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Abstract

Circular economy development is about a system-level change towards significantly en-
hanced circularity and sustainability encompassing both biological and technical cycles. CE
business models can be applied by companies to enhance the circularity of their own opera-
tions as well as of the whole supply chain. In addition, they enable broad collaboration and
partnerships at the system level. CE and associated approaches are also increasingly part of
the sustainability reporting requirements within the EU. This study aimed at exploring, dis-
covering, analysing and synthetizing the integration of circular economy business models
into sustainability reporting by the three largest bioproduct companies in Finland. A quali-
tative research method was applied using the Annual Reports of the three companies as
materials. The results suggest that all three companies report multiple approaches related to
circular supply models, supply chains and inputs; and resource recovery. However, only a
few approaches are reported related to product use/life extension, and no approaches were
reported related to sharing and sharing platforms and product-as-a-service and product-
service systems. All three companies have started reporting practices that take the EU
operational environment into account.

Keywords: circular economy; business model; sustainability reporting; bioproduct;
company; Finland

1. Introduction
1.1. Circular Economy and Circular Economy Business Models

The circular economy (CE) is about a system in which materials and products are
kept in circulation using multiple processes such as maintenance, refurbishment, reuse,
remanufacturing and recycling considering the limits and the planet and the finite nature
of resources [1]. Previous regional study identified, for example, the following approaches
related to CE management, assessment and reporting that were perceived as important by
companies [2]:

e  Continuous reporting of CE as a part of online communication of companies (i.e.,
sustainability and responsibility reporting);

Circularity and reporting that covers the whole supply and value chain;

CE strategies and principles (the 10 Rs);

New business models, innovations and ecosystems;

Systems and life cycle thinking;

Recovery and recycling of materials;

Recycled content in products and share of renewable raw materials;

Digitalization and data management.
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Circular business models are based on the three design driven principles of CE, and
they are designed to create and capture value by keeping products and materials in use
at their highest value (e.g., repair, rental, pay-per-use and refurbishment) [3-6]. Circular
business models are characterised by, for example, redesigning how businesses create and
capture value (circulation of materials is not just add-on process to business-as-usual);
turning outputs into inputs (e.g., upcycling, waste-to-value and returning of materials
to the biosphere in the biological cycle); extension of product life (e.g., maintenance,
remanufacturing, resale, reuse and refill); and selling access to products (not ownership) [6].
This study focused on the following CE business models [7-9]:

e  Circular supply models, supply chain and inputs (e.g., use of bio-based and recyclable
materials including replacement of other materials);

e Resource recovery (e.g., recovery of usable resources from by-products and waste
including production of secondary raw materials);

e  Product use/life extension (extension of product use/life through repair, reprocessing,
upgrading and resale);

e  Sharing and sharing platforms (e.g., increased utilisation of existing products and
increased usage rates through collaborative models for access, usage or ownership);

e Product as a service and product-service systems (e.g., ownership of the product
remains with the producer/supplier and product use/services are provided instead
of products to increase resource productivity).

1.2. Operational Environment at the EU and National Level
1.2.1. EU Level

The European Green Deal aims at transforming the EU into a modern and resource-
efficient economy with special emphasis on, for example, CE and sustainable use of
resources as well as new and sustainable business models (e.g., based on sharing and
renting); [10-13]. In addition, there are many focus areas related to CE and the bioproduct
sector such as the following examples [12,13]:

Durable, reusable, and repairable products;
Reusable and recyclable packaging;
Biodegradable and bio-based plastics;
Carbon capture, storage and utilisation;

Digitalisation to enhance the availability of information (e.g., electronic product pass-
ports that include details about the origin and composition of the product, repair and
dismantling possibilities, and end-of-life handling);

e  The creation of markets for secondary raw materials with mandatory recycled content

(for example, for packaging and construction materials);

e  Wood construction sector: (1) design of new buildings and renovation, use and con-
struction of buildings in accordance with CE; (2) the integration of CE aspects into all
phases of construction (e.g., digitalization and resource efficiency); and (3) recycling
and reuse of materials in the construction and renovation of buildings.

