v) recycled wood and fibers, wood
quality assessment; vi) suitability between biomass and processing; vii) sustainability
assessment tools (environmental, social, economics).
It is also clear from the analysis of ERIFORE partners R&D infrastructure and skills
that all WP1 topics can be covered from laboratory to large scale or to field
demonstration. However, compared to the other workpackages (WP2 to WP4), the
needs in therms of infrastructure are very different and must be considered
independently. Important needs in terms of computation infrastructures are needed for
forest inventory and wood avaibility, wood supply chain, logistics and transportations,
sustainability tools and genetic databases. The other others topics would need
fundings for building physically existing structures including laboratory, pilot,
demonstrations and field experiments.
The needs in therms of infrastructure of this workpackage are very different and must
be considered independently. For forest inventory and wood avaibility, the needs are
investissements in computation platforms and databases. However, new ways of
biomass detection of high precision and without necessity of field collection data (by
planes or satelites, for exemple) would be of great interest. The use of drones could
be an interesting alternative for this part. About wood supply chain, logistics and
transportations, computation means gathering connectivity and interactivity seems the
most important needs in R&D for the future. Sustainability tools should focus on
database consitutions and development of methodologies adapted to forest
biomasses.
The other others topics need infrastructures both at laboratory or pilot/field
experiments to be implemented. The main needs in silviculture are instrumentation of
experimental fields, while biotechnology/breeding would need investissements in fast
genotypying/phenotypying techniques and bigdata generation, storage and
exploitation. Transgenese tools and experimental fields are also needed in order to
allow further expansion of this topic in the future. Investissment in sorting and
characterisation of recycled wood would be benefitial for new programs on this topic.
ERIFORE partners have great network both at their National or European levels. All
institutes have great participation and experience in European projects, including
among the other partners of the project. This could be of major interest for shared
facilities at European level.
In terms of fundings the report shows that a combination of internal funds and cofunding between National and European agencies is the main way for for acquiring or
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building infrastructures. The industrial participation seems limited, except in few cases
(SP in Sweden, for exemple).
Finally, partners seems very familiar and active in COST actions and CSA projects for
sharing big or network of facilities.
This preliminary work will be of great importance for the second step of ERIFORE
project where the infrastructure and competences of the partners and the main
European and global players for each topic will be analysed together.
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