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EXECUTIVE SUMMARY

The concepts of a sustainable economy, a low-carbon economy, a circular economy and a bioeconomy are all complementary
visions within an increasingly widespread sustainability trend. All of them catalyse systemic change and provide answers to key
economic, societal and environmental challenges. These concepts offer answers to acute global challenges by balancing the use
of natural resources with the climate and ecological stability for future generations.

The world's existing dominant economic models are based on the linear use of raw materials that drive escalating environmental,
human health and social risks. There is a vital need to put in place an economic model for growth that is based on a regenerative
design, such as is provided for by a circular bioeconomy. This transition requires an increase in the use of biodegradable, non-
dangerous materials and the enhancement of design strategies to reduce waste.

A bioeconomy refers to the production and consumption of biomass-based goods, services and energy. It encompasses sectors
such as forestry, pulp and paper production, agriculture, fisheries and the food industry. The vision for a bioeconomy entails a
system where materials, chemicals and energy are based on renewable biological resources that allow economies to move away
from fossil-based inputs.

A circular economy is focused on sustainable and resource-efficient processes. Building on its principles, driven by design, to
eliminate waste and pollution, circulate products and materials (at their highest value) and to regenerate nature, it aims to make
good use of natural resources through high resource efficiency and waste prevention, especially in the manufacturing sector, and
minimal end-of-life disposal of materials.

A circular bioeconomy combines these visions and can be defined as the sum of all activities that transform biomass for use in
different product streams, such as materials, chemicals, biofuels and food. This model allows communities and societies to reduce
the environmental footprint of economic activities on ecosystems, human health and the planet overall.

A sustainable and circular bioeconomy presents opportunities to improve climate change adaptation and resilience by promoting
ecosystem restoration, nutrient and water retention in soils, supporting Indigenous People and local livelihoods based on biological
products and services as well as building the conditions for more sustainably managed forests and fisheries. A transition to a
sustainable and circular bioeconomy involves challenges and risks as well as benefits and opportunities. The potential trade-
offs must be carefully considered and mitigating measures put in place to offset the negatives. Policy actions, partnerships and
innovations are key tools to support a transition. While a transition to a sustainable and circular bioeconomy is a global goal, local
production and consumption are key economic conditions to consider in achieving it.

Forest-based materials are used for a wide variety of products in a circular bioeconomy and innovation continues to refine existing
ones and develop new applications. Meeting the growing demand for forest biomass within a circular bioeconomy will require
the balancing of natural ecosystem productivity, material efficiency and enhanced recovery, reuse and recycling of materials at
the end of life. Biomass has long been an essential renewable material for meeting global needs for food and nutrition, renewable
energy, sustainable housing and green building as well as other consumer goods for households and businesses. Biomass is a
feedstock of choice for bioenergy, biomaterials and a variety of substitutes for fossil-based goods. Biomass provides 25 per cent
of global material needs today while the remaining 75 per cent is provided by non-renewable resources.

Protecting the boundaries of ecosystems and supporting the full capacity of forests to contribute to a sustainable and circular
bioeconomy requires an increased focus on and investment in forest ecosystem restoration, reforestation and afforestation
while simultaneously addressing productivity on degraded lands, reduced loss and waste of materials and greater materials
recovery. Forests have developed under the influence of historic climatic, ecological and economic patterns, including intentional
cultural interactions, that have impacted the composition of forest ecosystems and their ecological response systems. Forests
are increasingly impacted by changing climate; the variety of natural and anthropogenic pressures and thoughtful diversified
management is necessary to defend against these threats and protect the regenerative and resilient capacity of forest ecosystems.
There is a widespread need to manage forested land through restoration, protection and stewardship activities at the local, regional
and global scale. Public and private owners and local communities have an essential role in supporting forest ecosystem services
through the thoughtful application of sustainable forest management (SFM), regenerative forest activities, landscape restoration
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Executive Summary

and adaptive management. Some of the skill sets needed for a transition to a sustainable and circular bioeconomy include
Indigenous Traditional Ecological Knowledge (ITEK) and the strengthening of relationships between ITEK and other research
methods and scientific practices within academic institutions and between communities of practice.. A circular bioeconomy could
be an economy that is more directly connected to land management and the safeguarding of ecosystems. This could result in
greater interest and investment in these landscapes and diverse ecological regions more generally.

