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or the first time in human history, we face the
Femergence of a single, tightly coupled human so-
cio-ecological system of planetary scope. The world
and Europe are facing unprecedented interconnect-
ed challenges which will even strengthen in the com-
ing decades: increasing demand for food, water, ma-
terials and energy while mitigating and adapting to
climate change and reversing environmental deg-
radation, including biodiversity loss, nutrient emis-
sions and land degradation. Addressing such grand
challenges, while supporting social and economic
prosperity for a growing population, requires a sys-
tem change in our economic model.

For 200 years we have had an industrial era built
on a fossil-based, linear economy. We have seen the
transformation of global societies as never before in
human history. The industrial era has delivered eco-
nomic and demographic growth as well as social
and technological progress. Over the last 50 years
the global economy has experienced a great acceler-
ation, which has triggered significant global economic
convergence and a significant reduction of both pov-
erty and inequality between rich and poor countries.
However, poverty and inequality are still an issue,
even for developed countries.

The industrial era and its economic acceleration
has also resulted in an unprecedented rate of envi-
ronmental degradation related to economic growth.
This is clearly seen when comparing GDP growth
with other indicators adjusted for natural capital de-
struction. The world has grown out of the planet.
According to the Global Footprint Network, in 2015,
we already used a full 1.6-times the sustainable lev-
el of resources in our planet. In two decades it will
require two planets to sustain our current econom-
ic system.

The context of global and European societies
has changed. Now we need a new concept for the

new context, a new economic paradigm that puts
the basis for human prosperity within the planetary
boundaries. The year 2016 was a turning point: the
2030 Agenda for Sustainable Development and its
Sustainable development Goals (SDGs) were adopt-
ed, and the Paris Agreement on climate change came
into effect. These sent out a global political message
on the way forward to transform our economic sys-
tem to end poverty, protect the planet, and ensure
prosperity for all.

This requires new concepts to realize these inter-
national agreements, and bring them to action. The
circular biobased economic paradigm can be this — it
builds on the synergies of the circular economy and
bioeconomy concepts. These two concepts have so
far been developed in parallel, but now need to be
connected to reinforce each other.

On 13 February 2012, the European Commission
adopted a strategy for “Innovating for Sustainable
Growth: A Bioeconomy for Europe”. Many European
and world countries have developed their own bio-
economy strategies in recent years. In 2017, the EU
started to review the existing Bioeconomy Strategy
to reflect on its future development. We believe the
circular bioeconomy has great potential to catalyse
an inclusive European economic, political and so-
cietal project that is urgently needed. A project in
which economic prosperity is more equally distribut-
ed among citizens and placed sustainably within the
renewable boundaries of the planet.

The shift to a circular biobased economic para-
digm should be a long-term strategy for decoupling
economic growth from environmental degradation.
It needs to be socially, economically and environ-
mentally sustainable. The story of the first-genera-
tion biofuels in the beginning of this century is a
lesson from which we should all learn. Science and
technology are laying the foundations for the bio-
economy age. Biobased products have emerged
that can substitute fossil-based materials like plas-
tics, chemicals, synthetic textiles, cement and many
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other materials. Now the big question is how do we
take this scientific and technological success to a
scale of economic paradigm shift. How can we en-
sure that longstanding industries such as the tex-
tile, petrochemical, construction and plastic sec-
tors join and even lead this paradigm shift in a
sustainable way?

We welcome this report coordinated by the
European Forest Institute (EFI). It reflects on
the main needs to update existing bioeconomy

strategies, connecting to the UN SDGs, the Paris
Agreement and other recent developments includ-
ing the circular economy. It provides strategic rec-
ommendations which should be considered when
developing a new bioeconomy strategy for Europe,
based on sustainability principles. It also provides
science-based insights on the potential of forest re-
sources, our main biological infrastructure, and on
how forest-based solutions can help to develop the

bioeconomy from niche to norm.



Executive summary

In 2016, the Sustainable Development Goals and
the Paris Climate Agreement gave global, overarch-
ing societal objectives for future decades. The criti-
cal question now is how to reach the targets they set.
We argue that a necessary part of the answer will be
the move to a circular bioeconomy.

It is widely agreed that in order to reach these am-
bitious global targets, a business-as-usual model will
not work. Policies and production and consumption
habits will need to change. These global agreements
give a mandate to change our existing economic
model to one which includes natural capital in the
way we advance societal wellbeing. One necessary
element in this change is the move to a circular bi-
oeconomy, which increases the use of renewable
non-fossil raw materials and products in sustaina-
ble, resource-efficient and circular way.

This report analyses what a circular bioeconomy
strategy would require, particularly in a European
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context. Existing bioeconomy strategies have been
helpful in demonstrating the need to advance the use
of renewable biomass to substitute for fossil-based
raw materials and products to create a more sustain-
able society. A bioeconomy contributes to sustainable
economy in general, and engages many industries
and services, such as clothing, housing, health, food
and transportation. In addition, it is becoming a cen-
tral element of developing cities worldwide, as a basis
of sustainable living and consumption, and provid-
ing many services, from food and fresh water supply
to recreation and urban cooling.

However, many strategies, for example the EU
Bioeconomy Strategy and Action Plan from 2012,
have gaps in scope or focus, and need updating due to
major recent changes and new initiatives. Developing
a circular bioeconomy strategy for the long-term re-
quires it to be connected across key sectors and poli-
cies in a coherent policy framework. There is a need

i

Figure 1. The layers of Sustainable Development Goals that form the basis for a circular bioeconomy strategy.

Source: Azote Images for Stockholm Resilience Centre.
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to mainstream bioeconomy within the rest of the
economy, not just advance it as a separate sector of in-
terest to mainly rural communities.

In particular, it is crucial to connect bioeconomy
to the circular economy concept. Together they are
stronger and make more sense in terms of reach-
ing societal goals, than advancing them separately.
We should address the following priority elements
to transform the circular bioeconomy from niche to

norm.

Key recommendations for a
circular bioeconomy strategy

Create a science-based circular bioeconomy
narrative

A socio-economic strategy needs a narrative ex-
plaining why it is important. Show how it helps
to integrate natural capital in an economic model
to decouple economic growth from environmen-
tal degradation and achieve the SDGs. The circular
bioeconomy narrative should be especially appeal-
ing to highly urbanised areas, where the bulk of EU
citizens live. The bioeconomy is increasingly rele-
vant and necessary for cities, not only for rural com-
munities, as traditionally emphasized. A narrative
is necessary to gain long-term societal engagement
(voters) to support circular bioeconomy policies and
actions. “No policy — no matter how ingenious — has
any chance of success if it is born in the minds of a few

and carried in the hearts of none.”™

Do not assume a bioeconomy is sustainable
Design policies to support all dimensions of sus-
tainability. This also means giving more attention
to social and environmental dimensions than has
been the case in current bioeconomy strategies.
Connect the circular bioeconomy more directly to
climate and environmental policies (e.g., increas-
ing plastic waste in oceans), and the challenges and
opportunities they generate for circular bioecono-
my development. Maximize synergies and minimize
trade-offs between biomass production and ecosystem
services (food, biodiversity, recreation, water, etc.).
Understand that you cannot have bioeconomy with-
out biodiversity, because biodiversity is a key feature
of our natural capital and a basic condition for any

1 A quote from Henry Kissinger, former US Secretary of State and
political scientist. In the original quote Kissinger referred explic-
itly to foreign policy, here we use it to apply to all policies.

biobased product or service. In a modern society, bi-
oeconomy is often needed to support biodiversity.

Define priority strategic pathways and the
key enabling environment

This should include measures to increase the car-
bon price (tax, effective ETS) and extend it more
widely to direct economies to a low carbon path,
in which a bioeconomy will play a crucial role. The
need to abolish consumer and producer subsidies
supporting the use of fossil fuels is also very urgent,
and the possibilities of a tax shift from labour to re-
source and energy consumption should also be an-
alysed. Additional policies are also needed at a sec-
toral level, (e.g., construction, chemicals, plastics,
textiles, fertilisers, etc.). Provide long-term policies
that help to guide major investments to these sec-
tors and make them more sustainable.

Invest in R&D, innovations and developing
new skills

The circular bioeconomy will be based increasing-
ly on new, innovative, more resource-efficient and
circular processes, products and services. R&D is
necessary for the disruptive developments that this
requires, e.g., merging digital and biological tech-
nologies. Support for basic and applied science and
research is essential, but needs to be supplement-
ed with support for business innovation. Skills are
crucial for the circular bioeconomy to become main-
stream. Improving linkages between researchers,
trainers, educators, industry and public adminis-
tration will be the key. The curricula in universities
and applied educational institutes need to be updat-
ed, and there is a need for cross-cutting research -
including economic, political, environmental and
foresight research, not just biotechnology, engineer-
ing and chemistry.

Provide the right regulatory framework

This is a key catalyst for the transition from a fos-
sil-based economy to a circular bioeconomy. It re-
quires coordination of all significant policy in-
struments, including public procurement and
infrastructure development and planning, to meet
the needs of the strategy and create an enabling ar-
chitecture. To take one example, public procurement
has great potential as a policy instrument, as it rep-
resents 14% of GDP in the EU. Directing public pro-
curement to products and services that are circular,



biobased and contribute to closing resource loops,
can play a significant role. The key target is to have
clear, defined roles for both the government provid-
ing the regulatory operating environment, and the
business sector implementing the investments and
business operations. The more complex the operat-
ing environment, the more need there is for cooper-
ation between the EU, Member State governments
and business.

Enhance risk-taking capacity

New innovations usually have high risks. A circular
bioeconomy will need policies to reduce or share the
risks, and high-risk financial mechanisms such as
venture-capital funding. For example, in 2016 the EU
launched a pan-European Venture Capital Fund(s)-of-
Funds programme that could be used to support cir-
cular bioeconomy investments. Green bonds are like-
ly to be increasingly important for financing circular
bioeconomy investments. The public sector could
support high-risk investments, especially when they
are thought to have more extensive positive spill-over
impacts. This could be e.g. R&D spending to reduce
knowledge-related risks, or investment support for
pioneering pilots, demonstration projects, start-ups
and mills. Finally, policy actions should demonstrate
a long-term, stable regulatory commitment and environ-
ment to support circular bioeconomy alternatives to
fossil-based products targeting the entire products
sector and value chains.

Develop EU-level common standards and
regulations

This is important for the development of new cir-
cular bioeconomy products and services. A well-
known past example is the success of the Global
System for Mobile Communications (GSM) -stand-
ard that was adopted in Europe in 1987. New circu-
lar bioeconomy products and services would bene-
fit from this type of standard. One example is wood
construction, in which the lack of common stand-
ards and regulations (e.g. fire regulations) hinders

its large-scale deployment in high-rise buildings.
Biosourced materials and secondary raw materials
are often not ‘identical’ to virgin raw materials, and

may require different safety criteria.

Emphasise biobased services

The services related to biobased products, such as im-
material rights, servicing, design, R&D, consulting,
marketing, sales and administration will become in-
creasingly important with the development of digi-
tal technology and big data. What will this mean for
business opportunities, the geographical location of
the different value chain parts, skills needs, etc.? In
addition, natural resources provide key ecosystem
services to society: cultural services (recreation, ec-
otourism, hunting), regulating services (clean air,
erosion control, climate mitigation), and provision-
ing services (drinking water, non-wood forest prod-
ucts like mushrooms and berries). The opportunities
these create, and the policies and actions their devel-
opment requires, should receive more attention in a

new circular bioeconomy strategy.

Make use of the opportunities that forests
provide

The current EU bioeconomy strategy has not suffi-
ciently understood what the forest sector can contrib-
ute. Forests are the biggest land-based renewable re-
source, with the potential to contribute in a far wider
way than previously thought. Often the role of forests
and the forest sector is seen in a very traditional way
— it is about timber, pulp and paper and perhaps bio-
energy. This century has shown that the sector is go-
ing through major development and diversification,
which extends its opportunities and importance. For
example, the sector is increasingly entering areas
such as textiles, construction, bioplastics, chemicals,
and intelligent packaging. In many regions, the ser-
vices related to forests e.g. in tourism are also devel-
oping from niche to significant businesses. All these
provide diverse and increasing opportunities to con-
tribute to circular bioeconomy development.

Leading the way to a European circular bioeconomy strategy



From Science to Policy 5

10

1. Introduction: The need for a circular bioeconomy

1.1 Background

There have always been politcians, scientists, pun-
dits and activists who have argued for fundamental
changes in societal systems; some have even exper-
imented with them. History has included commu-
nist societies, utopian communities and different
kind of dictatorships. But history also shows that
they have more or less failed. With good reason, we
tend to have a reserved attitude towards those argu-
ing for drastic changes in our societal systems. Yet it
now seems that we have a globally agreed license to
do exactly that. The world states agreed in 2015 on

Agenda 2030 (the Sustainable Development Goals,

SDGs) and the Paris Climate Agreement. It is also

widely agreed that business-as-usual model — the

policies, production and consuming habits we have
followed so far - will not help us to reach these goals.

These agreements and goals can therefore be inter-

preted to give a mandate to change the existing eco-

nomic model, or how we advance societal well-be-
ing. We do not expect this to be an easy or rapid
process. Even with strong commitment and actions,
it will take decades to achieve the SDGs and Paris

Agreement targets. It will also require all economic

sectors and institutions to contribute. In this report,

we argue that a circular bioeconomy is a necessary strat-
egy to catalyse this transformation.

Given the extensiveness of a circular bioeconomy,
and the many actions needed to mainstream it in
our societies, we have restricted our focus in a num-
ber of ways, to be able to address the issue within
the scope of one report. First, the report’s focus is
mainly at the strategic level:

- What are the gaps in existing bioeconomy strate-
gies that limit the possibilities to support the glob-
al agreements and goals?

« Why it is important to link the bioeconomy and
circular economy strategies, instead of advancing
them separately?

« What are the key strategic elements that a suc-
cessful circular bioeconomy strategy would need
to have?

Second, we illustrate the potential of the circular bi-
oeconomy with three concrete examples related to
the construction, textiles and plastics sectors. We
highlight the importance of services, often forgotten
in bioeconomy discussions. Due to the often limited

understanding of the potential role of the forest sec-
tor in bioeconomy strategies, and due to our exper-
tise, the focus in these concrete examples is the for-
est sector. However, the strategic implications are
relevant to the circular bioeconomy in general, not
only to the forest sector.

1.2 Context

The linear fossil-based economic paradigm on which
we have relied since the Industrial Revolution has
delivered substantial global socio-economic and
technological development, but at the price of es-
calating resource use, global environmental degra-
dation and unprecedented human-induced climate
impact. The industrial era has provided global eco-
nomic convergence, but at the risk of sacrificing the
safe operating space of our planet.

Research defining nine planetary boundaries for a
safe operating space for humanity concluded in 2015
that four of them have been crossed: climate change,
loss of biosphere integrity, land-system change, and
altered biogeochemical cycles (phosphorus and nitro-
gen) (Steffen et al. 2015, see Figure 2). Two of these,
climate change and biosphere integrity, are ‘core
boundaries’, meaning that their alteration would
drive the earth system into a new state which can-
not any longer sustain our current economic system.

Planetary boundaries become even more relevant
when considering population development. Today,
the global population is growing by an additional 83
million people annually (the population of Germany),
with world population projected to reach 8.5 billion in
2030 (United Nations 2015). Alongside this, the key
socio-economic driver will be the unprecedented ex-
pansion of the global middle class (Kharas 2017, see
Figure 3). Today 3 billion people belong to the glob-
al middle class, and about 140-170 million people are
expected to join in it annually in future. This means
that by 2030 there could be two billion people more
belonging to the global middle class. This offers ma-
jor business opportunities, but also great environ-
mental and social challenges. It has been estimat-
ed that by 2030 the world will need to produce 50%
more food, 50% more energy, and 30% more fresh
water to meet the needs of the growing population
and middle-class than in 2010 (United Nations 2012).

