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Abstract

Background: Since the steady growth of the German biogas sector, its sustainability is subject to constant scrutiny,
especially economic and environmental sustainability. Public concerns about sustainability of biogas started with the
issue of energy crop cultivation in the 2010s. To steer sustainability in the biogas sector, a broad variety of regulations
and acts were enacted, mainly via top-down legislation making. But in order to govern sustainability in every step of
the value chain, involvement of numerous stakeholders in the biogas sector is necessary. This paper will address the
question: What are the perceptions of the relevant stakeholders in the biogas sector regarding various sustainability
issues and what are their expectations?

Methods: Following an instrumental approach, three steps were initially undertaken for the systematic analysis of
the stakeholder landscape, namely (1) stakeholder identification, (2) stakeholder categorization, and (3) investigation
of stakeholder relationships. In addition, a theoretical mapping was performed to identify those actors, who most
likely impact the implementation of biogas value chains, or are strongly affected by this implementation. These were
then subject to surveys via questionnaires and semi-structured interviews to gather information on their sustainability
governance perception.

Results: Results indicate that key players are farmers and biogas associations due to anchoring in agricultural sector,
along with environmental non-governmental organizations (NGOs) and policy makers. Furthermore, the surveyed
stakeholders agree on regulating sustainability at national level, while tending toward neutral or even disagreeing for
the regulation of sustainability at local and international level. They also agree that certification and standards can be
an effective tool for compliant sustainability governance.

Conclusions: This study revealed a clear expectation gap regarding the transfer of the current energy legislation in

a bio-economy and how sustainability shall be steered then (mandatory/voluntary and local (national) level/interna-
tional level). The surveyed stakeholders expect transparent and clear rules from the government to steer sustainability
that they currently do not perceive with regard to the expectation gap. In order to integrate the different stakehold-
ers in the bio-economy development instead of confronting them with opaque legislation making, it is important to
clearly communicate not only the opportunities but also the requirements that come along with the implementation
of a bio-economy.
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greenhouse gas (GHG) emissions; in the energy sector,
the GHG emissions have to be reduced by 61-62% by
2030 compared to the reference year 1990 [1] The biogas
sector in Germany as part of the strategy has grown
steadily since the enactment of the Renewable Energy Act
(REA) in 2000. In 2016, it accounted for about 21% of the
electricity production from renewables (including sew-
age gas, landfill gas and gas from the biogenic fraction of
waste), constituting the third pillar of renewable electric-
ity together with wind (42%) and solar power (20%) [2].
Currently, more than 9,000 biogas plants are in operation
in Germany, being the largest market worldwide with an
installed capacity of about 4000 MW [3]

In Germany, biogas plants are typically organized in a
value chain like the one shown in Fig. 1. Besides agricul-
tural biogas plants representing an overwhelming share
(90.7% in 2015) [4], biogas plants processing munici-
pal waste and organic waste are in operation, too. One
unique selling point of the German biogas sector is the
overwhelming use of energy crops for energy production.
Due to the specific design of the most important govern-
mental support program, the REA, and especially from
2004 on as a result of the implementation of a premium
for the use of renewable resources, the input of energy
crops grew steadily. This development decreased with the
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introduction of a maize cap in 2012. Associated research
investigating this issue in more detail is published along-
side with this study [5]. In agricultural biogas plants,
farmers organize the feedstock supply and in most cases
the biogas plant operation as well. Consequently, the
farmer does not need to spend money for feedstock sup-
ply and can in turn receive income from selling digestion
residues as fertilizer. In addition, single farmers or farmer
consortia usually organize investment. The produced
biogas is converted to electricity and heat in combined
heat and power (CHP) plants. A small share of biogas
plants (about 200) upgrade their biogas to biomethane,
which is then used in CHP plants. Furthermore, biome-
thane can be used as a fuel. In contrast to other countries,
the German biogas market can therefore be described as
mature, being close to consolidation.

Currently, energy-related input to biogas plants is split
to energy crops (76.7%), animal excrements (14.8%),
municipal biowaste (4.6%) and general residues and
waste (3.9%) [see 4] The input class of energy crops
again is dominated by maize silage (72%) and grass silage
(12%) with varying shares depending on the plant size
(small plants use more manure, large plants use more
energy crops) [see 4]. One can say that this is a highly
specific situation in Germany. Production of biogas (and
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biomethane) differs largely across Europe, both in terms
of production capacity per country and feedstock pro-
cessed. An overview on the current situation of biogas in
Europe and perspectives is given by Scarlat [6]. The status
of biomethane in Europe has recently been published by
Horschig et al. [7].