The considerations addressed in this study include the growing demand for renewable and biobased raw materials and energy
as well as the drive for a reduction in global reliance on fossil fuels. These trends contribute to pressures on forest ecosystems to
provide biomaterials and the need to understand and address limitations to the sustainable provisioning of forest-based materials
to ensure all forest ecosystem products and services remain available.

Additionally, there are considerations for climate change, pollution and waste, as well as the phasing out of single-use and fossil-
plastics, that create opportunities and challenges for the forest sector. To further support a sustainable and circular bioeconomy and
the potential for a positive relationship with forests, public and private sector actors need to continue efforts that will effectively
address the environmental, economic and social aspects of a transition. This will include supply chains and organizational factors as
well as policy and institutional drivers. There are many dimensions to consider within these conditions given the global abundance
and diversity of forest ecosystem services, the variety of economic impacts from the sustainable production and consumption of
forest-based materials and the vital societal and cultural importance of forests to people.

The development and value of this study are related to three interrelated considerations. The first consideration is that wood has
unique and essential roles in a transition to a sustainable and circular bioeconomy because it is a renewable material with many
natural and beneficial attributes. However, forest ecosystems are under pressure. As such, it is necessary to balance the provisioning
of forest-based materials with the full range of ecosystem services and benefits they offer. Secondly, the study considers that
there are limitations to material transformation and how materials are used in a circular bioeconomy. With careful design and
development, renewable and biodegradable materials such as wood can be used in ways that make them increasingly available
to recover for reuse or recycling at the end of life. It is important for a transition to a sustainable and circular bioeconomy to ensure
conditions for material recovery, renewability, biodegradability and sustainability are maintained and enhanced for forest-based
products. Finally, the third consideration of the study is the diversity of value chains and the impact of long-lived and short-lived
product life cycles within a sustainable and circular bioeconomy. Maintaining and further developing long-lived value chains are
essential to the reduction in waste generation within an economy and to support greater circularity. The principles of a circular
economy are well aligned with common practices in the forest sector and the manufacturing of forest-based products. A transition
to a circular bioeconomy provides the opportunity for business innovation, including new models, products and services. The
social impacts and potential outcomes of a transition to a sustainable and circular bioeconomy include the need for new skill
sets across many workforces and employee development programmes, including training and educational curricula innovations.

The United Nations has recommended that a transition towards an economy based on renewable resources is needed to contribute
to the objectives of the Paris Agreement and the United Nations Sustainable Development Goals (SDGs). Many actions have been
undertaken to enable a transition to a sustainable and circular bioeconomy, including the European Union’s (EU) Circular Economy
Action Plan and the Biodiversity Strategy for 2030 within the European Green Deal. Almost 60 countries have already called for a
paradigm shift from an economy based on fossil materials to an economy based on biological resources.

Cooperation and collaboration at the global scale are essential elements for the successful transition to a sustainable and circular
bioeconomy. Resources that are essential to a circular bioeconomy are often available in the Global South, and may require support
to promote innovations, technologies and investments to ensure the sustainable use of those resources. On the other hand, the
Global North contributes to growing demand for products and materials; consequently, an alignment between supply and demand
centres is an important condition for an effective transition to a sustainable and circular bioeconomy.

A circular bioeconomy represents an important opportunity for the regeneration of nature and biodiversity and, consequently,
for forest ecosystems, forest-based industries and the entire economy.
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Chapter 1 Setting the stage

CHAPTER 1 SETTING THE STAGE

1.1. UNDERSTANDING CIRCULARITY AND
BIOECONOMY CONCEPTS

The concepts of a sustainable economy, a low-carbon
economy, a circular economy and a bioeconomy are all
complementary visions within an increasingly widespread
sustainability trend, aiming to avoid the depletion of natural
resources and to maintain an ecological balance on the
planet. These sustainability concepts are designed to catalyse
systemic change and provide answers to key economic,
societal and environmental challenges faced by countries and
economies alike. With the view of the conservation of natural
resources, climate, biodiversity and ecological stability for
future generations, these concepts are often seen as answers
to acute global challenges such as overwhelming pollution,
pressure on ecosystems and accelerating climate change.

