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a b s t r a c t

It is uncertain how the traditional forest sector can respond to the changing political environment,
evolving markets, and global environmental problems. This study focuses on the development of forest-
based bioeconomy (BE) in Finland from the perspective of three forest-based value networks (wooden
multistory construction, fiber-based packaging, and biorefining) and thus breaks the tendency of siloed
discussions. The study of expert opinions applies a collaborative interdisciplinary research method that
combines group discussions and follow-up survey data. The results indicate that transformational
regulation, proper incentives, and ways of increasing interaction at the business-consumer interface are
required to support the creation of new practices and the destruction of old practices in the industry
renewal.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The seventeen global sustainable development goals (SDGs) (UN
2015a) and the goals set by the Paris climate agreement (UN 2015b)
are internationally recognized objectives that require a global shift
towards carbon-free and sustainable practices. Cutting the carbon
dioxide emissions originating from fossil fuel use is especially ur-
gent and requires a systemic change towards more sustainable
consumption and production.

The concept of the bioeconomy (BE) encompasses the produc-
tion of renewable biological resources and the conversion of such
resources into value-added products, such as food, bio-based
ainability Science (HELSUS),
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products, and bioenergy, to facilitate sustainable production that
replaces the use of fossil fuels andmaterials (European Commission
2012). To accelerate the development of a national-level BE, the
European Union (EU) BE strategy was updated in 2018 (European
Commission 2018). During the updating process, more emphasis
was placed on enhancing BE sustainability by also integrating
principles of the circular economy (CE) into the strategy (i.e., in
industrial systems, turning goods at the end of their service lives
into materials for other products) (Stahel 2016). Moreover, BE has
been positioned as a renewable segment of CE, where
sustainability-related synergies may be gained beyond the substi-
tution of fossil fuel-based products by renewables (Hetem€aki et al.,
2017).

The BE has been seen to be “circular by nature” due to the
renewability of materials it is based on, although this view remains
heavily contested, e.g., due to the time span needed for the renewal
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1 The model, originally developed for assessing the management of the con-
struction sector’s transition, has been applied, e.g., to assess the future of multistory
wooden construction in the context of the BE (Toppinen et al., 2019).
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of bioresources (Carrez and Van Leeuwen 2015; Sheridan 2016). In
the forest sector context, the cascading use of forest-based biomass
becomes attainable but may be impractical without an under-
standing of how cascading resonates with various policy objectives
and sustainability aspects (Mair and Stern 2017; Jarre et al., 2020).
In addition, abreast with aims for resource-efficiency, development
of circular bioeconomy in the forest sector connects also to new
value creation through innovations (D’Amato et al., 2017).

In the empirical BE-literature, the developments are most often
narrated from the perspectives of natural sciences and engineering,
thus giving less attention to the economic and policy challenges
involved in the process towards BE (Kleinschmit et al., 2014;
Leipold and Petit-boix 2018; Toppinen et al., 2020). Forest industry
renewal, land-use strategies, and innovation policies are particu-
larly significant for BE development in Finland (Sitra 2016; Bosman
and Rotmans 2016; Temmes and Peck 2020). However, the different
motivations and future visions tend to be addressed separately in
siloed discussions, while the new, horizontal and cross-sectional
economic structures behind the BE transition are still in the mak-
ing (Bosman and Rotmans 2016). In this study, we contribute to the
BE literature by empirically analyzing factors shaping the devel-
opment of forest-based BE in Finland, including not only the pol-
icies involved but also the cultural change in the behavior of
consumers and business actors.

The overall purpose of this study is to assess the perceptions of
experts on the development of the forest-based BE in Finland. The
specific aims of the study are to elaborate how experts perceive the
roles of i) institutions and practices, ii) innovations, and iii) influ-
ence of actors in the development of forest-based BE. The starting
point of the analysis are three major value networks that are
deemed to have the most potential for industry renewal, i.e.,
wooden multistory construction, fiber-based packaging, and bio-
refineries (Müller et al., 2014; Bauer et al., 2017; Toppinen et al.,
2019; Pelli and L€ahtinen 2020). Based on the insights on the
three value networks, general information on the development of
the forest-based BE is also provided. The material of the study is
gathered through a two-stage collaborative approach with experts,
who have knowledge especially on the three value networks, but
also on the forest-based BE in general. In the first phase, detailed
information on three value networks are collected inworkshops. In
the second phase, general data on the development on forest-based
BE are gathered with an online survey.

2. Conceptual background: the development of forest-based
BE in Finland

Societal change is required to establish viable forest-based BE
(Grin et al., 2010). This process has been often approached through
sustainability transition studies paying particular attention to the
tensions of the institutional context (Gottinger et al., 2020). For
example, consumption scholars (Keller et al., 2016) and transition
researchers (Loorbach et al., 2017) illustrate that systematic tran-
sitional and co-evolutionary changes are required in everyday life
practices and cultural meanings to ‘reconfigure’ consumption and
production for sustainability. Despite the continuous developments
in studies on sustainability transitions, a holistic understanding of
system change in a complex reality remains to emerge (Sanz-
Hern�andez et al., 2019). First, a coherent approach to the role of
individual agency is lacking (Koistinen et al., 2018). Second, espe-
cially in the context of sustainable production and consumption,
the link from the socio-technical systems to broader institutional
structures remains under-theorized (Kemp and van Lente 2013;
Geels and Schot 2007).

The role of institutions has been emphasized in the systemic
change of the Finnish forest sector, which is composed of mature
2

industries that have become integral and central in society and the
national economy (Kortelainen 2002; Halonen et al., 2015). In the
long term, the development of forest industries has affected and
will continue to affect social equality and regional economies
(Bengtsson et al., 2019; Tykkyl€ainen and Lehtonen 2008; Halonen
et al., 2015). In addition to businesses, the state has taken an
active role in forest industry development, e.g., through national
forest improvement acts (Siiskonen 2007, 2013).

To account for, on the one hand, the role of institutions and, on
the other hand, the role of various actors and innovations, we build
on Rohracher’s (2001) framework on stability versus renewal in a
particular industrial sector. Following Rohracher (2001), this study
underscores the interconnections between institutions and the
practices, innovations, and actors shaping the renewal of the forest
sector, as illustrated in Fig.1. Accordingly, technologies, institutions,
practices and the related actors are in a systemic interaction with
each other, and each of them may either limit or enhance the po-
tential for the renewal of a sector.1 The rest of this chapter is
dedicated to the discussion of the conceptual elements of Fig. 1
from the perspective of the three studied value networks
(wooden multistory construction, fiber-based packaging and
biorefineries).

Institutions are the governed norms for organizing the functions
in a society along with the social structures shaping, embodying
and formulating such norms (North 1991; Ahuja and Yayavaram
2011). The forest sector’s institutions are, e.g., public policies
affecting the enforcement of sustainability initiatives, such as
climate change policies and certification schemes (Vogelpohl and
Aggestam 2012), and organizations influencing the development
and diffusion of innovations (Kubeczko et al., 2006). Practices refer
to informal means enabling actors’ agency in institutional pro-
cesses (Alexander 2005; Spaargaren 2011; Jussila and L€ahtinen
2019). In addition, the tacit knowledge and worldviews of forest
sector actors affect practices, e.g., decision-making processes in
various institutional contexts (Arts et al., 2014).

