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Abstract

Background: Biogas plays a major role in two policy domains: the renewable energy domain and the bio-economy
domain. The purpose of this paper is to examine the relationship of current biogas practices with the two policy
domains and to identify how biogas can contribute to both.

Methods: The paper is based on an analysis of views and ideas gained in a large European project addressing
different aspects of biogas production and application, gathered through interviews with a variety of stakeholders
involved in the project.

Results: Current practice shows opportunities for biogas to contribute to both domains. Biogas production is an
efficient way of using especially residual biomass and can provide multiple products for both policy domains.
Biogas can function as a system service provider in the renewable energy domain, and various products of the
biogas production chain can serve as input for bio-based products. However, the diverging goals of the two policy
domains and associated instruments currently hinder the development of innovative connections between them.

Conclusions: The focus on biogas for energy as single main product should be diversified towards creating
multiple products and using biogas optimally through innovative solutions. To maximize the contribution to both
policy goals, policy makers should jointly aim at optimal use of biomass for multiple goals. Policies should aim at
improving the competitive position of biomass-based products over fossil-based products and optimizing the use
of biomass resources, rather than inciting competition between the different biomass applications.
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Background
Biogas plays a major role in relation to two different, but in-
terconnected, policy goals currently pursued by the Euro-
pean Union and its member states: increasing the share of
renewable energy and achieving a transition towards a bio-
economy. These two policy domains partly overlap where
they are concerned with the same resource, biomass, but
different applications. This overlap results in a competition
between policies over scarce biomass resources. The pur-
pose of this paper is to examine the relationship of current
biogas practices with the two policy domains and identify
how biogas can contribute to both policy goals, maximizing
the efficiency and sustainability of biomass use. Empirically,

it is based on data collected through interviews with
project partners in the Dutch-German INTERREG project
‘Green Gas’. The project partners, addressing a great variety
of topics related to biogas production in this project, can all
be considered stakeholders involved in current practice in
the biogas sector.
We first review the goals and drivers of the two policy

domains in the EU, Germany and the Netherlands, and
elaborate on the position of biogas within them (‘Dual role
of biogas in policy goals’ section). We then analyse the
scientific debate regarding the position of biogas in the
two policy domains (‘Between renewable energy and bio-
economy’ section). In the ‘Research approach’ and ‘Results
and discussion’ sections, we present our research and ex-
plore current biogas practices with regard to both policy
domains. We discuss the opportunities identified by
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practitioners to contribute to the different goals as well as
the constraints they encountered. In a concluding section
(‘Conclusion, policy implications and future research’), we
discuss the most promising ways for biogas to contribute
to both policy goals in the future and give recommenda-
tions for aligning policies in the two domains.

Dual role of biogas in policy goals
Following the Renewable Energy Directive (RED), the
European Union aims at a 20% share of renewable
energy in the total energy consumption in 2020 [1].
Important drivers for renewable energy policies in
Europe are security of energy supply, related to depend-
ence on oil and gas-exporting countries, concerns re-
garding nuclear energy, and the impact of greenhouse
gas (GHG) emissions on the global climate [2–7]. Elec-
tricity and heat production from biogas are important
building blocks to achieve the European 20% goal. In
2014, biogas accounted for 6.4% of all renewable elec-
tricity production in the EU 28 [8]. In Germany and
the Netherlands, biogas contributed to renewable elec-
tricity production for 16.8 and 10.6%, respectively, in
2015 [9, 10]. Germany is the European leader in biogas
production with around 8900 installations in 2015
[11], mainly due to the introduction of performance
subsidies1 that were relatively high in comparison with
other countries until 2012 [12, 13]. The high contribu-
tion of 16.8% to overall renewable electricity produc-
tion shows the important position of biogas in the
German renewable energy strategy. Biogas is consid-
ered a versatile form of energy, since it can provide
electricity and heat and can be stored and distributed
via gas pipelines. Storage offers the potential to buffer
fluctuations in the provision of photovoltaic and wind
energy [7, 14, 15]. Figure 1 schematically shows a bio-
gas production chain with typical routes for energy
production. Especially, heat production from biogas
has a high potential to reduce CO2 emissions [7]. In
the Netherlands, support for biogas production has
been described as a ‘roller coaster’ [5]. It was initially
aimed at treating waste streams such as manure and
organic waste and not seen as a promising technology
for energy production. The sector suffered from polit-
ical and financial uncertainties until regulations and
subsidy regimes were altered in 2003–2004 [5, 16].
This is reflected in the relatively low contribution of

biogas to Dutch renewable electricity production
(10.6%). Later, the introduction of a fixed premium
subsidy enabled the development of biogas and green gas
projects, but a finite budget for this subsidy and a first
come, first served granting system made it less reliable for
both businesses and investors than the German subsidy
system [17]. In the last few years, renewable energy pol-
icies focused mainly on heat production from biomass
and the combination with carbon capture and storage
(bio-CCS) [18, 19].
The EU, Germany and the Netherlands have pub-