These challenges directly endanger life on the planet as it is
known today. Furthermore, the ever-growing demand for raw
materials has led to the unsustainable use of natural resources
and unprecedented waste generation.

A bioeconomy refers to the production and consumption of
biomass-based goods, services and energy. It encompasses
sectors such as forestry, pulp and paper production,
agriculture, fisheries and the food industry. It also covers
parts of the chemical, pharmaceutical, biotechnological
and energy industries as well as the manufacturing of
cellulose-based textiles. The vision for a bioeconomy entails
a system where materials, chemicals and energy are based
on renewable biological resources that allow economies to
move away from fossil-based inputs. In short, a bioeconomy
is about breaking the dependence on non-renewable
resources (UNECE/FAQ, 2022).

FIGURE1 Biological and technical cycle in a circular economy model by Ellen McArthur Foundation
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Source: https://ellenmacarthurfoundation.org/circular-economy/concept/infographic. Copyright © Ellen MacArthur Foundation (2017).
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FIGURE 2 A circular bioeconomy model
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Source: UNECE/FAQ, adapted from Newton, 2017.

A circular economy refers to a wide range of materials and
processes, both in the technical (blue) and biological (green)
cycle of the economy (Figure 1). An overlap exists between
a circular economy and a bioeconomy. A circular economy
is aimed at attaining sustainable and resource-efficient
processes while a bioeconomy expands the possibilities
to substitute fossil-based, non-renewable and non-
biodegradable materials with renewable and biodegradable
ones. The synergy of these two concepts (Figure 2) is
expressed in the term circular bioeconomy, which can be
defined as the sum of all activities that transform biomass for
use in different product streams, including various materials,
chemicals, biofuels and food (UNECE/FAQ, 2022).

According to the FAQ, a bioeconomy is an economy based
on the sustainable and circular use of biological resources
and processes to produce food, feed and biobased
products as well as services. It is an economic model that
has major untapped potential to support both climate
change mitigation and adaptation. A sustainable and
circular bioeconomy also presents opportunities to improve
climate change adaptation and resilience by promoting
ecosystem restoration, biodiversity conservation as well as
nutrient and water retention in soils. Furthermore, it would
support Indigenous People and local livelihoods based on
biological products and services while simultaneously
building the conditions for more sustainably managed
forests and fisheries. A transition to a sustainable and
circular bioeconomy involves challenges and risks as well
as benefits and opportunities. While the bioeconomy offers

CIRCULAR

CIRCULAR
ECONOMY

GO

many potential solutions for climate action, any potential
trade-offs involved in choosing one policy option over
another (e.g. regarding land use, food security, human
health and safety) should be carefully considered and
mitigating measures put in place (Gomez et al., 2022).

The existing dominant economic models around the world
are based on the linear use of raw materials and cannot
sustain current standards of living without escalating
environmental, health and social risks. Changes in this
unsustainable pattern can only be achieved through the
process of putting into effect an economic model for
growth that is based on a regenerative design, such as
is provided for by a circular bioeconomy. Such a model
allows communities and societies to maintain sufficient
economic performance, and at the same time, reduce the
environmental footprint on ecosystems, human health and
the planet overall.

Consequently, the promotion of a sustainable and
circular bioeconomy when technically possible, socially
desirable and economically viable is a way of reducing
the catastrophic consequences of climate change, natural
resources depletion and the biodiversity loss observed
today. In addition, it is expected that a shift from the existing
linear economic models (which depend heavily on fossil raw
materials and fuels), to low-carbon bioeconomies (which
rely more on biomass as a natural carbon sink, sustainable
raw material and a source of bioenergy) will allow for the
mitigation of environmental challenges in the long-term.



The relationships between the economy, nature and how
different circular bioeconomy practices can benefit or damage
the environment have not been sufficiently explored; however,
almost 60 countries have already called for a paradigm shift
from economies based on fossil materials to economies based
on biological resources (FAO, 2021).

