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SUMMARY
This third deliverable of WP3 aims at analyzing the most important trends affecting the forest
based bioeconomy and particularly the possible drivers and barriers resulting from the trends
for research and development of secondary processing of forest biomass. The field of
secondary processing covers technologies related to chemical and biochemical conversion,
polymer processing, fiber technologies and other high value added products, used to transform
products obtained after wood deconstruction steps considered in primary processing.
The study was carried out by evaluating the effects of alternative Social, Technological,
Economical, Environmental and Political (STEEP) trends. Selected most relevant trends were
analyzed in more detail and their impacts on secondary processing of forest based biomass
were evaluated. Furthermore, the research and development needs stemming from the
analyzed trends for each technology area of secondary processing were investigated in more
detail.
This report gives an overview of the most relevant STEEP trends and their impacts to
European forest based bioeconomy. Several major trends, such as climate change, movement
towards sustainable development and circular economy, green thinking will have an enormous
impact on the use of forest biomass. The development needs arising from these and other
trends relevant for secondary processing include improvement of technologies and processes
to produce versatile products, decrease production costs, integration of processing lines and
zero emission. Value added use of side-streams and waste products will have an increasing
focus in the future. The main identified challenges related to European forest based
bioeconomy were the cost competiveness, raw material selection and availability, pretreatment
technologies, cost of process investment and current low oil price. The identified R&D needs
resulting from the STEEP trends will in the next step be used in identification of the
infrastructure requirements.

4

Horizon 2020 ref. 654371

D3.3 Report on the main R&D needs,
drivers and trends in secondary processing

Issue 1.0
30/09/2016

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 biorefinery.
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).

Figure 1. The technology areas incluled in ERIFORE action.
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The work in the WP1-4 has been devided in 3 tasks:
 the capabilities, facilities, networking and funding sources of the consortium partners
 the other main European and global research providers in the field of forest based
bioeconomy
 the main R&D needs, drivers and trends in forest based bioeconomy
This report (D3.3) describes the main drivers and trends affecting forest based bioeconomy
and the identified R&D needs in secondary processing.
1.1

Scope and Objectives

The objective of this study is to evaluate the STEEP (Social, Technological, Economical,
Environmental and Political) trends that are important for the European forest based
bioeconomy and to analyze how these factors affect this business area (drivers or barriers).
Based on the analysis the following step was to evaluate the impacts of these trends on the
secondary processing and what type of R&D needs can be identified.
The field of secondary processing technologies include all processes used to synthesize or
transform final or second generation intermediate products by using forest biomass derived
components (products obtained through primary processing or different intermediate products
obtained from those primary products) as raw materials. Therefore, a wide variety of processes
and technologies are considered in this Work Package, such as chemical and biochemical
conversions, biotechnology, biopolymer processing or fiber technologies among others. Figure
2 shows the classification considered.

CHEMICAL
CONVERSIONS

BIOPROCESSING
AND BIOTECH

BIOPOLYMER
PROCESSING

FIBER
TECHNOLOGIES

OTHER HIGH-VALUE
PRODUCTS

Chemical
modification of
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Synthetic biology
and strain
development

Fibre reinforced
polymers and
compounding

Fiber web based
technologies

Pharmaceuticals

Chemical
conversion of
lignin and
pyrolysis oil

Sugar and
lignocellulose
fermentation

Reactive extrusion

Cellulose based
textile fibers

Food additives

Chemical
conversion of
syngas

Special bioreactor
technologies (e.g.
gas fermentation)

Extractive
extrusion

Nano and
microcelluloses

Biomimicking
products

Catalytic
conversion of biobased
intermediates

Enzymatic assisted
conversions

Ultrasound and
microwave
assisted extrusion

Polymerisation of
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monomers

Special analytical
tools for industrial
biotechnology

Surfactants

Other high-value
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Figure 2. Subdivision of thematic topics in Secondary processing (WP3).

6

Horizon 2020 ref. 654371

1.2

D3.3 Report on the main R&D needs,
drivers and trends in secondary processing

Issue 1.0
30/09/2016

Chemical conversions

The technology area of chemical conversions is defined here as methods using chemical
reactions to further convert biomass based raw materials and intermediate products to various
final products. The final product from chemical conversion is often either liquid, slurry or solid
material which typically requires separation and purification process steps.
In many cases chemical conversion utilizes either heterogeneous or homogenous catalysts for
the reactions. The intermediate product, which is turned into a final product in a reactor, can be
simple or complex. Normally complex molecules utilizes homogenous catalysts or highpressures and temperatures, where as simple gaseous intermediate products utilizes solid
heterogenous catalysts especially at high temperatures. Manufacturing, testing, screening and
evaluation of new catalysts is a main topic especially with heterogenous catalysts. Operational
temperature range is usually from room temperature up to several hundreds of degrees
Celcius. However, some special chemical reactions may require even sub-zero temperatures.
Pressures are normally from ambient pressures up to hundreds of atmospheres. Higher
pressures and higher temperatures makes the reaction kinetics faster, but increasing
temperature and pressure increases normally investment and operational costs accordingly.
Many of the typically applied chemical reactions, such as polymerizations, are exothermic. This
results need to controlled removal of reaction heat giving limitations to reaction speed and
special precautions for safety.
1.3

Biochemical conversion and biotechnology

Biochemical conversion and biotechnology employ enzymatic and whole cell catalysis for pretreatment and conversion of lignocellulose feedstocks. A key for this type of conversion is to
identify enzymes and microorganisms that work at the same conditions (temperature, pH,
inhibitor tolerance) to achieve optimal conversion with the least number of process steps.
Consolidated bioprocessing technology, meaning that enzyme production, cellulose hydrolysis,
sugar consumption and product generation are carried out by one microorganism in a single
reactor is not economically feasible but is currently under research.
1.4

Biopolymers and biocomposite processing

Biopolymers are typically defined as polymers that are made from biobased raw materials or
are biodegradable. Therefore these polymers can be either drop-in biobased replacement for
oil based plastics or biodegarable polymers used for application where biodegarability gives
added value. Biocomposites are typically thermoplastics that are reinforced with natural fibres
or fillers, and the matrix polymer is preferably biobased.
In addition to biopolymers, a variety of techniques for thermoplastic and thermosetting
biopolymers and biocomposites materials processing, such as compounding, extrusion,
injection molding or thermoforming among others, are R&D topics to be considered.
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Fiber technologies

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

2 Trend analysis methodology
Trend is a general tendency or direction of a movement or change over time. A trend may be
strong or weak, increasing, decreasing or stable. There is no guarantee that a trend observed
in the past will continue in the future. A trend may operate as a driver of barrier for change.
Drivers are factors causing change, affecting or shaping the future (barrier is the opposite of
driver)
A STEEP analysis can be used to recognize trends that are crucial for future analysis. This an
analysis tool to evaluate various external factors impacting a business or organization. STEEP
is an acronym for Social, Technological, Economic, Environmental and Political
STEEP analysis was applied as part of ERIFORE project workshop in Bordeaux 27.-28th June
2016 and conclusions were discussed in Leuna 7 th-8th September 2016. Different STEEP
factors were listed the may have an effect on the forest based bioeconomy related business or
processes. Out of more than 60 identified trends (see Attachment 1), the most important ones
were selected by voting and a deeper analysis of the selected trends were generated for 15
trends. The STEEP trends were common between primary, secondary and downstream
processing, while separate trends were identified and analysed for raw material availability.
8
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3 Relevant STEEP trends
Altogether 15 different STEEP trends were identified as important for primary, secondary and
downstream processing (table 1). These trends are described in more details in Attachment 2,
and the main conclusions are written in the chapter below.
Table 1. STEEP trends identified as important for primary, secondary and downstream processing in
forest based bioeconomy.

3.1

Conclusions of the trend analysis

A STEEP trend analysis was made to recognize trends that are important for the future of
forest based bioeconomy. In this report the trends relevant and common for primary,
secondary and downstream processing related business and research were analysed. For
secondary processing the specific impacts on the STEEP trends were evaluated and further
the technology specific R&D needs were analysed.
The global major trends, such as climate change, movement towards sustainable development
and circular economy, green thinking and factors such as authority regulations and
technological innovations will have an enormous impact on the forest based bioeconomy.
Potential consequences include requirements for high levels of energy efficiency, low water
amounts, substitution of hazardous chemicals as well as integration of processing lines and
value-added uses for side-streams and waste. New wood based fibre applications are entering
the markets. The movement towards socially responsible economic processes has made also
companies pursue different approaches to meet the consumer requirements, such as biomassderived materials, resource-friendly production methods and recycling options.
For forest based biomass derived end products the market opportunities can be at the
established markets or in new applications and markets, both possessing different challenges.
Established markets in general show slow growth requiring specific “green bonus” from to
products in order to gain market penetration, while new markets offer better growth
opportunities, however, with risks related to market development and long term political and
9
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financial conditions. The main identified challenges related to forest based bioeconomy were
the cost competiveness, raw material selection and availability, pretreatment technologies, cost
of process investment and current low oil price.
Transition from petroleum to biomass as the primary raw material requires emerging
technologies and additional incentives. Current oil price, however, is a major barrier for
investments required for realization of this transition. The oil price is unlikely to recover sharply
in the immediate future. For the next 5 years paper and pulp production remains as the main
driver for Forest based bioeconomy development. Hygienic products and/or packaging based
on biopolymers are likely to be the next leading drivers. For industries using oil as raw material
to produce heat or energy oil prices directly affects the production costs, while for industries
where oil could be substituted by forest based raw materials increasing oil prices could lead to
increase use of forest based raw material. As a result, investments and focus of many
companies are moving from biobased fuels to fine and speciality chemicals.
As the complexity of production processes are increasing and require technology clustering
and integration concepts, more collaboration in research and between different players in the
value chains will be required. Also large production facilities will be needed with supply of
feedstock at a competitive price in order to be competitive with low cost areas, such as China.
Increase of plastic applications is expected as more new products and plastics are developed
to meet market demands. Biodegradable plastics are considered a future, sustainable option
to solve the great demand and consumption of plastic materials. Various biomass raw
materials can be processed into high-quality products through cascading and coupling to
replace the fossil resources. There is a growing interest in using micro-organisms and
enzymes with process technologies for plastic waste treatment. Faster biodegradable plastics
(e.g. starch based) have an existing market need. Also enhanced production processes for
chemicals and polymers to be used for bioplastics are required. Development will improve their
performance and reduce the environmental impact.
The identified political trends have mainly neutral or uncertain effects of the forest based
bioeconomy. Circular economy has been identified by EU as a necessary transition to create
an environmentally and economically sustainable future. The cascading principle is seen as an
important component in EU policy documents. Three main objectives for European biofuel
policy, i.e. 1) Independence from non-European fuel sources from fossil sources. 2) Increased
employment by development of a strong bio-based industry. 3) Radical reduction of GHG
emissions (CO2) and healthy crop variety, all support forest based bioeconomy.
Overall the current situation regarding impacts of political guidance is, however, very complex
and difficult to predict. The regulatory frameworks are still evolving with varying implementation
policies. Circular economy does not specifically focus on bio-based materials, but on
recyclability. The recent EU policies have deterred investments in biofuel production due to
high CAPEX, making technology developers look opportunities at overseas markets with less
restrictive policies.
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4 Identification of the R&D needs
4.1

Impacts of the STEEP trends on secondary processing

Table 2 below summarises the analysed trends and gives a general overview, whether they act
as drivers or barriers for development or whether the impact in uncertain or neutral for
secondary processing.
Table 2. Impacts of the STEEP trends on secondary processing (↗ = Driver for development; ↘ = Barrier to
development; ↔ = impact is neutral or uncertain)

Impact
↗

TECHNOLOGICAL

SOCIAL

Trend
Green thinking

Urbanization

↔

Clustering and integration of
Technologies

↗

Utilization of waste streams

↗

Production of established
intermediates vs new components

↗

Integration of biochemical and
bioenergy platforms

↗

11

Comments
Development need for improved
technologies and processes to
produce versatile products,
decrease production costs.
Integration of processing lines.
Value added use of side-streams
and waste products. Testing new
wood cellulose fibre applications
and textile products. Non GMO
products (food/feed, raw
materials).
Potential increase of raw material
transportation. Location of
processing plants, distribution
channels etc. requires attention.
Development need of integration
technologies and integration of
biorefinery plants into clusters.
Development need of novel
secondary processes capable of
utilizing new raw materials.
Several potential advantages for
biorefineries, e.g. higher yield,
cheaper raw material, less waste
streams to treat, less
environmental burden. Zero waste
consept.
Effective processing routes need
to be developed for (cost)
effectiveness of forest based
biorefineries at pilot and industrial
scale. Different infra may be
needed for research of speciality
chemicals. Scale up of membrane
technologies the main
development need.
Existing need for improved biofuel
and biobased chemical production
from renewable sources such as
wood. Improvement of
biotechnical processes required.
Use fuel production side-streams
to make chemicals.

Horizon 2020 ref. 654371

D3.3 Report on the main R&D needs,
drivers and trends in secondary processing

Oil market & oil prices

↘

Low oil price scenario leads to
smaller investments in
development of alternative
processes.
If in longer term the oil price will
gradually increase it will make
investments in alternative process
more feasible. Instability of oil
markets & prices also increase to
need to become more
independent of oil. Investments
moving from biobased fuels to fine
and speciality chemicals.
Current low level of high risk
investments restricts biorefinery
process development and new
infrastructures.
Productivity development or value
adding processes existing need.
Larger scale biorefineries required
to access feedstock at competitive
price.
Development of processes to
reuse and recycle of waste.
Impact, however, higher with
downstream process
developments.
Interest in using micro-organisms
and enzymes with process
technologies for plastic waste
treatment. Faster biodegrable
plastics. Production of chemicals
and polymers for bioplastics.
Bioeconomy regulations are to
appear at boarders of several
legal fields such as
environmental, energy, climate,
food and health law. Complex, still
evolving regulatory framework
with varying implementation
policies.

POLITICAL

ENVIRONMENTAL

ECONOMIC

↗

Low investment & high risks

↘

European Forest based bioeconomy
competitiveness

↗

Zero waste goal

↗

Littering of plastics

↗

Legislation and subsidies

↔
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↗

Public procurement can provide a
significant competitive advantage
by opening up new markets and
increasing the demand of
biobased materials.
Mandates and bands should be
based only in environmental and
health protection. Properly
designed, long-lasting mandates
and bands can create market
incentives and environmentally
friendly innovations.

↗
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EU legislation on circular economy

↔

EU legislation on cascading use of
forest biomass

↔

European legislation on biofuels

↗

Direct financial support can be
very targeted, relatively generous
and tailored to specific policy
objectives. However, the
administration can be slow and
bureaucratic. Moreover, it bears a
risk of market distortion.
Circular economy does not
specifically focus on bio-based
materials, but on recyclability.
Uncertainty related to multistage
and single-stage strategy and
future policies.
Biofuel policy supports
development of processes
utilizing renewable carbon
sources in long term.
Independence from fossil sources,
increased employment by biobased industry, reduction of CO2
emissions. Funding can impact on
technology development.
The recent EU policies have
deterred investments in biofuel
production due to high CAPEX.
Technology developers look
opportunities at overseas markets
with less restrictive policies.