Formal institutions tend to create lock-ins and hinder changes
that otherwise might positively affect industry dynamics through
innovation diffusion (Geels et al., 2015). According to Luhas et al.
(2019), the Finnish forest sector has kept its focus on conven-
tional products with incremental changes in the existing product
portfolios, and their study identifies lock-in mechanisms, such as
technical interrelatedness, economies of scale, and the quasi-
irreversibility of investments. Relying primarily on economies of
scale-based value creation and incremental innovations to increase
the efficiency of industrial processes are among the key features
that have been commonly used to describe themajority of the firms
that operate in the mature and path-dependent forest industry in
general (see P€at€ari et al., 2011; Laestadius 2000). Regulatory push is
needed for any systemic level change to happen, as highlighted in
the context of circular bioeconomy development by Temmes and
Peck (2020).

Regarding the three value networks addressed empirically in
this study, the literature onwoodenmultistory construction (WMC)
suggests that institutional lock-ins need to be overcome forWMC to
gain a more solid market position (Lazarevic et al., 2020), along
with changes in the value chain logics (Pelli and L€ahtinen 2020). In
Finland, changes in building regulations have supported themarket
diffusion of WMC (Vihem€aki et al., 2019), and alternative wood-
based building technologies substituting, e.g., the use of concrete,
are permitted to compete on a more even playing field (Lazarevic



Fig. 1. Interconnections between institutions and the practices, innovations, and actors shaping the renewal of the forest sector (modified from Rohracher 2001).
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et al., 2020). In comparison, a similar regulatory push has not been
observed in the case of fiber-based packaging and biorefineries.
Instead, packaging innovation is driven by consumer needs, with
increasing demand for convenience (e.g., take-out food products)
being its key driver (Hurmekoski et al., 2018). Fiber-basedmaterials
dominate the packaging markets and have high recovery rates, but
current technologies have weaknesses in their barrier characteris-
tics and durability, e.g., in food packaging (Korhonen et al., 2020).
The third value network of biorefineries has been argued to face
“the valley of death” in the industrial-scale commercialization and
deployment of the required technologies (Bauer et al., 2017;
Hedeler et al., 2020).

Innovation is a multistage process whereby actors advance,
compete, and differentiate themselves successfully in their domain
(e.g., a market or a territory) to transform ideas into new or
improved products, services (e.g., delivery or administrative), and
processes (Baregheh et al., 2009). The common characteristic of
innovations is that they are successfully implemented in practice
(Gault 2018). Before an innovation can become mainstream, it
needs to overcome certain barriers. Common barriers include
breaking into the market through an established economic struc-
ture, challenging the dominant technology and infrastructure
adapted to it, overcoming the lack of knowledge or investment in
research and development, and accommodating established user
practices or creating new ones. From the perspective of an indi-
vidual company, decisions made in the past may either hinder or
enhance the capabilities needed for the renewal of businesses (e.g.,
Teece 2018). In construction industries, e.g., company-level path
dependencies affect the possibility to adopt new industrial WMC
technologies (Stehn et al., 2020). Furthermore, in addition to having
the ability to adapt to changes in the business environment, com-
panies with strategic capabilities in renewal may have the possi-
bility to influence the development of the business environment to
their own advantage (Agarwal and Helfat 2009).

Forest biomass may be increasingly used for diversified pur-
poses, such as the production of textiles, bioplastics, chemicals,
packaging, and engineered wood products (Hurmekoski et al.,
2018). In a BE, it is important to substitute non-renewable re-
sources with renewable resources but in CE also to attain a
decreased need for virgin material by utilizing materials more
intensively, e.g., by utilizing the by-products or waste of forest-
based industries for new uses. However, the large established
wood rawmaterial users can have a great influence on the speed of
development and the shape of the future BE in Finland: they control
the majority of wood-based by-products, but currently may lack an
3

urgent need to reshape their businesses. In the spirit of proactive
incremental renewal, pulp and paper manufacturers have invested
in finding new markets where their core competencies can be
utilized, such as nanocellulose, and further started piloting joint
ventures to expand their knowhow and preparedness to new, more
diversified markets.

Kivimaa and Kern (2016) introduced a framework for analyzing
a policy mix accelerating so-called “creative destruction”, whereby
outdated products and practices are replaced with new ones to
enhance sustainability (Bergek et al., 2008; Kivimaa and Virkam€aki
2014; Kivimaa and Kern 2016). This is, however, a relative charac-
terization: “destructive” instruments may turn out to be the most
creative ones from the perspective of innovation, and supporting
instruments may actually distort the markets (Porter and van der
Linde, 1995). The potential innovation and innovation system pol-
icy impacts for supporting creativity and niche development are
summarized in Table 1.

Consistent with Fig. 1, along with institutions and innovations,
change in the behaviors, practices, actions and expectations of ac-
tors, such as citizens, consumers and businesses, are required to the
development of forest-based BE to take place (Davies et al., 2016;
Bauer 2018). Renewal of the Finnish forest sector requires intensive
cooperation between diverse actors, which results in new com-
panies gaining access to markets, while traditional actors have to
simultaneously reorient and adjust. Korhonen et al. (2018) observe
how the networks in the Finnish forest sector tend to be dominated
by incumbents, namely, large established firms, policy coalitions,
and research institutions. However, new networks seem to be
emerging beyond the traditional industrial boundaries, e.g., be-
tween the chemical and forest industries (Korhonen et al., 2018).
However, more efforts designed to guide the interaction of actors
may facilitate the emergence of a forest-based BE. Recent studies
also conclude that the frequent interaction of experts with high-
level technical competency, funders, and policymakers is benefi-
cial for enhancing forest sector renewal (Korhonen et al., 2018;
Vihem€aki et al., 2019).

There is also increasing scholarly interest in consumer-citizen
involvement in scaling up innovation in markets and integrating
the BE into everyday practices. Davies et al. (2016) stresses that the
success of the BE depends on the actions and choices of all citizens
even though BE or CE policies focus mostly on the industry and
supply side. In general, it has been suggested that cultural, social
and economic changes require consumer participation, and thus,
consumers must be regarded as politically active citizens in the
entire value chain instead of only as decision-makers (Holzer 2006;



Table 1
Potential influence of innovation policy instruments (Source: Kivimaa and Kern 2016).

Examples of policy instrumentsa

Creation of new solutions
Knowledge creation, development and diffusion R&D funding schemes, educational policies
Establishing market niches/market formation Tax exemptions, market-based policy instruments
Entrepreneurial experimentation Policies stimulating entrepreneurship and diversification of existing firms
Resource mobilization Financial: R&D funding

Human: educational policies
Influence on the direction of search Goals being set and framing of strategies

Destruction of undesired old solutions
Control policies Policies, such as taxes, import restrictions
Reduced support for the dominant regime’s technologies Withdrawing support for selected technologies
Changes in social networks, replacement of key actors Balancing involvement of incumbents, e.g., in policy advisory councils with niche actors

a The complete list is available in the original source.

J. Korhonen, J. Miettinen, E. Kylkilahti et al. Journal of Cleaner Production 299 (2021) 126867
Autio et al., 2009; Bossy 2014). As Spaargaren (2011) argues, as
actors consumer-citizens should be able to participate in, co-shape,
and democratically control the processes of environmental change,
such as developing sustainable consumption patterns and using
innovations in their daily lives.

Thus, the cultural change in consumption refers not so much to
changing consumption choices but rather to consumers’ changing
actor roles and relations to firms, such as their participation in
innovation processes (Heiskanen et al., 2005). However, consumer
practices are deeply rooted in the social norms of daily life, such as
what we perceive as good housing. Cultural and behavioral changes
in consumption practices and technological innovations are code-
pendent (McMeekin and Southerton 2012). Thus, businesses
should evolve alongside consumers’ social practices, and various
actors should recognize the influential roles of others.