There will also be a significant increase in de-
mand e.g., of consumer goods, housing, transport
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Figure 3. Development and outlook for global middle class. Source: Kharas (2017).

and packaging, which in turn will increase demand
for raw materials. The middle classes will also be de-
cisive in shaping the qualitative demand for healthi-
er food, clothes, more convenient living conditions,
mobility, and housing. To reduce the environmen-
tal footprint of their expansion, economies and
societies will need to be designed in a new way.
There is also a need to craft political support from
the middle-class by reframing and transforming

globalization into a win-win for the middle class in
each country. Politicians need to advance ‘inclusive
growth’ in order to distribute and preserve the ben-
efits afforded by globalization, technological change
and innovation to the whole of society.

These are only some of the key global drivers.
Others, such as migration (increasing with climate
change), digitalization and urbanization will also
shape global society and markets.

Leading the way to a European circular bioeconomy strategy
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In this setting, the current economic model has a
systemic failure by assuming unlimited resources and
sinks. It undervalues the environmental costs result-
ing from its functioning, and the importance of nat-
ural capital for its long-term viability (e.g. Rockstré6m
et al. 20ry; Helm 2015). It fails to create the right in-
centives for the market to move towards an economy
that prospers within the natural renewable bounda-
ries of our planet. There is a need to improve eco-
nomic prosperity and social wellbeing, while at the
same time advancing towards a double decoupling pro-
cess. This implies the proportional reduction of both
resource use (resource decoupling) and negative en-
vironmental impacts (impact decoupling).

In the transition from a fossil to a low carbon
economy, the policy and media focus tends to be
on the energy sector. However, it has been estimat-
ed that 60—65% of the environmental damage costs
are related to the production of materials, and only
35—40% are energy related (UNEP 2017). This fact
emphasizes the need for circular bioeconomy de-
velopment. The energy sector may be almost ful-
ly decarbonized in the long-run, but the construc-
tion, textiles, chemical and plastics sectors depend
on carbon, and therefore on renewable and circular
carbon to reduce their negative environmental im-
pacts (UNEP 2017).

1.3 What is the bioeconomy?

There are many definitions of the bioeconomy, as
well as usage of similar terms, such as biobased
economy and green economy. In practice, the bio-
economy has turned out to be a changing concept
and adjustable for many purposes. In this report,
we use the definition from the Global Bioeconomy

Summit 2015: ‘bioeconomy as the knowledge-based

production and utilization of biological resources, inno-

vative biological processes and principles to sustainably
provide goods and services across all economic sectors’.

However, our emphasis is on two key aspects:

« the transformational role of the bioeconomy in re-
placing fossil-based products (e.g., oil-based plas-
tics or textiles), non-renewable materials (e.g.,
steel, concrete), or non-sustainable biological
products (e.g., cotton in certain regions);

« the enhancement of the natural capital approach
to economy, i.e., better integration of the value of
natural resources and life sustaining regulatory
systems (e.g., biodiversity, fresh water supply) to
economic development (Helm 2016).

The first part is generally already well understood
in bioeconomy strategies, the latter less so. The
long-term sustainable production of natural capi-
tal relies on the key role of forests as the most im-
portant land-based biological infrastructure on the
European continent. Forests provide the largest
source of renewable biological resource not com-
peting with food production. Finally, although not
specifically addressed in this report, we are aware
that combining digital technology with biology can
offer significant advances for the bioeconomy in
the future.

The bioeconomy covers a wide variety of prod-
ucts and industrial sectors (and services), such as
construction, bioplastics, packaging materials, food
ingredients, textiles, chemicals, pharmaceuticals,
and bioenergy. It also includes the services related
to biobased products, such as intellectual property
rights, consulting, R&D, marketing, sales, servicing
of machinery, administration, etc. Ecosystem servic-
es such as recreation, tourism and water supply are
also part of bioeconomy. Despite its sectoral impor-
tance, the bioeconomy should be seen in a holistic
way, given its full potential to deliver broad social,
economic and environmental benefits at the societal
level. These include:

1. Inclusive economic growth and job creation

The use of biological resources provides better op-
portunities for sustainable, inclusive growth than
fossil-based resources. Typically the oil assets and
incomes generated by these are owned by relatively
few. On the other hand, the EU has 16 million private
forest owners and the Member States (citizens) own
one-third of the forest area. The distribution, owner-
ship and characteristics of forest biological resources
offer high potential for inclusive economic develop-
ment and jobs, also in rural areas. In cases where bi-
ological resources are owned by few, or there is a lack
of well-functioning markets, there is a need to devel-
op the institutional setting to allow inclusive growth.

2. The emergence of climate-friendly cities and in-
dustrial sectors

Urban areas are home to half the world’s popula-
tion, and almost three-quarters of the EU28 popu-
lation lived in an urban area in 2014 (EUROSTAT
2016). Cities account for more than 80% of glob-
al economic output, consume close to two-thirds of
the world’s energy, and account for more than 70%
of global greenhouse gas emissions (World Bank).
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BOX 1: Natural capital: a key concept for the bioeconomy

Natural capital can be defined as the world’s stocks of natural assets which include geology, soil, air, wa-
ter, forests and all living things (sometimes also labelled as green capital). What makes it natural is that na-
ture provides it free to humankind. It is capital, since it is an input into production, which in turn produc-
es a flow of goods and services for the benefit of humans. For example, a sustainably managed forest can
provide an indefinite flow of new trees and wood, whereas over-use of this resource would lead to a per-
manent decline or even extinction. From natural capital humans also derive a wide range of services, of-
ten called ecosystem services, which make human life possible. The most obvious include the food we eat,
the water we drink, and the biomass we use for fuel, building materials, chemicals, clothing, etc. This also
includes the many less visible ecosystem services, such as climate regulation, flood defences provided by
forests, or the pollination of crops by insects. Even less tangible are cultural ecosystem services such as
the recreation available in nature, or the inspiration we take from wildlife and the natural environment.

The advantage of viewing nature as a set of assets is that it can then be valued in economic calcula-
tions, and therefore it is also worth taking care of. The scarcer it becomes, the more it should be valued.
However, these services are often not exchanged in markets, and therefore do not have monetary value. As
a result, their importance may also be neglected, even though they are necessary to support life on earth.
The natural capital accounting approach seeks to put a monetary value on these. Although some may object
in principle to putting a monetary value on nature, not doing so can easily lead to ignoring natural capital
in societal decisions, and therefore may result in their depletion. Indeed, the global initiative Economics
of Ecosystems and Biodiversity (TEEB 2017) is focused on “making nature’s values visible”. TEEB’s prin-
cipal objective is to mainstream the values of biodiversity and ecosystem services into decision-making
at all levels. “It aims to achieve this goal by following a structured approach to valuation that helps deci-
sion-makers recognize the wide range of benefits provided by ecosystems and biodiversity, demonstrate
their values in economic terms and, where appropriate, capture those values in decision-making.” (TEEB
2017). Thus, an essential part of the bioeconomy should be to account for natural capital, measure it, and
put a value on it. (Costanza et al. 1997a, 1997b; Helm 2015; De Perthuis & Jouvet 2015).

The SDGs have a specific goal (no. 11) for sustaina- increases the productivity and resilience of eco-

ble cities and communities — “to make cities inclu- systems (Liang et al. 2016). Second, long-term in-
sive, safe, resilient and sustainable”. A circular bio- vestments in a bioeconomy can enhance biodiver-

economy can be an important contributor to this. sity and adaptation to climate change (Nabuurs et

The biomass building blocks of cellulose, hemicel-
lulose, lignin and extractives are already available to-
day, and can increasingly in future be the basis for
materials in many sectors and products. This devel-
opment combined with the use of trees and forests
in urban areas can provide important nature-based

solutions for developing climate-resilient cities.

3. Europe’s biological capital and environmental
sustainability

Bioeconomy and biodiversity should be seen as the
two sides of the same coin. Biodiversity should be
recognised as a crucial part of the natural capital,
and valued and managed as a priority. Biodiversity

al. 2015). The existing linear fossil-based economy
threatens biodiversity through its impacts on cli-
mate change, toxic wastes and other environmen-
tal aspects. Investing in biodiversity conservation
should be a priority in a sustainable bioeconomy,
with the aim of a positive coupling between econo-
my and ecology.

4. Synergies with the energy and food nexus

The bioeconomy should ensure synergies with sus-
tainable renewable energy production based on for-
est, non-food agro and waste biomass. It should
advance closed circular nutrient cycles - nutri-
ents (mainly phosphorus and nitrogen) need to be
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recovered and nutrient leakages prevented. The
negative impacts of biological production, such as
the expansion of the agricultural frontier (deforest-
ation, loss of valuable habitats) and emissions of
nutrients and agrochemicals to soil, water bodies
and the atmosphere must be avoided. A bioecono-
my must ensure sustainable nutrient use, through
more efficient fertiliser use and nutrient recycling.
It can also help soil carbon restoration e.g. by put-
ting CO, back in the soil. Regenerative agricultur-
al practices can reduce atmospheric CO , while also
boosting soil productivity and increasing resilience
to floods and drought. Techniques include planting
fields year-round in crops or other cover, and agro-
forestry that combines crops, trees, and animal hus-
bandry. It is vital in Europe not only to stock CO,
in soil, but also to improve soil fertility, reduce the
impacts of drought and increase erosion resistance.

1.4 Towards a new paradigm: a
circular bioeconomy

The SDGs and the Paris Climate Agreement gave
global, overarching societal objectives for future
decades. The critical question is how to reach these
objectives. We argue that a necessary part of this an-
swer will be the move to a circular bioeconomy. It is a
strategy and tool enabling us to reach the SDGs and
climate change mitigation and adaptation.

A circular economy as defined by the Ellen
MacArthur Foundation is “one that is restorative and
regenerative by design, and which aims to keep prod-
ucts, components and materials at their highest utili-
ty and value at all times, distinguishing between tech-
nical and biological cycles”. A circular economy aims
to design products for a cycle of disassembly and re-
use, and abolish waste. A bioeconomy offers the pos-
sibility to substitute fossil-based, non-renewable and
non-biogradable materials with renewable and bio-
gradable solutions. It can also offer new functions for
biobased materials, such as a longer lifespan, high-
er endurance, less or no toxicity, etc., that circularity
cannot alone offer. It makes sense and creates syner-
gies to combine the two concepts: circular economy
and bioeconomy (Antikainen et al. 2017).

The bioeconomy and the circular economy do not
per se imply sustainability; they have to be made sus-
tainable. For this, it is crucial that the production of
biobased products does not compete with food pro-
duction and does not have negative impacts on oth-
er ecosystem services (biodiversity, climate change

mitigation, protection against natural hazards, etc.).
At the same time, the circular economy needs to re-
duce its dependence on fossil-based and non-renewa-
ble materials with high environmental footprints. An
integral part of creating synergies is to assess how bi-
omass and biodegradable materials behave in circu-
lar economy, for instance, how easy the reuse in pro-
duction is and when the recycling possibilities are
exhausted. This implies that when new bioproducts
are being planned, they should take into account in
the design stage reusability and recycling needs.

Biobased solutions can mitigate climate change
and increase resource security compared to fos-
sil-based options, and are more regenerative and re-
storative by nature, and therefore better adapted to
circular designs. This includes the high potential of
biowastes (e.g., animal manure, sewage or other bi-
obased by-products) for producing fertilisers, chemi-
cals and energy. In addition, biobased products such
as nanopulp can be used to increase the circularity of
current waste-streams (through better and less envi-
ronmentally problematic wastewater treatment), and
reduce environmental damage, such as oil spills in
seas and lakes (Suopajirvi et al. 2017). Consequently,
a bioeconomy can help to establish an economy that
is less dependent on non-renewable resources, more
easily circular, recyclable and less polluting. On the
other hand, the circular economy can help to make
the bioeconomy more resource efficient and restora-
tive in nature. The concepts of bioeconomy and circu-
lar economy clearly reinforce each other. However, so
far, they have been developed mostly in parallel and
they need to be strategically combined.

Key messages

« The current linear fossil-based economic model
has resulted in our society already crossing some
of the planetary boundaries for a safe operating
space for humanity.

« Circular bioeconomy is necessary to be able to live
within the planetary boundaries and to achieve
the SDGs and the Paris Climate Agreement.

« Merge the bioeconomy and circular economy
strategies. Circular bioeconomy is more than bi-
oeconomy or circular economy alone.

« An evidence-based circular bioeconomy narrative
is essential to engage society, especially the urban
population, to support policies needed for circular
bioeconomy strategy and policy implementation.

- Natural capital accounting is a key approach for

circular bioeconomy.


http://www.fao.org/docrep/017/i1688e/i1688e06.pdf
http://www.fao.org/docrep/017/i1688e/i1688e06.pdf
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BOX 2: Do we need yet another new concept?
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Given the already confusing supply of similar types of sustainability-related concepts like bioeconomy,
circular economy and green economy, what value added could yet another new circular bioeconomy con-
cept bring?

D'’Amato et al. (2017) used a machine learning-based analysis and reviewed close to 2,000 scientific
articles dealing with circular economy, green economy and bioeconomy. Without going into details, the
results show that there is significant variance between the concepts in the scientific literature, for exam-
ple, in terms of issues emphasized, regional variation in how important a specific concept is seen as be-
ing (e.g., in China, Europe and North America), and the narratives used to justify the concepts. From the
scientific and future research perspective, the exact definitions, objectives and differences between the
concepts are clear and important. The possible value added of a new circular bioeconomy concept in this
context is that it could help to merge two already important concepts and research lines (bioeconomy, cir-
cular economy), therefore streamlining the research agenda and finding synergies between the concepts.

From a policy and practical perspective, having several different but rather closely related concepts
addressing sustainable development is of course unwelcome - it is likely to create confusion. The fewer,
the better. Even though in the short-term the introduction of yet another new concept may create con-
fusion, in the long-term it can reduce it by merging two already popular ones. There would also be ad-
ditional substantial advantages.

As shown by D’Amato et al. (2017), in the literature circular economy tends to focus on industrial ur-
ban processes and decoupling resource use and economic output, whereas bioeconomy focuses on bi-
ological resource-based innovation and land use practices in the context of rural development. The cir-
cular bioeconomy concept merges these two trends and links urban and rural communities, something
which is currently lacking.

If the bioeconomy focuses mainly on developing biobased materials and energy, and does not consid-
er circularity aspects, it will be at risk of becoming too much a ‘business as usual’ scenario. Circularity
means addressing recycling, reusability and resource-efficiency already at the product or service de-
sign stage. This also enhances life cycle and value chain thinking. One implication of this is that bioec-
onomy businesses need to expand their thinking outside their traditional focus, and find more broad
and diverse cooperation with different actors. You cannot satisfy circularity by operating only in busi-
ness-to-business networks. You also need to consider consumers and how to establish recycling and
reuse of the products at the end of their first stage use. How could the life cycle of a new bioproduct be
optimally designed, and how is the recycling and reuse institutionally operationalized to satisfy circular-
ity requirements? Similarly, when designing policies, policymakers cannot just advance all possible bio-
economy developments, but rather those that also satisfy the circularity requirements.

In an EU context, the merging of bioeconomy and circular economy concepts could create adminis-
trative and resourcing synergies and help to decrease ‘silo’ thinking and operation. Currently bioecon-
omy is the responsibility of the Directorate-General for Research and Innovation, and circular economy
the responsibility of the Directorate-General for Environment. Circular bioeconomy could be advanced
with more synergies between the Directorates, and its implementation and resourcing could be the re-
sponsibility of several Directorate-Generals.