↘
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Research and development needs stemming from the trend analysis

The research and development needs related to secondary processing were analysed for each
technology area separately, i.e. chemical conversion, bioprocessing, biopolymer processing
and fiber technologies.
4.2.1 Chemical conversion
Industrial chemical processes trend towards simplified and more energy and chemical
effective processes. For example use of solvents and hazardous chemicals is minimized and
effective process conditions and catalyst are used to maximize conversions and minimize need
of complicated purification steps. This gives need for developing new process concepts,
reactor equipment and effective separation technologies.
In ideal cases the reactants in chemical conversions are in liquid or solution form, but in many
industrial processes this is not the case. Therefore proper handling of viscous slurries as well
as mass and heat transfer between gas, liquid and solid phases are needed. This gives
limitations and challenges to applicable reactor conditions and equipment. This is especially
true if natural polymers or other natural components are used as raw material.
Catalytic conversions are key technologies to convert biobased intermediates to final
chemical or material products. These technologies are often used for further conversion of
thermochemically produced synthesis gas, oils and fats or biotechnically produced precursors.
13
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The main developmental challenges related chemical conversions that were identified in StarCOLIBRI project included:
 Acceleration of the rate of development of novel catalyst by new methologies
 New catalyst for oxygen rich molecules
 High reactivity of the substrates quickly leads to catalyst coking
 Presence of water in reaction media modifies the surface properties of catalyst
 Tolerance issue to impurities and composition variations inherent to biomass
All these challenges arise from the history of chemical industry which was and still is based on
fossil based materials which normally contains limited amount of oxygen. Biomass based
feedstock also bring new problems and impurities which hampers the usage of conventional
catalysts which are used with fossil based materials. The main challenge is therefore to
understand the deactivation mechanism of catalysts.
To overcome these challenges, Star-COLIBRI project identified R&D needs in the following
areas:
 High-throughput technologies for catalyst development, combined with statistical
experimental design to minimize the number of experiments.
 New catalytic formulations for biomass processing
 Development of new catalyst more rapidly, that are more stable and cost effective.
 Development of novel catalyst that are able to perform reduction reaction. Removal of
oxygenated functional groups.
 Selectivity issue. Selective hydrogenation needed to modify some groups but not others.
Development of bi or multifunctional catalyst.
 Developing low temperature catalysis to polymerise monomers to bio-based polymers is
essential.
 Development of catalysts that are capable of selectively transforming biomass derived
monomers to platform molecules or final products.
 Surface properties to improve performance in presence of water.
 Avoiding catalyst cooking issue by development of more robust catalytic formulations
and also process design.
In addition to catalyst development, it can be said that it is also necessary to develop reactors
and auxiliary systems specific for biobased products. For example, biomass based
materials are often difficult to handle. The challenges with biomass feedstock are:
 Solid or fibrillary feedstock which are difficult to transport at feed to pressurized
systems. Solid feedstock cause also handling problems and bridging in pipes and silos
which requires manual work to be solved.
 Some feedstocks are corrosive, which requires using expensive alloys leading to high
investment costs of processing plants.
 Feedstock which is coming from primary processing contain normally impurities and
several components. If the feedstock is coming from 2th or 3th generation processes
they are normally non-standardized and heterogenous, and therefore the results can
differ from process to process.
In order to solve these issues, systems to ease handling difficulties should be developed. The
products from primary processing, which are further converted to secondary products, should
be non-aggressive and easily pumpable. Also easier pathways to produce high-yield products
should be developed. Downstream processing and separation technologies should be a main
14
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part in developing new products in order to decrease the overall operating costs of new
processes and new biobased products.
To expand the application areas for many forest based raw materials, such as cellulose,
hemicellulose and lignin, specific chemical modifications are often needed. These natural
polymers can be further chemically modified to functional polymers or thermoplastic materials.
Cellulose pulp or fibres may require chemical surface modification to suite better for new
material applications, e.g. biocomposites or fibre based new packaging materials. Very often
the traditional chemical reaction methods and equipment are not suitable, since the raw
material ae often solid, fibrillary, thermally sensitive and difficult to cost effectively solubilise.
Therefore there is clear need to develop new processing and reactor technologies, such as
high solid content processing methods.
In the Table 3 the identified R&D needs for chemical conversions are summarised.
Table 3. Summary of identified R&D needs in chemical conversions.

Anticipated R&D needs
Simplified and more energy
and chemical effective
reactions and processes
System integration with
downstream processing in
order to make the whole
process more efficient
Chemical/biochemical
conversion of cellulose to
bio-based products, with
additional benefits, such as
a reduced carbon footprint

Development of highthroughput technologies
(HTT) for catalyst screening
Development of novel
catalysts specific for
molecules form biomass

Drivers for the need
Need for cost reduction and
more effective use of
chemicals
Need for cost reduction

Possible barriers
Technological limitations in
reactor design and
chemistry

- to support rural
communities
- raw material availability
- to improve economic
vitality of local
industry and job creation
through
innovative, high-value
processing of biomass
components
Acceleration of new catalyst
development

-Politic obstacles in the
establishment of
new biomass trade routes
-duties and tariffs on
biobased products and
bioethanol

Need to perform reduction
reactions, bi – or
multifunctional catalysts
(selectivity issue), more
robust catalytic formulations
to avoid poisoning

15

Lack of co-operation
between different scientific
fields

Infrastructure availability
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4.2.2 Bioprocessing and Biotech
Biochemical processes or bioprocesses use the catalytic function of enzymes to carry out a
large variety of reactions. Enzymes can be applied as such to perform (bio)chemical
transformations (biocatalysis) or can operate in a cellular environment (whole-cell biocatalysis,
bioconversion, fermentation). In Industrial Biotechnology (also termed White Biotechnology)
biocatalysis and fermentation are applied in an industrial setting to generate useful (bulk)
products such as chemicals, food and feed, detergents, paper and pulp, textiles and biofuels.
Industrial Biotechnology has been identified as a Key Enabling Technology (KET) by the EC,
as it could lead to significant reductions in greenhouse gas emissions, improve performance of
the bio-economy, and increase sustainability for industry and higher value products. To unlock
the full potential of a biobased economy, lignocellulose will need to be integrated as the
principal carbon feedstock (2nd generation substrates). Some important bottlenecks however
remain, which can be solved by addressing specific R&D needs.
There is a big need to develop both enzymes and microorganisms (so called industrial
superbugs) that are efficient and robust for the conversion of lignocellulosic material from a
variety of feedstock. Synthetic biology (including metabolic and protein engineering),
metagenomics and associated High-Throughput Screening are examples of emerging tools
and technologies that will lead to bioproducts and bioprocesses with higher yields and
productivity, and organisms with higher tolerance to inhibitory substrates and products. Also,
addressing co-utilization of C5 and C6 sugars will be necessary for lignocellulose based
processes. As a result, product litres will increase, making associated downstream processing
unit operations less expensive and energy-intensive. In addition, co-development of both
upstream and downstream technologies will be key to accelerate integration and
implementation of bioprocesses. This also includes a combination of chemical and
biochemical technologies as many (fermentation) products often require further processing
to obtain a platform precursor.
The increasing development of industrial strains and enzymes – and resulting bioprocesses –
creates the need for more validation on a pilot-scale to generate data and to catalyze
industrialization and commercialization of these technologies. Pilot facilities should be further
supported, and made more accessible to SMEs, institutes, and universities.
The design of bioreactors should be further investigated as new technologies are emerging.
Improved reactors for both enzymatic and microbial processing are necessary that enable cell
recycling, in-situ product recovery, multi-phase catalysis, and gas fermentation. In particular,
new designs will be necessary to overcome the problem of mass transfer during gas
fermentations whereby membrane diffusers or alteration of the geometry could prove to be
key solutions. Support to validate these disruptive technologies and associated infrastructure
on a larger scale (higher TRL) will be essential.
Finally, process integration and process intensification will be of major importance to
establish efficient, economically viable biorefineries. This also includes the reduction of water,
re-use of process water, valorization of waste streams and re-use of excess heat.
In the Table 4 the identified R&D needs for Bioprocessing and Biotech are summarised.
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Table 4. Summary of identified R&D needs in Bioprocessing and Biotech.

Anticipated R&D needs
Synthetic biology

Drivers for the need
Use of sustainable raw
materials, need to improve
effectiveness of biobased
production

Development of microbial
HT screening

Discover new strains and
enzymes or develop existing
ones with enhanced
properties (tolerance,
productivity, and substrate
range).
Integration in conventional
petrochemical refinery

Biocatalytic and catalytic
routes to obtain building
blocks and
chemicals from cellulosic
sugars (C5 and C6), to
convert ethanol into butanol,
and to produce ethanol and
butanol derivatives
Development downstream
processing for biochemical
processes.
Novel approaches to
combine biotech and
catalysis
Design of bioreactors.

Possible barriers
Complexity of biological
systems and long
development time, Public
attitude against genetic
engineering
Large investment required
for different types of
automation. Strain
construction, Screening, HT
Bioprocessing (evaluation in
industrial conditions)
Price and access to markets
particularly for product
substitution over existing
petrochemical based
sources

Reducing volume of water
and increasing volumetric
productivity
Combining selectivity
offered by enzymes with
productivity of chemical
catalysis
New bioreactors to enable
e.g. cell recycling, in-situ
product recovery, gas
fermentation

4.2.3 Biopolymers and biocomposite processing
Global bioplastics market is a small, but significant sub-sector of the plastics industry, and it is
estimated to grow from 2016 through 2020 at an annual growth rate exceeding 29% 1. The
worldwide production of bio-based polymers is expected to rise to 12 million tonnes by the year
2020. Global Bioplastics Market 2016-2020 –report indicates four factors contributing to the
growth: 1) the emergence of bio-based and renewable raw materials, 2) changing consumer
preference towards eco-friendly packaging, 3) the growing prominence of bioplastics and 4)
the adoption of green procurement policies. The market value for bio-based plastics is

1

Technavio (2016): “Global Bioplastics Market 2016-2020,” Referred by Anna Marie Mohan in
http://www.greenerpackage.com/bioplastics, What four factors are driving the global growth of bioplastics, Posted
on14.7.2016.
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expected to grow to a level of 4.3 – 6.7 BEUR by 2030.2 The main growth is expected in the
specialty polymers and packaging applications.
The types and production volumes of bioplastics are increasing. There is a shift towards the
bio-based thermoplastics that have oil-derived equivalents. Synthetic melt-processable
polymers are rendered green by exploiting bio-based monomers supplied by modern
biorefineries. The highest growth rates are expected in the non-biodegradable (drop-in)
polymers like bio-PET and bio-PE, which can be processed using existing infrastructure.
Yet, due to identical molecules to the thermoplastics dominating the markets these polymers
are able to enter established recycling infrastructures.
The non-degradable drop-in polymers are followed by biodegradable biopolymers e.g. PLA
and PHA, which need moderate infrastructure developments and improvements in
performance. Their market development is strongly dependent on efforts in industrial
biotechnology to enhance production efficiency and decrease raw material and
production costs for bio-based chemical building blocks. Therefore, 2nd generation raw
materials, in particular lignocellulose, agricultural wastes and by-products, as well as byproducts from the food industry, will potentially be used in biopolymers production by 2030 [2].
It has been recommended that in order to strengthen the biomass conversion toolkit, public
funding should focus on the development of conversion technologies applied for lignin, which
in turn could enhance the development of lignin-based chemistries in general. Also future
advances in technology, such as application of synthetic biology, can lead to cost savings.
Consolidated bioprocessing (CBP) strategy for production of ethanol for bioplastics and the
direct production of bioplastics from biomass is likely to become a growing focus on research
and development 3.
There is still great need to undertake research and development activities that tackle the
intrinsic synthesis of bio-derived often multifunctional monomers towards high-molecular
weight plastic kind of engineering materials. Novel polymer chemistry approaches can be
applied e.g. for temperature-sensitive raw materials. Selective synthesis routes, especially
click-chemistry reactions, have recently gained attention also for modification of
polysaccharides, hemicellulose and nanocellulose materials. However, a lot of soft knowledge
and basic research is still needed in this area. Reactor design for aqueous based, or other
easily removable solvent systems, may vary from the typical setup used for chemical
reactions. In the future some R&D needs are expected for infrastructure upscaling.
Biocomposites
The future of the natural fiber composites (NFCs) market looks attractive with opportunities in
automotive, building and construction industries. According to a new market report published
by Lucintel, the global market for NFCs is forecast to grow at a CAGR of 8.2% from 2015 to
2020 4. The major driver for the growth of this market is the rise in demand for lightweight
and environmentally sustainable composite materials. Market expansion would need
innovation and new product development, where the unique characteristics of NFCs can be
2

BIO-TIC report (2015): A roadmap to a thriving industrial biotechnology sector in Europe. Accessible at
http://www.industrialbiotech-europe.eu
3
OECD (2013): Policies for Bioplastics in the Context of a Bioeconomy, OECD Science, Technology and Industry
Policy Papers, No. 10, OECD Publishing. Accessible at: http://dx.doi.org/10.1787/5k3xpf9rrw6d-en
4
Lucintel market report (2015): Global Natural Fiber Composite Market 2015-2020: Trends, Forecast, and
Opportunity Analysis. Accessible at http://www.lucintel.com/natural_fiber_composite_market_2020.aspx
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capitalized. Some of the innovation areas in NFCs could be in achieving higher strength and
stiffness, better fire retardant properties, and batch-to-batch quality consistency. The research
and development of fully green composites is encouraged. Future development trends in fully
green composites include first, the production of green composite at low cost, which can also
win public and political acceptance. Introduction of new fiber types, improvements in
processing and additives may result in an expansion in the use of biocomposites in more
diverse, and technically demanding application areas.
The techniques used to manufacture biocomposites are based on existing techniques for
processing of plastics or composite materials in general. Majority of current biocomposites are
processed by compounding and extrusion.5 One of the limitations with compounding and
extrusion is that only relative short fibers can be used, which impart limited reinforcement.
Another challenge originates of the hydrophilic nature of biofibers, which is a potential cause
for incompatibility with hydrophobic polymer matrices. R&D needs are thus mainly related to
aspect ratio of used fibers and compatibility issues.
In compounding fiber feeding techniques and techniques, which do not cut natural fibers
further during processing would be preferred. In situ processing of monomers and fibers in
reactive extrusion would be another option of processing where fiber length would not have
so crucial role for composite properties. Techniques of fiber modification, including alkali
treatment, cross-linking, coupling agents etc. can improve the surface properties of fibers and
fiber/matrix interface. An additional method is to add nanoclay and microfibrillated and
nanofibrillated cellulose to green composites which can increase the various functional
properties including the mechanical properties of the composites. In the face of challenge in
replacing the conventional GFRP some approaches have been useful for designing superior
strength composites: efficient natural fiber treatment, matrix resin modification, and selection of
optimum processing conditions. 6
The manufacture of true biocomposites demands that the matrix is made predominantly from
renewable resources. Utilisation of plasticized lignin as matrix polymer has been identified
as potential way to use forest biomass as source for biocomposite matrix polymer. As
biopolymers have been developed primarily for the packaging industry, their material
properties do not yet meet the matrix system requirements for more advanced technical
application areas of biocomposites. As a result of the limitations of thermoplastics, there is
considerable need for the development of thermosetting resins from renewable
resources.
In the Table 5 the identified R&D needs for Biopolymers and biocomposite processing are
summarised.

5

Fowler P.A., Hughes J.M. and Elias R.M. (2006): Biocomposites: technology, environmental credentials and
market forces, Journal of the Science of Food and Agriculture, 86, 1781-1789
6
Jagadeesh D., Kanny K., Prashantha K. ( 2015), A Review on Research and Development of Green
Composites From Plant Protein-Based Polymers, Polymer composites, DOI: 10.1002/pc.23718
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Table 5. Summary of identified R&D needs in Biopolymers and biocomposite processing.