3. Methods

Considering the views of BE experts, the study investigates the
roles of institutions and practices, innovation, and influential actors
in the renewal of the forest sector from the perspectives of policy
instruments, consumption and businesses. We examine three value
networks in the Finnish forest sector (i.e., wooden multistory
construction, fiber-based packaging, and biorefining) from the
above perspectives. The study was performed by a multidisci-
plinary research group that gathered questions originating from
the interests of different research fields, varying from the guiding
role of policy instruments to the transition paths of the forest sector
and the cultural changes in consumption. Thus, the aim was to
analyze questions on regulation, policy instruments, technologies,
and socioeconomic factors in the renewal of the forest sector. In our
interdisciplinary and collaborative research approach, we studied
the perceptions of these aspects among experts.2 This approach is
novel when applied to studying expert group opinions related to
the development of BE (Sanz-Hern�andez et al., 2019).

To capture the views of experts, we used a two-stage explor-
atory research approach to collect data (Devaney and Henchion
2018). The data were collected between September 2017 and
September 2018. In the first stage, we organized three workshops,
during which predefined questions were discussed regarding the
current state and future development of the forest-based BE in
Finland (for details, see Appendix A). Each workshop focused on a
different value network, and the discussions during the workshops
2 As Laws et al. (2004) have noted, there is no common definition of an expert.
However, one criterion is that an individual has expertise and is able to report on it.
Furthermore, according to Laws et al. (2004), expertise must involve experiential
and context-bound knowledge that differentiates it both from sophistication and
from being a specialist.

4

were shaped by the experts who were invited to attend. The first
workshop was organized in September 2017; its theme was
wooden multistory construction. The second workshop concerned
fiber-based packaging andwas organized in October 2017. The third
workshop focused on biorefineries and new products and was
organized in December 2017 (see Table 2 for more detailed infor-
mation on participants). The background institution of each
participant is listed as a broad category.

In the second stage, we examined the perceptions related to
forest-based BE in more detail by asking workshop experts to
complete an online questionnaire composed of questions and
statements based on the results of the first-stage qualitative
workshop data analysis (see Appendix B). Thus, while the starting
point of data gathering in theworkshopswas specifically connected
to the three case value networks, in the survey the variables in
questions and statements were operationalized to address both
issues connected to the case value networks and general views on
the forest-based BE including the aspects of circularity.

Four broad topics guided the group discussions in all three
workshops. These core topics included policy and regulatory
design, sustainable development, consumer needs and behavior,
and future business prospects of the forest-based BE (see Appendix
A). Each of the workshops addressed the potential for BE devel-
opment through one case value network, i.e., wooden multistory
construction, fiber-based packaging, and biorefining. We assume
that the workshop invitation attracted future-oriented discussants,
and the results cannot therefore be generalized to the entire forest
sector. The invited experts were required to have solid expertise
and experience within the forest sector in the research, corporate
or political sectors. In total, we contacted over one hundred experts,
who fulfilled the selection criteria; 40 participants joined the
workshop discussions, and two of them participated in two
workshops.

Each workshop was initiated by brief presentations from the
industry, policy, and consumer views that guided the topics and the
questions discussed in small groups. Each thematic group had 1-3
project researchers as participants. Their main tasks were to make
notes and to facilitate the discussion to address the pre-assigned
questions (Appendix A). However, especially in the second work-
shop, the groups were so small that the project researchers
sometimes needed to take up a role to encourage the discussion in
the group. The limitations and specifics of the workshop method
are similar to those of focus group studies: a workshop entails so-
cial interaction, and the discussion and results greatly depend on
the participants themselves. Accordingly, the second stage of data
gathering, namely, the survey, also serves the purpose of
strengthening the voices of the expert participants, excluding the
project researchers.

In the first stage, we documented the expert views presented



Table 2
Background information on the workshops and participants.

Workshop topic Number of participants (þresearchers of the
organizing project)

Backgrounds of participants

1. Wooden multistory
construction

21 (þ8) 6 - companies, 4 - public administration, 2 - lobbying association, 1 - NGO, 1 - financing, 1 -
consumer, 6 - research expert

2. Fiber-based packaging 8 (þ7) 3 - companies, 1 - lobbying association, 4 - research expert
3. Biorefineries 13 (þ10) 4 - companies, 2 - lobbying association, 7 - research expert
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during the workshops using notes, photographs and posters. To
identify the central themes of the workshop data, we used quali-
tative content analysis (e.g., Haapanen and Tapio 2016). At this
stage of analysis, the occurring views were organized under two
main themes e “BE sustainability and policy instruments” and
“shift to a BE and challenges in consumption, production and
business”. During the analysis, we focused on the differences and
overlapping aspects of BE that influence each value chain. The re-
sults are reported as a narrative to illustrate the experts’ reasoning.

In the second stage, the results of the workshops were com-
plemented with a survey, which was structured according to the
twomain themes of workshop results (i.e., circular BE sustainability
and policy instruments” and “shift to a circular BE and challenges in
consumption, production and business, see Appendix B). In addi-
tion to general questions and statements related to the BE, the
survey question setting was supplemented with views on circu-
larity (e.g., usage of side-products and waste, and re-usability) in
reference to the BE. The survey data gathering was implemented
with an online questionnaire completed by the workshop partici-
pants, excluding the project researchers. The analyzed workshop
data were elaborated into survey questions and statements,
including seven open-ended questions. The survey’s anonymity
also provided the participants with the possibility of commenting
on the questions more directly and independently than during the
workshops, where they represented their own organizations in
front of many of their stakeholders.

To test the preliminary questionnaire topics and structure, we
sent the survey for a test round in June 2018 to a few experts who
had participated in the workshops. After the test round, the ques-
tionnaire was modified, and questions were further clarified or
omitted from the questionnaire if they were perceived to be
incomprehensible based on feedback from the test round.

In September 2018, the final questionnaire was sent to 38 re-
spondents, as two workshop participants joined two workshops,
and two communicated in advance that they were unable to
participate in the survey stage and therefore did not receive the
questionnaire. The latter was completed by 18 high-level experts,
representing 47% of the targeted sample. As illustrated in Table 3,
the experts represented research, industry, public administration,
and other entities, including lobbyists, NGOs and consumers. The
experts’ length of experience in the field varied from 1 year to over
40 years and averaged approximately 20 years. On average, they
had been in their current positions for a little over four years. One
participant represented the public administration (participant #1),
six represented industry (#2, #5, #7, #12, #15, #17), four repre-
sented research (#3, #4, #8, #13), and three others represented
citizens and consumers, including forest owners (#9, #14, #18). We
faced difficulties in identifying the relevant consumer/end-user
organizations, and many individuals refrained from responding to
the survey, as they felt that their knowledge was inadequate. Four
respondents did not report their field or any background infor-
mation (#6, #10, #11, #16).

Overall, the representatives of industry and research dominated
the sample. However, the respondents were experienced, and we
can assume that they possessed deep knowledge of the topic.
5

Furthermore, the different business segments were unidentifiable
in the survey, as many participants indicated their field only as
“industry”. Therefore, even though some participants reported
their specific business segments, all industrial actors are classified
under the broader group of “industry” when the survey results are
reported, although sector-specific characteristics are more specif-
ically accounted for when theworkshop results are analyzed. As the
number of respondents (n ¼ 18) does not allow us to use statistical
analysis, we present our survey data in terms of frequencies by
illustrating the aspects the experts stressed regarding policy in-
struments, innovations and influential actors in the field of the
forest sector.

4. Results

4.1. Institutions and practices in renewal: regulatory priorities and
new policy instruments for the forest-based BE

Our analysis concerning the role of institutions in the forest-
based BE development provides support for setting clear law-
abiding regulatory reference levels, e.g., lowering carbon dioxide
emissions, along with making efforts to achieve other environ-
mental targets. In the survey phase, to identify the regulatory pri-
orities, we first asked respondents to rank the importance of the
predetermined motivations for developing the bioeconomy and
assuring its sustainability. Reducing fossil fuel dependency, miti-
gating climate change, and maintaining competitiveness ranked as
the most important motivations, and securing biodiversity was
perceived as least important (Fig. 2, question 1 in Appendix B).
Maintaining employment was not given high importance, although
it was often suggested as a main motivation for the bioeconomy
during the workshop discussions.

