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Abstract

Background: Stakeholder’s position of bioenergy sustainability is important for the deployment and contribution of
bioenergy to sustainable development. Existing publications are usually limited to specific geographical contexts
and focuses. This paper aims more broadly to examine the position and vision of a wider range of stakeholder
groups towards bioenergy and its development at a global level.

Method: The applied methodology includes six steps: (1) identification of stakeholders as belonging to one of
seven groups; (2) describing the role of each group in relation to bioenergy; (3) data collection via an online
questionnaire, roundtable dialogues and interviews to examine their stated awareness and opinions of bioenergy
development, driver and barriers to such development; (4) data analysis; (5) comparison of interests and influence
as a basis for expressing position and vision; and (6) recommendations for gaining support for sustainable
bioenergy development.

Results: The stakeholders state awareness of bioenergy development and have in general a positive view of the
sector. They also inform that the general public is less aware of and not sufficiently involved in bioenergy
development. Internet and social media are the most consulted sources of information but least trusted, while
scientific information is most trusted but least used. Agricultural residues, energy crops cultivated on marginal or
degraded land and forestry residues are widely accepted as feedstocks for bioenergy production, whereas use of
agricultural land is viewed critically. The stakeholders generally support bioenergy development when jointly
agreed sustainability requirements are met.

Conclusions: The stakeholders acknowledge the important role of effectively disseminating scientific information as
an influencing factor on the position towards bioenergy. They also find that enhancing support for the bioenergy
sector relies on mandatory sustainability requirements covering social, economic and environmental aspects,
applied to all types of biomass regardless of end use. Some also emphasise that all relevant sectors should work on
market conditions to create a level playing field and that this is crucial to change stakeholders’ position to gain
more social acceptance of bioenergy. Transparency in demonstrating compliance with sustainability criteria is also
an expected pre-condition to enhance support for bioenergy (and ultimately the bioeconomy) in the long term.

Keywords: Bioenergy, Sustainability, Bioenergy supply chains, Stakeholders’ position, Stakeholders’ vision,
Sustainability criteria, Sustainability requirements, Certification
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Background
Bioenergy has an important role in the current and fu-
ture energy landscape [1]. Many European Union (EU)
member states and other countries have recognised the
role of bioenergy in increasing the share of renewable
energy and reducing greenhouse gas (GHG) emissions,
in helping countries to become less dependent on fossil
fuels, and in making a significant contribution to the
bioeconomy [1–7]. In the EU, energy from biomass and
the renewable share of waste contributes to almost two
thirds of the primary combined renewable energy pro-
duction today, and the absolute amount is expected to
further increase slightly until 2030 [8, 9]. Other large
economies have also emphasised the role of bioenergy
on their policy agendas. In 2017, modern bioenergy
accounted for about 50% of total global renewable en-
ergy consumption, and bioenergy is expected to be the
largest source of growth in renewable energy consump-
tion over the period 2018–2023, with an expected
growth of 30% in this period [7]. The EU 2020 and 2030
renewable energy targets as well as country-level policies
and energy efficiency will increase the use of bioenergy
in the continent [6]. Also, in its latest 2018 report, the
Intergovernmental Panel on Climate Change (IPCC)
highlights that bioenergy use is substantial in 1.5 °C-con-
sistent pathways due to its multiple roles in decarbonis-
ing energy use with or without a carbon capture and
storage combination [10].
The potential role of bioenergy in the transition to a

sustainable low-carbon energy system is widely acknowl-
edged by stakeholders in many countries and regions.
However, the extent to which bioenergy should be de-
ployed and under what conditions, what feedstocks
should be used and what end uses should be stimulated
in the short-, medium- and long-term are seen differ-
ently by diverse stakeholder groups. According to vari-
ous regional case studies, many stakeholders indicate
recognition of the positive role of bioenergy in the
current and future energy landscapes and support bioe-
nergy development if certain conditions are met, but
many other stakeholders hold negative views on bioe-
nergy if certain conditions are not satisfied [8, 11–13].
However, those studies mainly focus on specific supply
chains in regions or countries in Europe, the United
States (US), and Asia [11, 13, 14]. Many of them focus
on specific aspects such as the challenges to governance
of bioenergy sustainability [12], social acceptance of en-
ergy issues [15] or on a limited range of stakeholder
groups, mainly the general public or consumers [13, 16].
Those studies have answered questions related to rela-
tively isolated issues such as feedstock preferences for
bioenergy, multi-level governance and impacts of gov-
ernance on bioenergy production and trade, awareness
about bioenergy, and attributes driving opinions about

bioenergy. According to Radics et al. [13], most studies
are carried out either an online survey or interviews to
assess stakeholders’ views. Only 4% of the studies com-
bined both communication methods.
This study is accomplished as part of the IEA Bioe-

nergy project “Measuring, governing and gaining sup-
port for sustainable bioenergy supply chains”. Two of
the project objectives are to (a) understand the position
and underlying motivations of diverse stakeholders re-
lated to their role in bioenergy development and (b) in-
form dialogue and discussion to avoid misconceptions as
well as provide neutral and comprehensive knowledge
on the bioenergy sector. To achieve this objective, three
regional case studies are conducted to assess the views
and position of stakeholders relevant for three bioenergy
value chains at regional and national levels: biogas in
Germany [17] and woody biomass for energy and agri-
cultural biomass for biofuels in Canada [18] and the US
[19]. These studies were co-funded by various national
programmes and, therefore, also used slightly different
approaches. However, there is a lack of studies that ana-
lyse the position and vision of stakeholders towards
bioenergy (1) at a global level and which also (2) deploy
multiple methods at the same time to assess, verify and
consolidate the results. Such a comprehensive study is
important to provide a clearer picture of how bioenergy
is viewed, also from a global perspective. As the inter-
national trade of bioenergy products is increasing, it be-
comes more critical to have information on position of
stakeholder groups from local to global levels, which can
guide the bioenergy industry to develop sustainably. This
is a pre-condition to the legitimacy of the bioenergy-
related activities.
To fulfil the objectives, the stakeholders are divided

into eight different stakeholder groups and data are col-
lected through various consultation channels including
an online questionnaire, roundtable dialogues and in-
depth interviews. The roundtable dialogues allow stake-
holders to discuss and validate results of the online
questionnaire and the interviews, thus elucidating the
position and vision expressed by supranational stake-
holders. The study also gives an improved understanding
of the position and underlying motivations of diverse
stakeholders relative to their role in bioenergy. Finally,
the study indicates how the position of stakeholders and
their institutions may affect bioenergy policies and the
sector development in the future.