Anticipated R&D needs
Development of biobased
thermoplastics as
alternatives for conventional
plastics

Drivers for the need
Green thinking, Use of
sustainable raw materials /
biobased monomers
supplied by modern
biorefineries, Eco-friendly
packaging, Bans on plastic
bags in certain countries

Possible barriers
Price and material
properties should meet
those of conventional
plastics

Development of biobased,
biodegradable plastics

Basically same as above

Limited markets,
Production costs

Green/biocomposites

Demand for lightweight and
environmentally sustainable
materials,
Recent developments in
upgrading
procedures and in
techniques/methods to
improve composites’
mechanical properties

Optimize development and
product life cycles in
manufacturing,
Material properties do not
fully meet market expansion
possibilities,
New innovations and
improvements in processing
still needed

4.2.4 Fiber technologies
Many of the identified trends have positive effect on needs to develop new cellulose fibre
based material products and technologies. Especially trends related to environment, such as
zero waste, recycling, replacement of littering plastic and general green thinking offer market
pull for such materials. Although printing paper production has declined, the use of cellulose
pulp as raw material has not reduced. This is mainly due to increased production of cellulose
based materials in packaging and hygiene products. This trend has also resulted new
innovations in this field, for example nanocellulose, foamed fibre web materials, formable
paperboard innovations and new environmental friendly methods to produce textile fibres. In
many cases the large global brands are the driving force for new more sustainable material
solution in their search for more environmental friendly solutions and green image. It can be
foreseen that this development will continue strong in coming 10 years perspective.
Cellulose raw material can be in form of traditional pulp, refined/modified pulp fibres, or
cellulose can be dissolved and spun as textile fibre. Driver in raw materials is the need for
more flexible raw material base including industry side streams and recycled raw materials.
The technologies for primary processing of forest biomass can have influence on properties
and cost available fibre raw materials. R&D needs will focus on materials development and
capabilities to scale-up. However, there is also notable need for application development as
well as new processing and production technologies will be needed. These reflect to increased
need for pilot scale tools.
Textile fibres: There are two main drivers for new developments of cellulose based textile
fibre technologies: 1) replacement of cotton textile fibres and 2) replacement of viscose fibre
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process with more environmental friendly method. Cotton production requires plenty of water
and arable land for cultivation, while viscose production is problematic because highly toxic
chemicals are required for its production. Another need is to broaden the raw material base
from dissolving cellulose to lower cost pulps and recycled raw materials. Although today major
producers of traditional cellulose based fibres (viscose) are in low cost countries,
developments of new technologies and special fibres take still place in Europe.
Also special functional cellulose fibres can be a target of new innovations, such as hybrid
composite fabrics for a multilayer protective materials, luminescent cellulose, or carbon fibres
from special cellulose and lignin base materials.7.
Nano and microfibrillar celluloses are typically manufactured from wood pulps by
mechanical treatments. Nanocrystalline celluloses are produced by hydrolysis of amorphous
cellulose parts resulting crystalline nanofibers. Nanocellulose and its derivatives can be
integrated into bio-based products such as strength enhancers in paper, polymer composite
additives, emulsions and oxygen barrier films for plastics packaging. It can also be used as
property improver in the traditional paper and board industry and play a role in the future
development of printable and flexible electronics.
Chemical and enzymatic pretreatments can be applied to ease the fibrillation and to lower the
production costs, which is also related need to increase of solid content of nanocellulose
materials. Although nanocellulose is produced in pilot scale, there is still need to develop the
production processes, fibre surface modification methods, and end use applications and
processing methods.
.

New cellulose based packaging materials: Use of cellulose pulp in packaging material has
constantly grown, largely driven by environmental trends and green thinking of global brand
owners. This has results R&D need and new innovations in the field of fibre based
packaging materials, such as foamed fibre web materials, formable paperboard innovations,
transparent paperboard and utilisation of new special fibre products e.g. nanocellulose. Focus
is on development of materials with same functional properties as existing products but with
significantly lower amount fiber raw materials and replacement of oil based raw materials with
biobased materials. This means development need both in material science, application
development and new processing methods, which typically require also pilot scale facilities for
test material production.
In the Table 6 the identified R&D needs for fiber technologies are summarised.

7

Bikash Jena, Bishnu Priya Das, A. Khandual, Sanjay Sahu, Lingaraj Behera, Ecofriendly Processing of Textiles,
Materials Today: Proceedings, 2 (4–5)1776-1791(2015)
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Table 6. Summary of identified R&D needs in fiber technologies.

Anticipated R&D needs
Cellulose based textile
fibres produced with
environmental friendly
processes and lower cost
and recycled raw materials

Drivers for the need
Market pull for
environmental friendly
textiles fibres.
Use of lower quality and
recycled raw materials.
Replacement of cotton
fibres and viscose
production process.

Advanced fibre foam
materials enebling new
properties, innovative
material combinations and
light weight

Lightweight materials
Need for new properties in
fibre based packaging and
construction materials.
Use of recycled and side
stream raw materials
Replacement of littering
plastics.
Need to develop e.g.
thermoformable and
transparent paperborad
materials
Use of recycled and side
stream raw materials
Improved water resistance
combined with good crease
and oxygen barrier.
To develop new light and
strong packaging and
composite materials from
biobased materials.
New properties brought by
nanocellulose as additive
e.g. in cosmetics and food.
New special concepts with
functionalised
nanocellulose.

New pulp fibre based
packaging materials to
replace plastics

Development of more
effective nanocellulose
production methods and
new applications

22

Possible barriers
Techno economic barriers:
textile fibres require very
cost effective solutions.
Challenges to produce good
quality textiles from lower
quality raw materials.
Availability of good raw
material.
Business risk: European
producers not cost
competitive.
Techno economical barriers:
risk of too costly and
complicated solutions.
Availability raw materials of
good enough quality.
Technoeconomical barriers:
risk of too costly and
complicated solutions.
Not adequate properties to
replace plastics.
Availability raw materials of
good enough quality.

Techno economical barriers:
A notable cost improvement
is needed for production
processes.
The properties of highly
hydrophilic nanocellulose
limit the application areas.
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5 Conclusions
Trend and driver analysis
Global trends such as climate change, movement towards sustainable development and
circular economy, green thinking will have an enormous impact on the forest based
bioeconomy. Potential consequences for secondary processing include development of
improved technologies and processes to produce versatile products, integration of processing
lines and value-added uses for side-streams and waste. For example, new wood cellulose fibre
applications and textile products wood based fibre applications are entering the markets, which
would help to release environmental pressure which cotton production is currently causing in
several areas globally.
Utilization of new raw materials may have several potential advantages for biorefineries, e.g.
higher yield, cheaper raw material, less waste streams to treat and less environmental burden.
Effective processing routes need to be developed in order to improve the cost effectiveness of
forest based biorefineries at pilot and industrial scale.
The main identified challenges related to forest based bioeconomy were the cost
competiveness, raw material selection and availability, pretreatment technologies, cost of
process investment and current low oil price. Transition from petroleum to biomass as the
primary raw material requires emerging technologies and additional incentives, especially if
simple fossil based products are tried to be replaced by biobased materials. The current oil
price is a barrier for investments related to biomass based innovations, which competes with
fossil based materials. Therefore, investments are moving from biobased fuels to higher value
products, such as fine and speciality chemicals. Paper and pulp production remains as the
main driver for Forest based bioeconomy development followed by hygienic products and/or
packaging.
More collaboration in research and between different players in the value chains will be
required to meet the demands of the markets. Larger production facilities will be needed with
supply of feedstock at a competitive price.
The identified political trends have mainly neutral or uncertain effects of the forest based
bioeconomy. Overall the impacts of political guidance are difficult to predict, since the
regulatory frameworks are still evolving with varying implementation policies.
R&D needs in secondary processing
In the European Biorefinery Joint Strategic Research Roadmap (Star-COLIBRI) the R&D
requirements related to chemical processing and biochemical processes have been well
identified and are up-to-date. This analysis, however, points out that in addition to catalyst
development, which was heavily emphasized in Star-COLIBRI roadmap, it is also important to
develop reactors and auxiliary systems for biobased products, due to difficulties related to
handling of biomass based materials. Downstream processing and separation technologies are
an important part in developing new biobased products and processes in order to decrease the
overall operating costs.
The main development need related to bioprocessing is the need for more efficient enzymes
and micro-organisms for conversion of lignocellulosic material from a variety of feedstock.
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Novel tools of synthetic biology with automation solutions related to microbial strain
construction, screening and high throughput bioprocessing will lead to bioprocesses with
higher yields and productivity as well as to improved tolerance to inhibitory compounds. Also
combination of selectivity offered by enzymes to productivity chemical catalysis supports new
approaches to combine chemical and biotechnical technologies. There is a growing demand
for process validation at pilot scale, this pilot facilities should be further supported and made
more accessible both for SMEs and research institutes.
The types and production volumes of bioplastics are increasing. The highest growth is
currently expected to non-biodegradable polymers, which can be processes with existing
infrastructure. The use of biodegradable polymers requires infrastructure and performance
developments. Utilization of 2nd generation raw materials, such as lignocellulose, in biopolymer
production may still take more than 15 years to realize. The main barrier for market penetration
will be the price in comparison to oil-based plastics and in order to improve cost
competitiveness R&D investments are required to improve conversion technologies and
downstream processes.
Development of new cellulose fibre based material products and technologies are driven by
green thinking and large global brands in their search for more environmental image. The main
drivers for textile fiber technologies are replacement of cotton textile fibers and replacement of
viscose fibre process with more environmental friendly methods and use of low cost raw
materials. Availability of suitable raw materials and production of good quality textiles from
lower quality raw materials and risks of ending up with too costly and complicated processes
can been seen as the common challenges related to fiber applications.
The findings related to the R&D needs resulting from the analysed STEEP trends will be used
next as basis to identify the infrastructure requirements to carry out the R&D. The evaluation
aims to have a complete view and understanding on how well the currently available and
earlier mapped infrastructure matches to the requirements and identification of possible gaps.
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ERIFORE Bordeaux Workshop, 28th June 2016, results
Summary of Drivers and trends for WP2-4
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In bold red, drivers and trends that were voted (a vote = ) as most important for WPs2-4
Table 1. WP2 - Identified STEEP drivers and trends.
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Table 2. WP3-4 - Identified STEEP drivers and trends.
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Social trends
S1: Green thinking
Description:
A growing tendency towards sustainability and green thinking can be stated in Europe.
This shift in awareness is reflected in changing lifestyles and consumer preferences, but also
in enhanced requirements for agriculture, industry and trading. Increasingly, a rethinking of
maximized economic benefits towards socially responsible economic processes is required.
The consumers question various impacts related to the goods available on the market.
Additional aspects such as environment protection and social responsibility play an
important role in the purchase decision-making process [3]. However, this may not be
equated with a fundamental higher willingness to pay. Though a majority of the society
favours repeatedly in different questionnaires the relevance of sustainability, the
purchasing decision is predominantly affected by other factors such as pricing, quality and
brand image [1]. Scientific insights of psychology, referred to as “attitude-behaviourinconsistency”, validate these findings: attitude and opinions do not necessarily lead to
congruent behaviour [7]. Business companies therefore pursue different approaches to meet
the changing consumer requirements. Many industrial sectors refer to biomass-derived
materials, resource-friendly production methods, recycling options and disclosure of the extent
of environmental and social impacts [5]. A proceeding approach which is defined as circular
economy focuses on the cascadic reuse of resources and materials to avoid waste
production and environmental impacts [4].
Impacts:
The increased social awareness of sustainability and green thinking has an enormous
impact on Forest Based Bioeconomy and primary processing in particular. Consumers set
value on social and ecological characteristics of products as well as production processes.
Minor differences compared to fossil-based products and comparable product qualities and
conveniences are furthermore crucial for a high market acceptance. To face these
challenges, the implementation of biorefineries needs to be based on a comprehensive and
interdisciplinary approach.
The manufacture of biomass-derived products depends heavily on the availability of efficient
fractionation, separation and purification processes [6]. The consideration of consumer
requirements can be differentiated by different aspects [2].
 Aspects of environmental and resource economics: Analysis of negative
externalities and ecological sustainability of production processes and end use
products. Requirements on high levels of energy efficiency, low water amounts,
substitution of hazardous chemicals.
 Organization and Management of process chains: Improved efficiency by
integration of different processing lines in order to decrease manufacturing and
production costs.
 Comprehensive use of materials: Development of value-added uses for side-streams
and waste products. Based on the concept of closed economy designing of concepts
and processes for cascadic use and closed-loop circulation.
 Process and technology optimization: Development of improved technologies to
produce versatile platform products to enhance the conversion into high-value added
products.
 End products: Testing new wood/cellulose fibre applications, biopolymer and lignin
product uses such as lighter packaging, and sport shoes from lignin or new textiles.
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S2: Urbanization
Description:
Urbanization is a population shift from rural to urban areas. This shift can happen through
migration or natural increase. While immigration rules differ between EU-members, the
freedom of movement and residence within EU is a cornerstone of EU-citizenship [1]. Free
movement for workers is one of the four economic freedoms (free movement of goods,
services, labour and capital) that formed the basis for the establishment of the EU.
Urbanization is a fundamental force that occur in nearly all parts of the world [2]. Globally, 54%
of the population lived in urban areas in 2014. The urban share is considerably higher in the
EU, with some variation between the western and the eastern countries. The rate of
urbanization in the EU-countries shows no clear correlation with the share already living in
urban areas (as defined by each country), even though developing countries often experience
a much higher rate of urbanization than the developed parts of the world [3]. Table 1 lists for
some examples. The rate of urbanisation in EU28 is thought to have dropped from about 1% in
the period 1950-1970 to about 0,4% in the period 1970-2014 [2].
Table 1. Urbanization in selected EU countries (2015)
Region
Urban population
Rate of urbanization
Netherlands
90,5 %
1,05 %
Denmark
87,7 %
0,6 %
Sweden
85,8 %
0,83 %
Finland
84,2 %
0,5 %
Germany
75,3 %
0,16 %
Hungary
71,2 %
0,47 %
Italy
69,0 %
0,39 %
Poland
60,5 %
-0,1 %
Note: Rate of urbanization refers to the estimated annual growth in the size of the urban
population in the period 2010-2015 [3].
Different from the UN that uses national categorisation of rural and urban areas, Eurostat
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operates with three degrees of urbanisation: cities (densely-populated areas), towns and
suburbs (intermediate areas) and rural (thinly-populated areas). In 2014, 40,2 % of Europeans
lived in cities, 32 % in towns and suburbs and 27,8% in rural areas [4].
Estimates from the European Commission's model for evaluating territorial impact assessment,
LUISA, shows that the rate of urbanisation is distributed unevenly between different urban