During the workshops (see Appendix A) and in the online
questionnaire (question 9 in Appendix B), respondents were asked
to clarify, in addition to the regulatory priorities for designing new
policy instruments for promoting a forest-based BE, the barriers
caused by legislation or policy instruments for BE implementation.
According to the results of the workshops and the survey, the ex-
perts observed clear regulatory barriers. In wooden multistory
construction, unjust or old-fashioned regulations concerning fire
safety, the number of floors, and weather and technical re-
quirements were perceived to increase the costs and negatively
impact the competitiveness of wooden construction compared to
that using other materials. Furthermore, among the institutional
barriers, a lack of education regarding wooden construction was
brought up inworkshop discussions. In the survey results, the more
stringent construction code in Finland compared to the codes in
Central Europe was mentioned as a barrier. Unclear regulations
were identified as barriers in workshop discussions, while the
survey highlighted the differing interpretations of construction
permit officials, which led to divergent practices between various
municipalities in Finland. Regarding fiber-based packaging, fewer
barriers were noted during the workshops and in responses to the
questionnaire. According to the survey results, the packaging in-
dustry is already globally regulated, and the global development of



Table 3
Field and experience of survey respondents (n ¼ 18; NA ¼ not reported).

Respondent # Field Experience in the field (years) Experience in the current position (years)

1 Public administration 30 10
2 Industry 30 3
3 Research 30þ 1.5
4 Research 20 NA
5 Industry 25þ 2
6 NA NA NA
7 Industry 1 1
8 Research 12 2
9 Other 10 5
10 NA NA NA
11 NA NA NA
12 Industry 1.5 0.5
13 Research 12 2
14 Other NA NA
15 Industry 40 10
16 NA 20 NA
17 Industry 18 NA
18 Other 18 10

Fig. 2. Perceived order of importance of motivations for developing the BE and assuring its sustainability in Finland (1 ¼ most important, 6 ¼ least important, n ¼ 18).
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plastic restrictions has impacted the Finnish fiber-based packaging
industry. However, during the workshops, experts mentioned that
environmental permit processes were slow and ministries in
Finland had problems crossing administrative siloes. This was
particularly emphasized in the biorefining context, where waste
legislation prohibits the transportation of potentially reusable
waste fractions, for example.

To find ways of overcoming these barriers, we asked the survey
respondents to answer an open-ended question: “What types of
new policy instruments are needed to promote a forest-based BE?” in
terms of a) bringing new products into the markets, b) increasing
the quantity of high value-added products, c) achieving a more
efficient exploitation of side streams, d) increasing intersectoral
cooperation, and e) increasing BE-related know-how (Table 5,
question 10 in Appendix B).

The respondents’ views were rather straightforward regarding
the policy instruments required to promote the BE across the five
categories, ranging from building up social capital through
knowledge creation and diffusion to mobilizing resources for
innovation. The views also did not notably differ across the the-
matic workshops (Table 4, see also Appendix A). The government
and the public sector were perceived to be authoritative in creating
preconditions for newmarkets for bio-based products and services.
During discussions in the workshops and according to the survey
results, the experts were rather unanimous in their views that
6

public procurement might enhance the market diffusion of new
products.

The carbon tax was mentioned as a mean to promote the
diffusion of new products into markets, to increase the quantity of
higher value-added products and to advance the efficient exploi-
tation of side streams. Furthermore, there was support for the idea
that if accounting for the environmentally negative externalities
were possible, the relevant sectors would be incentivized to
cooperate more efficiently due to reduced operating costs. In terms
of adding value, the consumer role was also noted, as based on the
responses, consumer perceptions are important, and consumers’
“values and conceptions” should turn towards BE products being
“normal” and not just something for forerunners. The survey and
workshop results are summarized in more detail for specific cases
in Tables 4 and 5 by using the division of policy instruments into
creative- and destructive-side instruments, following the classifi-
cation by Kivimaa and Kern (2016).

In both Tables 4 and 5, tax policy is suggested as a means for
changing the practices of existing fossil-based production. A carbon
tax (or, equivalently, emissions trading) is perceived as a prereq-
uisite for the development of forest-based BE. Views on supporting
instruments vary greatly, but three sets of suggestions emerged.
Public procurement is perhaps the most favored alternative. This is
quite understandable, as such procurement provides money to
companies and can be directed into renewing the market. The



Table 4
Results from workshops: suggested actions and instruments for promoting a BE in the forest sector.

Workshops

Wooden multistorey construction Fiber-based packaging Biorefineries and new products

Destruction of undesired technologies Destruction of undesired technologies Destruction of undesired technologies
Developing standards for air quality;
Making sprinklers and weather proofing compulsory for all new

buildings;
Municipal strategies and planning to promote wood construction

Expanding the EU Emission Trading
System;
Taxes on or regulation of plastic
materials;
Traceability requirements for all
materials

Integrated carbon policy

Creative instruments directly promoting novel solutions Creative instruments directly
promoting novel solutions

Creative instruments directly promoting novel solutions

Public procurement;
Subsidy for the costs of technical approvals;
Financial support for skill updating training on wooden

construction;
Lower real estate tax, adjusted by carbon dioxide emissions from

wooden multistory construction;
Financial support for digitalization;
Information on group building

Public procurement;
R&D financing;
Joint research;
Instruments supporting more efficient
recycling

A smoother procedure of environmental permit approval;
Temporary permits to enable development work;
Investment support;
Financial support for start-up firms;
More flexible waste regulations to enable testing and
piloting;
Public investments in infrastructure;
Harmonization of regulations;
Development of regulations to adjust more rapidly to
changes in production;
Instruments to encourage development of more value-
added products from bioethanol;
Instruments to support carbon capture technologies;
Negative carbon tax;
R&D to increase the co-operation of forest and chemical
industries

Either creative or destructive
Incentives promoting carbon sinks

Table 5
Results from the survey: suggested actions and instruments for promoting a BE in the forest sector.

Survey

Bringing novel products into the
markets

Increasing the quantity of high value-
added products

Achieving a
more efficient
exploitation of
side streams

Increasing intersectoral
cooperation

Increasing bioeconomy-related know-how

Destruction of undesired
technologies

Destruction of undesired
technologies

Destruction of
undesired
technologies

Destruction of undesired
technologies

Pricing mechanism for negative
externalities;

Carbon dioxide emission tax;
Identification of regulations

complicating the replacement of
fossil-based products and
adapting regulations to the
bioeconomy

Carbon dioxide emission tax;
Identification of regulations
complicating the replacement of
fossil-based products and adapting
regulations to the bioeconomy

Carbon dioxide
emission tax;
Removing the
barriers

Accounting for negative
externalities

Creative instruments directly
promoting novel solutions

Creative instruments directly
promoting novel solutions

Creative
instruments
directly
promoting
novel solutions

Creative instruments
directly promoting novel
solutions

Creative instruments directly promoting
novel solutions

Public procurement;
Financial support for small firms at

the local level;
R&D financing;
Innovation and risk financing;
Financial support for

commercialization of
innovations;

Promoting cooperation between
companies;

Identification of preconditions for
new products’ success and
removing the barriers;

Rationality of prices and availability
of products

Financial support of R&D and
innovation;
Support for licensing involved in
commercialization of innovations;
Support for environmentally friendly
products (early phases);
Identifying operational preconditions
for multiproduct biorefineries and
removing the barriers;
Easing the change of consumers’
values and conceptions towards BE
products being normal and not just
something for forerunners

R&D;
Relaxing
regulations;
Flow of
information and
cooperation
between
sectors;
Minimization of
political
steering;
Investments

Research programs;
Financial support for the
emergence of business-
based cooperation;
Universities’ support of
cooperation (e.g.,.
innovation workshops, and
hackathons on bioeconomy)

Education (e.g., orderliness in education,
developing and direction of education,
educational programs and apprenticeship
training, interdisciplinary education);
Investments in education and research;
Focus on conceptual design and well-
understood scaling-up
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second set of suggestions comprises direct subsidies, i.e., cost-
reducing changes in regulation, and the third set relates to
research and development and other ways of promoting techno-
logical innovations. This diversity of ideas contrasts with the una-
nimity of expert perceptions of carbon pricing.

