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The shift towards a bio-economy is one of the main focus areas of political initiatives aiming for a society relying on renewable
biological sources while achieving economic growth. The forest sector is expected to contribute significantly to the development of
the bio-economy which at the same time support rural development by creating new markets for advanced forest based products.
However there is a need to focus more on the economic feasibility of such initiatives. Literature on bio-economy often implicitly
addresses certain aspects connected to business models but is lacking a holistic perspective on the role of business models for the
successful shift towards a bio-economy in the forest sector. Therefore, the purpose of this paper is to conduct a systematic literature
review about bio-economy business models in the forest sector to advance the understanding about increased and sufficient value
generation necessary to persuade a shift towards bio-economy. This paper is based on a systematic review of 42 scientific journal
articles and book chapters on forest based bio-economy. The first result of the article is a structured aggregation of the existing bio-
economy business models including the maturity and potential for large scale application. The main implication of the paper is an
overall framework on how to facilitate the commercialization of bio-economy based business models through an improved
understanding of all elements of the business model canvas toreach market acceptance of innovative business models.
Recommendations for future research are presented in the end of the paper.
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INTRODUCTION

The shift towards a bio-economy is one of the main focus areas of political initiatives aiming for a society
relying on renewable biological sources while achieving economic growth (Kleinschmit et al., 2014). The forest sector
is expected to contribute significantly to the development of the bio-economy which at the same time support rural
development by creating new markets for advanced forest based products (Brodin et al., 2017; Kleinschmit et al.,
2014). In literature much attention has been devoted to technical aspects of new bio-based products as well as political
strategies to support a shift towards bio-economy (Devappa et al., 2015; McCormick and Kautto, 2013). However there
is a need to focus more on the economic feasibility of such initiatives and how new business models can be developed
that enable the creation, delivery and capture of the high potential value from forest based bio-economy (Brodin, et
al., 2015; Nabuurs, et al., 2014). Literature on bio-economy often implicitly addresses certain aspects connected to
business models but is lacking a holistic perspective on the role of business models for the successful shift towards a
bio-economy in the forest sector. Therefore, the purpose of this paper is to conduct a systematic literature review about
bio-economy business models in the forest sector to advance the understanding about increased and sufficient value
generation necessary to persuade a shift towards bio-economy. Utilizing the business model canvas (Osterwalder and
Pigneur, 2010) that defines business models based on nine distinctive elements, literature on forest based business
models for the bio-economy are analyzed. The results show that a lot of research covers topic related to the value
proposition and key resources but that more research is needed about the customers and the customer relationship as
well as cost structure and revenue stream.
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RESEARCH METHOD

To advance the understanding of value generation in forest based bio-economy, the present study consists of a
systematic literature review with a specific focus on research related to business models. According to Cook et al. (2007),
systematic review differs from the general review in that it adopts a replicable, scientific and transparent process. This
leads to developing collective insights based on theoretical synthesis of existing studies. In this way bias is limited and
the legitimacy of data analysis is enhanced. These benefits lead to more reliable results that form the basis for drawing
conclusions (Reim et al., 2015).

A literature search was conducted through the authors’ library service using the Scopus database, one of the largest
multidisciplinary abstract and citation databases of peer-reviewed literature. The database covers research from both
major and minor publisher, including Elsevier, Emerald, Springer, and Wiley. Because this database covers peer-reviewed
multi-disciplinary research studies, it was certain to find studies on bio-economy in the forest sector with a business or
management focus. Several keywords were used to find relevant articles. The articles resulting from the initial search
were refined through three steps which will be described as follows.

Step 1: Identifying publications and applying practical screening. The first step begins by setting certain practical
screening criteria to ensure that only quality publications are included in the review. During the first search, therefore,
conference articles, working papers, commentaries, and book review articles were excluded, aiming instead for a focus
on journal publications as well as book chapters which is a common publication source in the field of bio-economy. No
other quality criteria were used (e.g., journal rankings) for filtering; indeed, publications that cover the topic of bio-
economy may not always be published in highly ranked journals because it is still an emerging topic. The search also
excluded articles that were not peer-reviewed or not written in English.