Figure 1. Trends in Land use intensity [5].
areas within the countries [5]. This map shows how land use intensity, measured in people/ha,
is expected to develop in the period 2010 – 2050. It shows that large areas on the southern,
eastern and northern edges of the union are likely to be less populated, even as the population
is expected to grow for the EU as a whole.
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The United Nations Department of Economic and Social Affairs also predict that the
urbanization process will continue in the foreseeable future. They estimate that the share of the
European population living in urban areas is expected to increase from about 70% today to
about 80% in 2050 [6].
Impacts:
Urbanization contributes to both "land take" and "land abandonment". Land take is the process
of converting land from agriculture and forestry to area covered by roads, houses, industry or
recreational purposes. Land abandonment is the termination of active management of arable
land [7]. Both processes affect the supply of biomass, and the trade-off in land use between
food crops and non-food production in agriculture [8].
Most EU-countries have developed political measures designed at slowing down urbanization
and evening out regional differences. These programmes may in some cases be used for
funding research and development within circular forest bioeconomy. At the EU-level, the
European Regional Development Fund explicitly aims to finance low-carbon economy projects.
To illustrate this point, in developed regions, 80% of funds must be directed to projects
supporting at least two of the following key priority areas: Innovation and research, the digital
agenda, support for small and medium sized enterprises, the low-carbon economy [9].
In countries with large geographical distances between the political and economic centres and
the periphery, transportation costs are a politically sensitive issue. If increased use of biofuel
lead to significantly higher transportation costs, this shift may be seen, and used politically, as
a threat to sustaining communities in rural areas.
As cities grow, energy use and consumption patterns change. Urban homes are generally
smaller and more energy efficient compared to rural homes, travel distances shorten, and
public transportation becomes more available. In addition, the growth of GDP in cities typically
exceed population growth, making people wealthier as cities grow. Increased affluence will
lead to higher levels of consumption of any normal commodity. This effect is not automatic: In
Europe, only half of the metropolitan regions with more than 250 000 inhabitants experience
GDP growth above the national level [10].
Forests are primarily located in rural areas. As the point of consumption shifts away from the
supply of raw materials, logistics and transportation becomes more costly. The location of
processing plants, warehouses and distribution channels, as well as coordination and
cooperation of different agents in the supply-chain deserves careful attention. Similarly, there is
some concern within the industry that the supply of skilled workers may be hindered by
urbanisation as young people tend to prefer to live in urban areas [11].
The impact of urbanisation is complex because it coincides with two other demographical
trends: population growth and population ageing. Overall, population aging is thought to slow
down population growth. Eurostat's main scenario is that the population in the 28 EU countries
will grow by 3,5% from 2015 – 2050 (from 508 million to 526 million) [12].
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Technological trends
T1: Clustering and integration of Technologies
Description:
The technologies clustering and integration concept born from the ZERI (Zero Emissions
Research Initiative) in 1994 at the United Nations University/Institute of Advanced Studies
(UNU/IAS). This scientific international program emphasizes shift from the traditional linear
industrial model in which wastes are considered the norm, to integrated systems in which
everything has its use. It advocates an industrial transformation whereby businesses emulate
the sustainable cycles found in nature and where society minimizes the load it imposes on the
natural resource base and learns to do more with what the earth produces. In this way,
technologies (in general industries) are reorganized into clusters such that each
technologies’s wastes/by-products are fully matched with the input requirements of another
industry, and the integrated whole produces no waste of any kind. A full use of raw materials
accompanied by a shift towards renewable sources means that utilization of the earth’s
resources can be brought back to sustainable levels technologies, at least temporarily.
UN/IAS Zero Emissions model demonstrates Fig. 2. [1-6]

Figure 2. UN/IAS Zero Emissions model [5].
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Impacts:
 Development of integrated tehnologies cluster inside biorefinery plant.
 Integration of different biorefinery plants into clusters.
 Integration of different industries plants into clusters (for instance, chemical and forest).
 Learning from nature (Needle as green factory).
 Development of biomimetic approach (Forest Based Bioeconomy integrated technology
clusters as self-assembling structures).
 Assessment of eco-efficiency of bioresources use and manufacturing from material
and energy flow analysis.
 Exergy and eMergy (Odum’s theory) analysis of cascading cycles.
 Strategy towards zero emissions.
 Needs for new pretreatment methods and smart plants as symbol of fourth industrial
revolution.
 Using lignocellulosic feedstocks, particularly, for primary processing including
pretreatment technologies, pulping technologies and thermochemical conversion needs
utilization of waste streams, research and pilot infrastructures facilities.
 Future biorefinery technologies optimization, cascading of technologies integration into
clusters demand market conditions development.
 From research infrastructure development crucial is the project WPs interface and
cooperation between research and higher education.
References:
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Environmental Education,Communication and Sustainability, Vol. 23: Sustainable
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[4] Odum H. T., (1996), Environmental Accounting: Emergy and Environmental Decision
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T2: Utilization of waste streams
Description:
Lignocellulosic materials have a complex and rigid structure which demands harsh
pretreatment to make it available for further processing. Depending on the raw material and
the product of interest, processes are designed to optimize the yield of the main product.
Since lignocellulose is a complex structure consisting of different types of polymers waste
streams that cannot be used for production of the main product will often also be produced. In
some cases these waste streams can, with process modifications, be converted into the
main product, or be the raw material for other alternative products.
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It is also possible to combine different processes and use waste streams from other
processes as part of the raw material. In either case the term ”waste stream” could be
misleading since these streams should be considered valuable raw materials that utilized in
an optimal way can have both economical and environmental advantages. Thus there is an
increasing interest to utilize these streams.
The use of waste streams such as byproducts from the process or waste streams from
different processes can be of mainly three different types:
 To fully use the raw material and all streams produced to increase the yield of the
main product.
 To fully use the raw material and all streams produced to increase the yield of other
products that can contribute to an economically viable production.
 To increase the amount of product by using waste streams from other processes.
An example of when more of the raw material is used for production of the main product as
oppose to ending up in a waste stream is ethanol production not only from hexose sugars
originating mainly from the cellulose part of the lignocellulosic material, but also from
pentoses originating mainly from the hemicellulose part of the lignocellulose. This can
be achieved with genetically modified yeasts that are able to produce ethanol from both
hexoses and pentoses [1].
To use waste streams to produce a complimentary product can increase the economic
viability for the production of the main product. An example is production of fish feed in
combination with other forest based products [2].
By utilizing waste streams from another process it is possible to create a win-win situation
where a waste problem is solved for the first process while the second process can increase
its production. With a broader spectrum of raw materials and waste streams that can be
used the potential supply of raw materials for the process is increased and will lower the
risks associated with changes in feedstock availability and prices. In combining different
raw materials and waste streams it can e.g. be possible to solve a lack of nutrients for a
biological process. Waste streams rich in nutrients, such as house hold sorted food waste can
be used as nutrient supplement to a biological process based on the sugar platform from
lignocellulosic materials that might lack several nutrients for an efficient process.
Impacts:
Utilization of waste streams has several advantageous for a forest based bioprocess.
Examples of advantageous are:
 Higher product yield or additional products which can have a positive economic
impact.
 Positive effects on the process (e.g. productivity) by adding valuable nutrients to the
process.
 Cheaper raw materials.
 Less waste streams to treat (e.g. in a waste water cleaning process) or handle (e.g.
pay transport cost and possible a fee to get rid of it).
 Less environmental burden and easier fulfillment of laws on pollution
However the utilization of waste streams puts a higher demand on the flexibility of the
plants, and thus also on research and demonstration plants. The effects of introducing new
raw materials streams on the different processing steps, need to be fully understood and
analyzed [3]. Different types of raw materials and waste streams demands more complex
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processes and possible needs for new pretreatment steps (sorting, milling, etc.) before
entering the process. The plants thus need to be flexible and have online analysis equipment
for optimal processes. Further research and development is necessary in order to evaluate
how different raw materials and waste streams can form the input to an efficient biorefinery
process.
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T3: Production of established intermediates vs new components
Description:
At the beginning of a process development based on (woody) biomass, a key question is
related to the product(s) which should be produced from the feedstock. Should
bioindustry produce established intermediates like basic chemicals to enter existing value
chains and markets (drop- ins) or is the generation of new components, mainly for new
market applications preferable? Particularly due to the worldwide developments on fossil
resources, like crude oil, natural and shale gas, new production routes from biobased
feedstocks to common intermediates, have to be critically evaluated with respect to future
sustainable developments.
Key arguments for the production of established intermediates are existing markets and
logistic chains from production to end customer. Neither development time and costs nor
regulatory issues (and related costs such as a REACH registration for new chemicals or a
permit for new construction materials) had to be taken into account if the same products are
produced by only shifting the feedstock. Current markets for established intermediates, fossil
based or green alternatives, have usually been growing rather slow and market shares can
thus only be obtained via the product price or a "green" bonus. A comparable product price
can only be achieved by large scale plants through the economy of scale approach,
requiring large investments accompanied by a high risk. Conventional products can be
obtained relatively easy by gasification of the biobased feedstock, followed by synthesis
routes based on the generated synthesis gas i.e. based on data of coal gasification or existing
gasification plants for biomass a typical plant capacity is between 0.5 and 8.4 GW output
requiring investments from 1 to 20 billion USD [(Soerensen 2005, Aranda et. al. 2014), 2].
Producing new components or materials offers the possibility to enter new markets or
enlarge market shares due to better properties or other functionalities of the products.
But the risk to develop these markets exactly as predicted, as well as other external factors
which could have a negative impact on sales, must be taken into account throughout the
whole production process and over a long period of time. Especially these days while
political and financial conditions rapidly change (for example, price of fossil fuels, or
political and financial crises) these are critical factors. In contrast, new components from
renewable sources offer the possibility to use local economics, to react highly flexible on
regional distinctions and to develop very specific solutions for the customers. The described
interconnected chemical production systems and supply chains have to be used in any case
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for media supply or waste water treatment, pushing lucrative new settlements on small
industrial areas. Also new chemicals can have a better yield related to the basic raw material
and how much functionality of the biomass can be obtained in the end product (e.g. polylactic
acid with more oxygen compared to polypropylene). In addition smaller and specialized
production sites are more responsive to the characteristics of the basic raw material and can
use their properties more efficiently (e.g. long versus short cellulose fibers, other lignin types,
etc.).
Impacts:
Lignocellulosic biomass consists of mainly three fractions, hemicellulose, cellulose and
lignin. Using this feedstock for the production of materials, chemicals or energy requires the
most profitable valorisation of all fractions. This is due to the extensive process steps and
related expenses compared to other biorefinery types which are based on sugar or plant oil.
Glucose conversion by fermentation or by chemical processes is on high technology
readiness level and implemented in industrial scale (e.g. for ethanol or lactic acid production )
compared with hemicellulose-based sugar conversion or the material/chemical use of lignin
(TRL5-7). So new effective processing routes have to be developed first to secure
effectiveness for a green- or brown-field investment forest based biorefinery at industrial
scale.
An additive use of material flow of an existing pulp mill can accelerate the market
development for new products and requires a lower investment compared to the installion of
a new production plant. In any case a stable supply of feedstock with a defined quality is
prerequisite. A decrease in main product output, in this case cellulose pulp, would also result
in a decreasing coupling product stream from lignin, extractives or sugars, minimizing the
economics.
Feedstock characteristics (type of wood, bark content after debarking, …) are influencing
pretreatment and following processes. Either they have to be very robust thus decreasing
specifics, or pretreatment and conversion processes have to be adapted from case to case
hence increasing productions costs. Therefore pretreatment and following conversion steps
have to deal with this issue and should be considered as important elements in future
production.
Feedstock availability for large scale gasification plants has to be secured if established
intermediates are in the focus of production. Therefore only in a few European countries
reasonable scenarios can be developed, with respect to sustainable and economically
feasible operation.
Usually raw material costs for basic chemicals are around 60 - 70% of total production costs.
Therefore some basic chemicals are to date unachievable from lignocellulose on similar
conditions as fossil based products due to their costs (Wagemann 2014). This might change
in the future if fossil raw material price will increase or green materials will be supported by
grants or regulatory aspects.
Monitoring and comparison of (socio) economic and environmental impacts for new
processes and products are not easy to be described due to the lack of specific and
adjustable evaluation tools. Bio-based products with special properties can therefore not yet
compete fair with established products. New components for new applications also define to a
large extent new market segments, so no databased comparison is possible to date.
Accordingly existing political funding strategies and subsidies are available only for
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already known biofuels or just slightly differing derivates. This affects the process
economics and leads to a preference of energy carrier like ethanol. These political influences
are in general quite stable for 5 – 10 years, but do not cover the production period of a
technical installation of several decades, leading to a large uncertainty in investment
decisions.
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T4: Integration of biochemical and bioenergy platforms
Description:
In existing process industry the co-production of fuels and chemicals or production of
chemicals from fuel production side streams is well established. In petrochemical
integrate specific fuel products from oil refinery, such as C2-C4 gases and naphta, are
used as feedstock for cracker producing olefins which are main intermediates for diverse
chemials and materials. Production of chemicals and materials benefits from the economy
of scale of fuel production. This approach is valid also for co-production of bio-based fuels
and chemicals [1, 2]. Maybe the most relevant bio-platforms are bioethanol, HVO-biodiesel
and thermochemical conversion products These production volumes start to be reasonably
high and there exists technical routes for co-production of chemicals. In addition, modern
integrated pulp mill platform have potential in this context.
Lignocellulose based bioethanol platform
One of the most important biorefinery technologies is the use of sugars from plant
biomass to production of biofuels and chemicals in microbial fermentations.
Bioethanol is the first end product example which development was enhanced by the EU
directives concerning renewable fuels. Industrially obtained bioethanol from sugarcane
and maize is among the so-called first-generation biofuels. The need to find low cost
and non-food raw materials has made use of lignocellulose as one of the most
important raw materials for the production of second generation biofuels. Yeast strains
have been developed capable of using all biomass based sugars as carbon source to
produce biofuels and chemicals.
Several large companies, such as DSM-POET, DuPont and Abengoa, are producing
cellulosic based bioethanol [3]. In spite of the technological development, production of
biomass based fuels are not yet well competitive, and therefore chemicals as higher value
products should be co-produced. It is possible to produce a wide variety of chemicals and
materials from ethanol, and the most important intermediate product is ethylene produced
via well-established catalytic dehydration process. Ethylene is a commodity intermediate
raw material for numerous widely produced chemicals and materials, such as
polyethylene, ethylene oxide, vinyl acetate, ethylene glycol etc.
The main challenge for more wide production of lignocellulosic bioethanol based
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chemicals is cost competiveness against petrochemical and 1st generation
bioethanol based products. Improving the cost competitiveness may require substantial
increase of oil prices, but also reduction of lignocellulosic ethanol production costs. That
requires both advances in lignocellulose breakdown and fermentation technologies.
However, it can be foreseen that co-production with fuel ethanol is the only feasible way to
future success.
2nd generation lignocellulose based sugar platform can also be utilised for direct
fermentation of value added chemicals without the ethanol intermediate [4]. This sugar raw
material integration for biofuel and specialty biochemicals can be attractive.
Forest based hydrotreated vegetable oil (HVO) platform
HVO-biodiesel is a fast growing product in fuels due to requirements of bio-based
share in automotive fuels. The product is made from various types of renewable oils and
fats with catalytic hydrodeoxygenation processes. HVO-bioproducts are typically paraffinic
hydrocarbons and propane side product. These components can be easily utilised in
petrochemical process to produce drop-in biochemicals and materials. Thus the main
development needs and bottleneck is on raw material selection and availability as well as
pretreatment technologies for the oils and fats.
The production is established at reasonable high volumes. In 2015 the global production
capacity was 3,5 Mt [5]. From this forest based HVO-diesel is only about 120 kt/a. Today
the global leader is HVO-hydrocabons Neste Ltd is diversifying their product portfolio to
bio-based solvents and to bio-based naphtha that can be potentially used as feedstock to
normal petrochemical processes, enabling production of e.g. bio-based plastics and other
ethylene or propylene based chemicals and materials [6].
Forest residue gasification and other C1 carbon platforms
Besides wood and waste based biomass also the use of CO, CO2 and other C1 raw
materials will be necessary in the future. CO2 release by industry can be considered as
a significant loss of raw material besides having a negative effect on the climate change.
Gasification processes can produce energy rich fuel and syngas (H2, CO, other C1
gases) from diverse organic raw materials, such as wood residue or bark chips, recycled
wood materials and even from black liquor. The modern gasification processes achieve
higher overall energy efficiency than the conventional incineration boilers. In addition to
fuel use, many chemicals can be produced using gasification platform. One route to
chemicals is use of purified syngas for catalytic Fisher-Tropsch synthesis, which allows
production of intermediates suitable as feed in existing industrial processes for chemicals
and materials. Another route is a co-production of fuel gases with aromatics (Benzene,
Toluene and Xylene = BTX) from lignocellulosic raw materials using specific gasification
technologies combined with advanced separation units [7]). Here again the lignin containg
feedstocks, such as wood chips, black liquour or separated lignin have high potential.
The main challenges for larger use of gasification routes is the overall cost of process
investment and current low oil price. Also proper syngas purification is an issue. The
trend of increased use of gas condensate as feed for petrochemical crackers will result
decreased production and increased prices of aromatics from petrochemical processes
improving the relative profitability of biobased BTX.
C1 gases can also be utilised as feedstock to biotechnical gas fermentation
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processes, which can produce either chemicals (e.g. methanol) or proteins. The use of
CO2 by single cell organisms in industrial processes are still in development phase and
require much more development than bioprocesses based on sugars from plant biomass.
Three main development lines are currently getting most of the focus in the use of C1
carbon sources. I) CO2 utilizing microbes using sun light. II) CO2 and H2 using microbes.
III) “Pre-reduced” C1 compounds (CO, methane, methanol) utilizing microbes.
Impacts:
Climate change, movement towards sustainable development and circular
economy, authority regulations and technological innovations are all drivers leading
to increased use and research of renewable forest based carbon sources.
Development of second generation biofuels depends on adequate overall cost
effectiveness and raw material availability. Production of chemicals from sustainable
materials is predicted to double by 2020. The main driver for the change will be the
industry. Cost effective integration with biobased fuels is the key for larger volume
production of bio-chemicals.
Additional investments to R&D and process development will be required to remove
technical and cost bottlenecks of production processes for biofuels and drop-in biochemicals. In many integrated technology platforms the key bottlenecks and technical
challenges are related to raw material pretreatment technologies as well as
improvements in biotechnolocical processes (strain development and fermenter
technology), gasification processes and downstream processing. The further steps to
convert the intermediate chemicals, such as ethylene or HVO-hydrocarbons, to final
chemicals and material exists, and there is no need for additional R&D efforts.
Synthetic biology is seen as an enabling technology and in long term makes biobased
production economically competitive with more traditional chemical based production of
many chemical compounds and enables efficient conversion of sustainable raw materials.
Technologies producing and enabling CO2 and syngas use and conversion into
biofuels and chemicals will emerge as they are currently under intensive development.
Also lignocellulose or black liquor gasification is a potential source of syngas and BTX to
be used for chemical co-production.
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Economic trends
E1: Oil market & oil prices
Description:
Summary of the present-day situation
Attempting to understand how the oil market will look during the next five years is today a task
of enormous complexity. Some certainties that have guided our past outlooks are now not so
certain at all: that oil prices falling to twelve-year lows will lead to a strong demand growth
spurt; that oil prices falling to twelve-year lows will lead to a mass shut-in of so-called high cost
oil production; and not least that oil prices falling to twelve-year lows will force the largest group
of producing countries to cut output to stabilise oil prices.
It is very tempting, but also very dangerous, to declare that we are in a new era of lower oil
prices. But at the risk of tempting fate, we must say that today’s oil market conditions do not
suggest that prices can recover sharply in the immediate future – unless, of course, there
is a major geopolitical event. Further, it is becoming even more obvious that the prevailing
wisdom of just a few years ago that “peak oil supply” would cause oil prices to rise relentlessly
as output struggled to keep pace with ever-rising demand was wrong. Today we are seeing
not just an abundance of resources in the ground but also tremendous technical innovation
that enables companies to bring oil to the market. Added to this is a remorseless
downward pressure on costs and, although we are currently seeing major cutbacks in oil
investments, there is no doubt that many projects currently on hold will be re-evaluated and will
see the light of day at lower costs than were thought possible just a few years ago. The world
of peak oil supply has been turned on its head, due to structural changes in the
economies of key developing countries and major efforts to improve energy efficiency
everywhere.
Market Trend’s Demand
Since 2014 the non-OECD countries have used more oil than OECD countries and the gap will
widen in years to come. The reduction in expensive fuel subsidies in many countries, including
the fast-growing Middle East, does have a significant effect on growth. Although reducing
subsidies and tackling pollution will affect the rate of demand growth, it should be stressed that
non-OECD Asia will still remain the major source of oil demand growth with volumes
increasing from 23.7 mb/d in 2015 to 28.9 mb/d in 2021 [1].
Table 2. Global balance summary (million barrels per day) [1].
2015
2016
2017
2018
2019
2020
2021
World Demand
94.4
95.6
96.9
98.2
99.3
100.5
101.6
Non-OPEC Supply
57.7
57.1
57.0
57.6
58.3
58.9
59.7
OPEC Crude
32.0
32.8
33.0
33.0
33.2
33.5
33.6
OPEC NGLS etc
6.7
6.9
7.0
7.1
7.1
7.1
7.2
Total World Supply*
96.4
96.7
97.0
97.8
98.7
99.5
100.5
Implied Stock Change
2.0
1.1
0.1
-0.4
-0.7
-1.0
-1.1
*OPEC actual output in 2015. Assumes a post-sanctions increase for Iran in 2016 and adjusts for OPEC capacity
changes thereafter.
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However interesting and important oil demand trends are, the major focus in the next few
months will be on the supply side of the balance.
For OPEC as a whole oil export revenues slumped from a peak of USD 1.2 trillion in 2012 to
USD 500 billion in 2015 and, if oil prices remain at current levels, this will fall in 2016 to
approximately USD 320 billion.
In today’s oil market there is hardly any spare production capacity other than in Saudi Arabia
and Iran and significant investment is required just to maintain existing production before we
move on to provide the new capacity needed to meet rising oil demand.
In 2016, we are living in perhaps the first truly free oil market we have seen since the
pioneering days of the industry. In today’s oil world, anybody who can produce oil sells as
much as possible for whatever price can be achieved. Just a few years ago such a freefor-all would have been unimaginable but today it is the reality and we must get used to it,
unless the producers build on the recent announcement and change their output maximisation
strategy. The long-term consequences of this new era are still not fully understood but
this report aids the debate in shedding light on the outlook for the next five years.
Investment’s trend in Europe in refining facilities
Despite a late-2014 recovery in activity and margins, the European refining industry
remains under pressure from sliding demand, a growing mismatch between refinery
output and demand and growing competition from export-geared refineries in the
Middle East, Russia, the United States and India. Just over 2 mb/d of refinery capacity has
been permanently shuttered since 2008, largely in line with the decline in regional demand and
throughputs over the same period. In 2014, Murphy’s Milford Haven refinery in the United
Kingdom became the latest casualty of the restructuring, after a deal to sell it to Klesch Group
fell through. Eni also announced in August 2014 that it would target a 50% reduction in its
refinery capacity from 2012 levels, with its Gela, Livorno and Taranto plants expected to be
shut. Gela, which has been idled since 2012, is being converted into a “Bio Refinery” in 2016.
France’s Total has also announced it is considering further capacity reductions. The
company’s earlier pledge not to shut any further refineries in France for at least five years has
lapsed, but no firm plans have been announced.
Impacts:
New forest-based products will impact wood raw material consumption and raw material
markets. The demand for wood raw material depends both on production volume and the
wood intensity of the products. Many of the new products could be low-volume high added
products that do not require a large raw material streams. Also, products, such as
biofuels, could also be based on cascading use, i.e., side streams of the pulp and paper
and wood products industries or forest residues collected along with industrial roundwood. On
the other hand, some of the products may also be large volume bulk production, requiring a
significant amount also “new” forest biomass.
In the chemical industry, the large scale transition from petroleum to biomass as the
primary raw material has not yet been realized, but with emerging technologies and
additional incentives this could take place, increasing the forest based feedstock.
The potential impacts of the Oil Market and Prices to the Forest Based Bioeconomy can be
approached considering two different aspects