The United Nations also recommends that a transition towards
economies based on renewable resources is needed to
contribute to both the objectives of the Paris Agreement and
the United Nations Sustainable Development Goals (SDGs).
When implemented with these prerogatives in mind, a circular
bioeconomy can represent an important opportunity for the
regeneration of nature and biodiversity, and consequently for
forest ecosystems, human communities and all forest-based
industries.

1.2. BACKGROUND AND OBJECTIVES OF THE
STUDY

This study aims to provide a comprehensive overview of a
variety of factors which will have an impact on a successful
transition of forest-based industries to a sustainable and
circular bioeconomy, based on models presented in the
previous section. The work on the study results from a
mandate given by the Committee on Forests and the Forest
Industry (COFFI) of the United Nations Economic Commission
for Europe and the European Forestry Commission (EFC) of
the Food and Agriculture Organization of the United Nations
(FAO). During their Joint Session in November 2021, COFFI
and EFC requested UNECE and FAQ to “(a) prepare a series of
studies further reviewing the application of circular models
in specific forest-based industries, including through the
identification of case studies and best practice, and (b) to take
into consideration the whole forest-based value chain and
bring attention to the circular nature of wood as a renewable
resource and the role of sustainable forest management”!

The focus of the studies was identified through consultations
with the UNECE/FAO Team of Specialists on Sustainable Forest
Products and the FAO Advisory Committee on Sustainable
Forest-Based Industries (ACSFI) between February and August
2023 and supported by the Joint UNECE/FAO Working Party
on Forests Management, Economics and Statistics during its
session in June 2023.The series includes the following studies:

e Sustainable and circular bioeconomy in forest-based
industries: How to get there.

Chapter 1 Setting the stage

e Circularity concepts in the wood construction sector, as
an example of a long-lived products value chain.

e Circularity concepts in the pulp and paper industry, as
an example of a group of commodities with a short life
span.

This study, as a part of the series, analyses factors affecting the
sustainable provision of forest biomass and general conditions
of a successful transition towards a sustainable and circular
bioeconomy in all forest-based industries. The focus here is
placed on forests as the starting point of all value chains and
operations rather than a detailed consideration of industry
practices and value chains, which is the focus of the two other
studies.

The series builds on the previous UNECE/FAO study “Circularity
concepts in forest-based industries”(2022) and aims to present
a more detailed insight into the circularity issues in forest-
based value chains. They are part of the research and guidance
segment on policymaking of the UNECE/FAO Integrated
Programme of Work 2022-2025, implemented by the Joint
UNECE/FAO Forestry and Timber Section in Geneva.

1.3. SCOPE AND LIMITATIONS

This study provides context for understanding the
opportunities and challenges that apply to forests and the
forest sector related to a circular bioeconomy, resulting from
the growing interest in forest-based materials that align with
such an economy.

These considerations include the growing demands for
renewable and biobased raw materials and energy coupled
with the drive for a reduction in global reliance on fossil fuels.
Those demands contribute to pressures on forest ecosystems
to provide biomaterials and the need to understand and
address the limitations to the sustainable provisioning of
forest-based materials to ensure all forest-ecosystem products
and services remain available. Additionally, there are global-
level considerations related to climate change, pollution,
waste and addressing the phasing out of single-use and
fossil-plastics that create opportunities and challenges for the
forest sector. To further understand a sustainable and circular
bioeconomy and its relationship with forests at that level, this
study also addresses the general environmental, economic
and social aspects of such a transition. These aspects include
supply chains and organizational factors as well as policy and
institutional drivers.

' (ECE/TIM/2021/2 FO: EFC/2021/2). See also: E/ECE/1494 B (69) Circular economy and the sustainable use of natural resources; and E/ECE/1503
C (70) Promotion of Circular Economy and the sustainable use of natural resources.
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There are many dimensions to consider—given the global
abundance and diversity of forest ecosystem services, the
variety of economic impacts from the sustainable production
and consumption of forest-based materials as well as the vital
community and cultural importance of forests to people.