The chosen keywords for the literature search were supposed to cover the three areas of interest of the studies
purpose. First, bio-economy, that also can be referred to as bioeconomy or bio-based economy. Either of them should be
included in the literatures title, abstract or keywords. Second, to identify papers related to the forest sector, the keyword
“forest” was used as this also would result in papers talking about forestry or forest industry. Finally, “business model”
is used as the keyword for the third area covering both singular and plural form of the term. A search that asks for papers
that include all three keywords resulted only in five papers. Therefore, searches combining two of the three keywords
where performed. These three searches resulted after excluding doubles into 196 articles.

Step 2: Applying theoretical screening criteria. Because the focus of the study is on bio-economy business models
in the forest sector, only conceptual or empirical studies that discussed business model aspects in the forest-based bio-
economy were included for further analysis. More specifically, all abstracts were read carefully and those that explicitly
or implicitly discussed business model aspects or elements the full papers were retrieved. Similar, even studies that not
explicitly used the term bio-economy but discussed new applications or materials part of the forest sector were included
in the full analysis. After the screening, 36 articles were remaining.

Step 3: Final filtering and reference analysis. In this final stage, all 36 articles that met the inclusion criteria were
downloaded and read in detail as a final analysis of the content. Each article’s cited references were used as a secondary
source of literature analysis. This led to the identification of six additional articles that were perceived to provide
prominent contribution to the understanding of forest-based bio-economy business models. Thus, this systematic literature
analysis is based on 42 articles. For the analysis of the articles, an open coding content analysis technique was utilized.
When using this technique, notes and headings are written in the text based on their association with the research focus.
While inductively reviewing the studies it was acknowledged that each study can contribute to several different headings.
Thereafter, all headings were collected and discussed in relation to the nine business model canvas elements.

RESEARCH RESULTS

In the emerging research area of forest-based bio-economy a need for a holistic perspective about business models
was identified because this would support the commercialization process of bio-based products in the forest sector (Brodin
et al., 2017; Kajanus et al., 2014). The definition of a business model focuses on how value is created, delivered and
captured. The business model canvas is an important tool to analyze business models based on nine elements (Osterwalder
and Pigneur, 2010). These nine elements were utilized to analyze the existing literature on forest-based bio-economy. For
each article included in the literature review it was analyzed which of the nine elements was addressed and in what way. By
doing this it was possible to find out which elements are already well-addressed in literature and which need more attention
in the future in order to develop complete business models for the forest-based bio-economy. In the following each element
will be described through the findings from the literature. An overview of the results is presented in Figure 1.

Value proposition

The value proposition is well-covered in existing literature mainly by describing existing or potential offers related
to bio-economy. This includes bio-energy (Cambro and Sowlati, 2014; Devappa et al., 2015; Nabuurs et al., 2014), bio-fuels
(Ersson et al., 2013; Harfouche et al., 2014; McCormick and Kautto, 2013), bio-plastics (Brodin et al., 2017; Hansen, 2016;
Harfouche et al., 2014; lles and Martin, 2013), chemicals (Cambro and Sowlati, 2014; Hansen, 2016; Harfouche et al., 2014;
Machani et al., 2014), pharmaceuticals (Devappa et al., 2015), nanocellulose (Hansen, 2016; Machani et al., 2014), tourism
and services (Pelli et al., 2017). Much of this is related to the bio-refinery concept that is frequently studied and can lead to
multiple outputs (Devappa et al., 2015; Gregg et al., 2017; Hansen, 2016; Jernstrom et al., 2017; Néyhé and Pesonen, 2012;
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Roberts and Nikolakis, 2014; Scoma et al., 2016). However, there is an ongoing debate about the value that is generated
from the various outputs because many argue that the value added with bio-energy and bio-fuels is low (Nabuurs et al.,
2014). Devappa et al. (2015) illustrate this by saying that wood that goes up in smoke is lost forever.