Methodology
A variety of methodologies has been developed and ap-
plied to identify, map and understand stakeholders’ pos-
ition and vision as well as their influence on the bioenergy
sector. For example, an applicable framework for the as-
sessment, design, implementation and communication of
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quality stakeholder engagement was developed to identify
stakeholder groups, their position and perception to
understand their expectations about governance, policies
and strategies concerning bioenergy [20]. Other frame-
works were developed for specific case studies with the
aim to analyse stakeholders’ viewpoints and social accept-
ance of biomass projects [12, 15, 21]. Taking into account
various approaches used in previous studies including
their shortcomings, a method was developed for this
study, which focused on classification of stakeholder
groups and assessment of stakeholders’ position and vision
by using a number of communication channels. We de-
fined perception is the ability of stakeholders to under-
stand an issue and position of stakeholders as their ability
to perceive and give opinions about that issue. In this
study, perception was briefly investigated based on their
responses to general information of the bioenergy sector
whilst position was measured as the level to which a stake-
holder agrees with a statement from strong disagreement
to strong agreement level. Vision was defined as the ability
to think and plan for the future based on the expertise
and experience. Once stakeholders provided statements
how they view bioenergy in the short, medium and long
term, their vision was observed. The method included six
steps (Fig. 1).
The first step involved the identification and classifica-

tion of eight stakeholder groups and screening of their
roles. Stakeholder groups were classified as either being
directly involved in the bioenergy supply chains or not;
the former included biomass producers, biomass users
for bioenergy and biomass users for other purposes (such
as stakeholders of the biomaterials and biochemical in-
dustries). Outside of the supply chains, stakeholder
groups included the general public (consumers, local
communities), academia and consulting (research insti-
tutions, consultancies), non-governmental organisations
(NGOs) and policy-makers. There was also a supra-
national stakeholder group which is considered active
and interested in bioenergy on an international level,

rather than on a specific case level. They show an under-
standing and awareness of bioenergy.
The second step was to define the different roles of the

stakeholder groups. Biomass producers are actors who sup-
ply feedstocks and are involved in the cultivation, harvest-
ing and collection, storage, and logistics of biomass.
Biomass users for bioenergy and for other purposes are
stakeholders involved in the bioeconomy sectors or in the
supply chains of biomass for various purposes: logistics,
pre-treatment and conversion of feedstocks to products of
the bioeconomy. The other stakeholders outside the supply
chains have some interests in bioenergy and bear some
levels of influence on bioenergy development. The supra-
national stakeholders are the stakeholders with more influ-
ence on bioenergy development. As this paper focuses on
the potential role of bioenergy on a global level in the
medium to long term, most of consulted supranational
stakeholders have a clear vision on the role of bioenergy in
the long-term timeframe. However, it was not always evi-
dent what the main perception and drivers for this vision
are. Therefore, communication with selected supranational
stakeholders was particularly important to analyse how they
vision the bioenergy sector and to explore how bioenergy
could move forward sustainably.
The third step was to communicate with stakeholders

via questionnaires, interviews, and dialogues to under-
stand their viewpoints and influence on the bioenergy
sector. The communication approaches (see Table 1) are
explained in the “Online questionnaire”, “Roundtable di-
alogues with invited stakeholders” and “Interviews with
supranational stakeholders” sections. For the roundtable
dialogues with selected stakeholders and interviews with
the supranational stakeholders, the communication out-
comes were documented and sent to those stakeholders
for their review and approval. The communication re-
sults published in this paper have been approved by all
stakeholders.
The fourth step was to capture information about

stakeholders’ position, awareness and interest inside and

Fig. 1 Method to identify stakeholders’ position, perception and vision on bioenergy
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outside the bioenergy supply chains, then interpreted
why certain stakeholders have more influence than
others (and in what contexts).
The fifth step was to compare stakeholders’ viewpoints

and vision of different bioenergy value chains and to the
bioenergy sector. This step also aimed to understand and
predict the level of interests and influence of stakeholders
on bioenergy development in order to provide future rec-
ommendations following the approach of Reed et al. (2009)
[22]. The figure of interest and influence was drawn to map
stakeholder interests and influence with inputs from the dia-
logues and interviews with supranational stakeholders.
The final step provided discussion and proposed rec-

ommendations for how the bioenergy sector can gain
(further) support from stakeholders for sustainable bioe-
nergy development and value chain management.

Online questionnaire
The questionnaire was developed with the aim to re-
ceive a brief poll of perception and vision of seven
stakeholder groups towards the bioenergy sector. The
questionnaire covered various aspects of bioenergy de-
velopment, established through discussion with bioe-
nergy consultants and scientists who participated in
this project. The aspects included stakeholders’ aware-
ness of bioenergy development; conditions under
which to support bioenergy; suitable feedstocks to be
used for bioenergy production; drivers, barriers and
challenges for bioenergy development; and how to
gain (further support) for bioenergy sustainability. The
questionnaire was reviewed and approved by the pro-
ject Advisory Board. There were several questions
which included five levels of agreement: strong agree-
ment, agreement, neutral viewpoint, disagreement and
strong disagreement (stakeholders could also provide
their own opinions) (Additional file 1).
The questionnaire was disseminated via the project par-

ticipants to their networks, to several websites of IEA
Bioenergy and its members. In addition, the questionnaire
was also announced at a number of events and confer-
ences in which project members participated. Once the
questionnaire was completed, an analysis of position,

viewpoints and vision of the stakeholder groups was car-
ried out. The analysis included the average ranking of
agreement and acceptance levels by the stakeholder
groups. Also, the standard deviation of the respondents’
answers was quantified. A low standard deviation indicates
that answers tend to be close to the average ranking, while
a high standard deviation indicates that responses are
spread out over a wider range of values.

Roundtable dialogues with invited stakeholders
The roundtable dialogues were designed to consult a
number of stakeholders having interests and expertise
on bioenergy to receive feedback on the questionnaire
results, and to reflect their vision for future pathways
and strategies for sustainable bioenergy development.
The stakeholders mostly had a position which may have
influence to and clear vision on bioenergy development.
They jointly answered four questions:

� Which results of the online questionnaire are in line
with their expectations?

� Which results of the online questionnaire are
unanticipated? Are their own areas of disagreement
with other stakeholders the same as those emerging
from the questionnaire?

� Are there other main areas of disagreement?
� What are possible areas of agreement (or where

agreement may be achieved fairly easily)?