The fact is that the use of similar type of concepts, such as bioeconomy, circular economy, circular bi-
oeconomy and green economy will most likely continue. But at a policy level, this confusion can be de-
creased by interpreting all these concepts as tools that seek to achieve the SDGs and Paris Agreement tar-
gets. In this sense, they are all integrated, despite their somewhat different emphasis in terms of actions.



2. Bioeconomy strategies

The notion of bioeconomy received attention early
this century in the EU (e.g., European Commission,
2002), and more global interest was created
with the OECD policy paper on bioeconomy ‘The
Bioeconomy to 2030 — Designing a policy agen-
da’ (OECD 2009). Many countries have produced
their own strategies and many more countries have
tackled bioeconomy in other policy papers. The EU
launched its bioeconomy strategy in 2012 and sev-
eral of its Member States currently have their own
bioeconomy strategies. This chapter provides a brief
account of the strategies, their main messages and
assesses their strengths and weaknesses.

2.1 Existing strategies

The German Bioeconomy Council provides an
overview and synthesis of bioeconomy strategies
(Biotkonomierat 2015a and 2015b). From Europe’s
perspective the analysis focusing on the EU and
G7 (Canada, France, Germany, Italy, Japan, the UK
and the United States) is most relevant. Priefer et

al. (2017) provide a selective but chronological list

of bioeconomy strategies in the world (see Table
1). Currently, almost 20 countries have or are pro-
ducing specifically designed bioeconomy strategies,
and the number is expected to increase. The impor-
tance and special role of bioeconomy is widely rec-
ognized.

In addition, it is important to note the
Communiqué of the Global Bioeconomy Summit
(2015, see also El-Chichakli et al. 2015) and the
European Bioeconomy Stakeholders Manifesto (so-
called Utrecht Manifesto 2016). In 2015, more than
700 experts from around 8o countries met in the
first Global Bioeconomy Summit in Berlin. The
members of the International Advisory Committee
on the Bioeconomy (37 experts from around the
globe who shaped the summit) outlined the prin-
ciples that were agreed and the steps needed to ad-
vance them, as well as illustrating how these can be
applied to individual SDGs.

Interestingly, all strategies provide their own
definitions of bioeconomy and differ in the sec-
tors and other aspects they find worth promoting
(Biobkonomierat 2015; Priefer et al. 2017, Staffas et

Table 1. Selected bioeconomy strategies in chronological order.

Country Strategy Year
OECD-countries The Bioeconomy to 2030 — Designing a policy agenda 2009
EU Innovating for Sustainable Growth — A Bioeconomy for Europe 2012
The Netherlands Framework Memorandum on the Bio-Based Economy 2012
Sweden Swedish Research and Innovation — Strategy for a Bio-Based Economy 2012
USA National Bioeconomy Blueprint 2012
Malaysia Bioeconomy Transformation Program — Enriching the Nation, Securing the Future | 2013
South Africa The Bio-economy Strategy 2013
Germany National Policy Strategy on Bioeconomy 2014
Finland Sustainable Growth from Bioeconomy — The Finnish Bioeconomy Strategy 2014
West Nordic countries” | Future Opportunities for Bioeconomy in the West Nordic Countries 2014
France A Bioeconomy Strategy for France 2016
Italy BIT — Bioeconomy in ltaly 2016
Spain Spanish Strategy on Bioeconomy Horizon 2030 2016
Norway Familiar Resources — Undreamt of Possibilities 2016

* West Nordic countries comprise Greenland, Faroe Islands and Iceland. Source: Priefer et al. 2017. The strategies of Italy, Spain and Norway have
been added by the authors to the table provided by Priefer.

Leading the way to a European circular bioeconomy strategy
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al. 2013). To take two extremes, the OECD provides
a narrow, and German policy strategy a broad defi-
nition. The OECD strategy states: “bioeconomy can
be understood as a world in which biotechnology
contributes to a considerable extent to the economic
output” (OECD 2009, p. 8). This definition is reiter-
ated in OECD (2016), which stresses especially the
role of advanced life sciences in biotechnology. The
German policy strategy understands bioeconomy
as a comprehensive societal transition that involves
a variety of industries, such as agriculture, forest-
ry, horticulture, fisheries, plant and animal breed-
ing, wood, paper, textile, chemical and pharmaceu-
tical industries as well as energy production (Priefer
et al. 2017).

All strategies are linked to broad social goals,
most importantly to the need to replace fossil re-
sources in industrial and energy production with
renewable biomass (Priefer 201y). Large-scale re-
placement is said to provide a transition to sustain-
able economy, which solves the challenges provided
by food security, natural resource scarcity, climate
change and environmental pressures. At the same
time, the bioeconomy can provide new growth and
jobs. Biomass is a unique source of carbon in the
sense that it can substitute for almost all possi-
ble products from fossil fuel resources (European
Commission 2012; Priefer 2017). Apart from these
general and shared ideas, the strategies point to dif-
ferent opportunities and set their key aims differ-
ently depending on their prevailing industrial and
economic profiles and countries’ natural resource
potential (Bio6konomierat 2015a, 2015b).

Sustainability was initially given as a motivation
for bioeconomy strategies, but they have mostly tak-
en the sustainability of the bioeconomy as given.
Discussion about the sustainability requirements
of the bioeconomy has been brought up at a larg-
er scale only more recently (Priefer 2017; Pfau et al.
2014). The concerns include, especially, the risk that
bioeconomy leads to using EU forests at the cost of
biodiversity, and the fact that bioenergy production
leads to increased CO, emissions in the short-term
(EASAC 2017; Fern et al. 2017; Open Letter 2017).
How serious the problems turn out to be depends
on how bioeconomy development will be advanced
and monitored (Nabuurs et al. 2015; Berndes et al.
2016; Wolfslehner et al. 20106).

Given the ongoing discussion, it is impor-
tant to ask what makes or ensures a sustainable

bioeconomy, and if unsustainable, how can it be
made sustainable? OECD (2016) suggests that the
focus should be especially on the trade-off relating
to agriculture and industry in bioeconomy produc-
tion, with an emphasis on sustainable biomass pro-
duction. In general, we should produce ‘more from
less’ to avoid competition with food production.
OECD also stresses that we should be specific as re-
gards to various sources for bioenergy and biofuels,
as they may differ in terms of sustainability. OECD
concludes that sustainability requirements stress
the role of innovation. A recent EC Joint Research
Institute Bioeconomy Report 2016 (Ronzon et al.
2017) also draws attention to the environmental as-
pects of the bioeconomy, stating that “A sustainable
bioeconomy cannot be conceived without the sound
management of biological resources, respecting the
regeneration levels of all renewable resources and
healthy ecosystems on land and in the sea.” (See
also section 2.3 and 2.4).

2.2 The main messages from the
strategies

The general background to all the strategies is that
the replacement of fossil resources by biogenic ma-
terials would mitigate climate change. An effec-
tive implementation of strategies is said to achieve
a deep change in the structure of economies and
improve competitiveness, provide growth and jobs
together with an improved quality of the environ-
ment. But to achieve these goals, the bioeconomy
must differentiate itself from traditional prima-
ry production in agriculture, forestry and fisheries.
The bioeconomy uses new scientific knowledge and
emerging technologies in biobased production and
transfers natural resources into sustainable prod-
ucts and services in processing and service indus-
tries (Biookonomierat 2015b).

The EU’s strategy is based on a broad bioecono-
my concept which provides a useful basis to address
the current demanding challenges that humankind
faces, because it encompasses the transformation of
renewable resources and waste streams into value
added products drawing on Member States’ strong
innovation potential (European Commission 2012).
The EU’s strategy places a lot of emphasis on ag-
riculture and food production, which overshadows
other parts of the strategy. That said, the EU bioec-
onomy strategy relies on three well-defined blocks:



« bioeconomy requires investments in research, in-
novation and skills;

« bioeconomy can be built only on reinforced policy
interaction and stakeholder engagement;

« creating bioeconomy requires enhancement of
markets and competiveness.

What could be achieved by successful implementa-
tion of bioeconomy strategies? From our analysis,
the European discussion generally pinpoints:

Economic growth and job creation. Drawing on
research and innovation, the transition to a bioec-
onomy helps European industry to renew, devel-
op new sustainable products and achieve improved
competitiveness in global markets. Because bioeco-
nomy increases profits and jobs in advanced indus-
tries (like forest, chemical, pharmaceutical and en-
ergy industries), it boosts demand for biomass and
increases income and jobs in rural areas, leading to
a more balanced and socially more equitable eco-
nomic growth.

Replacement of fossil resources. The need to re-
place fossil fuels is ever more urgent. The bioec-
onomy has a crucial role in reducing GHG emis-
sions. New bioproducts help to reduce dependence
on coal, gas and oil in power production, heating
and transport. They facilitate carbon-neutral devel-
opment in cities and rural areas alike. While rural
areas benefit from producing biomass, cities gain
new businesses from manufacturing new products.
The replacement of fossil resources insulates better
against price fluctuations, which are typical of fossil
resources, and helps businesses by creating a more
stable economic environment.

Enhancement of environmental sustainability. The
bioeconomy is based on the sustainable use of natu-
ral resources and processing them to high value-add-
ed products. By improving resource efficiency and
promoting the cascading use of resources, the bioec-
onomy can save pristine resources. By increasing the
value of biomass production, the bioeconomy makes
it more profitable to maintain biological resources in
a good state. Finally, the bioeconomy aims to replace
non-renewable resources, which strengthens the sus-
tainability of economies, and often also resource se-
curity, such as energy security. By and large, the bio-
economy provides a chance to rebuild industry and
society in a sustainable fashion.

In general, the messages associated with the bi-
oeconomy above have provided the basis for the

argument that promoting bioeconomy promotes
sustainability in all its dimensions; economic, eco-
logical and social sustainability. Recent discussion
about these claims and about the implementation of
bioeconomy strategies does not, however, take them
for granted.

2.3 What are the gaps and needs
for new insights?

There is a rather strong consensus about bioecon-
omy objectives, but how these objectives should be
achieved in practice is a subject of debate and re-
quires an assessment of the strengths and weak-
nesses of the strategies. Focusing mostly on Europe,
for instance, Priefer et al. (2017), Pfau et al. (2014),
Ollikainen (2014) and McCormick and Kautto
(2013) identify the existing gaps and needs for in-
corporating new insights into existing understand-
ing. In general, these gaps relate especially to issues
such as climate and the environmental sustainabil-
ity of the bioeconomy, possible impacts on the land
use sector (LULUCF), the sufficiency of the supply
of biomass, and recreational amenities of forests
and landscapes.

As comprehensive as previous discussions on the
above aspects have been, they have hardly tackled
a new and important ingredient in the EU’s policy:
the circular economy. The EU identified the transi-
tion to a circular economy as essential to develop a
sustainable, low carbon, resource efficient and com-
petitive European economy. This new initiative has
important implications for the bioeconomy. In 20715,
the European Commission adopted the Circular
Economy Package, which includes revised legisla-
tive proposals on waste. This and the related Action
Plan include long-term targets to reduce landfill and
to increase preparation for the reuse and recycling
of key waste streams, such as municipal waste and
packaging waste, and propose measures covering
the whole cycle: from production and consumption
to waste management and the market for second-
ary raw materials. The Action Plan includes EU tar-
gets for recycling 65% of municipal waste and 775%
of packaging waste by 2030. Economic incentives
for producers to put greener products on the mar-
ket and support recovery and recycling schemes are

3 Circular economy as concept is not new, e.g. Germany has a cir-
cular economy law (Kreislaufwirtschaftsgesetz) since 1997.

Leading the way to a European circular bioeconomy strategy
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to be developed in several priority areas like plastics,
construction and demolition, food waste, and criti-
cal raw materials as well as biomass and biobased
products.

The bioeconomy receives a new standing due to
global agreements: the Paris Climate Agreement
and the UN Sustainable Development Goals
(SDGs). Replacing fossil raw materials and promot-
ing sustainable circular bioeconomy can contribute
considerably to achieving the goals of these agree-
ments. Drawing on previous literature, the EU’s cir-
cular economy policy and the goals of the two agree-
ments, we suggest a closer linking of the EU and
other bioeconomy strategies to following societal
goals and policies.

Climate and environmental policies. Many strat-
egies seem to take as a given that bioeconomy de-
velopment is sustainable in terms of climate and
the environment. The reason for this assumption is
that using biomass does not add new carbon in car-
bon circulation, in contrast to fossil resources which
increase the carbon stock in circulation. However,
the link to climate mitigation and LULUCF poli-
cies has been weak this far. Clearly, a general and
high enough carbon price is needed to boost bioec-
onomy development, as well as possibly compensa-
tion to forest owners for enhancing carbon sinks.
One example of extending climate policy to the for-
est sector is the New Zealand Emissions Trading
Scheme, in which forest landowners can participate
in the emissions trading programme as sellers; sell-
ing carbon credits from their forests. Nabuurs et al.
(2017) suggest a notion of Climate Smart Forestry
(CSF), which is also useful for bioeconomy consid-
erations. CSF is based on a wider approach than
just storing carbon in the forest ecosystem. It con-
siders the sustainable climate mitigation potential
of the whole forest and wood product chain, includ-
ing material and energy substitution and account-
ing for local circumstances. It not only aims towards
climate mitigation, but also concentrates on its es-
sential precondition of forest health and resilience,
and the need for the adaptation of forests to climate
change. It tries to achieve possible synergies with
other forest functions, such as biodiversity, ecosys-
tem services and the bioeconomy. CSF tackles mul-
tiple policy goals by reducing or removing green-
house gas emissions, adapting and building forest
resilience, and sustainably increasing forest produc-
tivity and incomes. It stresses the need to redefine

the way the bioeconomy is understood, and clearly
shows the need for government policies and using
efficient policy instruments.

Special role of forests and the forest sector. In the
EU and its Member States’ bioeconomy strategies,
the role of forests and the forest sector is mostly ne-
glected (with Finland and Sweden as exceptions),
and the main emphasis placed on biomass from ag-
riculture. Forests are, however, the biggest biologi-
cal infrastructure in the EU, covering around 40%
of the land area. In the EU context, forests do not
compete with food production like biomass produc-
tion from agriculture, and forests provide a large
supply potential of biomaterial. In principle, wood
can replace almost all products made out of fossil
materials (see Chapter 4). Most importantly, forests
can play a twin role in the bioeconomy: they can be
managed in a way that promotes forests as a carbon
sink and as a raw material supplier to forest indus-
try. A very important feature of the forest industry is
that it facilitates a resource-efficient cascading use
of various parts of wood materials, side streams and
waste. In many ways the forest industry has been
a forerunner of recycling and many circular econ-
omy ideas. The forest sector also has the potential
to provide inclusive growth. The EU has 16 million
private forest landowners (more than farmers), and
one-third of forests are owned by states (tax payers).
Compared to fossil resources, forests generate in-
come and wealth that can be spread to a much larger
group of EU citizens, and importantly also to rural
areas. Given the facts above, there is a need to place
the EU forest sector in a more prominent role in bi-
oeconomy strategies than has been done in the cur-
rent EU bioeconomy strategy.

Recreation and ecosystem services from ru-
ral landscapes and forests for all citizens, includ-
ing urban residents. The welfare of citizens is
the ultimate goal of each nation. Besides market
goods, renewable resources provide a large range
of non-market ecosystem services like biodiversity
and recreation. These important aspects have been
largely omitted in the strategies and discussions
on the bioeconomy. It is vital that the bioeconomy
and biodiversity are mutually reinforcing: the bi-
oeconomy is viable when it maintains a good sta-
tus of biodiversity; and rich natural diversity helps
the bioeconomy to adapt to the changing forest en-
vironment due to climate change, thereby secur-
ing the biological capital on which the bioeconomy



Non-product ecosystem services
(e.g. biodiversity)

Forest products (e.g. pulp)

Figure 5. lllustration of forest-based bioeconomy production possibility frontier with trade-offs and synergies
between forest products and non-product ecosystem services.