In addition, the circular economy action plan promotes transition to a circular econ-
omy including focus on, for example, the entire life cycle products; circular economy
processes and industrial symbiosis; sectors that use most resources and have high circular-
ity potential (e.g., packaging, construction, buildings and plastics); and recycled content
in products and resource efficiency [14,15]. The European ecodesign approach promotes
circular and environmentally sustainable products including focus on enhanced circularity
rate of material use and specific requirements related to, for example, circularity, durability,
reusability, repairability, recyclability, recovery of materials, upgradability, remanufactur-
ing and reusability [16,17]. The overall promotion of sustainable products at the EU level
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encompasses multiple aspects related to CE such as circular business models and ecode-
sign to achieve higher circularity [18]. In addition, the EU taxonomy includes a specific
environmental objective about transitioning to a CE and associated specific requirements
for activities such as the following [19]:

e  Enhanced durability, reparability, upgradability or reusability of products (e.g., design
and manufacturing activities);

e Prolonging of the use of products (e.g., reuse, design for longevity, re-purposing,
remanufacturing, disassembly, repair, upgrades and sharing of products);

e  Enhanced recyclability of products (e.g., recyclability of individual materials in products);

e Increased use of by-products and secondary raw materials.

The European approach to safe and sustainable by design (e.g., by industry and
SMEs) related to new and existing materials and chemicals highlights guiding (re)design
principles including, for example, consideration of whole life cycles (e.g., use of reusable
packaging in the whole supply chain); use of renewable sources (e.g., use of circular and
renewable feedstocks); material efficiency (e.g., selection of processes and materials that
minimise waste generation); and design for end of life (e.g., selection of materials that
are more durable, have longer life, require less maintenance, easy to sort and separate,
valuable after use and fully biodegradable) [20]. The EU Bioeconomy Strategy emphasises
the role of bioeconomy as the renewable segment of CE and highlights, for example,
sustainable and circular bioeconomy (e.g., sustainable and circular bio-based innovations
and solutions); the development of bio-based, recyclable and biodegradable substitutes to
fossil-based materials (e.g., the replacement of non-sustainable materials in construction
and packaging with bio-based materials); and (9) actions related to understanding the
ecological boundaries of the bioeconomy (e.g., good practices to operate the bioeconomy
within safe ecological limits) [21-23].

1.2.2. National Level

The advancement of CE in Finland is about an economic model for the future that
keeps products and materials in use for a long time, considering the production of economic
well-being within the limits of the carrying capacity of the planet [24-26]. In addition, there
are multiple focus areas such as: sustainable and efficient use of materials including long-
term circulation of materials (e.g., repair, sharing, leasing, rental services and servicification
of products); sustainable design and business models; innovations and digital solutions
that promote CE; new production processes based on CE and increased value of bio-
based and recycled materials and side streams in production; and increased amount of
CE products and services in the market and development of CE services for everyday
life [24-26]. The main focus areas and elements of the Finnish bioeconomy strategy related
to CE encompass [27]:

CE business models and the potential of new products and processes aligned with CE;
Planning and operating models in accordance with CE;

The extension of the life cycle of products

The development of business ecosystems based on side and waste streams;

Connection to the digitalisation of the CE (e.g., platforms, data, development pro-
grammes and experiments);

New approaches and expertise for the design of materials, material systems and products;
e  Development of digital market places for side and waste streams;

e  Recycling of materials (that were used as raw materials to manufacture the products)
in the same or other value chain and recycling of bio-based materials and products in
a way that increases value added.
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This study aimed at exploring, discovering, analysing and synthetizing the integra-
tion of CE business models into Annual and sustainability reporting by the three largest
bioproduct companies in Finland.

2. Materials and Methods

This study applied a qualitative research approach (Figure 1) and, specifically, qual-
itative content analysis [28-32] focused on textual materials (the online reports) which
formed the information/content/data of this study. The CE business models [7-9] and
their respective characteristics [3-6] were used as coding framework to analyse the textual
materials. Similar approach has been applied in a previous study [28]. The applied CE
business models comprise the following [7-9]:

Circular supply models, supply chains and inputs;
Resource recovery;

Product use/life extension;

Sharing and sharing platforms;

Product-as-a-service and product-service systems.