The production and utilization of biogas in Europe and
thus in each country are governed by a variety of frame-
works, either as part of a sector (i.e., agricultural sector)
or for biogas specifically. The same applies for the issue
of sustainability of biogas production and utilization. The
sustainability of bioenergy and biogas in particular is sub-
ject to constant scrutiny, especially in the fields of eco-
nomic and environmental sustainability [3, 8-10]. Here,
the specific aspects of GHG emissions and crop rotation
in conjunction with air quality, soil quality and water
quality form the subject of investigation [11]. A part of
the sustainability puzzle is the involvement of associated
stakeholders. However, their role in biogas value chains
and their involvement in sustainability governance have
poorly been described so far. In order to develop strate-
gies for the sustainable use of biomass, it is of significant
importance to have a clear understanding of stakeholder
perceptions, both regarding their general role in the value
chain and their expectations of sustainability governance.
Due to a lack of research in this area, and for the national
case of Germany in particular, the research presented
here was conducted. Consequently, this paper will take a
closer look at the perceptions of these various stakehold-
ers at different stages of production and consumption of
biogas, in order to improve their involvement and nur-
ture an effective future development. The main research
question is: What are the perceptions of the relevant
stakeholders in the biogas sector regarding various sus-
tainability issues and what are their expectations? To
answer this question, the relevant stakeholders need to
be identified and their perceptions and expectations ana-
lyzed (Additional file 1).

Theoretical framework

Discussion on sustainability not only takes place in the
scientific area but also in public, mainly via media. Public
concerns about the sustainability of biogas started with
the issue of energy crop cultivation for biogas produc-
tion in the 2010s. The so-called maizification (increased
cultivation of maize for biogas production) of Germany’s
landscape, along with the above-mentioned sustainabil-
ity issues, has raised concerns and pushed politicians to
favor waste and residues as a feedstock for biogas produc-
tion. A study by Herbes et al. [12] investigated the effect
of public opinion formation to policy making. In their
study, they show which storyline dominated in the pro-
cess of policy making with the result that maizification
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and food or fuel debates dominated before the REA 2012
version leading to the maize cap in the 2012 REA. This
result is positioned in line with results from another
study of Herbes et al. [13]. Here, they carried out a survey
on the perception of renewable electricity carriers [13].
Their results indicate that biogas is the least desirable
form of renewable electricity according to the surveys.
The surveyed population justified their position by global
advantages and disadvantages rather than local effects.
The global food security is seen as more important than
local noise and odor pollution. It can be stated that prob-
lems with the perception of biogas started with the culti-
vation of energy crops and an increased discussion about
this, leading to sustainability governance. The perception
of resource provision plays a crucial role. However, mis-
guided discussions as they are sometimes observable in
the media can lead to prejudices [13].

As shown above, the various sustainability aspects in
biogas value chains are discussed controversially. When
taking a closer look at the entire value chain of biogas
production and consumption, one can identify numer-
ous potential sustainability threats. Sustainability itself
can have a large variety of meanings [14]. Within this
study, we refer to the three-pillar imagination of sustain-
ability for the definition of its concept, which means that
a process can be seen sustainable when not causing irre-
versible changes to the environment, being economically
viable and providing societal benefits [15].

In order to govern the sustainability in every step of the
value chain, involvement of numerous stakeholders in the
biogas sector is necessary. Participatory approaches have
proven to be able to highlight different views regarding
one issue and initiating learning while being often time-
consuming [16]. A recent study by Bourdin et al. [17]
underlines the need for coordination between the dif-
ferent stakeholders to bring a biogas project to success,
while highlighting also the need for regional studies. As
a result, a case study of the current largest biogas mar-
ket would add valuable information to both research and
stakeholders in the biogas value chain.

The involvement of stakeholders into science is an
expanding trend in an increasing number of research
areas, like, i.e., the energy transition [18]. According
to Mielke, the main aim incorporating stakeholders in
fields such as sustainability science and decision-mak-
ing science is to tackle the complexity, uncertainty and
multiplicity. This will enable the inclusion of essential
knowledge from all relevant participants. Those so-
called science-based stakeholder dialogues are usually
set up for the assessment of knowledge production and
knowledge validity or the development and implementa-
tion of methods and participatory tools [19]. Academic
literature describes a broad variety of research fields
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associated with stakeholder involvement. With respect
to the field of energy transition, most of the literature
relates to climate change actions or environmental gov-
ernance [20, 21]. In their work, Mielke et al. [18] propose
a typology for stakeholders in energy transition research
in order to develop research strategies. However, this
study will address a more narrow aim in a specific field
of energy transition, namely biogas markets and value
chains, respectively. Whereas there is a large amount of
research taking place relating to biogas value chains such
as anaerobic digestion technologies, feedstock supply and
environmental effects, only little attention has been paid
to the people involved in this value chain. Stakeholders
within the biogas value chain have been used to improve
findings of LCA studies due to their local character [22],
supported research on investment decisions of farmers
[23] and were part of model development and validation
in order to increase model quality [24].

The concept of stakeholder was first defined by Free-
man [25] from a business perspective as “any group or
individual who can affect or is affected by the achieve-
ment of the organization’s objectives” The concept has
been adopted for other sectors, such as policy. Whereas
the methodology for stakeholder analysis already exists,
it has not yet been applied to the biogas sector [26, 27].
The perception of sustainability is analyzed in its effects
on the decision making of the stakeholders. This paper
does not scrutinize the perception forming processes and
the respective stakeholders, which might be the subject
of a subsequent study. Given this background, this paper
analyzes the perception of the sustainability of biogas
through the various stakeholders in Germany as a key
element to be considered for a sustainable implementa-
tion of biogas routes. The results will support to “work
more effectively with stakeholders, facilitate transparent
implementation of decisions or objectives, understand
the policy context, and assess the feasibility of future pol-
icy options” as has already been formulated by Reed et al.
[26].