Interviews with supranational stakeholders
A number of organisations that relate to or have influence
on bioenergy development were identified. This investigation
of relevant organisations was also done through communica-
tion with or recommendations from other stakeholder
groups. Supranational stakeholders representing selected or-
ganisations approached included experts and policy-makers
from the European Commission and Parliament; United
Nations (UN) organisations; World Bank and regional devel-
opment banks; international NGOs (e.g. Greenpeace, IUCN,
WWF); bio-based industry (e.g. DSM, Unilever) and their
EU and global associations (e.g. Bioenergy EUROPE, WBA);
fossil fuels-based industries (e.g. BP, Shell); EU and inter-
national forest owner associations, selected forest-related
industries; biomass sustainability certification bodies (e.g.
Programme for Endorsement of Forest Certification Schemes
(RSB), International Sustainability & Carbon Certification
(ISCC)), including forest certification bodies (e.g. Forest
Stewardship Council (FSC), Programme for Endorsement of
Forest Certification Schemes (PEFC)); international agricul-
tural businesses; and land owner associations.
The supranational stakeholders were identified based

on their published information and relevant works
linked directly or indirectly to the bioenergy supply

Table 1 Contributions from different communication
approaches

Issues addressed Online
survey

Roundtable
dialogues

Interview

Position of stakeholders X X X

Perception towards
bioenergy

X X X

Vision on bioenergy X (partly) X

Influence on bioenergy
development

X (partly) X
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chains. Their communication, presentations and publica-
tions on biomass and bioenergy issues were also
reviewed. The invitations were delivered to the supra-
national stakeholders and once agreed to participate in
this study, they firstly answered the questionnaire then
responded to eight questions via an interview. The inter-
views were designed to identify the vision of their insti-
tutions’ involvements in bioenergy or their influence on
the development of the bioenergy sector. The additional
questions include:

a. Public involvements in bioenergy projects: What
would be the recommendations and to what level of
involvements?

b. Involvement of supranational stakeholder’s
organisation in bioenergy. What projects and or
programme have done related to biofuels/bioenergy
sustainability?

c. Bioenergy end use: What are the most important
end uses of bioenergy?

d. Perspectives: What are the perspectives on the
bioenergy market, trade, willingness to pay?

e. Sector policies: What would be the most important
policies for bioenergy development?

f. Recommendations: Under what conditions could
the bioenergy actors gain (further) supports from
external stakeholder groups?

g. EU policies on bioenergy: The EU is a good
example of bioenergy development and
sustainability compliance. The EU has ambitious
targets for bioenergy including biofuels, heat and
electricity sectors. How can the targets be met?

h. How do you view the sector in the short, medium
and long terms?

Their responses to the questionnaire were reviewed
and discussed in the interviews to ensure clear answers
and explanations of all the identified issues. Once the
questionnaire and interviews were completed, an as-
sessment of the position, viewpoints and vision of the
supranational stakeholders was carried out. This assess-
ment investigated how these stakeholders viewed the
roles of various bioenergy supply chains. Also, the as-
sessment revealed whether the current actions of the
supranational stakeholders match their long-term vi-
sion. In case their answers were inconsistent, further
communication and investigation was also carried out
for detailed clarifications. The assessment aimed to
identify to what extent there was a coherent vision
among different supranational stakeholders. The assess-
ment aimed to answer whether the supranational stake-
holders exerted an influence on the bioenergy supply
chains and on development of the bioenergy sector in
the medium and long term.

Results
Online questionnaire
Stakeholder participation
The online questionnaire received contributions from
more than 200 participants, with 199 of these being
complete for further data processing. The contributions
came from all the seven defined stakeholder groups in-
cluding contributions of the supranational stakeholders
(see Fig. 2).
The questionnaire received most contributions from

the academia and consulting group (35%), with the sec-
ond largest group being NGOs (17%), policy-makers
(15%) and biomass users for energy (12%). Participation
rates from other groups were lower than 6–8%. This
constituted a fair number of stakeholder groups and it is
thus expected that the results reflect well the interests
and involvement of stakeholder groups in the bioenergy
sector.

Awareness
In general, the respondents declared that they were
aware of bioenergy development and had a rather posi-
tive view of the sector, with the most positive views from
the biomass users for energy, NGOs and academia and
consulting groups. Together with policy-makers, these
three groups showed the highest level of self-expressed
awareness of the sector’s activities. The biomass users
for bioenergy expressed the highest level of awareness of
bioenergy development. The respondents generally indi-
cated that the general public is too little aware of bioe-
nergy, and this group should be more informed and
involved in the development of the sector. In designing
bioenergy policy, the respondents did not agree that the
general public should have more influence than scientific
evidence. The general public themselves did not con-
sider their voice more important than scientific facts
(see Fig. 3).
The standard deviation showed that within the stake-

holder groups, the answers were varying compared with
the average level of agreement.

Feedstocks used for bioenergy
The results concerning feedstocks used for bioenergy
production (see Fig. 4) showed a high level of accept-
ance (average 70%) for the use of agricultural residues
(harvesting and processing crop residues), energy
crops cultivated on marginal or degraded land as well
as forestry residues (from conventional harvest opera-
tions, processing, urban wood and low-value wood).
This acceptance originated mostly from biomass pro-
ducers, biomass users for energy, NGOs, policy-
makers, academia and consulting groups. Many stake-
holders indicated their choices for those agricultural
and forest feedstocks for the reason that these
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Fig. 2 Relative distribution participants of the seven stakeholder groups in the online questionnaire, with contributions of the supranational
stakeholders among the answers as belonging to some of the other groups

Fig. 3 Stakeholders rating of their own awareness and general view on bioenergy sector development. Bars show that answers varied most
among stakeholders within the groups Biomass Users for Energy, Academia & Consulting and NGOs
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biomass feedstocks bear a low sustainability risk if
used for bioenergy production. Biomass users (for
other purposes than bioenergy) indicated a low ac-
ceptance of various feedstock types used for bioenergy
production.
Most energy crops grown on a certain percentage (e.g.

≤ 7%, ≤ 3% of the land area) or the use of high-value
wood harvested from plantations and natural forests
(even those with no current market) for bioenergy re-
ceived little support from any stakeholder group.

Information about the bioenergy sector
The stakeholders were asked what sources of informa-
tion they consulted about bioenergy and what sources of
information they trusted most. Results show that inter-
net sources, social media, television, local events and
traditional newspapers provided a high percentage of the
information (more than 70% stated these are their main
sources, see Fig. 5). Meanwhile, publications from aca-
demia and consulting—although they did not contribute
significantly to the popular dissemination of

Fig. 4 Preferences of feedstock types used for bioenergy production

Fig. 5 The types of consulted sources and most trusted information sources about the bioenergy sector
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information—were considered the most credible infor-
mation sources. In addition, some stakeholders
expressed that they gained knowledge about bioenergy
through their own experience and network.