The focus of this study was mainly on the circulation of materials and products;
circular supply models, supply chains and inputs; product use/life extension; and resource
recovery (aspects related to energy efficiency and renewable energy were excluded from
the analysis).

This study focused on the three largest bioproduct companies (industrial scale actors)
in Finland and particularly on their online Annual Reports which are the textual and
qualitative materials of this study. The companies were StoraEnso, UPM and MetsaGroup.
This study bridges a clear gap in research and there are no similar studies covering this
sector in Finland.
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Figure 1. Research approach and logic.
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3. Results
3.1. Stora Enso

There were many approaches related to circular supply models, supply chains and
inputs in the Annual Report [33] encompassing the design for circular business models that
includes circular sourcing and involves procuring products and services that align with CE
principles; the alignment of strategy with CE principles and circularity as a focus area in
the sustainability agenda; and business relationships and partnerships to advance CE (4).
In addition, the following approaches were identified:

e  Product innovation as drivers of CE and the creation of value in a CE based on
renewable and fibre-based products and solutions;

e  Wood-based and renewable products that support CE and provide alternatives to
fossil-based products;

e  The assessment of circularity and resource use impacts including the entire value chain
(sourced raw materials, resource inflows and outflows, produced products, end-of-life
products and waste);

e  The design of products to be functional and valuable throughout their life cycles (e.g.,
reuse and recycling of wood-products at the end of their life cycles);

e  The application of the principle of cascading use of wood to ensure that all parts of
harvested trees, forestry residuals, and industrial side streams are used in the most
environmentally and economically efficient way (before being used as energy);

e  The identification of CE opportunities in the downstream value chain (growing cus-
tomer demand for sustainable products and solutions);

e  Specific targets related to circular product design and focus on the design of products
that are functional and create value throughout their life cycles;

e The integration of design for recyclability into product design;

e  Specific Circularity Guidelines that focus on, for example, the creation of business
opportunities from process residuals and by-products; seeking partnerships with
stakeholders and customers; and the design for renewable and recycled materials.

The identified approaches related to resource recovery comprised enhancement of
resource and material efficiency; recycling through strategic partnerships, use of recycled
materials (packaging and paper) and investments in recycling infrastructure; and transfor-
mation of side streams and process residuals into new products (e.g., through innovation
and research) and utilisation of secondary raw materials (e.g., use of recycled fibre in new
products). In addition, the following approaches were identified:

e  On-site beverage carton recycling facility that detaches fibres from polymers and
aluminium (fibres are recycled into cartonboard materials);

e  Recovery and recycling of non-fibre fraction of the cartons in a dedicated partner facility;

e  Continuous and active participation in cross-industry alliance to develop tools and guide-
lines for the packaging industry to improve the recyclability of fibre-based packaging;

e  Measures to ensure that the value of renewable materials is prioritised (collection,
sorting and recycling of materials) including direction of recycled content towards the
highest-value applications;

e Partnerships and collective initiative to advance collection, sorting and recycling
infrastructure for recyclable products;

e  Enhancement of collection, sorting and recycling of post-consumer packaging and
paper materials;

e  The Circularity Guidelines that promote circularity through, for example, utilisation
of process-related residuals and waste as well as reuse of fibre.
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The identified approaches related to product use/life extension included the promo-
tion of the design of mixed-use, adaptable and flexible buildings through mass timber
products (e.g., prefabricated and lightweight elements that are designed for adaptabil-
ity to future needs); and collaboration with value chain partners to enhance the appli-
cation of the cascading principle to polymers (e.g., in barrier layers). No approaches
were identified related to sharing and sharing platforms and product-as-a-service and
product—service systems.