Methodology

Scope and frame of the analysis

Following the instrumental approach described by Reed
et al. [26] as a rationale for conducting the stakeholder
analysis, the study seeks to rally support for the predeter-
mined goal of improving understanding and perception
of sustainability in the biogas sector and consequently
to enhance its governance. Three steps were initially
undertaken for the systematic analysis of the stakeholder
landscape:

(1) Stakeholder identification,
(2) Stakeholder categorization, and
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(3) Investigation of stakeholder relationships.

A theoretical mapping was performed according to
step 1. This mapping was used to identify those actors,
who most likely impact the implementation of biogas
value chains, or are strongly affected by this implementa-
tion. These were then subjected to surveys via question-
naires and semi-structured interviews.

Stakeholder description
Stakeholder identification
To identify the stakeholders involved in or directly
affected by policy making in the biogas sector, a qualita-
tive literature review was completed. It was focusing on
sustainability governance on social, economic and envi-
ronmental level and considered articles from research
and academia, as well as the specialized press. Two dif-
ferent types of stakeholders have to be discerned here:
stakeholders for the successful implementation of the
biogas value chain in general and stakeholders explicitly
for sustainability issues. Based on the literature research,
which was performed using ScienceDirect, SpringerLink
and Google Scholar, more than 150 specific organiza-
tions and individuals, other than biogas plant operators,
have been identified along and outside of the biogas value
chain. These actors encompass other businesses involved
with the value chain, various economic, social or environ-
mental interest groups, and academia and policy makers.

These findings were complemented by a question in the
first survey (see 2.3), asking the participants to identify
institutions that they consider as important for sustain-
ability governance in the biogas sector.

Other sources for the review included:

+ Overview of companies on the website of the Ger-
man biogas association (http://www.biogas.org)

« Overview of bioenergy villages on the website of the
Agency for renewable resources (FNR: https://bioen
ergiedorf.fnr.de/)

« Specialized press:

o TopAgrar (German magazine, print and digital,
for agricultural topics)

o Biogas Journal (journal by the German biogas
association)

« Local press:

o Media broadcasts from various German
regions, such as “Bavarian broadcast” (BR)

+ Keyword research: “Bauernverband” (local farm-
ers associations), “Landwirtschaftskammer” (local
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chamber of agriculture), “Verband Biogas/ Bioener-
gie” (associations dealing with biogas or bioenergy)

Stakeholder categorization

Following Reed et al. [26], the core of the categorization
is a matrix with two dimensions: Interest and Influence.
Four groups can be differentiated accordingly:

(1) Key players: high interest, high influence; biggest
supporters or barriers

(2) Context setters: low interest, high influence; poten-
tial supporters or barriers, have to be activated

(3) Subjects: high interest, low influence; empower-
ment can be considered

(4) Crowd: no interest, no influence; left unconsidered
but under surveillance in case of changes; not stake-
holders as such

By forming clusters of those previously identified play-
ers and assessing each player’s level of interest and influ-
ence via official statements and the assessment of closely
linked stakeholders, the actors were put in the matrix,
categorizing them in the four distinct fields.

In addition, the stakeholder groups have been evalu-
ated regarding their supportiveness or unsupportiveness
of large-scale biogas deployment (and ensuing energy
crop cultivation), opening a scale between opponents
(against large-scale biogas plants associated with energy
crop cultivation) and supporters. The information has
been gathered through literature review, surveys and
interviews. Unclear cases were treated as “neutral” The
results have been transferred to the value chain-based
maps, color-coding the stakeholders’ different positions.
Opponents are marked in red, supporters in green and
neutral or indifferent stakeholders in orange. This forms
the basis to devise ways and strategies on how to engage
them henceforth.

Relationships of stakeholders in the biogas sector
Based on Reed et al. [26], the method of actor linkage
has been chosen to indicate links between the actors by
the categories conflict, complement or cooperation. The
interviews with key stakeholders provided the results for
this matrix and only the most important stakeholders
with the strongest links are displayed.

Analysis of sustainability perception

through questionnaires and interviews

The analysis consolidates ideas, concerns and perceptions
of the stakeholders in regard to sustainability govern-
ance. The analysis also helps in discerning which conflicts
exist between stakeholder groups and how to tackle them
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effectively. Even if this does not lead to a modification
in the stakeholder’s viewpoints, it can facilitate a closer
collaboration and more acceptance of the counterpart’s
opinion.

Design of the questionnaire and interviews

In general, the questionnaire and interviews were
designed to gain an understanding of both the prevail-
ing perceptions of the stakeholders regarding sustain-
ability and governance, in order to locate possible areas
of divergence where intervention is possible, as well as to
observe how the stakeholders perceive their status in the
sustainability sphere of the sector. The combination of
questionnaire and interviews was chosen to gain a broad
understanding of the sector’s stakeholders’ mood and to
be able to reinforce this with details from selected indi-
viduals’ views.