Similar results regarding the support for taxation as a needed
policy instrument to support the change were also obtained based
on another question in the survey (Fig. 3, question 4 in Appendix B).
We asked the survey participants to provide their perceptions with
respect to more specific claims regarding new instruments that
could transform industries towards a carbon-neutral pathway. We
received support for the claim that “the government should impose
taxes to guide firms and businesses towards climate change mitigation
more strongly than is currently being done” (Fig. 3). Consistent with
the previous statements, a clear majority of the respondents also
agreed that “various materials should be taxed based on their carbon
dioxide emissions, assuming that there are comparable methods
available for reliably estimating emissions” (Fig. 3). Furthermore, in
addition to climate change mitigation targets, the importance of
wood sustainability was supported by the results of our survey
data. Half of the respondents agreed with the claim that “the origin
of bio-based products should be traceable even if the origin of other
materials is not” (Fig. 3), while approximately 20% disagreed.
4.2. Innovations in renewal: overcoming the barriers from piloting
to scaling up the market

Using an open-ended question, we were able to identify the
types of barriers to commercializing new products the respondents
recognized (question 8 in Appendix B). Seven respondents
contributed answers to this question. Finance or a lack of risk
financing was an issue pointed out in the responses regarding the
research and development phases of innovations. Supporting the
pilot product to overcome barriers to market entry (i.e., scaling up
production from pilot quantities to larger and profitable quantities)
was also brought up. Experts also suggested that bio-based prod-
ucts could not compete on price, as the current pricing mechanism
does not include negative environmental externalities, making the
alternatives (to bio-based products) too cheap.

Regarding the impact of various actors on innovation, the need
for businesses to improve consumers’ understanding and enhance
consumers’ involvement in the product development and product
use phases was frequently mentioned. This is consistent with the
Fig. 3. Distribution of experts’ views (shown as percentages) about statemen

8

follow-up survey results (Fig. 5, question 11 in Appendix B), which
further suggested that companies do not necessarily understand
consumers’ needs well enough because the information on con-
sumer needs transfers slowly. However, instead of introducing new
methods for consumer involvement, the workshop discussions
tended to focus on why the practice had not become established in
the forest sector. For example, in the wood construction businesses,
consumers are distant from large manufacturing companies, and
several intermediary actors hinder direct consumer interaction.

Furthermore, the fiber-based packaging industry considered
global players (e.g., Amazon) to have succeeded in obtaining con-
sumer involvement in their innovation processes, but low con-
sumption volume is an issue faced in Finland: the companies
considered themselves too small to challenge the sustainability of
the products of large companies. Commercializing radical in-
novations was also mentioned to be difficult because of prejudice
among consumers towards new products and because the system
enabling value creation (e.g., production, interfaces with other
products or services, legislation) needs to adapt to the changes.
Similarly, “the bottlenecks and contradictions of legislation”were also
noted. However, the respondents did not clarify whether these
were related to certain special cases or to a larger systemic
dysfunction concerning bio-based production.

Responses to the open-ended questions in the questionnaire
reflect the “typical” concerns related to novelty, pioneering, and
radical innovations, namely, the difficulties in developing a product
to the point where the prerequisite to survive is met and then
succeeding in market entry and overcoming the initially slow
diffusion. In terms of development and production, these risks
(costs) related to first-mover disadvantages are comparatively high
in large-scale research-intensive industries, where production also
requires investments in production sites. Similarly, the risks (costs)
are much smaller if existing facilities, knowledge, marketing
channels, etc., can be utilized to promote or support the new
product.
4.3. Influential actors in renewal: towards consumer-driven
approaches

In the survey, we asked the experts to rate the most important
actors for advancing sustainability (Fig. 4, question 2 in Appendix
B). The majority of experts who responded to the questionnaire
perceived government agents to have the most importance in
ts concerning the implementation of new policy instruments (n ¼ 18).



Fig. 4. The most important actors for advancing sustainability (1 ¼ most important, 5 ¼ least important, n ¼ 18).

Fig. 5. Perceptions of consumer engagement in the BE development (n ¼ 18). Averages are shown on a five-point Likert scale (from 1 ¼ fully agree to 5 ¼ fully disagree).
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initiating renewal. In comparison, raw material purchasers were
commonly rated as rather unimportant compared to the other al-
ternatives, while the experts’ opinions on the roles of investors and
consumers clearly diverged.

According to the results, consumers were rated equally as the
most important and the least important actor group for advancing
sustainability. In general, the analysis of the role of consumers and
their importance in guiding the implementation pathway of the BE
has been commonly excluded from studies of BE development. The
initial observations in the workshops already gave reasons to
expect incongruence among the responses related to the consumer
role due to the divergent rhetoric related to various types of con-
sumers of forest-based bioproducts. Discussions on wooden
multistory construction mainly followed the construction sector’s
approach, which entails only little consumer interaction. Fiber-
based packaging was found to have established processes of
product testing, but consumer involvement in innovation was
considered insufficient. Finally, biorefineries were considered to
have little or no experience in consumer interaction, but they did
have high interest in consumer-driven innovations because they
are focused on the possibilities of new product development.

In the survey, we assessed (on a five-point Likert scale) the ex-
perts’ views concerning the importance of various drivers that are
likely to shape the demand for forest-based products in the future.
The majority of respondents agreed with the argument that “the
way the society thinks of forests and wood use is the most important
factor in determining the future of the Finnish bioeconomy business”
9

(in Fig. 5 “Societal acceptance on using forests and wood”, question
11 in Appendix B). The survey results presented the belief that
changes in citizen views greatly impacted market demand: in the
workshop discussions, participants argued that the lack of infor-
mation and misconceptions regarding, e.g., wooden multistory
construction, misled both businesses and policymakers. Such ar-
guments lead to an interesting interaction between consumer-
citizens and businesses and policymakers. Consumer attitudes
were perceived to be directly linked tomarket demand, but the lack
of information and misconceptions among citizens were perceived
to be problems for businesses and policymakers. Furthermore,
there were few concerns regarding changes in the acceptability of
wood use in industrially manufactured products despite the po-
tential deviation of citizen views from the views of groups with
commercial interests, as consumer-citizens need to live with the
consequences of their decisions and the resulting influence on
natural resource utilization.

In the questionnaire, we also asked the experts to rate their
opinions regarding a list of statements concerning issues related to
business and consumer demand. The claim considering the busi-
ness potential of environmental attitudes, “consumers are willing to
pay extra for environmentally friendly products,” was neither sup-
ported nor opposed (in Fig. 5 “Consumers willing to pay for envi-
ronmentally friendly products”). Moreover, the respondents
supported the idea that “a product’s carbon footprint should be
visible to the consumer” (in Fig. 5 “Visibility of carbon footprint for
consumers”). This shows that the change in consumption towards



J. Korhonen, J. Miettinen, E. Kylkilahti et al. Journal of Cleaner Production 299 (2021) 126867
more climate-friendly products is considered a relevant consumer
interest. From the business development viewpoint, an interesting
questionwas how the respondents perceived the issue of acquiring
information regarding the consumers (in Fig. 5 “Information
transfer to businesses on consumer needs slow”).