The development and value of this study are related to three
interrelated considerations. The first consideration is that wood
has unique and essential roles in a transition to a sustainable
and circular bioeconomy because it is a renewable material
with many natural and beneficial attributes. At the same
time, forest ecosystems are under diverse pressures and it is
necessary to balance the provisioning of forest-based materials
with the full range of ecosystem services and benefits they
offer.

The second consideration is that there are limitations to
material transformation and how materials can be used in a
circular bioeconomy. With careful design and development,
renewable and biodegradable materials such as wood can be
used in ways that make them increasingly recoverable for reuse
or recycling at the end of life. It is important for a transition to a
sustainable and circular bioeconomy to ensure that conditions
for material recovery, renewability, biodegradability and
sustainability are maintained and enhanced for forest-based
products.

Finally, the third consideration is the diversity of value chains
and the impact of long-lived and short-lived systems within
a sustainable and circular bioeconomy. Maintaining and
further developing long-lived value chains are essential to
the reduction in waste generation within the economy and
to support greater circularity.

Many actions have already been undertaken to enable
a transition to a sustainable and circular bioeconomy,
including the EU’s Circular Economy Action Plan and the
Biodiversity Strategy for 2030 within the European Green
Deal. The implementation of a circular bioeconomy and
the protection of biodiversity are deeply connected. The
International Union for Conservation of Nature (IUCN)
recently reported on the underexplored relationship
between a circular economy and biodiversity and
concluded that the forestry sector has the potential
to provide significant benefits to nature if it achieves
greater circularity (Ober¢, 2022). Strategies to realize these
benefits include further embedding nature within core
definitions for a circular bioeconomy as well as utilizing
nature-based solutions to achieve desired environmental
and economic outcomes while expanding the natural
capital concept and mechanisms for sustainable finance
(Ober¢, 2022). The European Environment Agency (EEA)
has also identified three areas where a circular economy

can benefit biodiversity. These include reducing primary
resource demand through increased efficiency in material
use and circularity; preventing pollution and reducing the
use of hazardous substances; and the expanded practice of
biodiversity-friendly sourcing that avoids harm to natural
systems and promotes regenerative practices (EEA, 2023).

Furthermore, modelling research methodologies provide
scenarios for halting biodiversity loss through a transition
to a circular bioeconomy, including opportunities to
recover biodiversity to 2000 levels by 2035. This research
also examined the potential to avoid negative impacts
on 280 million hectares of natural forest by 2050 through
changes to four economic sectors: food and agriculture;
fibres and textiles; buildings and construction; and forests
(Sitra, 2022). Strategies for improving circularity in the
forest sector include extending the useful life of products,
enabling material reuse in ways that reduce reliance on
the generation of new wood and sourcing new wood
from forests that are managed to improve biodiversity
outcomes (Sitra, 2022). These strategies have direct policy
implications and relevance to public and private-sector
leadership in supporting a transition to a sustainable and
circular bioeconomy.

1.4. METHODS AND DATA SOURCES

The evidence and information reviewed in this study come
primarily from desk research, a review of relevant scientific
literature and the authors' subject matter knowledge.
Additional information has been provided from industry
documentation and interactions with industry experts,
government information sources and documented case
studies and examples of good practice.

1.5. STRUCTURE OF THE STUDY

Chapter 1 sets out the context and the objectives of the study
and provides information on what is the understanding of a
sustainable and circular bioeconomy for the needs of this
study.

Chapter 2 details various factors to consider and opportunities
and challenges for the forest sector resulting from a growing
interest in a sustainable and circular bioeconomy.

Chapter 3 examines the general conditions required for a
successful transition to a sustainable and circular bioeconomy
in forest-based value chains.

Chapter 4 provides conclusions to the study.
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CHAPTER2 FACTORS AFFECTING THE DEMAND AND THE SUSTAINABLE PROVISION

OF FOREST BIOMASS

Forest resources produce a variety of biobased material
alternatives for fossil-based materials that have applications
in many sectors of the economy, ranging from construction,
furniture manufacturing, packaging, textiles, pharmaceuticals,
automotive and space industries through to the provision of
nourishment and other necessities of life. Sustainable forest
management, wood processing, recycling and disposal result
in forest biomass that is suitable for energy needs, reducing
the demand for fossil fuels. As such, forest-based materials will
benefit the forward-looking paradigm shift to an economy
based on the circularity of biological resources. The significant
scale of benefit for entire economies is possible because
forests provide raw materials for many value chains and can
thus prompt a transition in multiple strategic sectors with high

carbon impacts. For that reason, there is a growing demand
for forest-based materials.