The questionnaire has been developed by the Interna-
tional Energy Agency (IEA) [28] working group as part of
a project surveying different countries (USA, Canada and
Germany), with different bioenergy sources and a large
variety of stakeholders. It has therefore been held rather
general for comparability and was only slightly adapted
for the German biogas sector, not addressing the very
specific challenges the sector faces. Ten statements were
posed and then meant to be answered on a scale between
“fully agree” (1st score) to “fully disagree” (5th score).

The interview questions took this survey as basis and
asked in eight to twelve queries for certain aspects more
in-depth, to support, clarify or add to the surveyed state-
ments as well as to address the more specific German
challenges of the issue.

Application of the questionnaire and interviews
In the first round, a paper-based version of the question-
naire has been sent out to 743 biogas plant operators in
March 2017, which represent 8% of all biogas plant oper-
ators in Germany. 114 responses were received (group
A). Next, an online questionnaire with the same ques-
tions has been distributed in November 2017 to reach
further stakeholders from the domains society, economy,
academia and politics; out of 150 recipients, 27 responses
were received (group B). Actors were chosen either to
cover the entirety of the biogas value chain or as outside
parties directly involved in biogas deployment or its gov-
ernance. Figure 2 shows the stakeholders’ various institu-
tional backgrounds from the second survey round.
Lastly, in March 2018, ten telephone interviews were
held with a sample of survey participants from groups
A and B, again covering important actors along the
value chain and outside of it to compare different per-
ceptions. The interviews were held anonymously, so
the respective stakeholder will only be identified by
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Stakeholder classification by Organization
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Fig. 2 Stakeholders'institutional background from online survey

their general institution or occupation, which included
two NGOs, two businesses, three plant operators,
one governing institution, one association and one
academic researcher. Each interview was held by two
researchers (one interviewer and one recorder) and
took about 60 min. They were structured similarly to
the questionnaire, asking for more detailed percep-
tions on and attitudes toward sustainability and gov-
ernance in the biogas sector. The replies from the
interviews were grouped in a qualitative way.
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Results
Analysis of stakeholder landscape
The stakeholder landscape proved diverse in the prelimi-
nary literature examination. Being the most important
link of the value chain, biogas plant operators formed
the first group of stakeholders under investigation. Next,
a systematic review of the value chain exposed further
stakeholders, namely farmers, plant constructors, invest-
ment banks, logistics and service firms, and utilities. Out-
side the value chain, there are the various interest groups,
both associations for the promotion of biogas deploy-
ment (e.g., national and local farmers and bioenergy
associations), and those opposing large-scale deploy-
ment (e.g., environmental activism groups, citizens’ ini-
tiatives). Moreover, national and state policy makers
dominate the discussion, as they set the framework for
sustainability governance measures and ideally must bal-
ance the interests of various groups while maintaining
sustainability on all levels. Regional and national media
outlets and research facilities were additionally identified
as stakeholders, as they can largely influence opinions
and perceptions through their reports and studies. The
feedback in the questionnaire reflected stakeholders who
were already put on the list. The Association for Biogas
(Fachverband Biogas) and Chambers of Agriculture were
named by 29 respondents in the first survey.

Next, the identified stakeholders were clustered accord-
ing to categories (Fig. 3). The category of “subjects” can
be examined in groups of affected residents, meaning

SUBJECTS KEY PLAYERS
Citizens' initiative Plant operators | Farmers & biogas associations
Organic farmers Conventional farmers
| Bioenergy village | Environmental NGOs
| Service providers (e.g. M&O) Policy makers
1 | Affected residents |
7
=
-4
2| [ Uilities |
Z
L]
Investment banks |
Public
CROWD CONTEXT SETTERS
INFLUENCE/POWER —
| unsupportive supportive neutral/ indecisive

Fig. 3 Interest-influence matrix of stakeholders
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those who have a biogas plant within their community.
This can either be the result of a decision made on com-
munity level (as in bioenergy villages) [29], which usu-
ally harbors great support from the affected citizens, or
unilaterally by one or more farmers or other actor(s) who
invested in a plant, which can in some cases lead to the
formation of citizens’ initiatives opposing the construc-
tion of the plant (as in the initiative “Biogasanlagen ver-
sus Anwohner”: (https://biogasanlagen-versus-anwohner.
de/) [30]. In addition, commercial enterprises, such as for
the construction of plants, their maintenance or other
service providers, hold an interest in the topic as their
profit depends on decisions made about the sector on
political level. Farmers, both conventional and organic,
can be viewed as key subjects, as they are affected on
multiple levels, because they are dependent on the mar-
ket prices of feedstock, land lease prices, fertilizer regula-
tions and many more, all topics which are important to
the biogas and sustainability debate. Usually, while hav-
ing interest in the issue and opinions swaying in all direc-
tions, those groups (at least when unorganized) have
little influence in affecting or changing decisions.