Considering the economic value generated through a shift towards bio-economy, new income streams emerge
and especially for pulp and paper companies there is high potential to move away from stagnating markets with new
business models (Jernstrom et al., 2017; Machani et al., 2014; Roberts and Nikolakis, 2014). However, many articles
highlight the environmental value that bio-economy can create to support sustainability (lles and Martin, 2013;
Kleinschmit et al., 2014; Lunnan et al., 2008; McCormick and Kautto, 2013; Pelli et al., 2017). This also includes the
role of the forest for water protection and bio-diversity (Brand and Singh, 2014; Nabuurs et al., 2014) as well as
reduced landfill (MacFarlane, 2009). Many studies also address the high potential for social value generation through
the bio-economy. Frequently mentioned are local employment (Cambro and Sowlati, 2014; Ersson et al., 2013;
Harfouche et al., 2014; McCormick and Kautto, 2013), rural regeneration (Harfouche et al., 2014; Lunnan et al., 2008;
Pelli et al., 2017; Scarlat et al., 2015), recreation (Nabuurs et al., 2014) and energy security (Cambro and Sowlati,
2014; Ersson et al., 2013; Lunnan et al., 2008). Overall, it can be summarized that the focus is on generating more
value from a given volume considering economic, environmental and social value (Cambro and Sowlati, 2014;
Devappa et al., 2015).

Key activities

The key activities in the forest-based bio-economy literature focus mainly on activities that are needed to succeed
with a transition towards bio-economy. The need for more innovation is frequently mentioned (Brodin et al., 2017;
Harfouche et al., 2014; Kleinschmit et al., 2014; McCormick and Kautto, 2013; Scarlat et al., 2015). An example is the
need to further develop and improve the conversion process of various forest-based products and by-products (Cambro
and Sowlati, 2014). To fulfill the goals of a bio- or circular-economy key activities are reuse and recycling (Franklin-
Johnson et al., 2016; Pan et al., 2015). Another connected key activity that is perceived as very challenging is logistics,
especially when it comes to the reuse of by-products (MacFarlane, 2009; Ndyha and Pesonen, 2012). However, moving
towards bio-economy requires also an internal transformation (Roberts and Nikolakis, 2014) that has to deal with a
resisting culture in many traditional forest-based companies (Hansen, 2016). Another key activity that is crucial for
success is to work with business model innovation and evaluation (Kajanus et al., 2014; Pelli, et al., 2017). In sum,
literature focuses mainly on the activities relevant for a successful transition towards bio-economy.

Key resources

Literature that addresses key resources mainly takes up the different forest-based inputs in the production
processes. The use of by-products from the traditional production processes in the forest industry has high potential for
forest-based bio-economy (Devappa et al., 2015; Ersson et al., 2013; Pergola et al., 2017; Scarlat et al., 2015). Also foliage
and forest waste that are traditional unexplored resources come into focus in the move towards bio-economy (Devappa et
al., 2015; Gregg et al., 2017; Lunnan et al., 2008). There is also research on how to utilize waste within the bio-economy
(Ersson et al., 2013; Gregg et al., 2017; Pan et al., 2015) and how urban wood can be used (MacFarlane, 2009).
Furthermore, appropriate tree species are examined (Harfouche et al., 2014), specific tree types like poplar are studied
(Devappa et al., 2015) as well as the improved utilization of coppice (Spinelli et al., 2017a; Spinelli et al., 2017b). A
downside that is highlighted is the fear of fertility loss in the forests when also harvesting the parts that are usually left
behind (Lunnan et al., 2008) but ash recycling is proposed as an alternative to solve this concern (Bohlin and Ross, 2002).
Ever though little is mentioned on intellectual and human resources in the literature there is some research highlighting
the large financial resources needed for commercialization of new forest-based products (Roberts and Nikolakis, 2014)
and that the high risk related to commercialization leads to an unwillingness to invest (Jernstrom et al., 2017; Lunnan et
al., 2008).