The vertical axis describes non-product ecosystem services (such as biodiversity, water quality, recreation, tour-
ism, carbon sink) and horizontal axis forest products (e.g. pulp, sawnwood, bioenergy). Figure 5 illustrates a
bioeconomy, which can use forest resources to produce both material forest products and non-product ecosys-
tem services at the same time, and can choose alternative combinations of both production types. The green
curves, or the so called production possibility frontiers, indicate maximal combination of outputs (e.g. biodiversity
and pulp) for a given amounts of inputs (forests, capital, labour). The location of the frontier is determined by
technological constraints and resource availability. By picking any point on the green line one can read in the
axes the respective amounts of forest products and non-product ecosystem services (see Chapter 1.3). The red
dashed frontier illustrates the case of not increasing the end points in the x- and y-axis, but pushing the rest of
the frontier outwards. This could take place if the bioeconomy produced ‘more from less’, for instance, due to

synergies in the innovation of forest industry.

relies. The strategies also fail to note the important
role and economic contribution of nature tourism.
The nature tourism industry needs increasingly
old growth stands and rural landscapes that have
high biodiversity values and often high cultural val-
ues. For many countries tourism is built on coast-
al amenity benefits, rural landscapes and pristine
and old growth forests. In bioeconomy strategies
there is a need for a more balanced treatment of
the industrial and commercial use of biomass and
maintaining other ecosystem services, such as, bi-
odiversity, landscape and forest amenities for cit-
izens. However, there is still a lack of practical
showcases in this application area.

2.4 Policies to maximize synergies
and minimize trade-offs

The objective of bioeconomy strategies and poli-
cies should be to maximize the synergies and mini-
mize the trade-offs between bioeconomy, biodiversi-
ty and climate mitigation. The role of synergies and

trade-offs is illustrated in Figure 5, adapted from
Hetemiki (2017).

In economic terms, the green curves show a for-
est bioeconomy production possibility frontier, when
there is a trade-off between the outputs that forests
can provide. The frontier describes all output com-
binations when outputs are produced efficiently. It
is of course possible that society is operating ineffi-
ciently and would be located under the production
possibility frontier.

As Figure 5 suggests, the more intensively forests
are used for forest products, the less societies can
produce ecosystem services like biodiversity, and vice
versa. The challenge for society is to find a sustain-
able combination of both. The role of synergies is
important, because they can move the frontier out-
wards, and by this, alleviate the trade-offs. In Figure
5, the frontier may move outward in two ways: either
via more from more, or more from less. In both cas-
es more forest products and non-product ecosystem
services are produced. The outward movement of the
frontier is in principle possible via three ways:
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« technological change (innovation) and learn-
ing-by-doing (e.g. better management experi-
ence);

« increasing production inputs (e.g. higher forest
growth, afforestation);

- a combination of these two.

The new frontier is usually not possible in the short-
term. However, in the long-term, when technology
and innovations are introduced, or more produc-
tion inputs can be utilized, movement is possible.
Innovations and technological progress (including
better institutions and management) are key to pro-
ducing more from existing resources. The case of
more from more takes place when, e.g., better for-
est management practices increase forest growth, or
it becomes profitable to allocate abandoned land to
forestry.

Figure s illustrates that the bioeconomy can be ad-
vanced in different ways, and therefore it would be
optimal to provide policy incentives that help to mini-
mize the trade-offs and maximize the synergies between
different components of the bioeconomy. By increasing
the profitability of forest management and possibly
forest land areas, a well promoted bioeconomy en-
hances the possibilities to take care of biodiversi-
ty. But the opposite is important as well. Successful
adaptation to climate change and extreme weath-
er conditions (increasing forest fires, storms, pests
and other hazards) is imperative to provide a basis
for the bioeconomy.

So, a key question for circular bioeconomy is, how can
the synergies be made stronger and trade-offs minimized
with policies? Here, we focus on the general enabling
policies relevant for the whole bioeconomy, rather
than the sectoral level. So, for example, although re-
newable energy policy has been instrumental in the
past for advancing the bioenergy sector of the bioec-
onomy, we do not discuss it here. Instead, we focus
on policies related to innovations, circularity, biodi-
versity and land-use. These policies should be ad-
vanced in a coordinated and linked manner to gen-
erate policy synergies and efficiencies.

Innovation policy. Given that biotechnology and in-
novation especially from advanced life sciences lies
at the heart of the bioeconomy, synergies with gen-
eral innovation policy have a crucial role. In gener-
al, the EU emphasizes the following aspects: a skilled
workforce, sound business environment, strong sys-
tem of knowledge creation and diffusion, policies

encouraging entrepreneurial activities and a focus on
governance and implementation. Education, public
support for research and development, and creating
technology clusters are examples which have a large
potential to contribute to the bioeconomy.

Circular economy. Even though biomass and bi-
obased products are identified as a priority, the EU
Circular Economy Package fails to connect the cir-
cular economy to the bioeconomy, despite the fact
that the EU Bioeconomy Strategy was approved in
2012. As seen in Chapter 1, a major task in develop-
ing a deeper understanding of the bioeconomy is to
unify the concepts of bioeconomy and circular econ-
omy — to a circular bioeconomy.

Biodiversity conservation. The EU promotes
the conservation and maintenance of biodiversi-
ty through multiple channels. They were all for-
mulated prior to the acceptance of the Bioeconomy
Strategy, but no real link has been built between
the Bioeconomy Strategy and biodiversity. The
most relevant documents and programmes are the
Convention on Biological Diversity, Natura 2000 un-
der the 1992 Habitats Directive, and the EU’s biodi-
versity strategy. In general terms, these documents
call for effective actions to halt the loss of biodiver-
sity, preserve the most valuable habitats and accel-
erate the transition towards a resource efficient and
green economy. As noted above, an effective bioeco-
nomy strategy must cope with biodiversity and eco-
system services. Nearly 50% of Natura 2000 habi-
tats are forests, for example. Interestingly, the EU’s
biodiversity strategy also indicates that forest man-
agement plans based on the principles of sustaina-
ble forest management are key instruments for en-
suring a balanced provision of multiple goods and
services and maintaining and enhancing biodiver-
sity.

Land-use policies. The EU will include carbon
sinks in the land-use, land-use change and forestry
sector (LULUCF) in its climate policy. The LULUCF
proposal tends to look at the climate policy in a silo,
not linking it to other societal challenges and ob-
jectives, and limiting the options of this sector too
much. Yet, it is increasingly acknowledged that
reaching the Paris Agreement climate targets will re-
quire fundamental changes in economies and socie-
ties, and therefore climate policy should be planned
in connection to this systemic change (Rogelj et
al. 2010), also in land use. Effective climate policy
should try to seek to build upon interconnections



with other societal policy goals, and minimize the
trade-offs between them. Without this, there is a
danger that climate policy targets will politically not
be possible to implement.

Key messages

- Existing bioeconomy strategies have been helpful
in demonstrating the need to advance the use of
renewable biomass to substitute for fossil-based
raw materials and products to create a more sus-
tainable society.

- However, many strategies have gaps or need up-
dating due to major recent changes (e.g. the
EU strategy from 2012). For example, they have

shortcomings due to taking environmental sus-
tainability as a given, they do not link the bioecon-
omy to the circular economy, and several relevant
policies (e.g. climate policies). In addition, the ag-
ricultural and food sector dominates, at the cost
of failing to acknowledge the potential of the for-
est-based sector.

A key question for circular bioeconomy is how
policies can help to maximize synergies, and min-
imize the trade-offs between biomass production
and other ecosystem services.

General enabling policies such as innovation, cir-
cular economy, biodiversity and land-use should
be advanced in a coordinated and linked manner.
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3. Requirements for successful circular bioeconomy

development

3.1 Background

Bioeconomy strategies typically inform about why
the bioeconomy is necessary and what opportuni-
ties it provides (Chapter 2). But, the crucial question
is how the (circular) bioeconomy strategies should
be implemented. Given that bioeconomy strategies
are supported by action plans, or platforms respon-
sible for supporting strategy implementation, the
how question is also usually addressed. Yet, given
the cross-sectorial nature of circular bioeconomy,
and our view that it should be mainstreamed to the
whole economy - not just to a sector - it is clear that
large numbers of different types of measures and
actions are needed. Here we focus on some key en-
abling measures that we consider major priorities.
The criteria of choosing these priorities is based on
the authors’ views, as well as the advice we received
from our Foreword writers.

3.2 The importance of narrative
and social inclusiveness

Narratives have been increasingly recognized as im-
portant to engage society in different movements
and changes (Davidson 2016). There is a growing
body of research in fields such as psychology, cogni-
tive science, political science and sociology showing
that people do not make decisions through a pure-
ly rational process, and that emotion and a range
of cognitive biases are important. Narratives are
central to the mental models and social beliefs and
practices that guide individuals’ decision-making
and behaviour, and are important in bringing about
change. For circular bioeconomy development to
succeed and be implemented in practice, it is neces-
sary to be able to tell a narrative that engages most
of the people (voters).

According to Eurostat data, built-up areas — de-
fined as cities, towns and suburbs — provide a home
to almost three quarters (72.4%) of the EU28&’s pop-
ulation, and this share is predicted to increase in
future. It is difficult to see how the circular bioec-
onomy could succeed without engaging and receiv-
ing support from these urban citizens. Yet forestry
and bioeconomy is often advanced in bioeconomy

strategies and political rhetoric in manner that ap-
peals to the rural population: more rural jobs and
income for forest owners living in rural areas. The
EU has a rural development policy which is funded
through the European Agricultural Fund for Rural
Development worth EUR 100 billion for 2014—2020.
Similarly, many European national governments
have rural programmes to enhance livelihoods in
rural areas. If the urban population is aware of the
circular bioeconomy at all, they may easily relate it
to these types of rural programmes. The challenge
is that, like the EU Common Agricultural Policy pol-
icy, urban citizens may view it critically. To simplify,
perhaps these policies are seen as taking tax income
away from their pockets to support rural people. For
the circular bioeconomy to succeed in the long-run,
it would need to change this view. There is a need
for a circular bioeconomy narrative that engages the
urban population and gets its support.

This narrative is also important for another rea-
son. People may not necessarily see the point of the
bioeconomy, especially in those European countries
in which most of the population have had no direct
experience of forestry, or have limited understand-
ing of how wood and forests enters their daily life
in many ways. An evidence-based narrative about
the forest-based bioeconomy is needed, told in a
way that appeals to the urban population. That nar-
rative could be different things in different regions
and cities, elaborating on the specific features that
are important to these regions. The narrative should
tell about the renewable, cyclical nature of forests,
and how wood and forests enter into the daily life of
the urban population, from morning to evening in
many different and important functions and forms.
If wood was not used, it would mean using some
other material instead, which very often is non-re-
newable or fossil-based, difficult to recycle (circu-
late), and therefore possibly not sustainable in the
long-term. Or it could be, for example, a narrative of
how a sustainably managed forest helps to support
the clean water supply of the city.

One necessary part of the narrative is also social in-
clusiveness. This relates, e.g., to the ownership of the
resources, and how widely the income and job ben-
efits of the circular bioeconomy spread to a society.



In Europe, there are 16 million private forest owners,
and one-third of the European forest land is owned
by states, i.e., the citizens. Often this spread of for-
est ownership to large number of small private for-
est owners is seen as a challenge for the bioeconomy
and efficient forest management and wood markets.
Indeed, it clearly is an issue. However, from anoth-
er perspective, it helps to increase the societal inclu-
siveness and acceptance of the sector. This is true
especially when compared to the ownership of fos-
sil-based resources. Generally, in the EU very few
people own oil, gas or coal assets, or benefit from
the income stream these generate. In principle, the
conditions for more inclusive growth appear to be
much better for the forest-based bioeconomy than
fossil-based economy. In addition, EU forests pro-
vide multiple non-wood products and services, such
as capturing 10% of the EU’s CO, emissions, biodi-
versity, tourism and recreation, clean water, and other
regulatory functions. These benefits can be produced
in synergy with bioproducts, and can increase the so-
cietal inclusiveness of the forest-based bioeconomy.
It is essential to engage all of society - including
the urban population - and pay more attention not to
give an image that it is mainly of interest to the ru-
ral population and the forest sector only. The ques-
tion is not about which is more important, urban
or rural, but about the connection between urban
and rural lives, and how one needs the other. Finally,
whatever the narrative, it is very important that it is
supported by science-based facts, otherwise it will
most likely lose its credibility, and therefore power.

3.3 Environmental sustainability

Sustainable development needs to be at the heart of
the bioeconomy. At its onset, in the late 20th cen-
tury, sustainable development was about seeking
harmony between the economy, society and the en-
vironment. Now it is perceived as economic devel-
opment that supports the prosperity and wellbeing
of the whole human society, but within given envi-
ronmental boundaries at local, regional and plane-
tary scale (Griggs et al. 2013). This new approach to
human development can create synergies with eco-
systems and their biodiversity (Muys 2013), and are
translated in the Sustainable Development Goals
(see Chapter 1 and 2).

History shows that markets do not automatically
lead to or produce sustainability. Policies are needed

to avoid resource depletion and other unwanted ex-
ternalities that markets can create, and to place val-
ue on ecosystem services that are not traded in mar-
kets. In particular, policies are needed to monitor,
assess and ensure the sustainability of the bioecon-
omy. By doing so, unwanted outcomes can be avoid-
ed, and a circular bioeconomy can create huge op-
portunities for people and our planet.

The first essential feature of a circular bioecono-
my is that environmental sustainability issues are
addressed at an early stage, e.g. in the design phase
of production chains and consumption patterns.
This means that companies and governments ad-
dress potential sustainability issues using the best
available knowledge and information on environ-
mental aspects, in addition to market and techno-
logical issues. Sustainable R&D of new products/
materials includes screening for potential high en-
vironmental risks or unacceptable burdens. This
screening may use predictive tools and can lead to
significant environmental efficiency and business
gains, as the lessons learned from history indicate.
In the past there are examples of promising new
technologies which later proved detrimental for hu-
mans or the environment, like DDT, CFCs or asbes-
tos cement. The regulatory role of public authorities
is to apply the precautionary principle to foster sus-
tainable progress, but without inducing immobili-
zation — ‘nothing ventured, nothing gained’.

The other essence of the circular bioeconomy is
life cycle thinking from cradle to cradle. Potential
environmental impacts should be avoided along the
whole life cycle of products and services, from re-
source extraction through the production process
into the use phase, and eventually the multiple re-
use of recycled resources in new products. At the
end of life, disposal is avoided, e.g. for a wood prod-
uct by gasification with energy use and recuperation
of ashes as a fertilizer or a building material. Life cy-
cle thinking can be mainstreamed by policies stim-
ulating industrial symbiosis, giving value to waste,
and putting a high price or ban on disposal.

Environmental issues along the life cycle are ei-
ther input-related, i.e. caused by the extraction of
resources from the natural environment, or out-
put-related, i.e. caused by emissions to the natural
environment during the production, use or end of
life. Input-related environmental risks are very rel-
evant for the bioeconomy, because it is an econo-
my essentially relying on biotic resources such as
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biomass, and on in-demand land resources to grow
it. The challenge is to use these scarce resources in
a sustainable way.

A huge asset of biotic resources is that they are re-
newable - they grow back after being harvested, again
and again. This is not the case for abiotic resources
like petrol, metal ores or phosphates, for which once
a rich deposit is depleted, their extraction stops for-
ever. But the condition for a biotic resource to be re-
newable is its sustainable use, i.e., not letting the
resource base become extinct. But this requires man-
agement. In forests, for example, it requires planning
that regulates harvesting by keeping the standing bio-
mass stock in the forest at a high enough level to en-
sure its continued growth. This principle of sustaina-
ble use is less simple than it looks, but forest science
has a long history of developing tools to survey, mon-
itor and predict the annual allowable cut of forests in
complex, highly variable landscapes.