The “context setters” are the media and academia. They
can sway opinions based on their reports and analyses
while appearing neutral in their own opinion. They usu-
ally set the mood for the issue at hand. These and the key
players were additionally identified and confirmed by the
interviewees, being asked who they view as having the
biggest influence in the debate.

The “key players” are the most important stakehold-
ers to be considered as they can control outcomes. Pol-
icy makers, on European, national and state level, for
example ministries for agriculture, set the framework
of governance. What this governance contains, though,
is largely influenced by powerful interest groups on all
levels of supportiveness. Biogas or farmers associations
represent the industry and thus will lobby policy mak-
ers to create regulations in their favor. On the opposing
side, (environmental) NGOs exert pressure for stricter
sustainability regulations. They are unsupportive not of
use of bioenergy in Germany, but the development of the
sector toward large energy crop use and perceived loss of
biodiversity. The interviewed environmental NGO stated:
“focus should be shifted toward increased use of waste
material”

The “Crowd” are not stakeholders in the conventional
sense, as they usually do not hold a stake in the issue. In
this case, the general public can be viewed as crowd, as
they might follow sustainability debates in the media, yet
do not take action in its governance. Similarly, invest-
ment bank and utilities can be put in this field, as their
interests lie in different areas than the one under scru-
tiny. The following figure presents the most important

Page 7 of 15

stakeholders within the interest—influence matrix, color-
coded to indicate support (green), opposition (red) and
neutrality (orange) of large-scale biogas deployment.

The relationships between the stakeholders can be
traced along the lines of level supportiveness, displayed
in Fig. 4. Actors that are supportive of large-scale biogas
deployment form a collaborative or complementary
bond, such as farmers, biogas plant operators and farm-
ers associations. Correspondingly, actors with differing
views, such as environmental NGOs or citizens’ initia-
tives versus farmers associations and plant operators, are
in a conflicting relationship, confirmed during interviews
with actors on both sides. Interestingly, the most vola-
tile relationships are those between neutral stakehold-
ers and others, as their interrelation is prone to changes.
Depending on current viewpoints (usually strongly influ-
enced by the media), attitudes and relationships shift, as
for example local residents pick up arguments against
biogas plants and then start a conflicting relationship
with the local biogas plant operator.

Moreover, the survey and interviews revealed that
biogas plant operators feel unheard from policy makers
and misunderstood from the general public, indicating
that there is a need for better communication between
those players. Negative depiction in the popular press
turned the tide against biogas, creating more conflicting
relationships and dissonance between actors. During the
interviews, farmers and plant operators presented them-
selves as adverse toward environmental NGOs and vice
versa. Policy makers are generally viewed (by almost all
other stakeholders) as not comprehending the issues,
putting too little emphasis on scientific facts and there-
fore not governing sensibly.

Facilitating conversation and understanding between
those actors is thus imperative for an effective stake-
holder dialogue and balanced governance decisions.

Sustainability perception

While the first questionnaire was exclusively sent to
plant operators, the second, online one, was made up of
various stakeholders, consisting mostly of actors from
research/academia, policy makers, businesses, associa-
tions and NGOs. When it comes to the assessment of
current sustainability governance, the answers in the
online survey (group B—grey) were more differentiated,
yet show a similar trend to the survey of plant opera-
tors (group A—green), shown in Fig. 5. In both surveys,
participants agreed that sustainability requirements
should be mandatory for all biomass types regardless
of end use, while group B respondents agreed even
more strongly with this statement. They also disagreed
more strongly with the statement that current sustain-
ability certification schemes/ systems for bioenergy are
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Sustainability requirements should | Current sustainability certification
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Fig. 5 Perception of sustainability governance (a plant operators; b various stakeholders. Scale: 1—fully agree, 2—agree, 3—neutral, 4—disagree,

Policy makers decisions about
schemes/systems for bioenergy | bioenergy should be more based

on scientific information

transparent and effective, while group A took a more
neutral to slightly agreeing stance here. Stakeholders
outside the production chain can hence be viewed as
more demanding when it comes to imposed require-
ments on sustainability. Both groups did agree rather
strongly that policy makers should base their decisions
more on scientific information, leading to the assump-
tion that all stakeholders still trust in scientific research
and would like to see their findings implemented in
policies, rather than calming critical (emotionally
charged) voices of the general public through changed
regulations.

Next, deciding on which level bioenergy should be gov-
erned, the highest consensus was built for regulating it
at national level, while tending toward neutral or even
disagreeing for the local and international level (Fig. 6).
This conforms to the current legal framework where laws
are enacted on federal level, often adapted on the basis of
European directives.

Furthermore, regarding compliance with sustainabil-
ity standards, biogas operators (group A) would prefer-
ably see a system of voluntary compliance (such as in the
“best practices for agriculture”—“gute fachliche Praxis”)
and do not agree that it should be mandatory, fearing
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Compliance with all forms of bioenergy
sustainability standards should be:

mounting regulations and restrictions. Quite the reverse
is the case for the various stakeholder groups (group B),
as they agree quite strongly with mandatory compliance
and reject the idea of voluntary conformity. For biogas
plant operators, complying with sustainability standards,
adds burdens in the general management of their busi-
ness, as they see increasing demands without concurrent
increasing compensation. Contrastingly, outsiders see
sustainability compliance as essential and obligatory, thus
taking the (easier) role of demand maker, not realizing
the hardships this entails for plant operators and farmers.