Support or disapproval of bioenergy
The stakeholders were asked whether they support bioenergy
development based on 6 stated arguments: increase of energy
supply security, local job creation and economic develop-
ment, reduction of air and water pollution, increase of reuse
and recycling of materials, improvement of soil and forest
management, and conservation of biodiversity and ecosystem
services. Most of the stakeholder groups agreed that these as-
pects were all important (see Fig. 6). The highest agreement
came from the academic and consulting group.
The biomass users for other purposes disagreed with

the aspects (a) increase of energy supply security, and
(b) local job creation and economic development. In

addition, they provided additional comments that other
sectors such as pulp and paper, and construction trad-
itionally create more jobs and stimulate more economic
development than the bioenergy sector.
The stakeholders were also asked if they would disap-

prove of further bioenergy development if it leads to a
number of negative impacts. All stakeholders agreed on
three issues: over-exploitation of forest or deforestation,
land rights conflicts and especially negligible or no re-
duction of GHG emissions as reasons to not support
bioenergy development (see Fig. 7). Furthermore, all
stakeholder groups took a neutral position on competi-
tion with material uses.
For other impacts, the results were more varied. Po-

tential indirect land use change (iLUC) was considered a
serious reason by the general public to disapprove bioe-
nergy, whereas all other stakeholder groups were close
to a neutral view on this issue. Regarding the lack of

Fig. 6 Stakeholders rating of reasons for their support of bioenergy development. Bars show a low variation of answers within each group, with
highest varying answer for the group Biomass users for other purposes
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improvement of local working conditions, the biomass
users for other purposes, did not consider this an issue,
whereas all other groups saw this as a minor reason to
disapprove of the bioenergy sector.

Barriers and challenges for the bioenergy sector
Most of the stakeholder groups considered the lack of eco-
nomic stimulation and market incentives as well as unre-
solved sustainability issues (resulting in policy and market
uncertainty) as the two main barriers to bioenergy develop-
ment. The lack of scientific information for better inform-
ing policy-makers and the general public was also viewed
as a barrier but deemed less important than the two afore-
mentioned aspects (see Fig. 8).
A key challenge for the bioenergy sector, agreed upon

by most stakeholders, is the lack of general social accept-
ance. Undesired environmental impacts which cannot be

avoided or no contribution to economic growth were
not considered serious issues according to all stake-
holder groups (see Fig. 9).

Drivers and barriers to bioenergy development
The stakeholder groups were also asked if they agreed
with the five presented drivers of bioenergy develop-
ment: reduction of GHG emissions, reduction of envir-
onmental impacts, creating profitable businesses based
on biomass, development of a circular economy, energy
security and security of energy supply. In principle, all
stakeholder groups agreed that these factors are drivers
but indicated their highest agreement with the reduction
of GHG emissions (see Fig. 10).
The stakeholder groups were also asked how the bioenergy

sector could gain or enhance support. Most stakeholders
agreed with the position that one of the most promising ways

Fig. 7 Stakeholders rating of reasons to disapprove of bioenergy development. Bars show the same level of variation of the answers within
all groups
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is the introduction of binding sustainability requirements for
all types of biomass feedstocks, whether used for bioenergy
but (remarkably) or other end uses. Especially, the bioenergy
end-users showed the highest agreement. Another well-
supported position was to increasingly base bioenergy pol-
icies on scientific information. The stakeholders did not
completely consider that current certification schemes are
transparent and effective indicating that further improve-
ments are needed (see Fig. 11).

Roundtable dialogues
The questionnaire results were discussed in two round-
table dialogues.1 The two events engaged many

stakeholders. A total of fifteen stakeholders partici-
pated, representing NGOs (Danish Society for Nature
Conservation (DN), World Wide Fund for Nature
(WWF) Europe, Global Biomass Partnership (GBEP),
Confederation of European Forest Owners (CEFP)), two
independent consultants, biomass users for energy
(Hofor, Enviva, Drax), a certification scheme (Roundta-
ble on Sustainable Biomaterials (RSB)), industry associ-
ations (Danish Energy, Brazilian Sugarcane Industry
Association (Unica)), an union (United Federation of
Danish Workers (3F)), and intergovernmental organisa-
tions (Food and Agriculture Organisation of the United
Nations (FAO), International Renewable Energy Agency
(IRENA)).

Anticipated results in line with participants’ experience
Overall, more than half of the participants stated that the
positive view of the stakeholder groups was in line with

Fig. 8 Stakeholders rating of barriers to bioenergy development. Bars show answers varied most within the groups Biomass producers, Biomass
users for energy and Biomass users for other purposes

1International conference “Governing sustainability of bioenergy,
biomaterial and bioproduct supply chains from forest and agricultural
landscapes” in April 2018 and the IEA Bioenergy side event
“Sustainability and governance of bioenergy supply chains” at the 26th
European Biomass Conference and Exhibition in May 2018.
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their experience, and they commented that bioenergy re-
ceiving the support of many stakeholder groups was a
good signal for the bioenergy sector. They agreed with
most of the questionnaire respondents that GHG emis-
sions reduction was the main driver of bioenergy develop-
ment. Also, the view that the general public was not aware
of bioenergy activities with more efforts needs to be made
to inform the general public was confirmed. The concerns
of negative impacts of bioenergy expressed by the general
public, and a lack of social acceptance of bioenergy were
also recognised by the dialogue participants.
The participants confirmed that they understood why

the biomass users for other purposes often gave answers
differently than other groups as this is consistent with this
group’s interests. The participants commented that this
group uses biomass feedstocks that are similar to those
used for bioenergy production and that feedstock compe-
tition was likely an aspect that made this group reluctant
to support the development of the bioenergy sector. Most

participants commented that the bioenergy sector should
take the concerns of this group into account.
The participants also supported the view expressed in

the questionnaire concerning drivers, barriers and chal-
lenges for bioenergy development, showing that social and
economic aspects should be taken more into consider-
ation as sustainability dimensions. The participants noted
that sustainable forest management (SFM) and some so-
cial and economic aspects have been implemented in
some EU member states. However, clear definitions for
these criteria need to be agreed upon at a global level.