In the survey, we also evaluated how the role of total con-
sumption and the decreasing unit of consumption compare to each
other and to other demand-driven changes in the markets. We
asked the respondents to evaluate the importance of issues, shown
in Fig. 6 (question 12 in Appendix B), from the viewpoint of the
change in forest-based product demand. On average, “increasing
Internet sales” was the most significant phenomenon, followed by
“geographic diversification in demand”. In the workshop discussions,
the significance of Internet shopping was brought up in particular
in the second (packaging-focused) workshop: for the circular
business model to function, e-commerce packaging needs to serve
various purposes, such as easy product returns or “frustration-free”
opening (the Amazon concept).

When considering the influence of consumers, both “increasing
total consumption” and meeting “consumers’ increasing environ-
mental requirements”wereweighted similarly in significance. These
views are thus contradictory from the perspective of implementing
a sustainable BE if increasing total consumption implies increased
material use. According to the mean of the responses, based on
Fig. 6, none of the given options were clearly perceived to lack
importance. However, the “decreasing unit size of demand” was
considered the least important. Moreover, influential actors may
also refer to international demand and cooperation. The experts in
the wooden building industry workshop discussed, e.g., the
strengthening Nordic cooperation in business and how to inter-
nationally export concepts or holistic service solutions (e.g.,
wooden schools or care institutions). Similarly, the participants in
the biorefinery workshop discussed the need to increase interna-
tional cooperation, especially at the European level.
5. Discussion

This study contributes to the discussion of the economic and
policy challenges of the forest-based BE development (Kleinschmit
et al., 2014; Leipold and Petit-boix 2018; Toppinen et al., 2020). By
analyzing expert perceptions of three different high value-added
value networks, namely, wooden multistory construction, fiber-
based packaging, and biorefineries, our empirical study aimed to
break the tendency of siloed discussions (Bosman and Rotmans
Fig. 6. Factors driving the demand for forest-based products according to the respondents
5 ¼ not at all significant).
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2016). In Finland, the forest-based BE actors are mainly in
research, government and industry, with large industrial com-
panies being the most central organizations, while other players
are more peripheral (Korhonen et al., 2018).

More specifically, we analyzed how BE experts perceived the
roles of i) institutions and practices, ii) innovation, and iii) influ-
ential actors in the development of a forest-based BE. Analyzing the
expert data that were gathered with a two-stage collaborative
approach including workshops and a follow-up online survey, we
identified several regulatory barriers and the actions and in-
struments needed for accelerating the renewal of the forest sector.
Conceptually, we found the modified framework of Rohracher
(2001) to be applicable (see Fig. 1) to shed light on the inter-
twined roles of institutions and practices, innovation and influen-
tial actors in forest sectorial renewal at a period of time when the
various objectives related to BE are not yet clearly defined.

First, considering institutions and practices, the study highlights
the significant role of government regulation in the renewal of the
forest sector. Table 1, modified according to Kivimaa and Kern
(2016), classified the existing instruments, while we asked ex-
perts about the types of policy instruments needed to promote a
forest-based BE. Furthermore, we identified policy instruments
that are potentially barriers to forest-based BE. In general, support
for small firms at the local level, promotion of cooperation between
companies, and smoother environmental permitting processes,
such as the issuance of temporary permits, to enable more efficient
exploitation of side streams are mentioned as alternatives for
overcoming the obstacles of the forest sector renewal; this is sup-
ported by the findings of Hurmekoski et al. (2015), Korhonen et al.
(2018), Luhas et al. (2019), and Vihem€aki et al. (2019). Regarding the
instruments needed for regulatory renewal, one of the clearest
results of this study was that a carbon tax was perceived as a
prerequisite for the development of forest-based BE. In contrast,
views on supporting instruments were more diverse. Proposals of
specific instruments to advance the BE in the forest sector ranged
from public procurement to direct subsidies and cost reduction
through relaxing regulations and innovation-related instruments.
In terms of a specific policy instrument, accelerating the change by
using public procurement was perhaps the most favored
alternative.

Second, the results of our analysis indicated that the connec-
tions innovations have to institutions and practices, and influential
actors define their potential to encourage BE development. As
McMeekin and Southerton (2012) have suggested, technological
(n ¼ 13). Averages are shown on a five-point Likert scale (from 1 ¼ very significant to
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innovations as such do not determine the pace of the change;
however, cultural and behavioral changes in consumption practices
and innovations are codependent. Our study indicates that to speed
up forest industry renewal, forest sector experts would like to see
the risks and cost of product development reduced by govern-
mental support or by active investors and the introduction of
consumer-inclusive innovation processes. However, the experts
had little insight into how to introduce the needed co-evolutionary
cultural change that would aim at diffusing new sustainable prac-
tices into everyday life (Spaargaren 2011; Keller et al., 2016;
Loorbach et al., 2017). As Van Lancker et al. (2016) have suggested,
there is a need to develop forest industrial innovation processes in
the BE context towards more intense cooperation, trans-
disciplinarity, and inclusion of a network of diverse stakeholders.
Such a culture seems so far to be in its infancy in the forest sector,
also in Finland (Korhonen et al., 2018). Furthermore, as Guerrero
and Hansen (2021) have recently pointed out, the cross-sector
collaboration of the forest industry with neighboring fields of
business, such as textiles, energy or construction, can result in
enhanced learning, intellectual property creation and cultural
changes in addition to direct new business outcomes.

Third, our results show that whether the experts considered
consumer-citizens or investors to be influential actors varied greatly
between the three analyzed value networks. This may also reflect
the different views of how the consumers’ role is perceived in the
economic system. The changes in consumer preferences for
renewable forest-based products may be signals of changes taking
place in society, and similarly, changing consumer preferences may
result in changes in society, yet recent studies have indicated that
emphasizing individual responsibility may curb the inclination to
impose governmental regulation (Werfel 2017; Hagmann et al.,
2019). For example, in a recent study by Kylkilahti et al. (2020), it
was found that a better understanding, especially of future gener-
ations’ housing expectations, enhances the possibilities of com-
panies in the field of wooden multistory construction to develop
new business models, which can provide new value for consumers
through the uptake of service innovations. Nevertheless, the
existing literature in the context of forest biorefineries has also
recognized the need for a regulatory push as the initiator of the
change (cf. Temmes and Peck 2020).

5.1. Limitations and reflections

Our study has limitations because it is based on perceptions
drawn from the industry and research communities in a single
country and at a particular time. As Finland has been one of the
forerunners in implementing BE and CE policies (TEM 2014; Sitra
2016; J€arvinen et al., 2019), the context is highly relevant for
assessing the development of forest-based BE. However, further
analysis of CE aspects of the forest-based BE are needed as, e.g., in
Finland the Bioeconomy Strategy is being updated and in the future
the aim is to promote CE as part of the BE (Ministry of the
Environment 2014). For example, according to the survey results,
views on side-streams, waste management and reusability of
products made of wood-based materials strongly connect BE to CE
thinking. The collaborative research method consisting of multiple
phases posed challenges. First, although the workshop materials
were comprehensive, during that phase, each group documented
the discussions at varying levels of detail, e.g., in terms of how well
various points were agreed upon among different group members.
The notes from the workshops were collected as field note data,
where each opinion was formed in collaboration with group
members, and it is possible that marginal yet relevant voices on the
development of forest-based BE were missed. Second, while the
workshop participants were highly engaged and had high levels of
11
expertise, the survey sample was rather limited in numeric terms.
This study focuses on understanding the critical aspects of the

forest-based BE development, while the meaning and relevance of
the bioeconomy itself in achieving the overarching global sustain-
ability goals are left for future studies. However, our results provide
novel insights concerning the potential enablers of and hindrances
to the development of a forest-based BE from a relevant empirical
context and indicate future research needs. In the renewal of the
forest sector, it is also crucial that changes comply with cultural
meanings and societal, consumer, and landowner values (H€ayrinen
et al., 2017; Stern et al., 2018; N€ayh€a 2019; Ladu et al., 2020).
However, this study was unable to follow up on those perceptions,
although the authors acknowledge their importance for the
renewal of the forest sector.