The participants seem to be unsure how to reply to the
next statement on models of supply chain coordination,
landing within the range of neutral for all three sugges-
tions (Fig. 7). Particularly, the biogas plant operators
(Group A) seems to not prefer any of the given options,
namely manufacturer-led coordination (appointing one
focal company as responsible to the collection of infor-
mation throughout the supply chain), producer-led coor-
dination (farmers would be responsible for information
collection) or a mix of both. This could mean that either
the question was not phrased comprehensibly enough for
the respondents to develop a clear opinion, or that sup-
ply chain coordination in general is not an issue they are
concerned with and thus have no notion of its effective
implementation.

Then the participants were asked how they see the best
form of verification fit, showing great divergence between
groups, as biogas plant operators (group A) would pre-
fer either self-auditing of no verification at all, disagree-
ing with the system in place of independent certification

with third party auditing based on sustainability stand-
ards, whereas the various stakeholder participants (group
B) prefer this option, disagreeing that verification is
not needed. Here, plant operators fear additional costs
and bureaucracy, and some other stakeholders agree:
“Sustainability certifications create bureaucratic mon-
sters (e.g., sustainability certificate for ignition oil of the
plant)”

Concerning drivers of bioenergy production, both
groups confirmed development of a circular economy to
be the top reason, followed by reduction of greenhouse
gas emissions, and energy security/ security of supply
(Fig. 8). Biogas plant operators (group A) weigh those
drivers with decisive agreement, confirming their role
and importance in the German energy transition, as well
as their function in promoting a circular economy. The
various stakeholders (group B) are less sure in their deci-
sions, coming up in a close to neutral range for all drivers.

On the other hand, major barriers for the development
of the bioenergy sector were chosen to be foremost lack
of scientific information for better informing policy makers
& general public by group A and lack of economic stimu-
lation/ market incentives by group B. One can derive that
the operators (group A) feel unjustified from the politi-
cal side, as they are under the impression that scientific
information is neglected in favor of public opinion in
decision making, while the other group (group B) takes
a more neutral stance on this issue, possibly finding sci-
entific information adequate within political and public
debate. Both groups identified lack of economic stimula-
tion/ market incentives as major barrier, criticizing the
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Fig. 8 Drivers of bioenergy development (a plant operators; b various stakeholders. Scale: 1—fully agree, 2—agree, 3—neutral, 4—disagree, 5—

economically unsustainable direction the REA has taken
for biogas plants in the recent amendments.

The last query focused on a related issue, asking partic-
ipants to determine how much different challenges affect
bioenergy production and its supply chain (Fig. 9). Both
groups decided no contribution to economic growth could
not be considered a big challenge for the sector, thereby
agreeing that the industry does contribute to economic

growth. In both groups, lack of societal acceptance
seemed to be regarded as the biggest challenge of the
given possible options, an issue that has become appar-
ent through previous statements already. On whether
undesired environmental impacts cannot be avoided is a
challenge, both groups leaned toward neutrality with a
slight tendency to agree. This shows that they are aware
of the issues caused to environmental sustainability and
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concede to accepting them, as not all can be averted.
Comments from the group A survey mirrored frustra-
tion on the issue, including “political volatility and no
legal certainty for institutions,” “lack of knowledge among
politicians,” “depicting a true picture in the media” and an
“uncertain future”

For the next step, the interviews were held with the
selected stakeholders. During the interviews, attitudes
toward sustainability of biogas and sustainability govern-
ance of biogas were investigated, along with perceptions
of the degree of influence over sustainability govern-
ance, as well as different roles, responsibilities and goals
of stakeholders. The participants came from different
regions in Germany, which painted an interesting pic-
ture and highlighted regional differences and views, for
example concerning maizification, which is generally
a bigger problem in the North of Germany. The inter-
viewees all consented that the sector is stagnating and its
future looks uncertain. This indicates that economic sus-
tainability is one aspect that is not given. Moreover, the
interviewees condemned the extremely volatile political
landscape, the disregard of the factual basis and the emo-
tionalization of the public and political debate. Sustain-
ability is comprehended in a similar fashion among all
interviewees: foremost in the environmental sense, yet
the economic sphere cannot be disregarded, especially
by plant operators and businesses. When talking about
other sustainability aspects, the interviewees mentioned
soil sustainability, food vs. fuel debate, maizification

and water pollution. Lack of communication between
the general public (especially local residents) and farm-
ers/ plant operators was identified as a major obstacle in
societal acceptance, in conjunction with negative (“sen-
sational”) depiction in the media. Multiple interviewees
underline the importance of cooperation between dif-
ferent stakeholders, such as associations and NGOs (for
example in collaborative projects), in order to thwart
confrontation. One key finding is that local solutions
are important: due to regional differences in ecosys-
tems, biogas sustainability must be managed accordingly
and not by a “one size fits all” type of governance. Direct
communication between the stakeholders fosters under-
standing, especially between plant operators and local
residents. Local media outlets are now more important
than national ones, because biogas is seldom seen in
the national debate anymore, while regional reports can
create a sense of connection to the biogas undertakings
within the community.