Unsustainable harvesting could be best avoided
with policies placing value on well-stocked forests,
like a carbon price or carbon sequestration com-
pensation to forest owners. Before these are effec-
tive, other measures will be needed. Indeed, the EU
and several countries are planning regulatory meas-
ures to control solid biomass extraction for bioener-
gy use. A cost-efficient alternative could be a stress
test checking how far the regular instruments of
sustained yield like cutting licenses, management
plans, certification schemes and so on are in place
and operational in regions and countries. A stress
test like this could also form one of the innovative
sustainability indicators needed for the bioeconomy
(Wolfslehner et. al. 2016)

The other input-related category is land use im-
pacts. Replacing fossil-based resources with bio-
based can lead to increasing land scarcity, which
would boost land prices, and may enhance potential
conflicts between land use options. A well-known
example of conflict between land use options is the
food versus fuel debate that emerged when corn eth-
anol subsidies in the US contributed to food scarci-
ty and the global food price crisis of 2007-2008. In
fact, allocation problems are inherent to any land-
based economy, but can be solved through proper
policies and management supporting land use op-
timization and taking environmental and social is-
sues into account.

Sustainability challenges have led to a particular
focus on land use. Land sparing and land sharing,

two contrasting approaches to sustainable land
management practice are being promoted (Phalan
etal. 2011). According to the land sparing approach,
a part of the land is ‘set aside’. There is increasing
scientific evidence that a considerable amount of
land, globally and regionally, needs to have a pre-
dominantly unmanaged status, ensuring biodiver-
sity conservation (e.g. space for conservation is es-
sential for the bioeconomy; Lefévre et al. 2014), and
global ecosystem services like climate stabilization
and rainfall recycling over land. In a sustainable bio-
economy this is not lost land as it contributes to the
earth system’s resilience to the benefit of all, while
providing many local co-benefits such as controlled
levels of ecotourism and high value products from
nature.

According to the land sharing approach, there is
also increasing evidence that land use intensifica-
tion has reached its limits for a number of reasons
(Ripple et al. 2017). In forestry, this happens main-
ly through monoculture plantations contributing to
soil impoverishment and suffering pest outbreaks
and climate stress, all affecting the system’s resil-
ience and the very base of biological production. In
response, R&D and policy efforts trying to move ag-
riculture and forestry from high input maximum
output towards either medium input high output,
or low input high diversity systems (Matson et al.
1997; Tilman et al. 20006). Recent research on the
functional role of biodiversity to support productivi-
ty, production resilience and ecosystem multi-func-
tionality, needs to be given the opportunity to fur-
ther develop from fundamental research to viable
land management systems (Liang et al. 2016; van
der Plas et al. 2010).

The circular bioeconomy of the future can miti-
gate land use related risks through land use opti-
mization addressing trade-offs and synergies be-
tween multiple ecosystem services (see Figure 5),
targeting a clever mix of land sharing and land spar-
ing options at landscape scale depending on local
needs and opportunities (Grau et al. 2013; Pedroli
et al. 2013). In this way forests with high biodiversi-
ty can be maintained and managed that show more
resilience under climate change conditions (see
Box 3). Forestry has a long tradition in Europe of
creating human value while keeping land use im-
pact low. Intensified biomass harvest, e.g., for bio-
energy holds important opportunities for conserva-
tion of species of open habitats (van Meerbeek et al.



2016), forest fire prevention and forest adaptation to
climate change induced drought.

As to the output-related environmental issues,
biobased products have clear advantages over fos-
sil-based ones. They are often less toxic and biode-
gradable, which facilitates their re-use, recycling and
disposal. Also for the mitigation of global warming,
bioeconomy products have inherent useful qual-
ities. First, biomaterials can store carbon just like
forests do, with usually increasing benefits com-
ing with higher product longevity (Brunet-Navarro
et al. 2016). Stimulating well-designed Life Cycle

Assessment (LCA) based cascading use of biomate-
rials, where materials are recycled several times into
new products before the very end of the life cycle,
can lead to more carbon sequestration, more ener-
gy substitution and more added value per unit of
resource input, all key features of the transition to
a circular economy. In short, circular bioeconomy
needs to focus on its strengths, i.e. in the diversi-
ty of biomaterials and their applications, biorefin-
ery-based resource-efficient systems and non-mate-
rial ecosystem services (e.g. tourism, environmental
regulation), and avoid overemphasizing just one

Box 3: The importance of adaptation to climate change

A biobased economy that relies on a constant delivery of raw materials from ecosystems is particularly

vulnerable to changes in environmental conditions, particularly climate change. Without proper meas-

ures to adapt to climate change, sustainable management of biotic resources is not possible, nor can

the mitigation effect on climate change through carbon storage or substitution be achieved. This ap-

plies to all ecosystems such as forests, but also to agricultural systems and fishery. Here, we use the ex-

ample of forestry, based on a study on the economic impacts of climate change on forests (Hanewinkel

et al. 2013), but similar strategies should also apply to agriculture and fisheries.

The current three general adaptation strategies for forests to climate change are (Bolte et al. 2009):

(a) the conservation of forest structures, (b) active adaptation, and (c) passive adaptation. The conser-

vation of forest structures, i.e. a business-as-usual approach (a) assumes low adverse impacts of cli-

mate change, high resistance to climatic stress and a high likelihood that conservative interventions will

improve the stability. Passive adaptation (c) means to halt management interventions and to use spon-

taneous adaptation processes in terms of successional dynamics and species migration. Both strategies

are only promising under milder climate scenarios (a) or for forest ecosystems with low economic im-

portance (c). For intensively managed forests in Europe, active adaptation (b) seems to be the most ap-

propriate strategy, especially when assuming ‘high end’ climate scenarios to be the likely future. Active

adaptation strategies include the introduction of new species that are better adapted to drier and warm-

er conditions and which show a higher resistance to potentially increasing impacts of pests and diseas-

es. Active adaptation means also to maintain or increase the genetic adaptive capacity of the species to

be used in the future (Lindner et al. 2010) using a variety of genetic adaptation strategies such as as-

sisted migration, traditional or molecular breeding and gene conservation (Fady et al. 2016). Improved

seed transfer guidelines should be applied to prevent the use of maladapted seed sources. Besides in-

ter-specific assisted migration, within-species assisted migration, defined as the purposeful movement

of provenances to areas where they are better adapted in the future should be applied. Together with sil-

vicultural measures such as the change of production times and thinning regimes, fire and pest man-

agement with an intensive pest- and diseases monitoring system is considered an important part of an

integral adaptation strategy. To safeguard the mitigation potential of forest ecosystems against climate

change through an array of regionally adapted measures, ‘Climate Smart Forestry’ has recently been dis-

cussed (Nabuurs et al. 2016). A similar concept has also been implemented in agriculture.
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subsector, like the bioenergy subsector. There is a
need to create a level playing field.

In summary, the emergence of the bioeconomy
is a clear recognition of the crucial value of natu-
ral capital and its ecosystem services for sustaina-
ble human development (Costanza et al. 1997a,b).
However, bioeconomy development so far has been
mainly technology and economy orientated. This
section shows that there are multiple pathways to
develop the bioeconomy, and that not all have the
same sustainability potential. Therefore, there is a
need to invest more in sustainability research to de-
sign the policies, tools, indicators and monitoring
systems to support the development of a truly circu-
lar and sustainable bioeconomy.

3.4 R&D, technological change and
skills

In order for the European circular bioeconomy to
support the SDGs and the Paris Agreement, and
the more specific EU policy objectives, it is clear
that current products and technologies are not suf-
ficient. We need to create new, more resource-effi-
cient, sustainable and more circular biobased tech-
nologies, products and services. The source and
base of these will be R&D&I.

R&D supporting the development of new for-
est-based technologies and products has advanced
during this century. For example, traditional forest
industry companies have been willing to take these
as part of their new strategies (Ndyhi and Pesonen
2013). As result, there already are new forest-based
products, such as packaging products that substi-
tute plastic, more environmentally friendly textile
materials, engineered wood-based elements and
modules, and second generation biodiesel (Chapter
4). Yet, we are still at the early stages of new bi-
obased product and technology development, and to
speed up and extend the process we need R&D in-
vestments.

Despite the change in industry strategies, R&D
investments are still at a low level in a number of
countries, and in some cases even declining in for-
est-based industries, for example, in traditional
major forest industry regions such as North Europe
and North America. There are many reasons, in-
cluding the traditionally low level of R&D invest-
ments in the industry, the declining relative contri-
bution of forest industry to the national economy,

corporate restructuring, low industry profitabili-
ty, a focus on short-term issues, cost cutting, and
inadequate prioritisation of R&D for long-term
business growth and sustainability. Low R&D in-
vestments tend to be an even bigger problem for
small and medium scale (SME) companies, which
are often wood product (e.g., sawnwood, plywood)
producers. This needs to change for innovation
and new business opportunities to be realized to

a greater extent. The situation also heightens the

importance of new players, for example, start-ups,

chemical, textile, consumer goods and construc-
tion companies, with an additional supply of re-
sources and investments.

Bioeconomy research has so far been very much
focused on biotechnology, engineering and chem-
istry (Lovri¢ & Mavsar 2017). This is understand-
able, given the need to develop new innovative
products. However, the research on markets, pol-
icies, and social sustainability related to bioecon-
omy has been at a very low level, giving also an
impression that its importance is not yet well un-
derstood (see also 3.3). For example, Horizon 2020
is making available around EUR 3.8 billion fund-
ing in support of research and innovation in the
bioeconomy over 2014-2020, but socio-economic
bioeconomy research has been at a relatively low
level, with most of the funding going to technol-
ogy-related research (Lovri¢ & Mavsar 2017). Now
that new bioeconomy products are already enter-
ing the markets, there is an increasing need to un-
derstand the market-policy-society developments
related to them (Hetemiki & Hurmekoski 2016).
For example:

« What are the market prospects and competitive
advantages for different products and in which re-
gions should their value chains be located?

« What is the biomass resource market availability
outlook in different regions?

« What are the impacts on employment trends and
skill requirements for the future?

« What are the environmental sustainability and life
cycle impacts of the new products and processes?

« How can we best incorporate the circularity per-
spective into the products and processes?

« How can we use digital technology, big data and
artificial intelligence to optimize, identify and ap-
preciate new pathways and value chains, process
data, and create indicators to monitor all dimen-

sions of the sustainability of bioeconomy?



The impacts of changing regulations, consumption
behaviour, trade patterns, CO, and energy prices,
the development of other sustainable energy tech-
nologies, biomass resources, etc. need to be as-
sessed to better grasp the impacts they might have
on the overall circular bioeconomy system. Also, a
mechanism for continuous foresight and scanning
should be established, to steer activities in response
to future developments and changing conditions.

Related to R&D, there is also a need to develop the
right kind of skills and talents. Technological and
societal history shows that paradigm shifts — which
moving to circular bioeconomy also implies — have
required new skills and talents. Circular bioeconomy
will consist of increasingly diverse activities, based
on knowledge generated in many different areas and
sources. We need to invest in the right kind of skills
and talent to manage this knowledge. For example,
there are not yet enough Masters’ programmes at
European universities in sustainable forest bioecono-
my. There is a gap between the hopes and strategies
related to the bioeconomy, and the fact that we are
not training enough people for its needs.

The new R&D also needs to be applied in practice,
and there needs to be a platform bridging science
and practice. To this end, in July 2017 the European
Commission launched a new Bioeconomy Knowledge
Centre (BKC) to better support EU and national pol-
icy makers and stakeholders with science-based ev-
idence. BKC will not primarily generate knowl-
edge, but will collect, structure and make accessible
knowledge from a wide range of scientific disci-
plines and sources on the bioeconomy. It is based
on the Commission’s in-house science service, the
Joint Research Centre (JRC). This knowledge hub
is very welcome. However, it is not sufficient for the
science-policy interface, even at the EU level, not to
mention the Member States and non-EU countries
in Europe. The science evidence supporting policy
making should be used also to analyse EU policies,
their strengths and weaknesses, including possi-
ble alternatives. Yet as an in-house service, it is dif-
ficult for JRC to criticise and propose changes to EC
policies, even if there would be a need for it. The
BKC work is valuable, but also needs to be support-
ed with science-based policy support work which is
independent of the European Commission, yet can
fruitfully support it with a more extensive knowl-
edge base, and with the ability to analyse and pro-
vide implications in relation to EU policies.

3.5 Risk-taking capacity

New investments and innovations are a must for
circular bioeconomy development, yet they also in-
volve high risks. Itis to be expected that a substantial
share of new business innovations can fail. Failure
does not necessarily mean that investment has been
wrong or useless, because societies can learn from
failures and better understand what conditions and
direction are necessary. But circular bioeconomy
development will also need policies which help to
reduce or share the risks, and high-risk financial
mechanisms, such as venture capital funding. For ex-
ample, in 2016 the EU launched a pan-European
Venture Capital Fund(s)-of-Funds programme, that
could also be used to support circular bioeconomy
investments (European Commission 2016a).

Another promising instrument could be green
bonds (European Commission 2016b; OECD 2017).
Since 2007-08, a market for bonds specifically re-
garded as ‘green bonds’ has emerged. These are
differentiated from a regular bond by their com-
mitment to use the funds raised to finance or refi-
nance ‘green’ projects, assets or business activities.
The market for green bonds has been growing very
rapidly, with the annual issuance rising from just
USD 3 billion in 2011 to USD 95 billion in 2016. It
has been estimated that the global volume of annu-
al green bond issuance for 2016 ranged from USD
70 to USD 100 billion (OECD 20r17). According to
OECD (2017), green bonds can offer several impor-
tant benefits for green investment including:

« providing an additional source of green financing;

« enabling more long-term green financing by ad-
dressing maturity mismatches;

« enhancing issuers’ reputation and clarifying envi-
ronmental strategy;

« offering potential cost advantages;

- facilitating the ‘greening’ of traditionally brown
sectors;

- making new green financial products available to
responsible and long-term investors.

However, the evolving green bond market faces still

a range of specific challenges and barriers, which

several policy measures could address (see OECD

2017).

The public sector can support high-risk invest-
ments especially when they are thought to have more
extensive positive spill-over impacts besides direct
support for one business case. This could be e.g.
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R&D spending to reduce knowledge-related risks, or
investment support for pioneering pilot or demon-
stration projects and mills. Another important tool
could be public procurement policies. Public authori-
ties spend approximately EUR 1.8 trillion annually,
representing around 14% of the EU’s gross domes-
tic product (InnProBio 201y). Procurement princi-
ples tend to support the cheapest alternative on the
market. Often this implies traditional products and
services which include very little, if any, innovation.
Public procurement policies could be redesigned to
include risk-taking and promote products and ser-
vices in line with a circular bioeconomy, also pro-
moting innovation. The European Commission’s
Public Procurement of Innovative solutions (PPI)
seeks to facilitate diffusion of innovative solutions
on the market (European Commission 2017). In a
circular bioeconomy many of these applications and
solutions may be closely linked to the public sector.