1.The influence of the market trends of the different potential final products produced in
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the Forest Based Bioeconomy


2. The influence of the Oil markets and Prices in the production and distribution of these
products.

Market trend analysis in every potential product for the next coming 5 years shows quite
evidently that paper and pulp production remains as the main driver for Forest
Biobased Bioeconomy development in Europe. The second place in this ranking depends
on the geographical area where the market trends are analysed. Thus, the market trend’s
driver in second place is the production of energy from forest biomass in Northern and
Central Eastern European countries where the energy district heating is fully extended.
However, on the other hand, in the SouthWestern countries of the EU the second place in
the ranking of these drivers are the Traditional Wood Products, sawn wood, furniture,
prefabricated wood or even pellets for Bioenergy. Middle term (10 to 20 years) market
trends shows the incoming new Wood based Products in where we can also include
find products like hygienic products and/or packaging based on biobased polymers will
be the leading driver for a Forest Biomass Bioeconomy development. New emerging
wood products as bioplastics or biorefinery products as biofuel or chemicals (commodities) are
still very expensive when compared to same fossile origine products. Without strong incentives
from the operational environment the transition to forest biobased raw material for this products
will not happen very fast. It is obvious that the price of crude oil will be the crucial long
term driver.
Considering the direct influence of the prices of Oil in the production of the above mentioned
products, two different cases have to be considered:
1. Industries where oil is used as raw material to produce heat or energy for the processes, as
for example high energy demand industries like pulp and paper production or wood mills. In
this case prices of the oil directly affects the production costs and can even become limiting
factors for the whole business.
2. Industries where raw material oil-based could be substituted by forest based raw materials
to produce commodity chemicals (biofuels, ethanol) in a biorefinery concept or high added
value products (biopolymers). In this case, the effect of increasing oil prices could be a positive
factor to foster forest biobases raw material use.
Individual business cases for the main final products should be carried out to evaluate the right
influence of the oil prices in the industrial sectors involved.
References:
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E2: Low investment & high risks
Description:
The European forest-based sector is in a period of significant structural changes mainly due to
diversify of the forest products depending on major issues, such as climate change, impacts
and policies, energy policies, advances in new technologies, the increasing role of services
and trends toward low-carbon green economy or bioeconomy. Furthermore it was noted an
interconnection with other forest sector industries such as construction, energy industries,
chemicals and textiles [1]. Such changes constitute innovative development milestones and
open up new opportunities in bioeconomy: changing strategies and business models with
emphasis on the investments in novel products (biofuels and biochemicals or wooden
prefabricated products), and on the other hand the old product requirements such as
dissolving pulp (grown over 10 percent annually since 2011 due to substitution of cotton with
more environmentally friendly raw materials) and tall oil [2].
Technical and financial risks associated with scale-up processes and the development
of innovative technologies must be reduced through public investment. A strategy for
reducing the risks associated with forest-based bioeconomy is to design specific processing
techniques that are flexible to serve different applications. Increased public investments in the
development of innovative infrastructure are required to stimulate private investment, thereby
lowering the risk industry and to attract private investors. In this context, it is necessary that
political priorities to focus on supporting techniques for processing these products which
should not be biased towards production of bioenergy products [3].
The investment policies are related in particular for providing long-term capital for product
development and scale-up their commercialization. The development of economic and
sustainable production can be supported by private funding and investment for
creating the necessary infrastructure to facilitate its production at scale-up. Investments
for a scale-up production are high risk, but they can be prevented by government involvement,
which ideally should be between 20-60% and should be according to the impact of the
innovative potential [4].
Forest-based bioeconomy sector must identify real needs and to find cost-effective ways that
sustains and satisfies those needs. In this respect, new approaches for the development of
new products have to be tested, and the environmental performance of bio-products should
be documented and transmitted in a trustworthy and reliable way. The forest in the future will
be designed for the investments in fibre production, wood, or custom needs, which will have a
considerable impact in ensuring access to a wide range of public goods. It is important that
the sector of forestry products to include in the research and innovation activities proposed for
investment and business development for the progress in forest-based bioproducts.
Innovative products have to be adapted to the existing infrastructure similar to regular
products and the investment capital in new technological production will have to be earned in
the traditional forest sector and should not jeopardize the whole company. Innovative
products, optimized for the demands of end use and sustainable use of resources will lead to
new business opportunities. It is important to developed new concepts and
methodologies that would anticipate consumer needs and market changes. They can be
developed through a responsible management of forest resources: forest ecology and
ecosystem services, enhanced biomass production, secured wood supply, forest operations
and logistics, cascade use, reuse and recycling systems; by encourage coordinated
investment strategies and fold the future challenges effectively [5].
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The interdependencies among various infrastructure systems are intensified by technological
advances, shifts in production and consumption patterns and the need to fulfill capacity
requirements of rapid urbanization and the renewal of aging infrastructure networks. The
coordinated infrastructure development, yielding integrated or ‘package’ policies at the
national and regional level, can be regarded as a critical factor for attracting more public as
well as private investments. Τhe potential synergetic relationships among policy
measures can significantly increase both the effectiveness and efficiency of investments and
other policy interventions, mitigating unintended effects and conflicts across institutional
contexts and jurisdictional scales [6].
Many forest based-infrastructures are price competitive and deployed at some scale. These
can be enhanced by understanding of the mechanisms which can be applied to industrial
processes and by promotion of the new, cheaper technologies. Meeting future demand will
require significant investment into built, human and natural capital. But while the financial
where with al may be within reach, the natural resources needed to support such a transition
are in decline in many places [7].
Impacts:
Impacts on the performance of the forest sector in a persective of global change, influencing
by citizen’s perceptions af the sector and its products, the policies and a good governance will
be highlight by: investor confidence in the forest-based bioeconomy; the competitive feedstock
costs; the development of innovative infrastructure and products and the access to financial
support [8].
A new vision of competition environment and global trends may lead to investments in
surprising directions. Micro-level investments are safe but present some disadvantages. There
are periods in which investments are held or not, or periods of higher or smaller investments.
An important role of the investments is considered the interest rate which plays three distinct
functions: influences the discounted value of the net benefits over time; determines the cost of
loans from banks and the required rate of return for the owners and financing institutions; sets
the both the economic and political climates for financial investments.
A higher interest should trigger a lower investment, since the present value of benefits will be
lower, finance costs higher and economic perspectives worse. New technology innovation
and the need of imitating competitors' adoption of innovation can also force the
increase of the investments. Production capacity, potential productivity, cost effectiveness;
production and process quality will be all increased by properly-oriented investment.
Countries differ a lot in respect to investment levels and dynamics. Some countries have
heavily invested, sacrificing current consumption and triggering an export-led growth, often
based on manufacturing. Others keep investment at much lower levels with an unsecure
growth path.
Political changes can exert an important effect on raising or abating the expectation of
investments in terms of the overall economic environment and for specific actions: by
investments in research, innovation and skills, by funding opportunities (various funding
sources on forest industry to foster a bio-based economy). A wider use of environmental
technologies and investments in eco-innovation can also be supported by the structural and
cohesion funds [5].
The development of the tools for obtaining real data regarding the infrastructure
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performance will also help programs to strengthen the investment challenges for a
sustainable forest based bioeconomy. Finding optimal solutions related to designing
investment mechanisms, for example, for projects addressing multiple nexus challenges, how
should co-financing between sectors(such as between water and energy) be structured to
manage shared risks and optimize out- comes [7].
The development of a systemic network for identifying public investments
interdependencies and helping to find the efficient investment strategies in order to
achieve an intra- and inter-sectorial investment interdependencies within a macroeconomic
policy. The outcome of such approaches would quantify and verify the assumed benefit
(multiplier effect) of horizontal infrastructure investment plans on the product and employment
of the regions and the overall economy [6]. Still there is a strong need to minimise the risks
and facilitate the uptake of innovative, efficient value chains in the future forest-based
bioeconomy [8].
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E3: European Forest based bioeconomy competitiveness
Description:
Introduction
Development of industrial biorefineries are driven by several major trends [6], expected scarcity
of fossil resources, pressure for environmental sustainability, growing need for
national/geopolitical supply security, rapid demographic growth and rising economic aspirations
which drive demand. Hence, biorefinery competitiveness would be about how well the demands
created by these drivers can be met, and at what cost.
WEF (2010) [6] points to a number of challenges to reach commercial success: Industries need
to employ the best possible technologies over the entire complex biorefinery value chain, which
requires the concerted action of many non-traditional partners, the necessary infrastructure has
to be established and funding has to be raised to cover the high capital costs. Important factors
for the biorefinery economics are