Common viewpoint and major differences of stakeholder
groups

Commonalities and differences in viewpoints can be
easily discerned by determining the spreads between
answers given to the statements by Group A and B. A
spread of equal to or more than 1 indicates a major dis-
parity of opinions between the two groups. Six state-
ments harbor this result. Results with less than 0.5
indicate common viewpoints. Eleven answers are
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holding this result. Spreads between 0.5 and 1 are in
the grey area between common and different viewpoint.
Nine statements are representing this area. Most of the
larger differences can be observed in statements regard-
ing instruments of sustainability governance, which are
rejected by group A and supported by group B, such as
certification schemes, standards, verification. Group A
values autonomy and less outside control, while group B
values the opposite. Opinions converge mostly regarding
drivers, barriers and challenges of the bioenergy develop-
ment, finding common ground in how the status of the
sector is perceived and agreeing on the importance of
factual over emotional debates.

Discussion

The proposed approach of systematically establishing an
overview of stakeholders, with a classification of their
roles and their interrelationships proved exhaustive and
holistic. While plant operators are instrumental in the
implementation of the biogas value chain, they were not
identified as key players, due to their lack of influence.
Key players actually dominating the governance of biogas
supply chains are (organized) associations for the promo-
tion of biogas, as well as against it, and the policy makers
themselves. Next, the perception of sustainability issues
between plant operators and other stakeholders was con-
trasted. All stakeholders rated environmental aspects
very high; the interviews revealed in detail the severity of
the raw input material issues. Nevertheless, the perceived
best way for the governance of sustainability to address
these issues is viewed differently. The survey was success-
ful in discerning the needs of plant operators, which are
more freedom and less regulatory control in their busi-
ness conduct, as well as more transparent procedures,
science-based methods and more predictability when it
comes to future developments. It also found the dispari-
ties to other stakeholders, which are most evident in the
voluntary versus mandatory dispute. One study by Hut-
tunen et al. [22] recommends the involvement of stake-
holders (in this case via interviews) to better implement
life cycle thinking during policy making whilst another
study by Pehlken et al. [31] argues that integration and
participation of stakeholders in the whole process chain
is mandatory to unlock biomass potentials and improve
sustainability impacts. To conclude this, one study by
Sinclair et al. [32] summarizes this issue with the results
they found. First, they argue that information gathered
during such involvement actions like interviews aided to
the development of a sustainability assessment frame-
work. However, due to the large diversity of perceptions
of different groups of stakeholders, novel approaches
to problem structuring are needed [32]. Consequently,
an approach such as the one presented here helps
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significantly to gather information and support the sus-
tainability discussion but stresses the need for further
actions like problem structuring.

The interviews were designed as part of an IEA project,
which was performed in key countries of biomass pro-
duction and consumption with exemplary markets (such
as the project regarding biogas in Germany conducted by
us). To better compare the results and thus the different
markets across Europe that had been investigated, the
questionnaires were designed to fit the different markets,
with only small feasible regional adjustments. One could
argue that the more generalized nature of the question-
naire inhibited concrete solution finding for the German
sector. However, this procedure allows the different mar-
kets to be compared. The results presented here should
be seen as part of a more encompassing view on govern-
ance by adding information about the national case of
stakeholder perceptions regarding sustainability govern-
ance in the German biogas market [28]. This also resulted
in some questions not being relatable for certain stake-
holders and thus responses which did not indicate a clear
opinion.

Another limiting factor in the analysis is the imbal-
anced and relatively small number of respondents to the
second (online) questionnaire, which consisted largely
of other research or academic institutions. We want to
further highlight that the low amount of responses (27
out of 150) from the domains of society, economy, aca-
demia and politics represents a small sample size, and the
results relating on this can be seen as individual state-
ments rather than representative perceptions. However,
some of those ambiguities and imbalances could be made
clearer during the interviews, filling gaps and clarifying
viewpoints in order to gain a well-rounded picture.

Conclusions and policy implications

Germany’s biogas market, which is the largest worldwide,
can be considered a consolidated market with a differ-
entiated stakeholder structure (see the associated arti-
cle within this special issue by Thrin et al. [5]. Because a
large proportion of the biogas plants are situated within
agricultural production, key players are farmers and
biogas associations, along with environmental NGOs and
policy makers. According to the results of this study, in
some cases public initiatives and environmental initia-
tives can be considered unsupportive. As a main field of
conflict, we identified resource mobilization in intensive
agricultural production systems mainly associated with
sustainability threats.

Whereas this study does not reveal the processes of
sustainability perception setting, it draws a clear picture
of how sustainability is perceived by a broad variety of
stakeholders within the German biogas sector. In total,
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141 different stakeholders were surveyed. The results
were distinguished for two groups, namely biogas plant
operators (group A), and other stakeholders (group B).