Key partners

A shift towards bio-economy will require an integrated system of many actors that can all be considered as key
partners (Ersson et al., 2013). Policy makers have put the aim for a bio-based economy high on the agendas and are
important key partners that are frequently addressed in the literature (Gregg et al., 2017; Kleinschmit et al., 2014; Lunnan
et la., 2008; Scarlet et al., 2015). However, regulations can currently be seen as unreliable and there is a need to integrate
public support with the whole value chain to reach the ambitious goals (Gregg et al., 2017; Jernstrom et al., 2017; Machani
et al., 2014). Other key partners addressed in literature are research institutions (Kleinschmit et al., 2014; Ndyha and
Pesonen, 2012) and suppliers (Cambero and Sowlati, 2014; Pan et al., 2015) that also include the forest owners (Bohlin
and Ross, 2002; Lunnan et al., 2008). It is also highlighted that entrepreneurs and SMEs are crucial for the success of the
bio-economy (Harfouche et al., 2014; Jernstrom et al., 2017) and that the joint effort that is needed can be facilitated by
specific clusters that bring actors together (Ndyhd and Pesonen, 2012). Finally, the citizen and overall society should be
seen as a key partner that should be actively involved through responsive governance in the decision making on how to
design the future bio-economy (Mastalathi, 2017).

Customer relationship

There is not much written explicitly about the customer relationship. But there is a need for reliable information
to convince potential customers (Lynch et al., 2017; McCormick and Kautto, 2013) and this puts high demands on
education and communication of the characteristics and benefits of the bio-economy (lles and Martin, 2013; Pelli et al.,
2017). The public acceptance will be crucial to success (Kleinschmit et al., 2014; Pan et al., 2015). One way to facilitate
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public acceptance and a good customer relationship is through eco-labeling as it assures the sustainable value of the
products (Brand and Singh, 2014; lles and Martin, 2013; Kleinschmit et al., 2014; Scarlet et al., 2015). However, forest
companies are not known for sophisticated marketing and there is a lot of potential for improvements (Hansen, 2016).

Channels

Channels is the business model canvas element that is least addressed in literature. This might be the case because
many studies talk about potential applications for bio-economy and have not yet reached to a stage where the distribution
channels need special attention. Brodin et al. (2017) mention that it is important to consider the recyclability and
reusability of products in order to design circular flows that includes the distribution to and from the customers (Pelli et
al., 2017). Furthermore, Cambero and Sowlati (2014) include considerations about the availability and appropriateness
of existing or new pipelines for new products connected to bio-economy into their study.

Customer segments

There are no studies that focus specifically on the types of customers in a forest-based bio-economy and the
customer base is still somewhat uncertain (Jernstrom et al., 2017). However, there is a high potential to create new markets
(Scarlat et al., 2015) and to attract new buyers (Jernstrom et al., 2017; Lunnan et al., 2008). Today’s society is demanding
natural, chemical-free and local products and wood-based products fit well for this (Hansen, 2016; lles and Martin, 2013).
Customers are willing to pay a little more for those environmentally friendly products (Lynch et al., 2017) but it is
important to carefully consider the customer needs and market pull (Kajanus et la., 2014; Kleinschmit et al., 2014) and to
tailor products and services to the potential bio-economy customer (Hansen, 2016).

Cost structure

The most frequent explicitly addressed cost in the literature is related to the cost for the biomass or feedstock
(Lunnan et al., 2008; Pergola et al., 2017; Roberts and Nikolakis, 2014; Scarlat et al., 2015). It is crucial that biomass can
be purchased at a competitive price, but this is challenged by the fact that there is competition with other uses of biomass
(Cambero and Sowlati, 2014; Lunnan et al., 2008; Scarlat et al., 2015). Other costs that are mentioned are costs for the
operation, production, logistics and distribution as well as capital costs (Cambero and Sowlati, 2014; Lunnan et al., 2008).
Overall, it is highlighted that the production needs to be cost-efficient in order to be competitive (Brodin et al., 2017,
Roberts and Nikolakis, 2014; Scarlet et al., 2015). However, Machani et al. (2014) stress the fact that there is too much
focus on the traditional cost-saving instead of a focus on value creation.