Production costs
 Infrastructure
 Labour
 Collaboration

Cost of raw material
Market satisfaction and market access
Politics, fees and subsidies

Raw materal and Production cost
Many technoeconomic studies of suggested biorefineries have estimated the biorefinery costs
and revenues. The cost structure is typically dominated by feedstock cost and capital cost.
Feedstock cost and capital cost usually have opposing economies of scales trends and hence
the optimal production scale is dependent on both. Larger scale reduces the capital cost per
produced unit, but for regionally sourced biomass, the feedstock cost typically increases with
scale, because of longer transportation distances [1]. With faster growing feedstock the land
area needed, and feedstock transportation distance, is minimized. Faster growing crops require
higher productivity land and competition with e.g. food industry is more severe than for less
productive land. More capital intensive processes typically have a larger optimal scale than less
capital intensive processes. For secondary processing, e.g. chemical conversions and
downstream processing which upgrades intermediates, the feedstock cost is likely to be very
important.
Figure 3 breaks down the costs and revenues per gallon of ethanol via a thermochemical
processing route, calculated for the year 2014 when using loblolly pine as a feedstock. The pie
graph in Figure 3 illustrates the category cost share of total production cost, with biomass and
depreciation representing almost 67% of the total.
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Figure 3. Ethanol production costs (US$ per US gallon
of ethanol) and cost share (%), using loblolly pine as a
feedstock. [10] [3]

Whereas techno-economic studies
typically focus on the production costs
and product revenues, it should be noted
that less tangible costs may be of great
importance. According to Deloitte [4], the
cost categories feedstock and other raw
materials, labour, capital and
maintenance together accounted for
about 75% of the total costs for base
chemical industries, but only around 50%
for speciality chemical industries, the
largest difference being the overhead
costs classified as “sales, general and
administrative” which accounts for around
20-30% of the total cost in speciality
chemical industry.

Market
The market plays an important role in the development of new products from sustainable raw
materials. If the consumer is prepared to pay a higher price for a product made from
sustainable raw materials the biorefineries are more likely to find business models to fit their
cases. However, as long as we have cheap alternatives this is not a strong enough driving
force. With increased customer awareness the market will push politicians to take decisions in
favour of sustainable raw materials. Carus et al. [11] concludes that Green Premium prices do
indeed exist and are paid in the value chains of different bio-based chemicals, polymers and
plastics – especially for new bio-based value-added chains. The willingness to pay
Green Premium price is relatively high in Europe, whereas in China it is relatively low and North
America somewhere in between. As the fastest growing markets are not in Europe, Green
Premium markets and policy incentives may become of bigger importance for the European
industry.
How the future of the forest industry will develop is left unsaid but we now see investments in
Finland and Sweden which we have not seen for a long time. Analysts at Skogssällskapet
compare raw material prices with the upward trend of new housing builds in the USA which is a
very good market for wood. This benefits Canada as they are their largest supplier. North
Africa, which imports birch wood, is not a stable market in the short term but the trend for wood
import to North Africa is upward and has almost doubled since 2007[9].
Politics
Subsidies and fees are important political means of controlling the market and ultimately
directing the consumer to make the correct choices with a more long term strategy than
consumers otherwise do. However, this must be carefully analysed from case to case to assure
it gives the wanted effect. It has, for example, been argued that European import tolls on
ethanol, put in place to protect the domestic ethanol industry, has a strongly hampering effect
on development of European secondary processing steps, such as ethanol-to ethylene
production [2]. Subsidies are available for changing the ethanol source to bio ethanol in the
manufacturing of fuels but not for the manufacturing of chemicals with the same raw materials.
According to the initiative of the European Biofuels Technology Platform (2016) several policy
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proposals influenced the development of the forest bioeconomy[7]. The topic of the European
biofuels policy 2012-2014 was the Fuel Quality Directive and Renewable Energy Directive
which addressed iLUC (indirect Land Use Change).The iLUC directive was approved in 2015,
putting constraints on the target of 10% renewable fuels in transport by 2020. The EU 2030
climate and energy goals target CO2 emission reduction and renewable energy use but has no
specific targets for biofuels in transport.
 Sustainability and public awareness have
growing importance

 Biofuels in the concept of circular
economy has gained importance

 Several industrial units for advanced
biofuels have been started up in 201415, but much more so in America than in
the EU

 New alternative fuels including electric
vehicles are available

The U.S. Congress has set an ambitious goal for the nation to produce 21 billion gallons of
advanced biofuels in 2022. This target creates an urgent need to bridge the gap between
promising research and commercial, large-scale production of advanced biofuels.
Strategically the US has located biorefinery projects in different geographical areas of the
country to promote local and regional economic development, national energy resilience, and to
optimize conversion technologies for the biomass feedstocks in each region.
Competition from low-cost regions
Navarro [5] analysed the “China price”, in comparison to the U.S. economy, i.e. the general
fenomenon of substantially lower production costs in China. He identified eight drivers for the
China price, in order of importance: Lower wages, subsidies, network clustering, undervalued
currency, counterfeiting & piracy, large foreign direct investments, lower health & safety costs
and lower environmental costs. Lower wages was estimated to account for 39% of the cost
difference.
However, with the development of the
Chinese wages, reported in Figure 4,
this is likely to change over time. Our
analysis is that it is of great importance
for Europe to be ahead in these
processes as the cheaper production
prices may give countries like China an
advantage in the build and startup of
new plants even though in the long run
Europe could produce at the same cost.
Figure 4. Average yearly wages in China
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Impacts:
On the cost side, feedstock costs and capital costs are large. Hence, the productivity
development in forestry will continue to be of importance. High resource efficiency and
minimization of non-value-adding processes becomes important. With an increasing
complexity of the biorefinery processes and products, collaboration between different parts of
the value chain becomes important, which may provide a possible competitive advantage for
the European industry. It should also be noted that overhead costs could be important for
specialty products. These are likely to grow with a diversification of the product portfolio, while
the production volume decreases for the individual products. Hence, the scale of the
biorefinery is important and a challenge will be to build large-enough facilities and to supply
them with feedstock at a competitive price. It will be important to choose a forest management
strategy adapted to the local conditions and apply a biorefinery configuration that makes good
use of the local feedstock properties.
To compete with low cost areas Europe should be proactive and consider investments in
production scale facilities. Chinas wage development may indicate that they will not be able to
keep the low cost production at the levels it has been. Presumably environmental laws in
low cost areas will also become tougher which raise production costs and then Europe may
benefit from their own mills and local production facilities.
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Environmental trends
En1: Zero waste goal
Description:
The objective of zero waste is of crucial importance for the development of
biorefineries. It refers to two challenging issues and global trends. The first one is the
limitation of the production of pollutants and their further discharge into receiving
environment (water, soil and atmosphere) by developing advanced waste treatment
technologies and adapting production processes in the context of evolving
regulations for the preservation of the environment. The second one is the efficient
use of raw materials and related waste flows in order to simultaneously reduce the
amount of waste, alleviate the pressure on raw material supply, meet increasing
demand for materials and energy and maximize the return on investment of the
biorefinering processes.
Reducing pollution of receiving environments: For wood industries as for others,
the activity plays an important role in the global economic well-being contributing to
sustainable growth but can also have a significant impact on the environment.
Therefore, environmental regulations are continuously evolving for a better protection
of the global biosphere and ecosystems, and maintenance of their capacity to supply
ecosystem services to living communities and human societies. Those regulations
are increasingly decided at continental or international levels in the context of EU
directives or international treaties. In the context of EU, relevant directives concerning
the development of second generation biorefineries are mostly related to emissions,
waste water and waste management [1-3]:










Directive (EU) 2015/2193 on medium combustion plants (MCP) regulates
emissions of sulphur dioxide (SO2), nitrogen oxides (NOx) and dust from the
combustion in plants with a rated thermal input equal to or greater than 1
megawatt (MWth) and less than 50 MWth.
Directive 1994/63/EC and Directive 2009/126/EC aim to prevent emissions to
the atmosphere of volatile organic compounds (VOCs).
Directive 2010/75/EU on industrial emissions (IED) sets out the main
principles for the permitting and control of installations based on an integrated
approach and the application of best available techniques (BAT). BAT is the
most effective techniques to achieve a high level of environmental protection,
taking into account the costs and benefits.
Regulation 166/2006 on the European Pollutant Release and Transfer
Register (E-PRTR) gives the public access to detailed information on the
emissions and the off-site transfers of pollutants and waste.
Directive 91/271/EEC concerning urban waste-water treatment aims to
protect the environment from the adverse effects of discharges from certain
industrial sectors. Specifically the Directive requires the collection and
treatment of waste water, a requirement for pre-authorisation of all discharges
of industrial discharges into urban wastewater collection systems, the
monitoring of the performance of treatment plants and receiving waters, and
the controls of sewage sludge disposal and re-use, and treated waste water
re-use whenever it is appropriate.
Considering waste, the development and implementation of EU policy and
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legislation takes place within the context of a number of wider EU policies and
programmes including 7th Environment Action Programme, the Resource
Efficiency Roadmap and the Raw Materials Initiative. The EU's approach is
based on the "waste hierarchy" which sets the following priority order when
shaping waste policy and managing waste at the operational level: prevention,
(preparing for) reuse, recycling, recovery and, as the least preferred option,
disposal (which includes landfilling and incineration without energy recovery).
Those regulations could as well be completed with international treaties providing
answers to more global issues, for example with Paris Agreement COP 21 on climate
and CO2 emissions [4]. In this context of increasingly stringent global environmental
regulations which are then integrated into national legislations, and the application of
the economic principle of the polluter-pays, industrial sectors have developed
strategies to reduce the amount of generated wastes and to improve the quality of
their discharges to make them acceptable by the receiving environments (for
example the development of closed loop systems or cascade re-use of wastewaters).
Cascading, Reusing and recycling waste: With limited resources, efficient use of
raw material requires reconsidering wastes as a potential resource for further
processing and product development. Using a range of different source materials
from different locations and within multiple different sub-sectors, such as sawmills,
recycling facilities, product manufacturing centres, the wood sector has a particular
form that means not all of the existing initiatives and measures developed in other
sectors to improve resource efficiency can be applied easily. Nevertheless, it has
been shown that second generation biorefinery products contain chemically attractive
components which can be exploited in a variety of ways such as with the first
generation biorefinery (for example: lignin, furans, glycerol and derivatives,
biohydrocarbons, lactic acid, succinic acid…) [5]. As well, post-consumer wood (i.e. a
wood product that has gone through at least one lifecycle) can be used for the
production of new value-added products [6]. Strategies such as recycling, reuse,
utilization of waste streams and cascading use of wood are currently of great interest
to optimize wood utilisation (cf. P3, T2).
Impacts:
As a consequence of the zero waste goal, the main impacts expected from the
limitation of the production of pollutants are the benefits for human health and
quality of life, and the preservation of the environment, more specifically air, soil
and water quality in Europe. For example, the enhanced performance of gas
purification system or effluent treatment plants will reduce environmental impact
mitigating slime, odour and corrosion.
Nevertheless, it is worth noting that due to the relatively-high volumes of water used,
treatment tends to be very expensive and it increases the energy consumption
in the production process. Water cost alone, however, is not sufficient to justify the
investment cost in water technologies. Other elements also need to be considered,
such as regional scarcity of water. The development of advanced technologies to
reduce, clean or recycle water and gas (such as advanced catalytic and
membrane systems or improved control of microbiological processes - cf.
Downstream processing) is therefore of crucial importance to reach regulation
standards. Economic positive impacts can as well be expected from improved
wastewater treatment process and technologies, for example from recovered
dissolved and colloidal compounds and from recovered heat from process water [6].
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The forest-based industries have already a proven track record in increased resource
efficiency. For example, the increased use of residues from raw material processing
(e.g. bark, chips, sawdust) to make wood panels or pulp, and the reduction in specific
water and energy consumption in paper production, have significantly increased
resource efficiency since 1990, alleviating the pressure on forest wood supply.
Now, it has been shown that the waste streams contain chemically attractive
components which can be exploited as well in a variety of ways to maximize the
return on investment of the biorefinering processes. More flexible production units, to
respond to future consumer needs and with a highly skilled workforce, will make an
important contribution to this higher production efficiency. The positive impact will
result in an overall reduction in waste. Finally, using the full potential of wood within
cascading chains and recycling the added value generated, it has been
demonstrated that the number of jobs maintained or created is significantly
higher than in transforming primary wood or recovered flows directly into bioenergy
[6]. Nevertheless, it is worth noting that reuse and recycling of post-consumer
wood materials is more complex and requires different practices.
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En2: Littering of plastics
Description:
Almost all aspects of daily life involve plastics, in transport, telecommunications, clothing,
footwear and as packaging materials that facilitate the transport of a wide range of food, drink
and other goods. Plastics are versatile and cheap materials and often have good recycling
routes. The world production of plastics in 2014 reached a record high, 311 million tons,
roughly two-thirds of which were contributed jointly by China (26%), European Union (EU20%), USA (19%), and Japan (4%). Correspondingly, million tons of plastic wastes were
generated in these areas [1].
With a market driven by consumerism and convenience, along with the comparatively low
price of plastic materials, demand for plastic is growing. Recovery and recycling, however,
remain insufficient, and millions of tons of plastics end up in landfills and oceans each year.
Plastics litter discarded in municipalities, beaches, parks and riverbanks can travel through the
storm water or water drains to the oceans. Approximately 10–20 million tons of plastic end up
in the oceans each year [2]. Once in the ocean, plastic does not go away. It breaks down into
small pieces that are ingested by sea life and transferred up the food chain, carrying chemical
pollutants from prey to predator. Thus, the littering become one of the most important
problems from the environmental point of view which it is generated by an irresponsible
behavior, which should be tackled both by changing the people’s attitudes and the products
they are throwing away. In the same time, nano-sized particles present as additives in the
plastics debris and also contribute to toxicity of organisms that ingest or are exposed to them.
The climate and tides, as well as the proximity to urban centers, industrial and recreational
areas, shipping lanes, and commercial fishing grounds influence the types and amount of
debris that is found in the marine environment. Plastics present a unanimously accepted and
proven toxic challenge to marine life, and subsequently to humans, is one of the biggest
challenges facing scientists right now. Microplastics have been detected in seawater, on
beaches, and in sediment and biota worldwide [3]. It was found that sorption of nanoplastics to
algae hindered algal photosynthesis and appeared to induce oxidative stress. [4]. Every
chemical that produces low dose cellular and molecular alterations of endocrine function also
produces a cascade of effects increasing in severity resulting in clearly adverse alterations at
higher doses, albeit the effects can be different from those seen at low doses [5]. Another
effect of the plastic tide that goes beyond visual is its potentiality to change entire ecosystems.
The engineered plastic nanoparticles derived from post-consumer waste via degradation have
not been quantified yet, but a review suggests there is little doubt that weathering of plastic
can produce nanoscale particles, which could potentially be easily absorbed by phytoplankton
and zooplankton [6]. The ingestion of marine litter deal to the reducing the space available for
food in the gastrointestinal tract, ulceration of tissues, and mechanical blockage of digestive
processes [7]. The contamination of soil with small plastic fragments as a consequence of
spreading sewage sludge, of fragments of plastic and of plastic being carried into streams,
rivers and ultimately the sea with rain water and flood events. Also, plastic buried deep in
landfills can leach harmful chemicals that spread into groundwater, influencing the soil quality
and plants growth. There is already clear evidence that chemicals associated with plastic are
potentially harmful to wildlife [8; 9].
In spite of these problems, an increase of plastic applications it is expected as more new
products and plastics are developed to meet market demands.
As the science evolves and demonstrates the presence and effects of plastic debris, it seems
that is very important to identify the inputs and sources of plastics to the forest environment.
In an economic environment in which financial resources are limited, it is of critical importance
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to affected industries to identify efforts aimed at prioritizing and assessing the risks associated
with hazards that have the potential to significantly impact marine populations and
ecosystems. Many questions related to plastic debris are mechanistic or process-based and
have been built from the large weight of evidence regarding the contamination of plastic debris
in the environment and a smaller weight of evidence regarding the sources and the impacts to
organisms and local economies. The environmental and social benefits of plastics must
be weighed against the problems that its durability and incredible volume worldwide
constitute as a waste stream.
Also, the biodegradable plastics are exciting and useful materials, but they should only be
used when they have a concrete benefit for a specific product. Biodegradable plastics have
been considered as a future, sustainable option to solve the demand and consumption
of plastic materials. The use of bio-based plastics, which are produced from renewable
resources, and biodegradable plastics, which are degraded in the environment, will lead to a
more sustainable society and help us solve global environmental and waste management
problems. Biodegradable plastics and bio-based plastics are often confused with each other
as eco-friendly plastics, although they are not identical in terms of the original concept.
Unfortunately, it is possible that biodegradable plastics do not break down fully, especially
under environmental conditions which are not ideal for composting, and leave non-degradable
constituents, some of which may be equally, if not more, hazardous. For example, a screening
LCA developed in order to identify key aspects that influence the environmental impact of
sugarcane low-density polyethylene (LDPE) as compared to fossil-based LDPE evidenced
that that the sugarcane alternative consumes more total energy, although the major share is
renewable. Moreover, for their potential impacts on acidification, eutrophication, and
photochemical ozone creation, no significant difference between the two materials exists. In the
same time, it must be mentioned that huge demand for biomass created by biofuels and
bioenergy may lead to a situation where bio-based chemicals and plastics cannot
compete for biomass on price.
Impacts:
The real impact of plastics littering is felt on wildlife both in the marine environment and in
rural areas. Along with reducing unnecessary plastic consumption, finding more
environmentally friendly packaging alternatives, and improving product and packaging design
to use less plastic, many challenges associated with plastics could be addressed by improving
management of the material across its lifecycle.
Various biomass raw materials can be processed into high-quality products, among
other things through cascading and coupling to replace the fossil resources. This will
determine the introduction of new materials as plastics, nutriceuticals, pharmaceuticals,
and all kinds of bio-manufacturing as part of the bioeconomy.
Thus, ERIFORE initiatives could support the environmentally sustainable transition to
new products (e.g. bioplastics). These products will replace the current fossil resourcebased chemicals, and to improve their performance and reduce their environmental impact.
A bio-based economy could play a significant role in effectively addressing the pressing global
challenges, such as climate change, increasing population, limited natural resources, and
increasing demand for food and materials. The bioeconomy would allow sustainable
production and exploitation of biological resources and improve the economic and
environmental sustainability of the industry by investments, political and social decisions [10].
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The Forest Based Bioeconomy circular will develop research programme for biotechnological
processes and bio-based products, covering the entire value chain. Additional investments to
R&D and process developments will be required in order to remove technical and cost
bottlenecks of biobased production processes for bioplastics and other chemicals.
Forest Based Bioeconomy will stimulate the high-specialised jobs in bio-economy and
knowledge-based economy. To provide a trained and educated workforce is essential for
the research communities, as well as industries related to forest biomass. It must be
mentioned that higher education is boosted by funding R&D activities (e.g. post-doctoral
degrees, university spin-offs and internship programmes).
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Political trends
P1: Legislation and subsidies
Description:
National Bioeconomy Strategies
Bioeconomy is high on political agendas
globally, although the understanding of
bioeconomy differs both in scope and in
direction in governmental strategies. In Europe
the landmarks for the policy agendas have been
produced by the Organisation for Economic Cooperation and Development (OECD) and the
European Union suggesting that significant
support for the bioeconomy can be expected
over the coming decades at regional, national
and international scales. Political motivation for
promoting bioeconomy development varies
according to country’s resources, specialization
and economic track. Currently most European
countries focus on research and innovation
strategies that relate significantly on bioeconomy
issues, keeping in mind the wider content of
green and blue growth strategies, and strategies
focusing on the circular economy. Although
terminology and definitions might vary,
bioeconomy policies embrace innovation and
sustainability, as well as economic growth and
employment. [1-3]
Figure 5. Strategies related to Bioeconomy Development [2].
Legislation
The technical potential for transition to bioeconomy is impressive, yet it implies major
changes: the transformation of conventional industrial processes and products into bio-based
processes, the development of industrial biotechnologies, integrated biorefineries and the
opening of new markets for biobased products. Law as an institution plays a key role in such a
major transition. The use of natural resources has been promoted and regulated for a long
time through legislation. There are comprehensive regulatory regimes in place for regulating
the production, management and use of biotic resources, providing a regulatory framework for
bioeconomic activites. Sustainable forest management policies are promoted through national
legislation of all EU Member States. Otherwise laws and policies for bioeconomy are still
evolving, and there are no systematically implemented regulations for bioeconomy.
Regulatory intervention is needed for: 1) supporting innovations, technological development
and market creation, 2) increasing energy and resource efficiency, 3) sustainability of
production, management and use of biomass, 4) increased competition between different
uses of biological resources, 5) health and environmental risks related to the development of
new technologies. [4]
The Renewable Fuel Standard (RFS) of the USA, and the Renewable Energy Directive (RED)
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of the EU are the exemplar policies, that have boosted the production and development of
fuels and electricity from biomass. The Renewable Energy Directive (RED) created the very
first EU legal framework for the use of renewable energy in electricity, heating/cooling and
transport. In addition to the targets set for the EU’s overall energy and transport demand
through renewable energy, it also defines specific levels that each individual state must cover
through renewables. These quotas are binding for Member States. Policy support for the
production and use of bioenergy is globally provided. European legislation on biofuels is
described in detail as a separate political trend (please, see P4).
Supportative policy regimes
Bioelectricity. Policy support for electricity generation through biomass has been huge. The
main sources of biomass for electricity generation are wood pellets and residues from
agriculture and industry. It has been estimated that the EU’s demand for wood pellets will
strongly increase from 8 million tonnes in 2010 to 29 million tonnes by 2020 [5]. Due to
increased demand, many European countries have become netimporters of wood pellets
mainly from Canada, the USA and Russia. Availability and accessibility of bio-based raw
materials at competitive price is important. Various countries have introduced subsidies for
producing biomass to increase the supply. For instance, in the USA the Biomass Crop
Assistance Programme (BCAP) provides financial assistance to owners of agricultural and
non-industrial private forest land who wish to establish, produce and deliver biomass
feedstocks. In countries that are new to bioenergy generation, investment subsidies have
helped initially to stimulate the sector, but these must be long-term (20 years) to be
successful. In Germany, investment subsidies were only effective when combined with fixed
price (feed-in) tariffs. Under a feed-in tariff (FIT), eligible renewable electricity generators are
paid a cost-based price for the electricity they supply to the grid. Energy and carbon taxes
play important role as they are used to support the revenue requirements for the other
instruments thereby limiting the costs to governments and end-users. [6, 7]
Biofuels. More than 50 countries have adopted biofuel blending targets or use mandates.
Many others are implementing biofuel quotas. Mandated production targets have been the
dominant policy support for biofuels. Mandates differ from all kind of subsidies in that sense
that they are government budget neutral. The costs are paid directly by fuel consumers, not by
all taxpayers. Subsidies are given mainly as fuel tax exemptions, or partially as R&D grants.
Several countries in the EU and the US have also maintained trade barriers to protect
domestic production from cheaper imports until the domestic industry is competitive. [7]
Bio-based materials. Whilst there is highly evolved and supportive policy regimes for
bioenergy and biofuels, there is either no policy support for bio-based materials (especially
chemicals and plastics) or it is limited to R&D subsidy and a few market introduction
programmes. Normative mechanisms have been used to support bio-based materials in public
procurement and plastic carrier bags. The USA and many European countries mandate biobased/green public procurements, where preference is given to bio-based or
environmentally friendly products. The driving forces have been the Federal Biobased
Products Preferred Purchasing Programme (FB4P) in the USA and numerous initiatives of
National Action Plans on Green Public Producement (GPP) in Europe encouraged by the
European Commission. As a specific example, in the Netherlands the Dutch government
accepted in 2009 criteria for 52 product groups [8]. Examples of bio-based products were
hydraulic fluids and curtains from bio-based viscose. The most common normative measure
is, however, the plastic carrier bag ban. Italy became the first EU country to introduce a
national ban on single-use carrier bags, exempting bags made from paper, cloth or those
which are certified compostable. In Italy, legislation also mandates the use of biodegradable
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bags or reusable containers for the collection of the degradable organic fraction of household
waste. In August 2015, also France introduced a ban on single-use plastic bags as part of the
new law on Energy Transition and Green Growth. An implementation decree setting out the
requirements and conditions in greater detail came into effect on the first of July 2016. The
decree applies in particular to single-use plastic bags other than cash register bags that are
below a thickness of 50 microns, which will have to meet the requirements of the French
standard for home composting and feature a biobased content of at least 30 % by January
2017. The minimum biobased content will increase progressively to 40 % in 2018, 50 % in
2020, and 60 % in 2025. The law makes France one of the first European countries taking
concrete measures on plastic bags in favour of biobased and compostable bags. [9]
Bioeconomy strategies vary country-wise influencing national bioeconomy legislation,
regulatory policies and the way how different support instruments are implemented into the
field. [3]
Impacts:
Bioeconomy development is motivated by meeting the grand societal challanges: climate
change mitigation, food security and sustainable resources management. In the past many
regulatory mechanisms, such as subsidies for fossil fuels, have encouraged the economic
development based on use of non-renewable natural resources. Redirecting these regulations
is one way to facilitate the transition to bioeconomy.
Recently it has been discussed that the existing political framework does not create sufficient
market pull for implementing innovative, bio-based technologies. At the moment the legislation
causes serious market distortions for bio-based feedstocks. Many countries will only be able
to fulfil their RED quotas by importing great deal of wood pellets, biodiesel and bioethanol. As
a result biomass prices have increased and concern over biodiversity loss or (indirect) land
use change has been brought out. It has also been claimed that the existing RED framework
does not take resourse efficiency, cascading use or circular economy sufficiently into account.
[5, 10, 11]
In order to increase the market penetration of bio-based materials it is important that the
policy barriers are removed. Making bio-based materials and products economically attractive
would be a strong market pull instrument. Investment subsidies and new technology support is
a financial contribution from a government or other central funding body that provides a
specified level of financial support for the capital investment associated with a new project or
installation. Access to finance is extremely important, especially for bringing technological
developments to pilot stages. [5, 10]
The Commission’s Lead Market Initiative (LMI) between 2008 and 2011 fostered the
development of bio-based products sector by exploring demand-side innovation tools such as
standardization, labeling and public producement. The potential for increasing demand for
biobased products through public procurement is huge, as European public authorities
spend between 15% and 20% of the gross domestic product (GDP) on goods and services
annually. Almost all product areas could potentially feature products made entirely or partly
from renewable raw materials. Likewise, the production of almost all types of services could
potentially benefit from biobased inputs. [12, 13]. The Working Group on Public Procurement
of Bio-based Products has just recently listed 15 recommendations driven by the
overachieving principle of transition to an ever more sustainable economy. One of the
recommendations is to consider a Bio-Based Materials Directive (or Materials Quality
Directive), which should be comprehensively explored in order to identify and articulate viable
legislative measures to mandate public producerement action for bio-based materials. Even if
prospects of success for such a Directive may be limited, externalities may trigger change. For
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instance the climate change emergency could become so pronounced that stakeholders seek
ambitious additional mew measures for fossil displacement. [14]
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P2: EU legislation on circular economy
Description:
Circular economy, where the value of the material /products is retained by e.g., recycling or
reuse, thus generating minimal waste, has been identified by EU as a necessary transition to
create an environmentally and economically sustainable future. In December 2015 the
European Commision presented the Circular Economy Package which includes revised
legislative proposals on waste as well as an action plan. Circular economy is also a part of the
existing directives on waste, landfill and packaging.
Existing Directives
 Waste Directive (2008/98/EC). The Directive requires Member States to adopt waste
management plans and waste prevention programs. It sets and defines the
concepts related to recycling, recovery and waste management. It introduces the
“polluter pays principle” (the party responsible for producing should bear the costs of
the damage associated with it), the “extended producer responsibility” (producers
take over the responsibility for collecting, sorting and recycling used goods), the
“waste hierarchy” (a priority order set among waste prevention and management
options) and the “end-of-waste status” (when waste ceases to be waste after recovery).
 The current directive sets targets to be achieved by 2020: preparing for reuse and
recycling of 50% of certain waste materials from households and similar sources,
and preparing for reuse, recycling and other recovery of 70% of construction and
demolition waste.
 Packaging Directive (1994/62/EC). The Directive requires Member States to take
measures to prevent packaging waste and to develop packaging reuse systems. It
aims to protect the environment and to safeguard the functioning of the internal market.
The original and the amended version of the Directive (from 2004) set targets with
regard to recovery and recycling of packaging waste. Targets to be met by 2008
(except for Member States with derogation), relate to the overall recovery and recycling
rates (60% and 55-80%, respectively) and to minimum recycling rates for specific
materials: glass (60%), paper and board (60%), metals (50%), plastics (22.5%), and
wood (15%). The Directive was modified in 2015 to introduce requirements on
lightweight plastic carrier bags.
 Landfill Directive (1999/31/EC). The Directive bans landfilling of untreated waste
and sets targets. Compared to 1995, the base year, the share of biodegradable
municipal waste going to landfills may not be greater than 75% in 2006, 50% in 2009
and 35% in 2016, with derogations granted to 16 Member States.
The Circular Economy Package
The Circular Economy Package[1], adopted by the European Commission in December
2015, includes revised legislative proposals on waste to stimulate Europe's transition
towards a more circular economy. Key elements of the action plan include:
 common EU target for recycling 65% of municipal and 75% of packaging wastes
by 2030;
 binding landfill target to reduce landfill to maximum of 10% of municipal waste by 2030;
 ban on landfilling of separately collected waste;
 promotion of economic instruments to discourage landfilling;
 simplified and improved definitions and harmonised calculation methods for recycling
rates throughout the EU;
 concrete measures to promote re-use and stimulate industrial symbiosis - turning
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one industry's by-product into another industry's raw material;
economic incentives for producers to put greener products on the market and
support recovery and recycling schemes (e.g. for packaging, batteries, electric and
electronic equipment, vehicles).