Unanticipated results in line with participants’ experience
Half of the workshop participants commented that
NGO’s positive view of bioenergy was surprising and
they recommended contacting additional environmental
NGOs to receive more opinions. This was consequently
done. It did not change general impression as presented
in the “Online questionnaire” section, even though this

Fig. 9 Challenges for bioenergy development
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group was somewhat less positive compared with the
view presented in these events. This may be because
many participating NGOs did not represent only envir-
onmental groups, but also included bioenergy industry
associations, forest and farmer associations, who gener-
ally support bioenergy development.
Some participants stated the social and economic ben-

efits of the bioenergy sector should be highlighted as a
driver. Regarding information sharing, the participants
indicated their disagreement that information from the
bioenergy sector is not especially trusted, while that
from the academia and consulting is more trusted. Other
participants noted that there was a lack of understanding
about bioenergy, and the contributions of bioenergy to
the bioeconomy. The participants were negatively sur-
prised that mandatory sustainability requirements for
bioenergy as well as bioenergy policy based on scientific
information did not receive (even) higher levels of sup-
port than shown in Fig. 11. They agreed, however, that

improvements are still needed for the certifications
schemes which are already deemed transparent and ef-
fective. According to them, more improvements would
still be needed for the certification schemes, for them to
be more inclusive and more comprehensively measure
sustainability indicators for bioenergy.
Regarding feedstock use, several participants expressed

concerns regarding the low support for energy crops, ex-
cept on marginal and degraded lands, as these feedstocks
are important for expanding bioenergy. They found that
bioenergy crops would be acceptable in addition to other
biomass feedstocks, if sustainability compliance were
established and compliance demonstrated. They also
highlighted that with improved yields for food crops,
there would be more land available for bioenergy crops
and that could have an important role in decarbonising
the transport sector. In addition, information sharing
and generally sustainable biomass were emphasised as
important to gain or enhance support for bioenergy.

Fig. 10 Stakeholders’ rating of the importance of drivers of bioenergy development. Bars show a low variation of answers among all groups
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They also emphasised that market mechanism are im-
portant for creating a fair distribution of biomass feed-
stocks for all relevant sectors.

Other areas of disagreement with the questionnaire results
The participants also identified the lack of scientific infor-
mation for better informing policy-makers and the general
public, as a barrier to bioenergy development, highlighting
that such information needs to be carefully presented to ex-
ternal stakeholders. It was also seen as a challenge that sci-
entific papers present conflicting results on bioenergy. This
was considered to confuse stakeholders, particularly those
actors who have influence on sector development. Other
participants mentioned that bioenergy debates would be
needed to identify which results are credible. Also, informa-
tion was seen as needed on how bioenergy can make con-
tributions to economic growth.

Regarding sustainability safeguards for bioenergy,
many stakeholders agreed that implementing sustainabil-
ity requirements for bioenergy at a global level is in-
appropriate; sustainability verification should be carried
out at a local scale to assure accurate outcomes, in par-
ticular in relation to sustainable land management.

Other areas of agreement with the questionnaire results
Some participants believed that bioenergy has an im-
portant role in the future energy system, but also that
the sector would need to take the Paris Climate Agree-
ment into account. In order to keep climate change glo-
bally below 1.5 °C, GHG emissions need to be reduced
dramatically through afforestation and reforestation.
They also considered that a percentage of forest biomass
could be made available for bioenergy, if necessary to
agree which forest types that are suitable for sustainable

Fig. 11 Stakeholders’ rating of conditions to gain (further) support for bioenergy development. Bars show highly varying answers among
stakeholders in most groups
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biomass harvesting, particularly for tropical forests and
rainforests. They also expressed the importance of avoid-
ing forest over-exploitation, for example by implementa-
tion of low LUC and iLUC measures. The general public
should also receive information on land use effects of
biomass cultivation and harvesting, including the posi-
tive as well as negative effects of bioenergy, if evidence
of such effects can be provided. They saw that energy
crops as well as forest waste and residues are sensitive
topics in terms of gaining support and considered that
such support might depend on the expected usage and
volumes. They suggested as a solution that agreements
be reached on feedstock use, biomass cascading and bio-
mass applications in various sectors.
Many participants emphasised that vision on bioe-

nergy should be clear and more explicit to guide the
sector to a proper development. They expressed that
policies missing a long-term perspective are barriers
to investment. Transparency and communication with
other related sectors and external stakeholders were
deemed helpful for bioenergy to strengthen its pos-
ition, as was enhanced collaborations between the
bioenergy sector and the scientific community for
communicating their scientific results to NGOs and
policy-makers. They said that bioenergy policies
should then be based on facts, but also that informa-
tion delivered to policy-makers must comprehensible
for this non-expert group. Similarly, information about
bioenergy needs to be adequately simple for the gen-
eral public to understand the development and its
benefits and impacts.
Several participants noted that the social components,

such as income and job creation, and local development
should be included as voluntary sustainability indicators
in the sourcing regions of biomass feedstocks as showing
compliance is costly and time-consuming and does not in-
volve critical risks. If economic operators comply with
such voluntary requirements, they may receive premium
for bioenergy production (in some regions) and or social
acceptance, increase market share (for sustainable bioe-
nergy). These components are particularly important in
the developing countries where there is often a lack of
stringent regulation or their enforcement or lack of com-
pliance with local rights and laws. Social, economic and
environmental dimensions and compliance with laws or
guidelines were considered helpful, for the bioenergy sec-
tor to be supported by other stakeholder groups.

Interviews with supranational stakeholders
Out of 30 invitations sent, 11 supranational stakeholders
agreed to answer the questions. Several supranational
stakeholders did not respond to the interview invitation
including a number of US policy-makers, fossil-fuel

based industry, one development bank and international
economics organisations.
The following supranational stakeholders clearly

stated that the answers given represented the views of
their organisation: DSM (bio-based/chemical indus-
try), Transport & Environment (NGO), Greenpeace
(NGO), RSB (certification scheme), RVO (Policy de-
partment, Netherlands Enterprise Agency), Bioenergy
Europe (bioenergy industry organisation) and UNEP
(UN organisation). Other supranational stakeholders,
although representing institutions with a significant
influence on bioenergy development, presented their
answers as personal opinions. They explained that
their organisation did not have broad activities cover-
ing all aspects identified in the questionnaire and in
the interview questions. Those stakeholders included
representatives from Hofor (bioenergy industry), Rain-
forest Alliance (NGO), World Bank (development
bank) and FAO (intergovernmental organisation).
The opinions and answers of the supranational stake-

holders to the eight questions identified in the “Interviews
with supranational stakeholders” section are presented
below. Most of the institutions to which the supranational
stakeholders (or the supranational stakeholders them-
selves) have published reports and position papers on
bioenergy [23–28]. Many supranational stakeholders have
also participated in dialogues, discussion and projects on
bioenergy and provided references to further support their
opinions and perception [29, 30]. In the interviews, they
elaborated further on their vision for bioenergy.