5.2. Conclusions and directions for future research

In summary, based on this study, the renewal of forest sector
businesses requires systemic changes in institutions and practices
(e.g., regulations and the interpretation of regulations), partici-
pants’ roles (e.g., the role of consumers in market development),
and innovations (e.g., progressing from pilot trials to large-scale
production). Furthermore, the results indicate the importance of
seeking possibilities to also involve new actors (e.g., consumer-
citizens) in the renewal processes. Since government regulation is
regarded as an important driver of the forest-based BE, we
encourage future studies to examine how government regulation
could more efficiently enhance sustainability goals and support the
recognition of consumer-citizens as influential actors.

Alignment with climate change mitigation and innovation pol-
icies may improve the integration of the upstream part of the
forestry-wood value chain in sustainability aspects of BE develop-
ment, as private forest owners ultimately make decisions regarding
forest management practices but are commonly excluded from BE
discussions (H€ayrinen et al., 2017; Hodge et al., 2017). Moreover, as
the entire Finnish economy and the forest sector are export-driven,
sustainability transition studies should identify the impacts, links,
and trade-offs of international trade in parallel with the local
drivers of the BE transition (see also Bauer and Fuentschilling 2019).
In the future, the analysis could also be complemented by a future-
oriented study exploring expert views on how specific sustain-
ability goals may be achieved. For example, it would be timely to
assess whether the significance of biodiversity aspects has
increased with the recent IPBES (2018) and IPCC (2019) reports and
how this would change the perceptions regarding the development
of forest-based BE. Until recently, the most important environ-
mental reasoning behind the development of BE has arguably been
climate change mitigation. However, the biodiversity impacts of
forest-based BE should be taken into account as the next step.
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Appendix A

Appendix A presents the English translations of pre-assigned
questions discussed in the workshops.

“Challenges and future perspectives in wooden multistory
construction” - workshop in September 2017.

1. Barriers to wooden multistory construction
a. Has your home organization faced barriers to enhancing the

conditions for wooden multistory construction?
2. Regulations and wooden multistory construction

a. In your view, how could legislation best support wooden
construction?

b. Has your home organization faced regulatory barriers to
enhancing the conditions for wooden multistory
construction?

3. Current policy instruments
a. In your view, how well do the current policies support the

development of wooden construction?
b. How would you develop these policies to better enable the

development of wooden construction?
4. Sustainable development and wooden multistory construction

a. What is the role of sustainable development in advancing
wooden multistory construction?

b. How can wooden construction contribute towards sustain-
able development (ecological, economic, social and cultural)?

5. Consumers and wooden multistory construction
a. What are the most important target groups for wooden

multistory construction?
b. What innovations would best serve consumer needs? (For

example, could solar panels be integrated into wooden
multistory construction?)

c. How can interaction with consumers be increased?
d. How could consumer engagement in product design and

development advance wooden multistorey construction?
6. Future prospects for wooden multistory construction

a. What could be the drivers of advancement of wooden
multistory construction in the future?

b. What could be the barriers?
c. How can exports of wooden multistory construction be

promoted?

“Future perspectives in fiber-based packaging business” -
workshop in October 2017.
12
1. Policy instruments for promoting the use of fiber-based
packaging
a. In your view, how could regulatory measures best promote

the use of fiber-based packaging?
b. Has your home organization faced regulatory barriers to

advancing the use of fiber-based packaging?
c. How would you develop the current policy measures to

support wider use of fiber-based packaging?
2. What is the role of sustainable development in advancing the

use of fiber-based packaging?
a. Who is responsible for the creation of package waste?
b. How (or in what circumstances) does fiber-based packaging

promote sustainable development?
c. In fiber-based packaging, what is the most important aspect

that promotes sustainable development?
3. Consumers and the demand for fiber-based packaging

a. What are the most important target groups for fiber-based
packaging?

b. In your view, what packaging innovations would best serve
consumer needs?

c. How can consumer interaction in the markets and during
innovation processes be facilitated?

d. How could consumer engagement in product design and
development enhance the demand for fiber-based
packaging?

4. Future prospects of fiber-based packaging
a. What could be the drivers of enabling wider use of fiber-

based packaging in the future?
b. What could be the barriers?
c. What is the role of packaging in the future?

“Future perspectives in bioeconomy: Biorefineries and new
products”-workshop in December 2017.

1. Regulations and policy measures
a. In your view, howwell do the current regulations and policies

support the establishment and operations of biorefineries?
b. What are the central barriers to operations of biorefineries

posed by legal regulations and policies?

i. For example, what is the importance of the REACH
regulation?

ii. How does the regulation/taxation treat the business eco-
systems built around biorefineries?

c. How would you develop the current regulations and policies
to support the operations of biorefineries?
i. How can intersectoral cooperation and learning be
promoted?

ii. How can new actors be attracted, and how can develop-
ment of new products, in particular, radical innovations,
be encouraged?

iii. How can innovations other than those related to pulp and
bioenergy be facilitated?

2. Value network’s development around biorefineries
a. How can fair and committed networks including actors of

different sizes be advanced?

i. E.g., value distribution within an industrial ecosystem of a
biorefinery

b. What kinds of opportunities can circular economy offer for
the value chain?

c. What kinds of actors are missing from the biorefining value
chain?
i. E.g., in cases of lignin upgrading, sludge utilization or fine
chemicals

d. How can commercialization of new products advance?
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3. What is the role of sustainable development in the biorefining
business?
a. What should be taken into account when assessing the

ecological sustainability of biorefinery production?

i. Climate change?
ii. Renewable energy; the RED II directive and sustainability

criteria (source, production, raw materials)?
iii. Europe’s bioeconomy strategy?
iv. Replacement of oil-derived products with bio-based

ones?
b. How can realization of other sustainability dimensions be

assured?
i. What is the role of social and local sustainability?
ii. Economic sustainability? What defines the target level of

economic sustainability?
c. How should investments in a forest-based bioeconomy take

the future generations into account?
d. How can a forest-based bioeconomy respond to the UN

Sustainable Development Goals that emphasize poverty
(Goal 1) and hunger eradication (Goal 2), and clean water
(Goal 6)?

4. Consumers and new bio-products
a. What are the most important consumer target groups for

biorefinery products?
b. What innovations would best serve consumer needs? How

can interaction with consumers be increased?
c. How could consumer engagement in product design and

development advance the acceptance of and demand for bio-
derived chemicals and other biorefining products?

d. Do new players in biorefining enhance the consumer
interface?

e. What is the role of consumer safety? Are bio-based chemicals
safer than oil-derived ones?

5. Future prospects of biorefining
a. What are the most promising future products of forest-based

biorefineries?

i. For example, what would be the role of zero-fiber, textiles,
or chemicals?

b. What could hinder the development of new biorefinery
products, and what could slow down the demand in the
future?

c. How can intersectoral cooperation and learning be promoted
in the future?

d. How can it be assured that future innovations are produced in
Finland?
i. Are we going to be the forerunners of bioeconomy solu-
tions in the future?

ii. How can competitive advantage be secured for industries
that utilize biorefinery side-streams?

iii. Creation of a science-technology cluster?
Appendix B

Appendix B presents the English translations of questions used
in the questionnaire.