One approach to tackle risk issues, especially for
SMEs, is to find symbiosis or ‘business ecosystems’
between large and small companies, such as in the
case of the Metsi Group Ainekoski bioproduct or bi-
orefinery mill in Finland (Palahi & Hetemiki 2017).
The mill started operation in August 2017 and was
a EUR 1.2 billion investment. Although it is a spe-
cific case, it is interesting in terms of describing the
general direction which the bioeconomy could take
in other places in Europe. The circular bioecono-
my concept aims to process products resource-ef-
ficiently, minimize waste, and maintain the value
of products, materials, and resources in the econ-
omy as long as possible. At the heart of Ainekoski
biorefinery is pulp production, around which there
is an ecosystem of production activities and a num-
ber of SME companies that produce, e.g., electricity,
heat and steam, transportation biogas, plywood for
wood construction, wood composite musical instru-
ments, and agri- and forest fertilizers. The organic
by-products, e.g., resulting from debarking of wood,
will be used as soil roofing materials and soil im-
provements. In essence, one company’s waste is oth-
er company’s raw material. The biorefinery processes
are based totally on renewables, and it is a signifi-
cant net energy generator. It is important to analyse
how this biorefinery develops in practice, to gain les-
sons for other similar projects.

The European Investment Bank (EIB) surveyed
the hurdles for investments in biobased industries
(BBI) and discovered that 77% of the projects (33

out of 43 projects) faced access-to-finance issues
(Leoussis & Brzezicka, 2017). Moreover, “79% of all
respondents reporting access-to-finance issues indi-
cate that the lack of interest from private financial
market participants is related to the specificities and
associated lack of understanding of the BBI”. This
suggests that there are systemic barriers to financ-
ing BBI. EIB recommends developing a new EU
risk-sharing financial instrument dedicated to bio-
economy and potentially taking the form of a the-
matic investment platform that can mobilise pub-
lic-private capital from different sources.

The key challenges were found to be the risks re-
lated to the market (demand) prospects, and uncer-
tainties related to the regulatory environment. The
first means that the demand for new bioeconomy
products is still more uncertain than for the exist-
ing products. The latter relates to uncertainties over
whether regulations affecting the markets in future
are well known, consistent and stable in the long-
term. These are issues that have been raised by
many studies for many years at the EU and Member
State level, but which appear not to have been
solved. Changes will not happen only by supporting
new developments, there is a need to debase ‘old’,
less efficient solutions too (Kivimaa & Kern 2010).
Policy actions should demonstrate long-term reg-
ulatory commitment to support bioeconomy alter-
natives to fossil-based products targeting the entire
products sector (now biased to bioenergy) and value
chains while allowing free market forces to operate
sufficiently (Leoussis & Brzezicka 2017).

Interestingly, the EIB report does not address bi-
oeconomy services, neither does it discuss the possi-
ble investment risks related to sustainability. The first
generation biofuels lesson is that these can be sig-
nificant, and also need to be addressed. Markets will
not automatically solve externality issues.

3.6 Regulatory environment and
public-private sector collaboration

What was the most important decision that made
Europe the most advanced and successful mobile
phone region in the world in the 1980s and 1990s?
The answer often given is the creation of the Global
System for Mobile Communications (GSM) -stand-
ard that was adopted in 1987 (Temple 2010). A
group of 13 European countries decided to devel-
op and deploy a common cellular telephone system



across Europe, and EU rules were passed to make
GSM a mandatory standard. Following this deci-
sion, mobile operators from across Europe started
to invest in new GSM networks. Within a year, the
whole of Europe had been brought behind GSM in
a rare example of unity and speed. For example, the
US did not have a common standard, lacked the en-
abling conditions for an efficient mobile phone op-
erating environment, and fell behind Europe in de-
velopment.

The lesson this has for circular bioeconomy de-
velopment is that European-level common stand-
ards and regulations should be designed for new
products and services. A good example is wood con-
struction (Chapter 4), in which the lack of com-
mon standards and regulations (such as fire regu-
lations) hinders the large scale deployment of wood
construction in high-rise buildings (Hurmekoski
2016). Europe would benefit from a common bio-
market environment, with a certain amount of com-
mon rules and standardization, which could signifi-
cantly reduce business risks and boost R&D.

Common regulation and standardisation is clear-
ly also an example of the need for cooperation be-
tween the EU and Member State governments,
also for business and government collaboration.
The more complex the operating environment for
business, the more there tends to be a need for this
type of cooperation. For example, this is the case
with developing clean technology or artificial intel-
ligence and robotics (also for circular bioeconomy).
However, government should not be a business op-
erator itself, but rather the facilitator. It has a nec-
essary and indispensable role in creating enabling
architecture for emerging businesses. This is need-
ed for the European circular bioeconomy to devel-
op meaningfully and efficiently. How can the EU
design policies and cooperation platforms in a way
that society can take maximum benefit from a sus-
tainable circular bioeconomy? There are also at-
tempts to provide quality criteria for desirable bio-
economy development, such as the Nordic Council
of Ministers (201y) criteria for Nordic Bioeconomy.

Key messages

An evidence-based narrative on circular bioecon-
omy is needed for a circular bioeconomy strategy
and to engage the urban and rural population in
Europe to support its implementation.

The circular bioeconomy recognizes the essential
role of natural capital in socio-economic develop-
ment, as it is based on the maintenance and man-
agement of biological resources and their diversi-
ty, and the sustainable use of renewable resources
from nature.

Without proper measurements to adapt to climate
change the sustainable management of biotic re-
sources as foreseen by the circular bioeconomy is
not possible.

There is a need to create new, more resource-ef-
ficient, sustainable and more circular biobased
technologies, products and services. The nec-
essary, although not sufficient, requirement for
these is increasing R&D&I investments.

To raise capital for pioneering but risky circular
bioeconomy investments, venture capital, green
bonds and public procurement policies are needed.
Biomill ecosystems (e.g. Adnekoski) help to boost
synergies between big global companies and
SMEs, and can also reduce the risks, especially for
the SMEs. A long-term, stable policy environment
is key to reducing uncertainty and risks for circu-
lar bioeconomy investments.

EU-level common regulation and standardisa-
tion for new bioeconomy products and services
can speed up circular bioeconomy development.
This requires cooperation between the EU and
Member State governments, and between busi-
ness and government.
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4. Bioeconomy contribution potential: examples

4.1 Background

In bioeconomy strategies, the potential of the for-
est-based sector is often hidden in the shadows of
the agriculture sector. However, there are regions
where forest-based bioeconomy has received atten-
tion in regional strategies (e.g., Nordic countries),
and these could also show potential for some oth-
er regions. In this Chapter, we focus on bioecono-
my examples from the forest-based sector to high-
light its potential.

Wood has four main components: cellulose,
hemicellulose, lignin, and extractives. Cellulose and
lignin are amongst the most abundant source of
organic polymers on earth. Forest bioeconomy
uses these four components of wood to produce
construction materials, chemicals, biofuel, heat,
power, bioplastics, packaging materials, food, live-
stock feed, ingredients, textiles, health and phar-
maceuticals, etc. Often forgotten, but important, is
that the forest-based bioeconomy also includes the
services directly related to forests (e.g. recreation,
nature tourism, water supply, hunting, etc.) and

those connected to forest management, wood pro-
cessing and forest products (R&D, extension, con-
sulting, marketing, sales, immaterial rights, main-
tenance services, etc. (Hetemiki 2014; Ndyhi et al.
2015).

4.2 Economic and environmental
impacts

According to JRC, the EU28 bioeconomy in 2014
had an annual turnover of about EUR 2.2 trillion
and employed 18.6 million people (JRC 2017). This
figure includes everything under bioeconomy, e.g.
food, beverages, tobacco, forestry, fisheries and ag-
riculture sectors. If we narrow the data to sectors
in which the forest-based bioeconomy is a ma-
jor contributor, but also including some agro and
waste-based production, we have the following sec-
tors: biobased electricity; biofuels; biobased chemi-
cals, pharmaceuticals, and plastics; manufacture of
paper and paper products; biobased textiles; wood
products and furniture; and forestry. The turnover
for these sectors in 2014 was EUR 700 billion and

Table 2. Hypothetical example of 1% market share for forest-based products in different sectors

Construction

Market (cement/concrete)  Plastics Textiles
Global market size in 2050 | > 5000 Mt 1124 Mt 250 Mt 6374 Mt
Growth rate assumption Peaking soon 4x by 2050 4x by 2050

Price* 80—2 650 €/ton
(value per unit)

650-1 580 €/ton

Forest-based 1% solution

(European forest-based materials gain 1% share of the global market volume)

600—2 300 €/ton

Production 13.7 Mt 1.2 Mt 2.5 Mt 27.4 Mt
Revenue ~1-36 billion € ~ 7-18 billion € ~1.5-6 billion € ~10-60 bill. €
Wood use 68 Mm? (no primary use — 15 Mm3 > 83 Mm?

based on side-streams)

Table is modified from unpublished manuscript by Hurmekoski et al. (2017), Markets for new wood-based products, European Forest Institute.
*Based on Finnish customs statistic; ** Wood density (500 kg/m3) is different from that of concrete (1850 kg/m?3) — 3—4 times less (tons) wood need-

ed to substitute the same volume (m3) of concrete.



employment 4.3 million.# In 2014, the turnover of
only EU pulp and paper and solid wood production
was about EUR 300 billion and the employment
1.5 million (EUROSTAT). These two industries rep-
resented 43% of the turnover, and 35% of the em-
ployment, of the ‘forest-based” bioeconomy sector.
However, it is very difficult to obtain precise indica-
tors for aggregate forest-based manufacturing and
service activities, since they tend to be classified un-
der many industries and sectors, and not only under
forest industries.

To illustrate the potential market implications
of emerging forest-based products, we will consid-
er three cases: wood construction, forest-based tex-
tiles and bioplastics (for more examples, see e.g.
Hetemiki, 2014; Ministry of Economic Affairs and
Employment, Finland, 2017). We ask what would
be the economic and roundwood consumption im-
pacts if European wood-based products gained a 1%
market share of the global construction, textile and
plastics markets, that are currently very much dom-
inated by cement, synthetic fibres, and petrochemi-
cals. This ‘1% solution’ is clearly a hypothetical one,
and also based on very rough estimates. The mar-
ket share could clearly be smaller or bigger, and the
unit prices depend very much on what stage of the
product value chain the price refers to. Yet, it is il-
lustrative to try to quantify potential impacts. Table
2 shows that this could generate a revenue for the
European wood-based bioeconomy in the scale of
EUR 10-60 billion (depending on the assumptions
made). This would amount to 3% - 20% of the cur-
rent total turnover of the EU forest industry. The ad-
ditional industrial roundwood use would be at least
83 million m3, which would be 23% of the total in-
dustrial roundwood production in the EU in 2016
(355 million m3, data FAOSTAT).

4.3 Construction market?

The EU28 building construction sector has large eco-
nomic and social significance - its turnover was
EUR 581 billion and employment 3,6 million in

4 This turnover is equal to the sum of turnover in 2014 of the fol-
lowing eight European company giants: Airbus, Bayer, Deutsche
Telecom, Fiat, Nestlé, Siemens, Vodafone Group and Volkswagen.
They employed in total 2.1 million in 2014. (source: Financial
Times European 500).

5  This case is heavily based on Hurmekoski 2017. How can wood
construction reduce environmental degradation? European
Forest Institute. http://www.efi.int/files /images/publications/
efi_hurmekoski_wood_construction_2017_oct.pdf

2015 (EUROSTAT). There is no data available for
the share of wood construction. However, accord-
ing to our estimations (based on EUROSTAT data),
its turnover was EUR &g billion and employment
680,000. In other words, its share was 15% of the
turnover and 19% of the employment of the total
building construction sector.®

Wood has traditionally been used in single fam-
ily buildings: around 8-10% of single family build-
ings in the EU have a wooden frame. However, this
varies regionally from over 80% in the Nordic coun-
tries to almost insignificant in a number of south-
ern European countries. With the emergence of en-
gineered wood products (EWP) in recent years, wood
has increasingly also been used in large-scale con-
struction, such as multi-storey residential buildings,
office buildings, schools, hospitals, and industrial
and sports halls. In particular, the move to prefab-
ricated production of glued laminated timber (glu-
lam) and cross-laminated timber (CLT) elements
and modules has enabled this development.

Yet, there are still misperceptions about wood as a
building material, including fire hazards and issues
with strength and durability. Often these percep-
tions are not in line with modern wood construction
standards. Indeed, industrial wood construction
could address many of the pressures faced by the
construction sector, including: efficiency, environ-
mental impact, and safety and convenience of work-
ers. Wood as a material has a number of further
possible benefits, including fitting accuracy, tremor
safety (for earthquake-prone areas) and good insula-
tion, as well as the possible beneficial impact of bare
wooden surfaces on indoor air quality and human
health (humidity buffering, soft acoustics, stress-re-
lieving atmosphere).

The economic competitiveness of wood con-
struction varies between regions and market seg-
ments. In wood frame multi-storey markets, wood-
based building practices are still on average a few
per cent more expensive when compared to estab-
lished methods. This is still partly due to national
construction regulations which treat materials un-
equally. However, in future one can expect wood
construction to become cost competitive, due to

6 These figures are based on assuming that 70% of the total activ-
ity of wood products manufacturing (excluding furniture) was
wood construction related. According to EUROSTAT, the wood
products manufacturing (except furniture) turnover was EUR 121
billion and employment 973,000 in the EU28 in 20715.
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Figure 6. Construction of the Brock Commons student residence in Vancouver (UBC), the tallest cross-laminat-
ed timber (CLT) building in the world at 53m high. In many countries building regulations still limit the heights
of timber buildings based on outdated regulations. Photo source: https://www.naturallywood.com/

learning-by-doing through an accumulating num-
ber of pilot projects, and ultimately the standardiza-
tion of modern wood construction techniques.

Especially from the circular bioeconomy perspec-
tive, wood construction offers significant potential.
The European building construction sector accounts
for 42% of total energy consumption, 35% of total
greenhouse gas emissions, 50% of extracted mate-
rials and 30% of water consumption (Hurmekoski
2017). Research literature recognizes the possible
environmental benefits of substituting the most
common building materials with wood-based prod-
ucts (Sathre & Gustavsson 2009). Results on the
environmental impact of wood construction invari-
ably conclude that wood-based construction practic-
es cause less environmental burden compared to es-
tablished practices. In particular, wood construction
can reduce the energy consumption and CO, emis-
sions related to the manufacture of construction
products, as well as contribute to reducing the over-
all material use and thereby the amount of waste,
and reduced transport weight and cost.

Wood-based products contribute to climate
change mitigation by two main mechanisms: car-
bon storage and substitution. Firstly, substituting
wood for steel, concrete, and other products that
use more energy in their manufacture avoids larger
fossil fuel consumption and consequent CO, emis-
sions (substitution). Also, the use of sawmilling res-
idues for bioenergy recovery improves the energy
balance of wood products. Secondly, trees seques-
ter CO, in standing forests through photosynthesis,
and store the carbon in wood-based products for the
duration of the life cycle of the product (storage).

Most of the emissions from buildings are caused
by their use, particularly due to heating and cooling.
While the choice of building material may have no
decisive impact on the energy efficiency of buildings,
wood-based solutions exist, for example, for energy
facade renovations. However, with stricter energy ef-
ficiency requirements and a possibly changing fuel
mix in energy generation in the future, the relative
importance of the CO, emissions of the manufacture
of building products is likely to rise.


https://www.naturallywood.com/

Construction is one of the most significant sec-
tors causing the depletion of natural resources. The
resource intensity of construction means that circu-
lar thinking is increasingly important for the sector.
Taking the perspective of the ‘waste hierarchy’, per-
haps the clearest contribution of wood construction
is that substituting a wooden frame for a concrete
frame significantly reduces the total material input
of a building, i.e., it avoids greater material use due
to the 4-5 times lower weight of wood compared to
concrete. A wood-based structural frame can cut
the total material consumption of construction in
half and the weight of the structural frame by 70%
(Pasanen et al. 2012). A lighter structural frame also
allows reduced material input to the foundation.
Moreover, industrial prefabrication of wood ele-
ments and modules provides an efficient means for
minimizing waste at the construction site.