Public involvements in bioenergy projects
The questionnaire results showed that most of the
supranational stakeholders agreed strongly that the gen-
eral public is not sufficiently aware of bioenergy develop-
ment and the general public should be more involved in
bioenergy project implementation. In the interviews,
they stated that public concerns and debates need to be
recognised, for example when considering bioenergy ef-
fects combating climate change, food security, sustain-
able forest management, or impacts on human rights
and land rights.

Three supranational stakeholders noted that raising
awareness through bioenergy campaigns should be
prioritised, with the general public involved in provision-
ing of local information and report environmental im-
pacts of bioenergy projects. For sustainable value chains,
local communities could contribute to feedstock sour-
cing and supply, and sustainability compliance. It was
also suggested that these communities could also be
consulted for public policy development, even if a poten-
tial risk of bad decision-making as seen as an aspect that
also needed to be considered.
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Most supranational stakeholders recognised that bioe-
nergy has various forms produced by various technolo-
gies delivering different end uses, thus making it difficult
to derive a clear picture of what bioenergy truly is. Ac-
cording to them, it is important to develop communica-
tion strategies to inform the public of actual bioenergy
activities and future plans.

Awareness and participation on bioenergy sustainability
Eight of the 11 supranational stakeholders indicated a
clear vision on bioenergy, and the majority stated that
they have knowledge on bioenergy markets, policies and
sustainability criteria and certification. Many had been
involved in developing and discussing legislation for
bioenergy in Europe and its member states, as well as in
implementing and managing sustainability compliance
for bioenergy. They were familiar with and involved in
projects of feedstock mobilisation with the participation
of companies, landowners, forest communities and part-
ner organisations.
However, the role of bioenergy and its contributions

to climate change mitigation was still in question by
three supranational stakeholders. Those stakeholders
commented that bioenergy needs to be sustainable if the
sector should continue to grow. In addition, some supra-
national stakeholders had concerns that, the actual GHG
emissions reduction under certain conditions was not as
high initially assumed. They had a positive impression of
that the EU revised Renewable Energy Directive 2018
(RED II) defining binding sustainability for the whole
bioenergy sector to enhance sustainability compliance.
The RED II was seen by some stakeholders to have weak
requirements for GHG emission reductions. However,
they believed the RED II will be helpful to harmonise
sustainability criteria among member states and will re-
spond to the sustainability concerns of the general pub-
lic. They concluded that similar sustainability criteria
should be adopted at the global level.

Prioritisation of bioenergy end uses
All the supranational stakeholders mentioned that mod-
ern bioenergy is particularly important in the transport
sector. Eight supranational stakeholders also considered
end uses in the heat and electricity sectors to be import-
ant. Three supranational stakeholders emphasised the
role of bioenergy in aviation, and for biomaterials and
maritime uses. However, most of them also highlighted
that the end uses should rely on regional policies and
emphasised a consideration of environmental and cli-
mate protection, and possible environmental costs. Four
participants recommended further considering the cas-
cading principle, using feedstocks of high quality for bio-
fuel or biomaterial production, while waste and residues
should be processed for heat and electricity.

Six supranational stakeholders mentioned that local
contexts of bioenergy production play a role for its de-
velopment. Biofuels are becoming popular in the US,
South America and the EU, but biofuels consumption is
small outside of these regions. For further development,
it was seen as important to carefully assess sustainability,
particularly land-related issues.

Perspectives on bioenergy market, trade and willingness to
pay
Seven of the 11 supranational stakeholders stated that
sustainability certification can help in establishing bioe-
nergy trade. It can also increase willingness to pay for
bioenergy, even if it might be difficult to document in
developing countries due to a lack of effective govern-
ance and institutional frameworks. They saw it not only
as a barrier for trading, but also as an opportunity to
mobilise more scattered feedstocks in other regions. De-
velopment of sustainable value chains would create ex-
tended markets for bioenergy, ultimately with customers
willing to pay for sustainable bioenergy uses.
Four supranational stakeholders also emphasised that

market price, market transparency and cost effectiveness
play important roles in bioenergy sector development.
Bioenergy markets in many countries are mainly policy
driven, with bioenergy depending on subsidies, carbon
prices, etc. Other renewable energies (solar panels, wind
power) are becoming cheaper and thus more competi-
tive and would likely gain markets. But four others
stated that the bioenergy sector is gradually moving for-
ward thanks to its contributions to secure energy sup-
plies and stabilisation of electricity grids with increasing
but intermittent shares of solar and wind power.

Important policies for the sector development
Seven supranational stakeholders emphasised that con-
crete policies for bioenergy were not yet on the political
agenda in many countries. Policies should be well de-
signed and implemented to support sustainable growth.
Also, policies should help incentivise bioenergy to suc-
cessfully compete in markets with fossil fuels. The fol-
lowing points were considered important policies:

– Sustainable sourcing and fair competition: six
supranational stakeholders highlighted these issues
as important to address in policies for bioenergy.
The use of biomass feedstocks should be fair and
avoids competition with other bioeconomy sectors
using the same feedstocks. Policies guiding the
bioenergy sector to develop sustainably and
enhanced collaborations with related sectors are
considered key for sustainable long-term
development.
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– Carbon accounting and energy price: six
supranational stakeholders indicated that sustainable
bioenergy produced from biomass in principle emits
much lower levels of GHGs than fossil fuels. A joint
climate and energy framework as well as energy
policies taking into account environmental and
social costs in the final energy prices should be
developed. This will ensure a fairer competition
among energy carriers and it would be important for
the sector to grow further and receive further
political support.

– Sustainability requirements: according to five
supranational stakeholders, comprehensive
sustainability criteria are needed, both for the
production of the biomass and conversion to end
uses. The EU binding sustainability criteria are a
good example to demonstrate how sustainability
compliance can be extended to other regions of the
world, through sustainability certification of
voluntary schemes such as the FSC or the ISCC.
Concrete sustainability criteria, definitions and
sustainability monitoring for bioenergy need to be
established for global issues, for example, iLUC.
However, consensus on measures at a global level to
has not been reached. The supranational
stakeholders noted that ensuring no land
competition for food could help gain more support
for bioenergy. In addition, SFM criteria need to be
more broadly applied so that biomass collection
does not have adverse impacts on biodiversity and
ecosystem conservation.

– Decarbonisation and aviation: five supranational
stakeholders argued that policies on decarbonising
the transport sector would be very important. Also,
a global Emissions Trading System (ETS) and
related efficiency requirements would stimulate the
bioenergy sector to develop further. Four
supranational stakeholders saw potentials for
bioenergy in aviation to be further expanded, and
thus policies for aviation could be a significant
driver.