Arecent dialogue process initiated by the Federal Ministry of Food
and Agriculture (BMEL) of Germany identified four characteristics
of a transition towards a sustainable circular bioeconomy.
These four characteristics entail changes to production and
consumption systems to increase resilience; technological
innovations for a cascading use of resources; social innovations
that address the entire forest product value system; and varied
pathways that acknowledge complexity and are driven by
evolving values (Schmitz, 2023). As shown in Figure 3, a transition
toa sustainable and circular bioeconomy requires holistic system
thinking across the entire forest product value system.

FIGURE 3 System-wide view of the forest product value system in a circular economy
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TABLE 1T Global materials use projected to 2060

Global use in 2017
(billions of tonnes)

Material category

Global use project to 2060

Metallic ores 9
Fossil fuels 15
Non-metallic minerals 44
Biomass 22

Source: OECD, 2019.

through 2060 could result in a doubling of greenhouse gas
(GHG) emissions, greater pollution of soil, water and air as
well as toxic effects on humans and ecosystems that will hurt
economies and societies (OECD, 2019).

Greater materials intensity in production and consumption,
the growing share of services in the economy and
technological developments that decouple growth from
material inputs all contribute to increasing material use levels
and trends (OECD, 2019). Therefore, actions and policies that
support a transition to a sustainable and circular bioeconomy
can reduce the negative impacts associated with global
materials use and help countries and economies change
course.

According to the UN International Resources Panel (2020),
resource extraction and processing account for more than
90 per cent of global biodiversity loss and water stress as
well as approximately 50 per cent of global GHG emissions.
Emissions from the production of materials as a share of
global GHGs increased from 15 per cent in 1995 to 23 per
cent in 2015. Although this can be compared to the share
of GHG emissions from agriculture, forestry and land use
change combined, they have received much less attention.
An estimated 80 per cent of emissions from material
production were associated with material use in construction,
understood as solid materials including metals, wood,
construction minerals and plastics as well as manufactured
goods. Fuel, food and chemicals are not included.

2.1.1.  BIOMASS DEMAND

The trend toward sustainability is driven by the need to
address resource constraints related to climate, water,
energy and land, as well as by advances in microbiology and

in the absence of new Growth (%)
policies (billions of tonnes)
20 122
24 60
86 95
37 68

shifts in consumer preferences (von Braun, 2018). Therefore,
biomass, forest biomass and growing applications for
these renewable materials in a sustainable and circular
bioeconomy provide opportunities and challenges related
to the growing demand for raw materials.

Wood, as a key renewable resource, can be used for creating
biodegradable and recyclable materials. Production residues
from the forest industry and primary manufacturing
processes can be reused in cascading systems that result
in minimum waste. These practices have resulted in nearly
complete utilization of wood in production processes and
very little pre-consumer waste generation. There has also
been significant development of post-consumer waste
recovery and recycling systems, especially for paper and
packaging materials. When discussing the role of wood
in a sustainable and circular bioeconomy, it is important
to acknowledge that wood fibre recycling currently faces
inherent limitations in the number of possible reuse cycles;
however, this limitation is being studied and solutions may
be possible through greater use of nanotechnology to
improve recycling outcomes (Rahmaninia, 2015).

All forest-based products are biobased and are, therefore,
both renewable and naturally compostable if properly
designed. However, natural decomposition of materials
should generally be minimized, as there needs to be a
strong focus on the collection and recycling of materials.
Wood has great enduring value as a renewable material,
as almost all its production side streams can become raw
materials for other streams—even sawdust has many
possibilities for use and reuse. These materials may be
utilized in value-added products and materials (i.e. particle
board and packaging), innovative materials (i.e. cellulose-
based insulation) and renewable energy production (e.qg.