The most significant waste streams related to
buildings are created in renovation and at de-
commissioning of the buildings. The EU Waste
Framework Directive (2008/98/EC) stipulates that
70% of non-hazardous construction and demo-
lition waste must be prepared for re-use, recycled
or undergo other material recovery by 2020. At the
time of introducing the directive, the recycling rate
of construction waste in the EU27 was on average
63%, and for wood 30%, with significant differenc-
es between countries. One-third of demolition wood
is used directly for energy production, which from
the waste hierarchy perspective is regarded as the
least favourable option. Finding more efficient re-
cycling options for demolition wood will be a chal-
lenge, also partly due to chemical impregnation of
wood or the use of oil-based glues, paints and oth-
er material mixes. One important aspect in this re-
gard will be cascading use, which means extending
the lifetime of wood material in the production loop
before combusting it, for example in the following
sequence of applications: Beam > floor board > win-
dow frame > oriented strand board > fibreboard >
combustion (Vis et al. 20106).

Wood sourcing in the EU builds on the principles
of sustainable forest management. Thus, wood con-
struction is not linked to global deforestation, which
is primarily caused by competing land uses in de-
veloping countries. Wood construction may provide
incentives for active forest management in order
to maintain forests as a long-term carbon sink, as
the majority of forest owners’ revenues from selling

wood comes from large diameter logs. However, the
raw material impact of the possible increase of wood
construction can remain moderate. It has been esti-
mated that even a theoretical to0% market share of
wood construction of all buildings in Europe would
translate to a maximum direct demand of 400 mil-
lion m? of wood (Hurmekoski 2017). This is equiva-
lent to around 50% of the annual growth of EU for-
ests, or 45 million m3 more than the total industrial
roundwood production in the EU in 2016. With re-
alistic assumptions, the impact of increased wood
construction on the demand for wood resources re-
mains relatively small: for example, with a 20% mar-
ket share the roundwood demand increase could be
around 50 million m? in the EU.

The manufacture of wood products also creates
forest residues and side-stream raw materials, such
as chips, sawdust and bark, which are used for pro-
ducing wood-based panels, bioenergy and biochem-
icals that can substitute for fossil-based raw mate-
rials. The volume of these side-stream products
currently exceeds 100 million m? annually in the
EU28.

In summary, there is a range of policies at the EU
and Member State level to enhance the sustainabil-
ity and resource efficiency aspects of the building
sector. These could directly or indirectly support the
use of less environmentally burdensome materials,
such as wood, in construction. The EU Construction
Directive (Official Journal of the European Union
2011) does not address these needs. Consequently,
the first step needs to be the creation of a level play-
ing field for construction markets, by removing the
unnecessary regulatory and cost burdens of wood
construction in national construction regulations.
As this is already the case in some countries, it
would be useful to share these experiences with oth-
er countries.

4.4 Textile market’

The textile sector is one of the largest industries in
the world and demand for textile fibres is growing
rapidly. In 2015, global production of textile fibres
was around go million tons, more than double the
production volumes of 1990 (CIRFS 2017). Of the

7 This sub-chapter is heavily based on Hurmekoski et al. (2017).
Markets for new wood-based products, unpublished manuscript.
Diversification of the forest sector: Role of new wood-based prod-
ucts. European Forest Institute.
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Global textile markets 1900-2030

160

140

120

100

8o

60

40

20«
(o]

1900 1920 1940 1960 1980 2000

H Wool M Cotton

2005 2010 2015 2020 2025 2030

MM CF Synthetic

Figure 7. Evolution and outlook of global textile markets. Source: Hammerle (2011).

global textile fibre markets, synthetic fibres (main-
ly polyester) accounted for 69%, cotton for 23%,
and man-made cellulosic fibres (MMCEF) for 7% in
2015 (CIRFS 2017). Due to population and income
growth, global textile demand has been project-
ed to grow to more than 130 million tons by 2030
(Hammerle 2011), and to more than 250 million
tons by 2050 (Alkhagen et al. 2015).

Despite the global growth prospects, cotton pro-
duction is expected to stagnate due to the limit-
ed availability of arable land which is increasing-
ly also needed for food production, and the large
amount of irrigation that cotton production re-
quires. According to WWF, it can take more than
20,000 litres of water to produce 1kg of cotton;
equivalent to a single T-shirt and pair of jeans
(WWF 1999; see also Antikainen et al. 2017). The
irrigation of cotton is responsible for about 3% of
global water use (Himmerle 2011). On the other
hand, there is a need to phase-out oil-based synthet-
ic textile fibres. Moreover, cellulose fibres tend to be
more user-friendly due to better moisture manage-
ment (absorption) properties than synthetic fibres
(Hammerle 2011). These factors result in a high
demand for MMCF (Figure 7). Given that the re-
cent developments of new cellulosic fibres are suc-
cessful, the growth rate of MMCF could be even
higher than the Figure indicates (Alkhagen et al.
2015).

The demand for cellulosic fibres (e.g. wood-based)
is likely to increase significantly in future decades.
Indeed, there is already evidence of this. The raw
material for MMCEF is called dissolving pulp, and its
global production has more than doubled during
this century, from 2.9 Mtin 2000 to 6.3 Mtin 2016,
and reaching 3.5% of overall wood pulp production
volume (FAOSTAT). Around 75% of dissolving pulp
is used for viscose production and subsequently in
the textile industry, with the rest used in highly vary-
ing high end markets. With the dissolving pulp unit
price being close to USD 1,000/ton, the market size
is currently around USD 6 billion. From Europe,
dissolving pulp is mainly exported to China and
India, where most of the global textile production
takes place. With growing global textile demand, an
increasing number of paper pulp mills may be con-
verted into producing dissolving pulp for the textile
industry.

The MMCF market is dominated by viscose with a
96% share (Vehvildinen 2015). Viscose was created
in the late 19" century. Apart from some technical
properties (e.g., becoming wrinkly), it has one major
drawback, namely the use of a toxic chemical (car-
bon disulfide) in the production process. Recently,
however, several alternative MMCF technologies
have been developed to abate the downsides of con-
temporary viscose. All but one of the emerging tech-
nologies are based on using less hazardous solvents



for dissolving pulp, typically also resulting in im-
proved technical performance.

The conclusions of environmental impact as-
sessments between viscose, cotton and polyes-
ter depend essentially on the emphases put on dif-
ferent criteria, which can vary a lot, particularly in
the LCA studies produced by the businesses them-
selves (Viitala 2016). Shen et al. (2010) argue that
all MMCFs (with some exceptions) have better envi-
ronmental profiles than the main competing prod-
ucts. The water footprint of MMCF is 10-20 times
less compared to cotton (Shen et al. 2010). However,
the embodied energy of cotton is lower than that of
contemporary MMCFs (Shen et al. 2010). The as-
sumed form of energy production then influences
how the products compare in terms of CO, emis-
sions. In summary, MMCFs can have significant en-
vironmental benefits. In particular, new wood-based
regenerative fibres (e.g., IONCELL-F Spinnova) may
be able to overcome some of the disadvantages of
contemporary viscose and thereby achieve even bet-
ter environmental gains (Judl et al. 2016).

The growing and more affluent global population
will increasingly demand clothing. The wood cellu-
losic-based textile fibres can provide a more sustain-
able source of raw materials for this purpose than
synthetic or cotton-based textiles. However, there is
still a need for R&D&I development in wood-based
fibres to make them more environmentally friend-
ly by removing the use of hazardous chemicals
(Michud et al. 2016). Moreover, given that this will
be a non-feed and non-food supply source, or even
helping to increase the land that could be used for
agriculture (by decreasing the need for cotton pro-
duction), there is a case to advance wood-based cellu-
losic textile production. With the Spinnova technol-
ogy, some news items argue that one could replace
the whole global cotton production (25 million tons
in 2014) with 6o million m? of wood. Others esti-
mate that 10 million m3 would be needed to replace
10% of the global cotton markets (Uusipuu 2017).

4.5 Plastics market?

Forest biomass is already today, and can be even
more so in future, the raw material for a diverse

8  This sub-chapter is heavily based on Hurmekoski et al. (2017).
Markets for new wood-based products, unpublished manuscript.
Diversification of the forest sector: Role of new wood-based prod-
ucts, European Forest Institute.

range of chemicals and products. Here, we focus
on just one category of applications, namely plas-
tics. Plastics are typically organic polymers but can
also contain other substances. The bulk of plastics
in the market is synthetic, typically derived from pet-
rochemicals, and is used in products such as pack-
aging, PET bottles, trays, containers, and cloth-
ing (Figure 8). However, some are refined from
non-synthetic renewable materials, such as hemicel-
lulose and cellulose, which are the most abundant
natural polymers. According to the World Economic
Forum, plastics production has surged over the past
50 years, from 15 million tons in 1964 to 311 million
tons in 2014, and it is expected to quadruple by 2050
to 1.1 billion tons (World Economic Forum 2016). Of
all plastics, packaging is the most significant subsec-
tor, accounting for 26% of total plastics usage.

The production and use of petrochemical plastics
is connected with major environmental sustainabil-
ity challenges, CO, emissions, increasing non-de-
gradable plastic waste in ecosystems (e.g., oceans),
and waste problems. It has been estimated that
32% of plastic packaging escapes collection systems
and generates significant economic costs by reduc-
ing the productivity of vital natural systems such as
oceans and lakes (World Economic Forum 2016).
In Europe, of all consumer plastics, 29.7% were re-
cycled, 39.5% combusted, and 30.8% landfilled in
2014 (PlasticsEurope 2016). In a business-as-usu-
al scenario, the ocean is expected to contain one ton
of plastic for every ton of fish by 2025, and by 2050,
more plastic than fish. According to the World
Economic Forum, the cost of environmental exter-
nalities for plastic packaging, plus the cost associat-
ed with greenhouse gas emissions from its produc-
tion, is at least USD 4o billion annually.

The triple-environmental-problem with plastics (dis-
turbing ecosystems, creating landfill, causing CO,
emissions) makes it a key material to which alter-
natives need to be found soon. The immediate ac-
tion should be a major increase in the recycling and
reuse of plastics. However, there is also a need to
gradually replace plastics with environmentally less
harmful materials. One promising solution is to use
forest-based bioplastics.

The design of a circular bioeconomy requires re-
thinking all aspects of the plastics supply chain in
terms of full life cycle (Prieto 2016). In this con-
text, it is important to acknowledge that bioplas-
tics are not necessarily biodegradable, but can be.
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Bioplastics can be broadly broken down into two
categories: durable and biodegradable. For exam-
ple, the Coca-Cola PET PlantBottle is a durable
bioplastic alternative to traditional petrochemi-
cal-based PET bottles. Made with up to 30% eth-
anol sourced from plant material, the PlantBottle
won't decompose, but it can be recycled, like PET
bottles. Biodegradable bioplastics, like PLA (poly-
lactic acid), break down naturally in the environ-
ment or may be composted, unlike the vast ma-
jority of plastics today. Petrochemical plastics may
degrade into smaller and smaller pieces, but most
will not decompose or be absorbed by the sur-
rounding environment. However, in most cases,
biodegradable bioplastics (like PLS) will only break
down in a high-temperature industrial composting
facility, not in the average household compost bin.
More in line with circular bioeconomy would be
to place the focus on durable bioplastics that are
made from forest biomass (or plant materials) and
can be recycled for reuse. By this, valuable energy
and material inputs can be kept in the production
cycle for longer. It could also be more cost-efficient

to build a biobased plastic that fits into existing in-
frastructure, rather than building an entirely new
biodegradable plastic composting infrastructure
from scratch. Yet, it is possible that both options
may in the end be necessary to address the envi-
ronmental sustainability issues of plastics.

Clearly, biobased plastics can support the move-
ment to sustainable circular bioeconomy. However,
given that bioplastic per se is not necessarily envi-
ronmentally sustainable, but can be, policies and
regulations will play an important role in directing
it to the optimal path. For example, recycling and re-
use will be crucial for both petrochecmical and bi-
obased plastics, and this will not take place to a suf-
ficient degree without regulations. Policies are also
important to direct the diverse bioplastic sector to
the most optimal development path in terms of eco-
nomic and environmental sustainability.

What are the economic competitiveness and
market potential of bioplastics? It appears that the
easiest market entrance will be for the so-called
‘drop-in’ biobased chemicals such as polyethylene
terephtalate (PET), ethylene, propylene (PE) and



xylene, chemically identical to their petrochemi-
cal counterparts but with a component of biologi-
cal origin. They are followed by new polymers such
as PHA and PLA with a significant market growth
rate since 2014 with projections to 2020 (Prieto
2016). These chemicals have properties that direct-
ly fit to existing applications, and their demand can
be determined mainly based on price and environ-
mental footprint. The drop-in biobased chemicals
sector is very likely to be on the brink of a strong
expansion (De Jong et al. 2012). Market analysis
shows potential growth per annum in the range
of 10-30%. European plastics demand in 2013 was
46 Mt, turnover was EUR 320 billion and over 1.45
million people were employed (plastic manufac-
turers 134,000, and the rest in plastics conversion)
(PlasticsEurope 20106).

The durability of plastics was originally viewed
as a virtue; however, this durability has created en-
vironmental problems. Durability is also an issue
for biobased drop-in plastics, which may impede
the up-cycling of these materials in terms of cir-
cular economy and sustainability. In this context,
waste management of biobased plastic is one of the
most important issues in the near future in terms
of the circular economy (Prieto 2016). Combined
biodegradation and bioprospecting strategies have
emerged to address this issue. In line with these de-
velopments, waste management of biobased plas-
tics needs to be standardized and regulated by poli-
cymakers (Prieto 2016).

4.6 The role of services

The EU bioeconomy strategy identifies the follow-

ing issues as major opportunities or challenges:

« ensuring food security;

 managing natural resources sustainably;

« reducing dependence on non-renewable resources;

. mitigating and adapting to climate change;

« creating jobs and maintaining European competi-
tiveness (Wolfslehner et al. 2017).

As a result, the strategy mainly addresses issues
such as new biobased products, bioenergy, and raw
material use. This implies that only a very limited
part of the biomass-based natural resource sector is
analysed. There are number of different types of ser-
vices that natural resources, and especially forests and
the forest sector can provide.

The forest-based literature has distinguished three
types of services categories: 1) forest-related, 2) forest-
ry-related, and 3) industry-related services (Nidyhd et
al. 2015). Forest-related services are services that are
directly related to forests as such, for example, na-
ture tourism and recreation, hunting, mushroom
and berry picking, soil and water services, and car-
bon sequestration in forests. Forestry-related services
can include advisory services, forest management
planning, forest inventory, administration, govern-
ance, R&D and education. Industry-related services
are services that are linked to the manufacturing of
forest-based products, such as product innovation,
R&D and actual production processes, headquarters
functions, as well as logistics and marketing of the
products themselves. In this context, industry refers
to all industrial activities engaged in the production
of forest-based products; so, in addition to the forest
industry, for example, the machinery and engineer-
ing industry, energy industry, chemical industry and
food industry.

Major reasons for the lack of attention towards
services in the bioeconomy strategies is probably
the weak understanding of the economic, employ-
ment and natural capital regulatory functions that
forest-based services can provide. They are not as
concrete and apparent as traditional marketed for-
est products (e.g., pulp and paper, sawnwood, ply-
wood) or the emerging products (see the case exam-
ples above). One reason for this is the lack of data,
and difficulties in quantifying their role, and the
still weak understanding of the role of natural capi-
tal supporting the bioeconomy.

The forest industry (manufacturing) and forest-
ry (primary production) include several services ac-
tivities that are not directly perceivable and meas-
ured in official statistics. Measurement problems
are evident for forest-related services as well. In the
manufacturing industry, services functions are of-
ten embedded in production processes, and official
statistics do not reveal the value-added and employ-
ment generation of different services (tasks) within
a product value chain.