Recommendations for the bioenergy sector to gain support
Recommendations from the supranational stakeholders
for the bioenergy sector to gain support are as follows:

– Sustainability compliance and transparency: for six
supranational stakeholders, these aspects are
important for the bioenergy sector to receive
support. Proper implementation of certification
would ultimately lead to more confidence in
bioenergy investment. Providing information for
sustainability reporting and verification of bioenergy

development should therefore be on the agenda of
bioenergy stakeholders.

– Bioeconomy: three supranational stakeholders
mentioned that a level playing field for all bio-based
sectors, including bioenergy, is important.

– Information and communication: According to six
supranational stakeholders an open attitude towards
sustainability is the key to opening the door to the
bioenergy future, involving several sectors in finding
mutual solutions (e.g. bioenergy is not the main
issue of the forest sector in which deforestation is a
big general challenge to overcome). Recognition of
different opinions would be needed as well as a
sustainability path that is truly meaningful for
society as a whole. Bioenergy should thus lead to
real reduction of GHG emissions and contributes to
energy security and to local development in the
short and long term.

– Promotion and dissemination of bioenergy benefits:
five supranational stakeholders emphasised that
communication of opportunities and concerns
regarding the development of bioenergy to policy-
makers is important. The bioenergy actors should
disseminate knowledge on the use of biomass for en-
ergy from scientific, technological, economic, social,
and legal angles to external stakeholders. Also, it was
considered important to advocate the abolition of
any technical or trade barriers which hamper the de-
velopment of an open bioenergy market. It was fi-
nally recommended that bioenergy actors
demonstrate a clear and consistent approach of
using efficient resources.

Bioenergy in the EU and target achievement
Four supranational stakeholders mentioned that EU pol-
icies have stimulated higher targets for renewable energy
share and liquid biofuels in several countries and that
these targets will likely play a more significant role in
the future. The development in the EU can provide per-
spectives for bioenergy development in other world re-
gions. Consistent and long-term legislations would help
to ensure long-term investments, while comprehensive
sustainability criteria, robust certification systems, and
implementation of best practices are also crucial for re-
ceiving more support.

Bioenergy in the short, medium and long term
Most supranational stakeholders highlighted that the de-
velopment of bioenergy would depend on various fac-
tors. The perception, position of policy-makers and the
policy framework are very important to pace the future
development of bioenergy. Enhanced dissemination of
the scientific findings, and under which circumstances
bioenergy can make a positive contribution to
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sustainable development are key to support long-term
policy formation.
In the short term, most of the supranational stake-

holders noted that showing compliance with established
sustainability criteria and requirements is important.
However, the current sustainability criteria for bioenergy
are not sufficiently stringent and comprehensive to en-
sure adequate level of sustainability. Technological and
investment risks of further bioenergy deployment have
not been fully assessed. Therefore, in tackling these is-
sues, implementation of more efficient markets and
great trade flexibilities would help the bioenergy sector
grow further.
In the medium term, most supranational stakeholders

noted that bioenergy has a role in the renewable energy sec-
tor. They stated that the sector needs to focus on the tech-
nologies and deployments of advanced fuels. Technological
development for processing and flexible measures to mobil-
ise resources should also be further investigated.
Half of the supranational stakeholders were of the view

that bioenergy use in heat and electricity will likely not
grow significantly in the EU due to feedstock limits and
lower conversion efficiency (particularly electricity). How-
ever in other regions of abundant biomass resources, heat
and electricity generation from biomass would have the po-
tential to grow strongly. Collaboration with other sectors of
the bioeconomy needs to be enhanced for long-term devel-
opment. In addition, sustainability criteria should take local
context into account (e.g. FSC and PEFC establish global
principles and standards but those principles are applied
differently in each country after taking into account geo-
graphical, social, economic and environmental conditions).

Assessment of position and level of interests and
influence
This section included own interpretation of the authors
on position of the stakeholder groups as well as the level
of their interests and influence (Fig. 12). The roundtable
dialogues and interviews showed that most Supra-
national stakeholders have a high awareness and expert-
ise on global issues and a clear vision for bioenergy.
Their reflection on the questionnaire results, their vision
and their answers to the key questions on bioenergy de-
velopment also helped the authors to establish a concep-
tual sketch of the interests and influence of the different
stakeholder groups.
The consultation results showed that awareness of the

general public is low. Therefore, their interest and influ-
ence is assumed to be minor. Environmental NGO
groups in average showed a relative interest in bioenergy
(when bioenergy is among the larger sectors on which
they focus). Other NGOs representing the biomass pro-
ducers and bioenergy industry were more neutral and
supportive of bioenergy. Some environmental NGOs

participated in the consultation showed a clear position
about bioenergy development with some having con-
cerns about environmental impacts of feedstock sour-
cing and mobilisation. We perceived that they also have
relatively high influence through information and com-
munication campaigns, with a capacity to change pos-
ition of other groups. Some of them have a critical view
towards bioenergy. Certain biomass users for other pur-
poses than bioenergy, such as biochemical and biomate-
rial stakeholders highlighted concerns over resource
competition between bioenergy and their own sectors.
However, they indicated a limited influence on bioenergy
development.
Biomass producers and biomass users for energy are

generally interested in bioenergy and they support bioe-
nergy development. The biomass users for energy are
agents working on bioenergy, and it was anticipated that
their interest in bioenergy is high. However, their influ-
ence is not large, as they are also dependent on policies
and long-term governmental strategies and targets for
renewable energy. The academia and consulting group
showed a high interest in bioenergy, which can also be
explained by this being their working field. Given con-
tradicting scientific reports and consultancies on benefits
and impacts of the bioenergy sector, their influence on
bioenergy development is not directly and not well
recognised. Policy-makers have the most important role
in designing energy policies which influence the bioe-
nergy development.

Discussion
To put our results in a wider perspective, we compare
them with regional case studies in Canada, Germany
and the US of the same project as well as with some pre-
vious studies of the same focuses but with a more nar-
row consultation scope. We find that there are some
prevailing points both from a global perspective and at a
regional level. The points include sustainability govern-
ance, conditions for acceptance and benefits of bioe-
nergy, as well as integration into bioeconomy.