Revenue streams

When it comes to revenues it is often stated that the products connected to bio-economy are not profitable yet and
that they have to be as cheap as the non-bio-based product e.g. energy sources (Brodin et al., 2017; Lunnan et al., 2008;
Scoma et al., 2016). Revenues are perceived as highly uncertain (Jernstrom et al., 2017; Roberts and Nikolakis, 2014)
even though it needs to be stressed that the bio-economy offers many possibilities for new revenue streams to existing
companies (Devappa et la., 2015). One type of revenue stream that actually is mentioned very often is subsidies (Hansen,
2016; Kleinschmit et al., 2014; Nayhd and Pesonen, 2012; Pan et al., 2015). These subsidies need to be carefully designed
to focus on the long-term benefits (McCormick and Kautto, 2013). Subsidies together with taxes need to account for the
socioeconomic benefits that are not included in the market price (Lunnan et al., 2008). However, it is important to show
and aim for that products and services belonging to the forest-based bio-economy are profitable and not only depend on
public support.

CONCLUSION AND DISCUSSION

Driven by the need for a more effective and sustainable way of using our planet’s resources research on bio-
economy reveals high potential for balancing economic, social and environmental benefits (Cambero and Sowlati, 2014;
Pelli et al., 2017). Still, most forest-based bio-economy offers are not profitable or exist only in a prototype version
because commercialization is not feasible (Brodin et al., 2017; Lunnan et al., 2008). Therefore, this paper proposes that
the business model concept is a useful tool to examine the status of all aspects relevant for commercialization and
sufficient value generation. Through performing a systematic literature review on forest-based bio-economy papers that
explicitly or implicitly address business models a previously lacking synthesis has been developed. Utilizing the business
model canvas with its nine distinctive elements (Osterwalder and Pigneur, 2010) the analysis reveal which elements are
already well covered in the literature and which need to be further studied to enable the development of complete business
models for forest-based bio-economy.

The business model element that is extensively covered in literature is the value proposition. The high potential of
bio-economy to generate economic, environmental and social value is well-addressed in the literature. Key activities
especially for the transformation towards a bio-economy like the need for innovations are discussed in the existing
literature. Similarly, key resources like by-products that got new awareness through the upcoming bio-economy are
discussed but also the need for financial resources is mentioned. Details about the cost structure can also be found in
literature even though detailed calculations are currently missing and need to be developed in the future. Most of the
other business model elements show a clear need for future research because articles addressing them mainly pose
questions that need to be answered or problems that need to be solved. Within key partners for example, policy institutions
are the crucial main driver today but there is a huge need for more research on the total value chain that needs to be
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considered to succeed with the forest-based bio-economy. Comparable, the customer relationships are mainly covered by
highlighting the need for reliable information and public acceptance. Eco-labeling is thus proposed as a way to enhance
this process. Channels is the least addressed element even though new markets and customers are supposed to be attracted
by the outcomes of the bio-economy. This connects to the customer segments that emphasize that the customer need has
to be in focus and that products need to be tailored to bio-economy customers that might be willing to pay a little bit more
if the products fulfill their demand for natural, chemical-free and local products. However, there is much research needed
about potential customers in order to create profitable revenue streams in the future. Currently, many of the ongoing
activities related to bio-economy are heavily depended on subsidies and it will be crucial for the future success of forest-
based bio-economy products to reach economic profitability. Policy makers need to develop systems where the market
price also accounts for the environmental and social value that the bio-economy generates. The business model concept
emphasizes this holistic perspective on value generation and the importance to consider all the elements in order to
develop appropriate business models.
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