Several changes to the proposals have been put forward by e.g., the ENVI Committee and the
Committee on Industry [2].
Recent progress
 Waste. Progress towards the target to recycle 50% of household waste by 2020
has been uneven. A 2013 report by the EEA[3] indicates that, while five Member
States have already achieved the target and another six will achieve it if they continue
to improve their recycling rate at the current pace, the majority of Member States would
need to make an extraordinary effort in order to achieve the target of 50% recycling by
2020. The overall increase in the recycling rate appears to be mainly driven by
materials such as glass, paper/cardboard, metals, plastic and textiles. In contrast,
increases in bio-waste recycling are much more modest.


Packaging. In its 2014 report [4], the European Commission concludes that targets
have generally been met, with a large number of Member States over-achieving on
targets, and only a few Member States lagging behind, although there are some
uncertainties about the quality of data provided by Member States. The report
highlights, however, that the market share of reusable household packaging is
decreasing and identifies potential conflicts between packaging reuse schemes and
recycling schemes.



Landfill. The reduction of biodegradable waste going to landfill mandated in the Landfill
Directive is progressing, albeit at varying speeds. While almost all of the 12 Member
States without derogation are on track to meet the 2016 targets, just seven of the 16
Member States with derogations are estimated to have achieved the 2010 target [1].

Impacts:
The Circular economy package does not specifically focus on bio-based materials, instead
it is the recyclability that is in focus. This is not necessarily beneficial for bio-based
materials. More complex material such as biocomposits can be difficult to separate and
recycle for more than bioenergy. Synthetic textiles are todays easier to recycle than cellulosebased textiles. Already today several member countries has difficulties in fulfilling the recycling
targets of existing EU directives and the coming changes will require even larger amounts of
waste to be recycled. This might call for a demand of more established and proven
materials/methods of fabrication.
A side-effect is that the definition of waste will need to be updated- a topic that is up to
discussion in e.g., biorefineries. Depending on the definition, different directives might enter
into force.
It should be noted that the suggested update on waste directive in the Circular Economy
Package only includes municipal waste that only states around 10 % of the total waste in
EU. A large sector which is not included this is the construction industry where forest biomass
can have the recyclability as a competitive advantage.
The circular economy directives rely on national responsibility. It might therefore be
different interpretations and solutions in the different EU countries.
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P3: EU legislation on cascading use of forest biomass
Description:
Cascading is a topic of debate in several EU policy discussions. In general, the following
concept is used as basis: cascading use is a multi-stage strategy to use raw materials such as
wood or other biomass, in chronologically sequential steps including several material
applications and only to recover energy from them at the end of the product life cycle.
Cascading use of biomass is described as single-stage, when biomass is used once as a final
product and then directly used for energy [1].
Being around for several years, the cascading concept has also taken several different forms
[2], e.g. “cascading-in-time” (maximizing timespan during which the resource stays in the
system), “cascading-in-value” (maximizing value throughout the cascade chain) and
“cascading-in-function” (maximizing optimal use of each subcomponent of the resource).
Evidently, there is a strong need for a commonly agreed and accepted definition of
“cascading use” among policy makers, researchers and industry.
The cascading principle is seen as an important component in EU policy documents, e.g.
EU bioeconomy strategy, the EU circular economy package and EU forest strategy. In the
recent Circular Economy Package [3], the European Commission emphasizes that in a
circular economy, a cascading use of renewable resources, with several re-use and recycling
cycles, should be encouraged where appropriate. Bio-based materials can be used in multiple
ways, and reuse and recycling can take place several times. This goes together with the
application of the waste hierarchy and, more generally, options that result in the best overall
environmental outcome. National measures such as extended producer responsibility
schemes for furniture or wood packaging, or separate collection of wood can have a positive
impact. The revised legislative proposals on waste also include a mandatory EU-level target
on recycling wood packaging waste. The Commission summarizes that it will promote efficient
use of bio-based resources through a series of measures including guidance and
dissemination of best practices on the cascading use of biomass and support for innovation in
the bioeconomy.
Recently, as actual part of a legislative document, the cascading concept was included in
the 2015 iLUC (indirect Land Use Change, (EU) 2015/1513) directive that largely governs
the role of biofuels in the EU’s climate change mitigation policies. It emphasizes the
importance of taking due account of the principles of the waste hierarchy established in the
Waste Framework Directive (2008/98/EC) and the biomass cascading principle, taking into
consideration the regional and local economic and technological circumstances.
A recent mapping study [1] performed by the WWF-MONDI partnership focuses on identifying
regulations related to cascading use of wood products in 5 European countries (Finland,
Germany, Poland, Spain, UK) in detail and the US (limited to the BioPreferred Program). The
analysis of existing policy frameworks reveals that none of the investigated EU countries have
dedicated policies for cascading use of wood. However, a multitude of existing policies and
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legislative measures influence cascading use and the wood sector in general, e.g.
bioeconomy strategies, forestry management, waste policy, bioenergy policy, building
regulations, etc. Among others the following key messages can be emphasized in WWFMONDI conclusions[1]:
 Cascades are only established if they make sense economically, but economics
are influenced both by commercial factors and by public support (such as through
policy incentives). There is a strong impression that as long as bioenergy is heavily
subsidized, it is highly unlikely that more effective cascades will be established or
improved throughout Europe.
 When considering cascading use, it is extremely important to look at a very wide
sweep of policies that historically have been developed in isolation. Interlinkages
between waste collection and management policies, sequestration measures,
management strategies in the forest, resource efficiency strategies and energy policies
are intricate and influence each other. Therefore, the implementation of cascading use
of wood is not a one-dimensional debate but a whole set of wider complex policy
interactions and nuances that dictate the most effective outcomes of the whole
resource system.
 Policy harmonization still needs to allow room for each unique country situation
in terms of wood availability and utilization. It is recommended that the European
Commission provide guidance to Member States on how to take the cascading use of
wood principle, and in general material applications of biomass, into account when
designing their bioenergy support schemes, in particular those related to European
Renewable Energy policy and activities related to the Circular Economy package.
 Biomass, including wood and wood products, has been chosen as one of the primary
means to deliver Member States renewable energy targets. This poses a potential
barrier to the evolution and further establishment of cascades for woody biomass, as
the first use (material or energy) determines the final material flows.
 The effective national implementation of the European waste hierarchy is crucial for the
establishment of multi-stage cascades. Reliable classification and sorting systems
of post-consumer wood are extremely important for functional recycling
systems. However, even they cannot be a guarantee for a cascade to take place, if the
resources are not used as material in their first application.
Impacts:
Cascading will continue to be important component in EU legislation. The main drivers for
implementation of new cascades will most likely be commercial factors and by public
support, rather than separate EU directive.
Existing directives supports bioenergy rather than cascading use; The EU's Renewable
energy directive sets a binding target of 20% final energy consumption from renewable
sources by 2020, where biomass is chosen as one of the primary means to deliver member
states renewable energy targets. This will have an impact on which products and processes
that are invested in the short term. Bioenergy is indeed a part of the cascading concept but
only once the product cannot be recycled, which gives different raw material streams for
bioenergy.
It should be noted that many environmental organisations, e.g., WWF, supports a cascading
use of wood and support changes in the legislation in favour for cascading use of biomass.
A general agreed definition of cascading use of biomass is needed, as this does not exist
today.
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P4: European legislation on biofuels
Description:
The European biofuel policy is based on the following three objectives:
1. Independence from non-European fuel sources from fossil sources (main threats are
price and supply stability)[1]
2. Increased employment by development of a strong bio-based industry
3. Radical reduction of GHG emissions, in particular CO2 and healthy crop variety
With the current fossil oil price the introduction of biofuels is essentially dependent on a range
of various instruments. The European policy promotes the biofuel sector by a system of direct
policies (tax subsidies, mandatory blending standards, vehicle subsidies) and indirect
influence on defiency payments, acreage control, import/export regulations. The member
countries follow different strategies to implement those targets. Important instruments are the
establishment of a Europe-wide biofuels infrastructure based on current petrol stations.
Especially points 1 and 2 are connected to the diesel/gasoline mismatch [2]: Diesel carries a
substantially lower tax burden than gasoline. However, most EU refineries were initially
configured to meet the demand for gasoline and fuel oil and have therefore struggled to match
the growing demand for diesel. As a result, the EU relies heavily on foreign imports. In the
context o the European bioeconomy policy context a number of legislations and position
papers have been published, the most important listed below:
The Renewable Energy Directive 2009/28/EC [3] targets 10 % for RES in the transport
sector in every Member State accounting it starting point and potential for renewables. The
minimum GHG reduction for biofuels will be 35% and 50% from 2017 on; 60% for new
installations from 2017 on; for plants operating in Jan 2008 GHG the requirement will start in
2013 (amended in Directive (EU) 2015/1513). Further biofuels from waste, residues, non food
cellulosic material, and lignocellulosic material will count twice for RES transport target.
The Directive 2009/30/EC amending the Fuel Qyality Directive 98/70/EC [4] on
environmental standards for fuels aims for tighter environmental quality standards for a
number of fuel parameters. The sulphur content of inland ship fuels is reduced to 10ppm by
2011. It enables the use of more ethanol by increasing the content to 10% Ethanol (E10).
The COM (2013) 17 Clean Powers for Transport: A European Alternative Fuels Strategy
[5] encompasses biofuels as well as LNG, SNG, electricity and hydrogen. It supports
sustainable advanced biofuels produced from lignocellulosic feedstocks and wastes, as well
as algae and microorganisms. It recommends no further public support for first generation
biofuels produced from food crops after 2020.
The "iliac" Directive (EU) 2015/1513 [6], an amendment of the Fuel Quality Directive and
Renewable Energy Directive aims to limit the global land conversion for biofuels production. It
limits the contribution of biofuels produced from 'food' crops (to the 10 % renewables in
transport target) at 7%. The remaining 3% will come from a variety of multiple counted
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alternatives:
 Biofuels from Used Cooking Oil and Animal Fats (double counted)
 Renewable electricity in rail (counted 2.5 times)
 Renewable electricity in electric vehicles (counted 5 times)
 Advanced biofuels (double counted)
 Bench mark for the share of advanced biofuels in the transport sector of 0.5%
Emission performance standards for new passenger cars, Regulation (EC) No 443/2009,
amended in Regulation (EU) No 333/2014 [7], which caps the GHG emissions to 95 g
CO2/km in 2020.
The Directive on the deployment of alternative fuels infrastructure 2014/94/EU [8] aims
to build-up of alternative refuelling points across Europe with common standards for their
design and use, including a common plug for recharging electric vehicles.
The Guidelines on State aid for environmental protection and energy 2014-2020 [9]
ceases the investment into food-based biofuel plants. Investment aid to convert food-based
biofuel plants into advanced biofuel plants and operating aid to food-based biofuels can only
be granted until 2020.
Anti-Dumping Duties: Definitive anti-dumping duties have been introduced for fuels from
Argentina and Indonesia. COMMISSION REGULATION (EC) No 193/2009 imposed a
provisional provisional anti-dumping duty on imports of biodiesel originating in the US [10].
Funding Schemes:
Various funding schemes for basic research, applied research and demonstration activities
are available. The main focus is to rapidly bridge the gap between research and
commercialization. Examples for European research schemes are:
H2020 calls aim to bridge the gap between scientific development and industrial
implementations [11]. Example calls are LCE-08-2016-2017: Development of next generation
biofuel technologies and LCE-19-2016-2017: Demonstration of the most promising advanced
biofuel pathways.
The BioBased Industries Public-Private Partnership Joint Undertaking [12] provides
funding for research and innovation actions and innovation actions, as well as coordination
and support actions, in line with the Horizon 2020 rules for participation. Topics range from
biomass growth and crop diversity via biorefinery activities to intermediates and products.
SME Instrument with the three phases 1. Feasibility assessment; 2. Innovation project; 3.
Commercialization [13].
Impacts:
Multiple policies are in effect simultaneously, which makes it difficult to quantify their effects. In
case of single isolated policies the following impacts can be found [14]:
 Almost all policies result in a reduction in the consumption of fossil fuel either by an
increase biofuel supply or reduced energy demand


Acreage controls and export subsidies discourage domestic biofuel production and
consumption. Export subsidies may increase the global supply of biofuel and, hence,
cause global reduction in use of oil.



GHG offsets from most policies are uncertain with the exception of carbon taxes and
fuel efficiency standards, which reduce the demand for oil. The reason is that net GHG
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gas offsets depend on various parameters such as crop, the intensity of use of fossil
fuel-based inputs in production and processing, nature of land-use change resulting
from cultivation of biofuel crops, each of which of varying with location and with time. In
addition, the biomass growth rate in Europe, especially the northern parts, is rather low
compared to other parts of the world. This leads to a relative high carbon footprint.
Following the strict sustainability and biodiversity criteria set by the EU it can then be
still sustainable to import fast growing feedstocks, such as bagasse and palm oil from
outside of Europe, which are with the current technologies also easier to process than,
for example, softwood.


Policies encouraging biofuel production has a positive impact on farm income. Still the
effect on job creation may be less dominant. Keeping the available agricultural area
constant a switch from food crops to biofuel feedstocks is not expected to lead to
additional job creation.



The fuel production industry(biorefineries) is likely to either gain or be unaffected by
most policies with the exception of acreage controls which increase the price of
feedstock and have a negative effect on producer surplus. On the contrary, the food
processing industry will suffer due to higher prices of the raw inputs. Livestock
producers that can utilize the coproducts from biofuel production will benefit, while
those that use fresh grains or oilseeds will suffer.



The impact on consumer surplus will also vary. Taxes and mandates along with
policies that restrict the production of feedstock will increase the overall energy price.
Efficiency standards, price supports for biofuel crops and export quotas increase
consumer surplus either by lowering the cost of energy service or lowering the cost of
feedstock. The impact of agricultural and trade policies on consumer surplus for food is
similar to the impact of the policy of consumer surplus for energy.



From the taxpayer’s perspective, naturally taxes and tariffs are superior since they
raise revenue, while tax credits, price supports, acreage controls, and trade subsidies
result in loss of revenue or increase in spending.

Especially the iLUC Directive is seen as an important step towards a stable and
consistent framework for biofuels in Europe. Also the recognition of certain low iLUC risk
first generation biofuels is a positive signal.
Still, no targets for biofuels were included in a policy framework for climate and energy in the
period from 2020 to 2030. Due to the high CAPEX the building of a large scale biorefinery a
foreseeable policy of at least 15 years is required. As a result the recent EU policies have
deterred investment in biofuels production, with technology developers increasingly looking at
opportunities to develop facilities in overseas markets with less restrictive policies.
The recently low wood pellet and pulp price has led to economic pressure on European
forestry and pulp and paper industry. In combination with the diesel demand and the
European biofuel targets this has led to various innovative solutions for pulp waste stream
utilization. As a result of those innovations and new markets the European pulping capacity is
stable and mills are extending their capacity [15]. The substantial funding on regional, national
and European level can have a strong impact on bringing developed technology into
commercialization.
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