This survey focuses on aspects that influence the development
of a forest-based bioeconomy. This questionnaire is built on themes
and questions that came up in the workshops’ group discussions
last autumn. The aim is to analyze the influence of regulation,
policy instruments, technologies and socioeconomic factors on the
forest-based bioeconomy from your point of view.

The questionnaire has two sections. The first is about sustain-
ability and policy instruments of a circular bioeconomy. The second
focuses on the challenges of the transformation towards a more
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sustainable circular bioeconomy from the viewpoints of
consuming, producing and future business.

The questions are divided into seven pages. You can skip ques-
tions that you consider to be too far from your field of know-how. It
takes approximately 15e25 min to answer the questions. Thank
you for answering!

Instructions for answering questions: For every statement or
question of the type “put in prioritized order”, the scale is such that
“1” means “most important”, “most significant”, “fully agree”, “has
the biggest potential”, etc. Using the given scale, please choose the
value that best depicts your opinion.
Section 1: Sustainable development of a circular bioeconomy and
the significance of policy instruments

Question 1: “Developing a bioeconomy and securing its sus-
tainability in Finland is especially important in order …” (put the
statements in order so that 1 ¼ most important, 6 ¼ least
important).

Statements:

… to mitigate climate change
… to secure biodiversity
… to reduce the use of fossil raw materials
… to replace plastics
… to maintain employment
… to maintain the national competitiveness

Question 2: “The sustainability of a bioeconomy can be most
advanced by …” (put the actors in order so that 1 ¼ the most
important, and 5 ¼ the least important).

Options:
The management and owners of the company
Consumers
Legislation
Raw materials’ purchasers
Investors

Question 3: In your opinion, howwill the bioeconomy influence
the employment growth geographically and in companies of
various size? Choose one of the given options.

A: “Bioeconomy will increase employment …”

Statements concerning influence on companies of various size:
More in small companies
More in large companies
No difference
Bioeconomy will not increase employment
B: “Bioeconomy will increase employment …”

Statements concerning geographic influence:
More in rural areas
More in urban areas
No difference
Bioeconomy will not increase employment

Question 4: “What is your opinion about the following state-
ments? Indicate your opinion on the scale from 1 ¼ fully agree to
5 ¼ fully disagree.”

Statements:
The government should impose taxes to guide firms and busi-
nesses toward climate change mitigation more strongly than is
currently being done.
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The origin of bio-based products should be traceable even if the
origin of other materials is not.
From the point of view of the industry, the bioeconomy strategy
does not pay enough attention to the sufficiency of raw mate-
rials at the national level.
Various materials should be taxed based on their carbon dioxide
emissions, assuming that there are comparable methods avail-
able for reliably estimating emissions.
The production of bio-based products should focus only on
those that have transcendent functional attributes that accredit
to the raw material.

Question 5: “How should Finland compensate for the use of
forests? Please allocate percentages among the options so that the
sum is 100.” Statement: “If forest use in Finland exceeds the EU
forest use’s reference level, Finland should compensate for this by
…”

Options:
… reducing agricultural emissions
… increasing carbon sinks in the forest by using policy
instruments
… purchasing international carbon credits (if these are available
in the market)
… restoring low-productivity drained peat lands
… other means (please specify).

Question 6: “In your opinion, is the use of forests climate-
neutral?”

Options: Yes/No.
“Please justify here why the use of forests is or is not climate-

neutral.” (an open-ended question).
Regulation and policy instruments: Currently, there are several

policy instruments for the forest bioeconomy in Finland. In the
workshop discussion, the following regulations and policy in-
struments were specially mentioned: environmental permits,
waste regulation, taxation, investment support, incentives for R&D,
information steering, public procurement and municipality plan-
ning. The following statements are related to these.

Question 7: “What do you think of the following statements?
Please use the scale from 1 ¼ fully agree to 5 ¼ fully disagree to
indicate your opinion.”

Statements:
The choices that are climate change-friendly in terms of life
cycle should be emphasized in public procurement regardless of
material.
Substituting materials can be launched quickly in our industry if
the use of plastics becomes taxable.
Society should create incentives for wood to be used as a raw
material in production of consumer durables.
The current way of determining the waste components pro-
hibits the emergence of new, side stream-based business.
Smoother environmental permit processes would significantly
improve our competitiveness in international markets.
An R&D subsidy should be directed towards developing tech-
nology for carbon capture in biomass combustion plants.

Question 8: “In your opinion, what kinds of barriers exist to
commercializing new products?” (an open-ended question).

Question 9: “What kinds of barriers related to legislation and
policy instruments have you recognized in terms of wooden
multistory construction, fiber-based packaging or biorefineries?”
(an open-ended question).

Question 10: “In your opinion, what types of new policy
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instruments are needed to promote a forest-based bioeconomy?
Please give 1e3 suggestions.” (an open-ended question).

Suggestions may be related to the following aspects:
Bringing new products into the markets
Increasing the quantity of high value-added products
Achieving a more efficient exploitation of side streams
Increasing intersectoral cooperation
Increasing bioeconomy-related know-how
Something else (please specify)
Section 2: Consumption, production and future business-related
challenges of transformation to a circular bioeconomy

Question 11: “What do you think of the following statements?
Please indicate your opinion using the scale from 1 (fully agree) to 5
(fully disagree).”

Statements:
The way society thinks of forests and wood use is the most
important factor in determining the future of Finnish bio-
economy business.
Consumers are willing to pay extra for environmentally friendly
products.
The information regarding consumer needs is transferred slowly
to the companies in our industry.
A product’s carbon footprint should be visible to the consumer.
The business risks related to an insufficient understanding of the
attributes of new bio-based materials are currently too
significant.
In innovation activity, too little attention is paid to reusability of
new products and materials.
The product-related stories are utilized well in marketing in our
industry.

Question 12: “How important are the following issues from the
viewpoint of the change in forest-based product demand? Please
evaluate importance using the scale from 1 (very significant) to 5
(not at all significant).”

Phenomena:
Increasing total consumption
Decreasing unit size of demand
Consumers’ increasing requirements for quality
Consumers’ increasing environmental requirements
Digitalization
Geographic diversification in demand
Increasing Internet sales
Customization of products for consumers
Consumers’ way of life changing to being more mobile
Something else (please specify)

For the development of the future circular bioeconomy, the
development of new value networks and the geographical division
of activities are, among others, important factors.

Question 13: “What do you think of the following statement?
(Statement: The value networks of biorefineries will expand in the
futurewhen utilization of side streams intensifies.” (an open-ended
question).

Question 14a: “Please sort the following possible barriers in
order so that 1 ¼ most significant barrier and 6 ¼ least significant
barrier.” Statement: “In our industry, the biggest barrier to such
business collaboration that aims to solve some sustainability
problem is …”
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Options:
Geographical distance between actors
Lack of trust
Lack of strategic partners
Lack of know-how
Lack of will
Something else (please specify)

Question 14b: “Please describe why, in your opinion, the above-
chosen factor is the biggest barrier to business collaboration?” (an
open-ended question).

Question 15: “Please define what is meant by a sustainable cir-
cular bioeconomy?” (an open-ended question).

Question 16: “Please answer some questions about your
background.”

Questions:
In what industry do you primarily act?
What is the most important consumer group in your industry?
Please describe the company you are working in. In what part of
the value chain does it primarily operate?
Do you represent an interest group (yes/no)?
How many years have you been working in this industry?
How many years have you been working in your current
position?
Do you have feedback to give us concerning the workshops or
this questionnaire?
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