3.2. UPM

The identified approaches related to circular supply models, supply chains and inputs
in the Annual Report [34] encompassed (1) integration of CE and sustainability into innova-
tion including new ideas and development of new business and products from renewable
raw materials (to meet the growing need for more sustainable materials); (2) promotion of
CE and material efficiency including focus on approaches to reduce, renew, reuse, recycle
and recover; (3) circular bioeconomy-adapted products and solutions and implementation
of a circular bioeconomy based on renewal; reduction; and reuse; (4) use of wood and wood-
based side streams and residues in a way that creates most value; and (5) commitment to a
circular bioeconomy through the use of recovered materials from production processes and
development of utilisation and recycling options for side streams and residues. In addition,
the following approaches were identified:

e  Sustainability as a design principle and key driver for products considering (1) recy-
clability; (2) sustainable fibre sourcing; (3) replacement of fossil-based materials and
raw materials (e.g., bioplastics and biochemicals) with renewable alternatives (e.g.,
substitution of plastic packaging with fibre-based solutions);

e  Work with multiple stakeholders to enhance circularity (e.g., the development of a
circular business model in the self-adhesive label industry);

e  Active efforts to find partners to co-create circular innovations related to the use and
valorisation of side streams.

e Application of the Sustainable Product Design concept to (1) integrate consideration
of circularity covering full product life cycles; (2) ensure a sustainable product life
cycle approach; (3) develop new products and services that contribute to the UN
SDGs; and (4) ensure that all new products and services have a proven sustainability
value proposition.

e Application of the UPM Product Stewardship Standard approach based on six life
cycle steps: (1) design; (2) materials; (3) production; (4) distribution; (5) use; and
(6) circularity.

The identified approaches related to resource recovery comprised (1) support of CE
through use of side streams; residues and materials recovered after product use; (2) active
improvement of the circularity of product life cycles through the use of recovered materials;
(3) promotion of recyclability throughout the value chain and use of recycled materials in
products; (4) implementation of a circular bioeconomy based on recycling and recovery;
and (5) maximisation of the utilisation of materials and side streams and minimisation of
waste (e.g., no process waste to landfill by 2023). In addition, the following approaches
were identified:

e  Circular bioeconomy and resource efficiency as solutions to address resource scarcity
and to provide sustainable solutions;

e Actions to promote the recyclability of and recycled content in packaging (e.g.,
plastic packaging);

e  The development of packaging solutions that are recyclable and /or compostable;
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e  Use of recovered paper as a raw material in graphic paper production (sourced from
suppliers such as waste management companies, printing houses and local authorities).

e  Waste management including appropriate sorting of waste and research related to
waste recycling options.

e  Continuous development work related to the recycled nutrients and zero solid process
waste to landfill targets at multiple sites.

e  Recyclability of and recycled content in products including paper (depending on
local infrastructure for national collection and recovery systems); (2) pulp (can be
processed into multiple paper grades and other pulp-based products because it is at
the beginning of the processing chain); and (3) converting materials (e.g., development
of a circular solution that enables customers to turn their label liner waste into new
raw materials).

e  Recoverable side streams (e.g., lignin and crude tall oil) that can be used as raw
materials in new wood-based businesses.

The identified approaches related to product use/life extension included requirements
related to durability and performance for (1) timber and plywood used in construction
applications; (2) plywood used in vehicles; (3) timber used in log houses and buildings;
(4) paper used in long-term applications (e.g., archiving) or labels for specific end uses; and
(5) development of sustainable packaging including the enhancement of the performance
of fibre-based packaging In addition, the following approaches were identified:

e  Recycled content in products including (1) sawn timber (can be processed into multiple
end-use products because it is at the beginning of the value chain); and (2) plywood
and veneer (can be reused, e.g., in construction and repurposed as a raw material for
secondary products after initial use).

No approaches were identified related to sharing and sharing platforms and product-
as-a-service and product—service systems.

3.3. MetsiiGroup

The identified approaches related to circular supply models, supply chains and inputs
in the Annual Report [35] encompassed the advancement and commitment to CE including
the (1) introduction of new products based on production side streams; (2) efficient use of
side streams; (3) production of recyclable products; (4) reduction of the share of burned
wood material; (5) resource efficiency and efficient use of scarce resources; (6) achievement
of product functionality through minimal use of resources across the product life cycle;
(7) minimization of packaging materials in product packaging; and (8) measures to ensure
high post-use recyclability of packaging materials. In addition, the following approaches
were identified:

e  Operations that follow CE principles including (1) keeping natural resources used by
society in use for as long as possible and as valuable as possible; (2) safeguarding the
renewal capacity of nature; and (3) minimisation of waste and emissions;

e Development and identification of new CE and forest-based bioeconomy business
concepts in cooperation with partners;

e  Contribution to CE at the international and European levels through participation in
initiatives and networks including focus on enhanced recycling and keeping products
longer in use;

e  Commitment to the national CE green deal including (1) promotion of a low-carbon
CE; and (2) target of commercialization of three new important products or solutions
based on side streams by 2035 (by the company or its partners).