Sustainability governance and certification
This study confirms the importance of credible sustain-
ability governance and certification at a global level but
also at a regional level. Sustainability governance helps
to gain and enhance support for bioenergy and thus also
for bioenergy development, which was revealed in previ-
ous studies as well as in the regional case studies of the
same project [12, 13, 17–19]. Results of two regional
case studies indicated that certification and standards
are also considered effective tools for ensuring sustain-
ability governance [17, 18]. However, governance of sus-
tainable bioenergy systems is not a major concern when
sustainability compliance needs to be demonstrated by
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law or public regulation. Furthermore, transparency and
monitoring systems are considered important prerequi-
sites to assure credible sustainability governance [30]. It
also shows that a general sustainability framework can
be designed at a global level. However, specific sustain-
ability criteria should be tailored for different regions
and sustainability measurements and applications need
to consider local context.

Acceptance and benefits of bioenergy
The study results reveal that overall, most participating
stakeholder groups hold a relatively positive view of
bioenergy; accept the bioenergy sector if sustainability
conditions are met and indicate potential benefits of
bioenergy if developed in a proper direction. Both the
conditions for acceptance and benefits include reduction
of environmental impacts, conservation of wildlife and
ecosystems, provision of aesthetic benefits, creation of
local jobs and contributions to local development. Simi-
larly, at regional level, income creation for individuals
and companies as well as a creation of new business op-
portunities for local communities are found necessary to
support bioenergy [18, 19].

Integration into bioeconomy
Bioenergy and other bioeconomy sectors use the same
or similar feedstocks and share similar supply chains.
Therefore, integrating various bioeconomy sectors
should be addressed. The integration helps to avoid
resource competition between sectors, recover and re-
use resources, while enhancing sectoral collaborations
towards a long-term development. This aspect has also
been confirmed by previous and regional case studies
[13, 17, 18]. One example is the German biogas case
study. In Germany, biomass is mobilised to produce

biogas which is an integral part in the energy system
and used in the chemical industry and as a basis for
the worldwide promoted bioeconomy. A rapid cap-
acity growth in the biogas sector combined with a sig-
nificant increase in meat production and thus fodder
production fostered sustainability threats. A sustain-
able development of biogas therefore needs additional
instruments such as a central system regulating the
sustainability aspects of biogas apart from the agricul-
tural sector, but also the better implementation of bio-
gas in the further integration into the bioeconomy by
going beyond the supply of renewable energies.

Study limitations
While this study aims to be broad and comprehensive in its
scope, it has some limitations. The results were based on
data gathered from self-selected respondents, with the
number and geographic distribution varying by category;
they were not randomly selected from a well-defined popu-
lation. This means that there are reservations to the inter-
pretation of position and vision as representative for each
stakeholder group. New studies may seek to complement
the study by engaging more balanced contributions from
specific stakeholder groups and from different continents.

Conclusions and recommendations
This study comprehensively addresses position and vision
of various stakeholder groups including the supranational
stakeholders, from local to global levels, towards bioe-
nergy. It covers a broad scope of aspects and through the
consultation with separate stakeholders groups; their pos-
ition and vision are drawn more clearly compared to pre-
vious results.

Fig. 12 Conceptual sketch of interest and influence level of stakeholder groups
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Conclusions
The study reveals among others that the information
and communication channels play important role to
frame the position and vision of stakeholders towards
bioenergy. The most trusted source of information (aca-
demic studies), rather than just media channels, should
be strengthened as a basis for developing communica-
tion strategies. A continued dialogue and improved com-
munication of scientific evidence of bioenergy’s impacts
and benefits to external stakeholders could help identify
stakeholder priorities and find solutions acceptable for
all parties. The potential benefits of bioenergy in its con-
tribution to climate change mitigation, environmental
improvements, social and economic enhancements and
to the bioeconomy if shown by scientific evidence need
to be translated into simple and clear messages to assist
long-term decision-making for the bioenergy sector as
well as to inform the general public and other stake-
holder groups.
Establishment of pathways towards sustainable devel-

opment and a market-based growth of the bioenergy
sector without governmental financial support is decisive
to change stakeholders’ position and gain more social
acceptance of bioenergy and its potential contributions
to sustainable development. Options to integrate bioe-
nergy into the bioeconomy and establishment of sustain-
able supply chains are important for the sector to thrive
further in the medium and long term.
To change the stakeholders’ position and ultimately

to receive or enhance support for the bioenergy sec-
tor, sustainability criteria covering social, economic
and environmental aspects need to be mandatorily
implemented for all types of biomass, regardless of
end use, and are as such also applicable to the wider
bioeconomy. Sustainability compliance and transpar-
ency is likely to be a solution for bioenergy to en-
hance support in the long term. However, it remains
to be seen whether mandatory implementation will
ultimately lead to more stakeholder acceptance, and
how realistic and rapid implementation for other end
uses is. The current certification schemes were not
deemed completely credible and transparent by most
stakeholder groups.
The sustainability requirements (GHG emissions re-

duction, SFM, protection of high biodiversity values and
carbon stocks, social compliance), which are found in
many voluntary schemes, are fundamental but have not
met the expectations of all external stakeholders.
The stakeholders indicate the bioenergy sector to con-

sider compliance with additional environmental, social
and economic aspects including ecosystem conservation,
no competition with food production and no violation of
human and land rights. However, these sustainability as-
pects need to be defined and agreed upon by external

stakeholders. Sustainability measures and certification
will mean additional costs, adding to the high price of
bioenergy relative to fossil alternatives. While these costs
may be reduced with increasing uptake of sustainability
certification, use of sustainable biomass needs to be also
economically profitable and thus may require prolonged
policy support.

Recommendations and study limitations
In addition to the key recommendations shown by the
consulted stakeholders, there are certain aspects that the
bioenergy sector should also consider. Stakeholders in the
bioenergy supply chains are suggested to focus on mobilis-
ing what is perceived by stakeholders as sustainable re-
sources, and further advancing of processing technologies,
developing more effective supply chains, and ultimately
reducing bioenergy costs to aid the sector to grow without
subsidies and financial incentives. In addition to currently
accepted feedstocks used for bioenergy, stakeholders’ pos-
ition suggests that additional feedstocks from sustainable
bioenergy crops and forest biomass can be mobilised.
Those feedstocks could potentially be harvested on sur-
plus lands, by afforestation with low iLUC risks, through
increased yield per area unit, and increased supply chain
integration and efficiency.
We expect that these recommendations, if considered

and implemented, will help to change the position of
critical external stakeholder groups and ultimately
change their vision to positive perspectives of bioenergy
development. The findings of the study can be used to
inform interested stakeholders on the position of differ-
ent groups on bioenergy, their awareness and expecta-
tions regarding bioenergy development. The findings
can also be considered by the bioenergy actors to better
communicate the sectoral progresses to external stake-
holder groups as well as consider external opinions and
recommendations for their long-term development.
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