Both surveyed groups agree on regulating sustainabil-
ity at the national level, while tending toward neutral or
even disagreeing for the local and international level.
They also agree that certification and standards can be
an effective tool for compliant sustainability governance.
This is in line with current findings of other studies [9].
However, with regard to this study, the different stake-
holder groups see it adverse, how certification and stand-
ards shall be implemented in sustainability governance.
Whereas group A (biogas plant operators) does not agree
that sustainability compliance should be mandatory,
group B (other stakeholders than biogas plant operators)
agrees strongly with this. Group A fears mainly increas-
ing demands without concurrent increasing compensa-
tion as they are currently already obliged to be compliant
with a couple of standards and premium specific certifi-
cation like biomass specific input premium in the REA.

In general, conflicts within the biogas sector (farm-
ers vs. environmental NGOs) are in some way similar to
observed conflicts within the agriculture sector (Fig. 3).
One approach of how to reduce conflicts between the
different stakeholders is given by so-called best practice
examples through reducing local conflicts by trying to
implement a compromise between local perception and
an economic biogas plant operation. Such a good prac-
tice example, which helped to reduce local tensions, has
been the planting of other plants than energy crops for
biogas production at the edge of the energy crop field
to improve landscape perception of the residents. In
another example, a plant operator has gained praise for
planting cup plant (silphium perfoliatum, considered
an alternative, yet less-productive, plant to maize) by
his own initiative to promote biodiversity in his region,
even just on a small fraction of his land. Even better are
examples which create win—win situations for operators
and residents, e.g., by heat utilization from the plant for
the nearby households, or the possibility for residents to
discard of their bio-waste at the plant. Fostering commu-
nication and a good relationship by means such as these
has shown to increase trust and understanding between
stakeholders.

Finally, both groups perceive the great opportunity
that comes along with the implementation of a bio-
economy like it is favored by the German government
and supported through various initiatives [33]. The
questions of which are the sustainability standards and
how they shall be implemented are key questions for
the future legislative framework governing the sustain-
ability of the bio-economy. Currently, sustainability and
climate protection measures are not well compensated
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in the agriculture sector [34]. One reason for this is
their exclusion from the European Emission Trading
Scheme. Therefore, sustainability threats from biogas
plants such as GHG emissions from missing fermenta-
tion residue covers are not depicted in the market and
have to be regulated externally.

Still, both surveyed groups perceive a lack of eco-
nomic stimulation/ market incentives as major barrier
for this and criticize the economically unsustainable
direction the REA has taken including a feeling of being
unheard. These study’s findings indicate that, on the
one hand, stakeholders within the biogas sector as well
as the government favor the development of a bio-
based economy but current incentives to support this
are too low and too volatile, which comes along with
the threat how the future will look like for biogas plant
operators. A long-term perspective with transparent
requirements regarding climate protection would be an
asset for biogas plant operators. Biogas plants can play
a key role in the future bio-economy through improv-
ing nutrient cycles, extraction of valuable substances
from biogas plants, etc. The vision of a bio-economy
goes far beyond pure energy provision but is currently
not well defined by goals.

In sum, the results show clearly that the surveyed
stakeholders expect transparent and clear rules from the
government to steer sustainability. Those conclusions
lead to different policy recommendations for implement-
ing agricultural biogas systems:

+ Because sustainability regulation is seen as a cen-
tral issue in the stakeholder perception, implemen-
tation of related roles and governance is one of the
important actions accompanying the biogas market
development. The decision how those sustainability
regulations are realized (mandatory or voluntary)
depends on the kind and amount of feedstock used
in the biogas plants: the utilization of energy crops is
perceived with higher risks, so that mandatory sus-
tainability regulations are reasonable, if the cultiva-
tion is supported on a larger scale.

+ Pricing the climate gas emissions from the agricul-
ture sector could be a relevant economic incentive
and especially support efficient biogas systems.

« Additional best practice examples are important,
especially to reduce local tensions; they should
include a sustainable resource base but also high
energy yields and/or the provision of local energy

+ Biogas production should not only be seen as an ele-
ment of renewable energy provision but also inte-
grated into national bioeconomy strategies and in
the transformation toward an environmentally sound
agriculture
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In order to integrate the different stakeholders in the
bio-economy development instead of confronting them
with opaque legislation making is important to clearly
communicate chances but also demands that come along
with the implementation of a bio-economy. This is the
distinct task of decision makers. This study revealed a
clear gap regarding an expectation management of how
the current energy legislation (Renewable Energy Act)
should be transferred in an encompassing bio-economy.
One possibility is seen in the direct utilization of waste
streams from livestock production in integrated pro-
duction systems using the existing biogas infrastructure
in Germany, which can lead to a considerable reduction
of GHG emissions in the agricultural sector. However,
to further exploit this potential, this service needs to be
monetarized in order to develop new business cases for
biogas plant operators outside of the existing incentives,
which are mainly focused on energy production.
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