e  Promotion and development of industrial symbioses with other business areas and
complex and network of companies (e.g., bioproduct mills) to create promote CE and

https://doi.org/10.3390/su18073464


https://doi.org/10.3390/su18073464

Sustainability 2026, 18, 3464

8 of 15

resource use synergies based on the ecosystem concept (ecosystem of different sized
companies and at different development stages convert production side streams into
valuable products).

e Use of side streams in line with CE including (1) finding multiple new purposes
(including with partners) for forest industry side streams, bark, sawdust, sludge, ashes
and lignin; (2) utilisation of fibre-based side streams from paperboard mills in animal
bedding (renewable alternative for peat); and (3) exploration of upgrading.

The identified approaches related to resource recovery comprised (1) reuse of all pro-
duction side streams (elimination of all landfill waste) including enhanced utilisation rate
of recycled materials; (2) enhancement of the resource efficiency of wood use through the
development of new purposes for production side streams jointly with partners; (3) con-
struction of a demo plant for industrial upgrading, refining and recovery of lignin (in
partnership with a chemical industry company); (4) and (5) advanced closed chemical
cycle in which water and chemicals are recycled and returned to the process for reuse. In
addition, the following approaches were identified:

e  Recycling and reuse of products and packaging materials (most are recycled or reused)
in accordance with local recycling systems including, for example, separation of toilet
paper (sludge) from waste water and its use (e.g., making of soil);

e Utilisation of most production side streams including use of wood-based waste,
sludge, ashes and lime (e.g., soil improvement, landscaping, fertilisers and chem-
icals industry applications).

e  Resource efficiency including (1) full utilisation of all raw material; (2) avoidance
of waste in production (e.g., the goal is to use all production side streams); (3) use
of production side streams and waste as materials; (4) continuous improvement of
production processes and new mill investments; and (5) enhanced efficiency of water
use to support CE.

The identified approaches related to product use/life extension included product
durability and repairability related to LVL (structural laminated veneer lumber) products
including (1) design and production to manufacture very durable construction materials;
(2) possibility to dismantle and reuse in other purposes; (3) moving of entire buildings
in cooperation with customers; (4) design service life up to a 100 years; (5) suitability
for repair construction (strong and lightweight material); and (6) reuse and recycling as
primary options at the end-of-life phase (instead of incineration). In addition, the following
approaches were identified:

e  Reuse and recycling of products and packaging materials (most are reused or recycled);

e  The reuse of all production side streams including design based on CE and identifica-
tion of purpose for all process waste;

e  R&D related to (1) new raw materials; and (2) durable packaging based on bio-based
and recycled raw materials.

No approaches were identified related to sharing and sharing platforms and product-
as-a-service and product—service systems.

4. Discussion
4.1. CE Business Models

The findings suggest that all three companies report multiple approaches related to cir-
cular supply models, supply chains and inputs such as design for circular business models
and circularity; alignment with CE principles; business relationships and partnerships to
advance CE and circular business models; the integration of CE into innovations including
co-creation with partners; the development and identification of new CE and forest-based
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bioeconomy business concepts in cooperation with partners; the production of recyclable
products; and product functionality based on minimal use of resources across the product
life cycle.

In addition, multiple approaches were reported to be related to resource recovery
encompassing, for example, the transformation of side streams and process residuals into
new products; measures to enhance resource efficiency and recycling; the improvement
of the circularity of product life cycles through the use of recovered materials; reuse of
all production side streams including enhanced utilisation rate of recycled materials; and
the enhancement of the resource efficiency of wood use through the development of new
purposes for production side streams jointly with partners.