Market goods and services from forests include,
e.g., timber, wood fuel, berries and mushrooms;
non-market goods and services include, e.g., water
protection, soil protection, health protection, biodi-
versity protection, climate regulation, tourism, recre-
ation, sports activities, spiritual services, cultural ser-
vices and historical services (Wolfslehner et al. 2017).
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The review by Niyhi et al. (2015) points out that
there is a need to develop knowledge, databases and
metrics of services and tasks to better assess the role
of services in the natural resources sectors. For ex-
ample, it would be important to identify and hope-
fully quantify the importance of specific services
tasks in product value chains or ecosystem services.
The ambiguity of the services concept and phenomenon
has made it challenging to attract attention to ser-
vices and their future potentials in the forest-based
sector. Largely due to a lack of data and information,
there are also no outlook studies on services in the
forest-based sector. However, given their increas-
ing importance in terms of economic value-added
and employment generation, it would be important
to be able to assess their future development and
link them also to forest products and forestry out-
look studies, such as those produced regularly by
UNECE-FAO (e.g. UNECE/FAO 2o011). Also lacking
is an analysis of implications for policies and strate-
gies for services development at the global, national
or company level. Studies and ‘narratives’ can help
make these services more visible, and help the poli-
cy makers to recognize them, even if they never ful-
ly show up on the market.

Figure 9. Examples of forest ecosystem services. Photo: Eeva Oinonen.
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In summary, forest-based services should be bet-
ter understood as an integral part of the circular bi-
oeconomy. There is a need to update bioeconomy
strategies, business models and policies in order
to benefit from the value-added and employment
potentials that services can generate in the future.
Qualitative systematic foresight approaches are par-
ticularly needed, since there is very little data on for-
est-based sector services, a factor which limits or
makes impossible the use of quantitative statistical
or modelling approaches (Néyhi et al. 2015). In ad-
dition, there is a need to develop data and indica-
tors to be better able to quantify and monitor the
role of services, and therefore also help with invest-
ment planning.

Key messages

« In bioeconomy strategies, the forest-based sector
is often left in the shadow of the agriculture sec-
tor. One reason for this is probably that the forest
sector is seen as relevant only for the sector itself,
and its larger cross-sectoral relevance and societal
potential is still poorly understood.

. Today, forest-based products are used in ma-
jor and growing sectors, such as construction,



plastics, and textiles. These sectors are currently
dominated by environmentally problematic raw
materials, and wood-based products often provide
a more sustainable alternative.

Modern wood construction (EWP) provides new
innovative solutions in areas not seen before, such
as high-rise buildings. Compared to e.g. concrete,
the advantages of wood construction are: lower re-
source use, better CO, mitigation balance, faster
and better controlled prefabricated building pro-
cesses, and easier recyclability and cascading.
Wood cellulosic-based textile fibres can provide a
more sustainable source of raw materials for tex-

tiles than synthetic or cotton-based textiles.

« The triple-environmental-problem with plastics (dis-
turbing ecosystems, creating landfill, causing CO,
emissions) makes it a key material to which alter-
natives need to be found soon. Wood-based fibres
have gained increasing interest; we are only at the
start of this growing trend.

« In existing bioeconomy strategies, the potential of
services is poorly addressed. Forest-based servic-
es offer diverse and growing economic and em-
ployment potential. Services should be put on an
equal level with products in new circular bioeco-
nomy strategies.
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5. Conclusions and policy implications

The globally agreed 2030 Agenda for Sustainable
Development and its Sustainable Development
Goals and Paris Climate Agreement (in 2015) set
the goals and framework to which European coun-
tries have committed. These goals imply more spe-
cific sub-goals, such as targets for CO, reductions,
adaptation to climate change, minimising the use
of fossil resources, developing urban and rural are-
as, creating new market and job opportunities, and
developing a more sustainable economy across all
possible dimensions. The EU and European coun-
tries have set beacons that let them to navigate to
the harbour mapped by these global agreements.
We argue that the circular bioeconomy will be a
key strategy and tool to help to achieve the objec-
tives.

It is in this general context that we set our conclu-
sions and recommendations a for European circular
bioeconomy strategy:

Analyse the gaps

At a more concrete level, there is a need to reflect on
the EU Bioeconomy Strategy, which was published
in 2012, and the related Action Plan and practical
measures linked to it. Many European countries
also have specific national or regional bioeconomy
strategies. They show large heterogeneity in terms
of when they were launched, which type of policies
and actions they were supported by, and what their
specific objectives were. Clearly, these strategies and
actions have had a positive impact in recent years.
The general knowledge about bioeconomy, its po-
tential, and its advancement in Europe have pro-
gressed with the help of these strategies.

But the operating environment and knowledge
has moved on. The SDGs and Paris Agreement im-
pose new needs, while science knowledge and prac-
tical experience related to bioeconomy has also ad-
vanced. We need to analyse what the necessary
ingredients of bioeconomy strategies could be un-
der these changed circumstances, and the gaps in
the current operating strategies. Within the scope
of this report, we have only been able to address and
draw attention to a limited number of key issues,
mainly at a strategic level. Other studies and work is
necessary to supplement and support in more detail
(see e.g. Winkel 2017).

Address sustainability

Circular bioeconomy strategies should not take sus-
tainability as a given, but address it explicitly. There
have already been concerns about possible negative
side-effects of the bioeconomy. Some researchers
and NGOs have questioned its environmental sus-
tainability, and have voiced concerns that it could
lead to the exploitation of EU forests at the cost of
biodiversity or that bioenergy may in the short-term
cause more CO_ emissions (EASAC 20r17; Fern et
al. 2017; Open Letter 2017). These views are under-
standable and important to consider, especially giv-
en sustainability problems experienced in the past.
Science also has mixed views on these issues, and
the impacts also depend very much on how bioec-
onomy development will be advanced and moni-
tored (Nabuurs et al. 2015, Berndes et al. 2016;
Wolfslehner et al. 2016; Palahi 2017). The objective
should be to maximize the synergies and minimize
the trade-offs between bioeconomy, biodiversity and
climate mitigation. A circular bioeconomy can help to
support biodiversity and climate mitigation, and biodi-
versity and climate mitigation are necessary for a suc-

cessful circular bioeconomy.

Ensure sustainable growth

There can be synergies between economic growth
and improvement in the state of natural capital. As
Helm (2015) argues “De-growth or zero growth has
two major defects: it is not necessarily desirable; and
it is never going to happen.” Consequently, the pace
of growth is not the problem, but rather the quality
of growth. It requires the advancement of truly sus-
tainable economic growth, and not the type of un-
sustainable growth often seen in the past. One es-
sential requirement is that renewable resources are
not used to the extent that they can no longer re-
produce themselves, i.e. they become non-renewa-
ble. There are of course many other requirements
for environmentally sustainable growth, and a cir-
cular bioeconomy strategy should address the poli-
cies needed to advance them.



Integrate natural capital accounting

There is also a fundamental need to understand and
value the role that nature and ecosystems play in a
circular bioeconomy. The key approach here is to ad-
vance natural capital accounting and integrate it into
a circular bioeconomy. Natural capital is a necessary
production input along with the traditional ones,
i.e. capital, labour and technological development.
Accounting for it will not be easy: how can you inte-
grate the many dimensions of biodiversity into one
common and measurable indicator, like CO,, on
which a value (price) could be placed? However, it
would be helpful to have the value of natural capi-
tal in the economic accounting system and statis-
tics (Helm 2o015; Sukhdev et al. 2010; TEEB 2017).
If this can be done satisfactorily, most likely envi-
ronmental sustainability issues would be more eas-
ily addressed by markets and policies. Methods, like
‘natural capital asset checks’, can already help de-
cision makers to understand how changes in the
current and future performance of natural capital
assets will impact on human wellbeing and the cir-
cular bioeconomy (UK Natural Capital Asset Tool).
The circular bioeconomy strategy, or its action plan,
could incorporate these.

Advocate for high enough carbon
pricing
There are already, at least partial, success stories of
bioeconomy-related policies. For example, the EU
climate policy (Delbeke & Vis, 2015). Although there
is still much to do, the evidence shows that much
has already been achieved, for example, breaking
the link in the EU between GDP growth and CO,
emissions. Yet, a proper price for CO, emissions would
be a significant boost for a circular bioeconomy. The
emission allowance price for CO, in the EU (ETS)
was under EUR 6/ton in August 2o1y. This was
less than the price of a hamburger at McDonald’s
in Brussels (EUR 8). Clearly, the CO, price needs
to go up significantly to start to have major impact
on producer and consumer behaviour. From eco-
nomics and past history, there is plenty of evidence
how prices (taxes) can create an enormous change
in consumers and producer behaviour.

Linked to this is the need to stop subsidising fos-
sil fuel production. Recently, IMF economists esti-
mated the true costs of fossil fuel subsidies (Coady

et al. 2017), understood to include not only the di-
rect subsidy costs, but also the indirect environmen-
tal costs like global warming and deaths from air
pollution, amounts to 6.5% of global GDP in 2013.
The top four subsidizers of fossil fuels are China,
the US, Russia, and the EU (USD 29g billion). The
key point is that policy makers and the public need
to be aware of the true costs of fossil fuel subsidies
that arise from pricing fossil fuels below their true
social costs.

The SDGs and Paris Agreement indicate that
world states have put the environment as a prior-
ity target. What is now needed is that they also do
this at a policy level. Imposing policies resulting in a
high enough CO, price, and removing fossil fuel subsi-
dies would be one important move towards achieving
SDG and Paris Agreement goals. Therefore, advocating
these measures should also be a key part of a circular bi-
oeconomy strategy.

Increase R&D&I investment

Research, development and innovation (R&D&I)
needs to increase to strengthen the foundations of
a circular bioeconomy. Funding needs to increase
all along the innovation network, for example, basic
research, applied research, education (a better suit-
ed curriculum for circular bioeconomy studies), and
for piloting new products and services. In addition,
there need to be platforms bridging science knowl-
edge to policy making and actions. Often the bottle-
neck is not the lack of research, but a lack of syn-
thesis knowledge, and framing the information in a
format that it is connected to policy making and in
a form that policy makers can absorb. In a research
context, funding is not required only for biotech-
nology, engineering and chemistry sciences, but in-
creasingly also for social and environmental scienc-
es, and social sustainability and foresight research.

Focus on markets and services

In terms of biobased product markets development,
the focus of bioeconomy strategies has been very
much towards supporting the development of new
products. The forest-based sector vision and strat-
egy literature has been fascinated by the fact that
from forest biomass one can in principle produce all
those products that we are today producing from fos-
sil-based raw materials. However, now that there are
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an increasing number of products entering the mar-
kets, or close to entering, the focus needs to be sup-
plemented. “The critical question does not appear to be
what can be made of forest biomass, but rather what will
be made, on what scale, where, and driven by what?”
(Hetemiki & Hurmekoski 2016). But in addition to
products, the role of services should be better under-
stood and advanced, as well as strengthening the re-
silience of forests and societies. They will be an inte-
gral part of a successful circular bioeconomy.

Prioritise targets

A good strategy has a realistic diagnostic of a problem
the strategy wants to solve, and an objective it wants
to achieve. The key problem is the unsustainability of
our current way of living, and the objective is to help
to achieve the UN SDGs and Paris Agreement tar-
gets. Second, a strategy needs to focus on the most
important issues and find tools to advance them. It
should not provide an endless list of suggestions to
achieve world-class innovations, enabling technolo-
gies, smart environmental solutions, resource-effi-
ciency, etc.; or a long list of new initiatives, platforms,
funds and institutional reforms. Few could disagree
with any of these, but that can precisely be the prob-
lem: it is a commitment to everything and everybody, not
a strategy. Set a limited number of priority targets,
and tools to achieve them. To deploy the strategy, you
also need an action plan. This and other supporting
documents can go in to more details. If the govern-
ment is behind the circular bioeconomy strategy, the
key minsters, including the prime minister, will have
to commiit to it in order to gain priority. A system to
monitor the progress made towards meeting strate-
gy targets and to secure the sustainability of develop-
ment is also necessary.

Mainstream circular bioeconomy
policies

It is evident that a circular bioeconomy, and there-
fore the strategy for it, has links to many policies
in different areas. For example, to all natural re-
source-related policies, digital information policies,
innovation policies, R&D policies, growth policies,
etc. It is not fruitful to start to list all these in more
detail, rather the key point is that circular bioeco-
nomy needs to be mainstreamed and coordinated
with all policies, one way or another. This involves

innovating at a systems level, not just improving the
performance of the components of that system or

a sector.

Create a narrative

Bioeconomy needs to be seen as a key strategy for
urban areas, not only for rural areas, as traditionally
has tended to be the case. This is also related to the
societal acceptance and inclusiveness of the bioeco-
nomy. The circular bioeconomy will not succeed if
an urban population does not see the relevance of it.
To support societal engagement, a fact-based circu-
lar bioeconomy narrative and its efficient communi-
cation is needed.

The importance of the circular bioeconomy (and
the strategy for it) and its urgency can also be viewed
through a hypothetical question that is hopefully
unrealistic. The question is: do we need a very hard
and brutal shock, like climate change catastrophes
and significant loss of natural capital, before we act -
or do we act now? If we want to act now, a necessary,
although not sufficient, tool for action is advancing
the circular bioeconomy. The art and responsibili-
ty of politicians is to sell this to voters in a way that
assures re-election, and thereby secures the contin-
uation of this path in the long-run. For this, a fact-
based circular bioeconomy narrative that has soci-
etal appeal and longevity needs to be formulated.
“No policy - no matter how ingenious - has any chance
of success if it is born in the minds of a few and carried
in the hearts of none”.?

Key messages

« Adcircular bioeconomy strategy will be a key tool
to help to achieve the Agenda 2030 SDGs and
Paris Climate Agreement.

« A circular bioeconomy can help to support bi-
odiversity and climate mitigation; biodiversity
and climate mitigation are necessary for a suc-
cessful circular bioeconomy.

« A much higher price for CO, emissions is need-
ed than the current level to advance the circular
bioeconomy. Linked to this, there is an imme-
diate need to stop subsidising fossil fuel pro-
duction. The true costs of fossil fuel subsidies,

9 A quote from Henry Kissinger, former US Secretary of State and
political scientist. In the original quote Kissinger referred explic-
itly to foreign policy, here we use it to apply to all policies.



understood to include both the direct subsi-
dy costs and the indirect environmental costs,
was almost USD 300 billion in the EU in 2013
(Coady et al. 2017).

Investments in research, development and in-
novation need to increase in order to strength-
en the foundations of a circular bioeconomy.

In addition to enhancing the development of
bioproducts, the role of services should be bet-
ter understood and advanced. Services will be
an integral and increasingly important part of a
successful circular bioeconomy.

Bioeconomy needs to also be seen as a key strat-
egy for urban areas, not only for rural areas, as
traditionally has tended to be the case. The cir-
cular bioeconomy will not succeed if the urban
population does not see the relevance of bioec-
onomy. To support societal engagement, an ev-
idence-based circular bioeconomy narrative and
its efficient communication is needed.
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e are living in a time of accelerated changes and unprece-

dented global challenges: energy security, natural resource
scarcity, biodiversity loss, fossil-resource dependence and climate
change. Yet the challenges also demand new solutions and offer
new opportunities. The cross-cutting nature of forests and the
forest-based sector provides a strong basis to address these inter-
connected societal challenges, while supporting the development
of a European circular bioeconomy.

The European Forest Institute is an unbiased, science-based
international organisation that provides the best forest science
knowledge and information for better informed policy making.
EFI provides support for decision-takers, policy makers and in-
stitutions, bringing together cross-boundary scientific knowledge
and expertise to strengthen science-policy dialogue.
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