Only a few approaches were reported related to product use/life extension including,
for example, the promotion of the design of mixed-use, adaptable and flexible buildings
through mass timber products that are designed for adaptability to future needs; and
reuse of products, packaging materials and all production side streams including design
based on CE. In addition, reporting included product durability and repairability related to
LVL products covering, for example, design and production to manufacture very durable
construction materials; possibility to dismantle and reuse in other purposes; design service
life up to a 100 years; suitability for repair construction; and reuse and recycling as primary
options at the end-of-life phase. Reporting also encompassed requirements related to
durability and performance such as:

Timber and plywood used in construction applications;

Plywood used in vehicles;

Timber used in log houses and buildings;

Paper used in long-term applications or labels for specific end uses;

Development of sustainable packaging.

All three companies have started reporting in accordance with the EU policy and legal
environment including, for example, the incorporation of resource use and CE aspects
in their annual reports. However, the work has only started regarding the integration of
all CE business models, strategies, principles and metrics. Future research should focus
on the integration and evolution of CE as a part of sustainability reporting by companies
and other organisations. This study has limitations such as the qualitative approach that
focuses on three specific companies and their specific online content. Thus, the results
cannot be generalised as such, but they can be used as a basis for similar studies in other
countries. In addition, the analysed content is reporting by the companies and not verified
managerial actions.

A previous sectoral study acknowledged that quite a number of approaches were
identified that were related to the circular supply models, supply chains and inputs, and
there were many approaches for resource recovery. However, only a few approaches were
identified that were related to product use/life extension, sharing and sharing platforms,
and product-as-a-service and product—service systems [28]. Other previous study noted that
forerunner forest product companies benefit from proactive, self-organised and strategic
approaches to sustainability management (e.g., life cycle thinking and material efficiency)
covering all dimensions of sustainability and from an integrated approach to sustainability
(e.g., the integration of sustainability principles into all operations) considering the overall
EU operational environment; and that many companies are not taking advantage of local
industrial ecology and symbiosis opportunities, life cycle thinking, utilisation of waste and
efficient recycling and recovery of materials [36].

In addition, it has been noted that business model innovation for circularity and sus-
tainability is fragmented (i.e., there is a need for enhanced integration between circularity
and sustainability) despite the fact that it is becoming fundamental to sustain the com-
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petitive advantage of companies [37]; sustainability reports can support the transition of
organisations towards more CE models (e.g., their content can monitor, measure, establish
goals and communicate related to the transition) [38]; and the essential elements of circular
business models encompass resource efficiency strategies, closing of product and material
loops within a broader value chain network and extension of the useful life of products
and parts [39].

The promotion of sustainable circular business model innovation requires focus on,
for example, multiple levels of system innovation (systems perspective considering the
entire system); re-design of business ecosystems; drivers and trends at the ecosystem level;
and understanding value to partners and stakeholders [40]. One study recognised that
organisations increasingly build on business model innovation to reinvent their business
models in circular and sustainable ways [41].

Moreover, circular business models need to be supported by skilled entrepreneurs,
and they are typically based on circularity and biowaste conversion including measures
related to cascading, recycling, upcycling and recovery [42]. The strategic assets for value
creation utilised by novel circular bioeconomy companies comprise circular and renew-
able resources; technological innovations; and partnerships (currently business models
are mainly based on traditional practices based on the use of renewable resources and
resource efficiency) [43]. New, dynamic, integrated and eco-innovative business models
that contribute to CE (e.g., circularity and cascading use) and valorise waste streams and
by-products are needed to promote more sustainable use of all renewable [44].

4.2. Circular Bioeconomy

Previous research on the characteristics of a circular bioeconomy is relevant to this
study because it reflects multiple relevant elements of the overall operational environment
of bioproduct companies and has some implications for the design and development
of CE business models in the context of sustainability reporting. All three companies
report multiple approaches related to the circular bioeconomy such as circular bioeconomy-
adapted products and solutions and implementation of a circular bioeconomy based on
renewal; reduction; and reuse; commitment to a circular bioeconomy through the use
of recovered materials from production processes and development of utilisation and
recycling options for side streams and residues; the application of the principle of cascading
use of wood; the implementation of a circular bioeconomy based on recycling and recovery;
and circular bioeconomy and resource efficiency as solutions to address resource scarcity
and to provide sustainable solutions.

It has been noted that the bioeconomy needs to be considered as a part of CE strat-
egy and associated larger perspectives including integration into the development and
implementation of CE measures as well as engagement of all key stakeholders (thus cir-
cular bioeconomy refers to the application of CE to biological products, materials and
resources) [45]. Previous studies have also acknowledged, for example, that circular bioe-
conomy is:

e  An element of sustainable development (e.g., links to the UN SDGs) that combines the
approaches of CE and bioeconomy encompassing a responsibility towards the future
of the planet and provision of a more sustainable framework to address sustainability
challenges [46,47];

e  Focused on change in production and consumption to replace the business-as-usual
model including the increase in the use of renewable non-fossil raw materials and
products in a sustainable, resource-efficient and circular way [48].
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e About more efficient management of bio-based renewable resources through the
integration of CE principles into the bioeconomy including the application of business
models by novel circular bioeconomy companies [43].

e  About alignment with the UN SDGs and merging and combining of CE and bioe-
conomy principles to promote sustainable resource management and closed-loop
systems [49,50].

The shift from linear to circular bioeconomy requires new business models and busi-
ness model innovations require focus on, for example, multiple levels of action; other
actors (typically from different sectors) seeking synergies; and value co-creation based
on combined organisational and technological innovations [51]. CE business models can
advance circular bioeconomy through, for example, design and use of bio-based and re-
cyclable materials as circular inputs and supply to replace traditional materials as well
as resource recovery including industrial symbiosis, recycling, upcycling, downcycling,
by-products, value of embedded materials and secondary raw materials [7,8]. There are
multiple innovative circular bioeconomy business models that are based on, e.g., industrial
ecology, recycling and sustainable procurement [52]. Whilst European bioeconomy strate-
gies increasingly highlight circular bioeconomy to promote more resource-efficient use of
biomass, more focus is needed on circular product design and cascading including reuse,
recycling and end-of-life of bio-based products. [53] The promotion of CE and circularity in
the context of a sustainable bioeconomy requires focus on the following aspects [54]:

e  Sustainable end-of-life options (e.g., reuse, recycling, recovery and reduction);

e  The whole biomass value chain;

e  The application of the principles of circularity (e.g., design to eliminate waste, use of
residues and resource efficiency);

e  The cascading use of bio-based materials and biomass;

e  Sustainability and life cycle assessment (e.g., products and materials);

e  Biodegradability, separation and quality of residues and compostability.

In addition, it has been noted that comprehensive sustainability (as defined by the
UN SDGs) in the context of bioeconomy means the consideration of the natural limits of
planetary boundaries, ecosystem services and closing of material cycles in the use of pri-
mary biomass as raw material [55]; circular bioeconomy can be advanced through support
of SME-driven innovation; entrepreneurial networks and ecosystems; and development
of skills including the establishment of an overall enabling environment [56]; and the
transition to a sustainable bio-based circular economy requires appropriate accompanying
measures related to drivers, barriers and the entire value chain [57].

The sustainability of bioeconomy requires the integration of CE strategies including
focus on, e.g., sustainable production and use of biomass as well as recycling of bio-based
products [58]. In addition, the achievement of a successful circular bioeconomy requires
business models that are designed for circularity and currently and the archetypes of such
business models encompass, for example, innovation towards bio- and renewable resources;
the establishment of biorefineries; exchange of resources; the optimisation of resource use
and efficiency; and the recovery of value from waste [59].

It has also been noted that (1) the achievement of a real circular bioeconomy requires
the design of products for a CE (e.g., life cycle perspective on wood-based products and
processes as well as easy separation of materials and avoidance of harmful substances) and
cooperation between potential users of recovered materials and CE actors that organise
material collection and recovery to enhance the circulation of products and materials [60];
and (2) the advancement of circular bioeconomy requires cascading use of biomass; the use
of secondary materials in production; use of residues, co-products and wastes; and efficient
use of natural resources in accordance with CE principles [61].
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In general, companies should integrate CE into strategies and governance (e.g., plans
and targets) to gain the associated potential to create value; carry piloting and demonstra-
tion of circular business solutions; integrate CE into communication; and enhance collab-
oration covering the whole value chain [62]. In addition, successful circular bioeconomy
requires innovative business models encompassing focus on, for example, product-service
and take-back systems; cascading; upcycling; reduction of material leakage and closing,
slowing and narrowing resource flows [63].
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