lished strategies for a so-called ‘bio-economy’, where
biomass replaces fossil resources for a great variety of
applications, including not just bioenergy but also bio-
based materials [20–22]. Important drivers in the bio-
economy policy domain are the need to reduce
dependence on fossil fuels, reduction of GHG emis-
sions, secure supply of energy and commodities, and
an expected boost for economies in general and rural
areas in particular [20, 22–25]. These drivers not only
partly overlap with the drivers for renewable energy
policies (security of supply and reduction of GHG
emissions) but also feature some additional aspects.
Bio-economy policies do not exclusively focus only on
bioenergy but also on other biomass-based products,
for example replacing fossil resources in material pro-
duction and securing commodity supply. In Western
Europe, hopes are high that high-tech, bio-based prod-
ucts will create economic revenues [26]. There are no
subsidy schemes aimed directly at biogas production
in the bio-economy domain; biogas production is only
stimulated from a renewable energy perspective. In
Germany, in reaction to sustainability issues and the
food vs. fuel debate, research and development policy
specifically focuses on the use of residual biomass for
biogas production and the integration of biogas in the
bio-economy through cascading and biorefineries [27].
In the Netherlands, an academic and societal debate
around different biomass applications has evolved in
the last years. On the one hand, it is argued that bioe-
nergy is extremely important to reach renewable en-
ergy goals and mitigate climate change [4]. On the
other hand, bioenergy is heavily criticized as being in-
efficient in actually reducing carbon emissions and
competing with other land uses [28]. It is argued that
while there are other sources of renewable energy,

Fig. 1 Schematic representation of typical biogas production chains
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fossil resources as raw material for the production of
various materials can currently only be replaced by
biomass (ibid.). In current bio-economy policies, bioe-
nergy is included as one of the products, but it is
viewed as the least valuable utilization of biomass
[21, 25, 29]. Different concepts, such as cascading
principles, biorefineries or prioritization according to
the value of the end product, are discussed. Generally,
these concepts aim at using biomass resources effi-
ciently for multiple products and favour higher-value
applications. Biogas for electricity and heat production
is often ranked particularly low in this context (ibid.).
While the different applications compete for the same

resource, they may also face similar problems regarding,
for example resource availability, and may thus be able
to profit from joined undertaking. This may offer various
synergies between policy domains.

Between renewable energy and bio-economy
In the scientific literature, several issues regarding biogas
are discussed that relate to this position between differ-
ent policy domains. We summarize the debate under the
following headings: resources, technology, products and
financing and regulations.

Resources
Various biomass resources can be used as a feedstock to
produce biogas. The majority of biogas installations in the
EU currently use energy crops, such as corn, as a co-
substrate together with manure [30]. But due to high corn
prices, competition for land and ethical considerations,
some argue that residual biomass resources should be pre-
ferred for energy production, while cultivated biomass,
which is generally of a higher quality, should be used for
other purposes (cf., [31]). Other proposed routes are
focusing on the production of multi-purpose biomass,
aiming to overcome the food vs. fuel debate through the
provision of multiple products from agricultural biomass
[32], and the adoption of multi-feedstock technologies
that allow for the use of both waste and agricultural
biomass, depending on local resource availability [33].

Products
Biogas can be used to produce energy in different ways. As
an alternative to the production of electricity and heat in
combined heat and power (CHP) units, biogas can be
upgraded to ‘green gas’ (or biomethane), which is gas with
a higher methane to carbon dioxide ratio. For example,
carbon dioxide in biogas can be converted into methane
through methanation reactions adding hydrogen. The
hydrogen needed for these reactions can be produced with
power-to-gas technology [34–36]. Through the conversion,
the methane content in the gas is increased, which makes
green gas compatible with natural gas. It can be fed into

the natural gas grid and thus replace natural gas [34]. The
sustainability of green gas, (partly) replacing natural gas,
has been shown to be perceived as positive by the Dutch
public [37]. Not only does green gas enable energy applica-
tions in other locations and at other times, it also provides
an interesting link to other sectors, where natural gas is
currently used as a source of methane for the production of
chemicals. Using biogas or green gas based on residual
biomass for the production of chemicals could increase the
societal acceptance of bio-economy products [38].

Technology
Most biogas installations produce biogas with a methane
to carbon dioxide ratio of 60 to 40 as main valuable
output, which is subsequently converted into energy in
CHP units [30, 39]. The technology of biogas production
is still under development, aiming at higher biogas yields.
However, it is argued that rather than focussing on in-
creasing biogas yield, innovative technologies should be
applied to produce multiple products. An example is the
treatment and use of digestate, the residue remaining after
processing in the biogas reactor, as synthetic fertilizer
substitute. This way, biogas installations could be inte-
grated in small biorefineries, a concept which is increas-
ingly appreciated in the development of a bio-economy
[40, 41]. Moreover, the decentralized production of biogas
becomes more economically viable through integrated
production systems [33].

Financing and regulations
Currently, subsidies for biogas production are provided
in the renewable energy domain. Other applications of
biogas do not enjoy the same financial advantage.
Production of green gas as transportation fuel has to
comply with sustainability regulations defined in the
European RED,2 while bio-based products are not yet
subject to comparable regulations. Some biomaterial
applications can be realized despite the unfavourable fi-
nancial situation, but this is expected to result in a
competition over resources that increase feedstock
prices, which in turn strongly influence the economic
viability of applications [42]. Both energy and material
applications furthermore face different types of regula-
tions, e.g. regarding feedstock requirements or waste
treatment regulations [12, 43].

Methods
To analyse the current practice of biogas production
and its position between policy domains, we analysed
the results and experiences gained in the Dutch-German
INTERREG IV A project ‘Green Gas.’ This European
trans-boundary project started in 2012 and was finalized
in June 2015. It consisted of 16 subprojects with a great
variety of project partners including research institutes,
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governmental organizations and private sector organiza-
tions from both Germany and the Netherlands. The
Green Gas subprojects addressed different aspects of
biogas production and application in Germany and the
Netherlands, aiming to advance the biogas sector. Most
subprojects focussed on the possibilities of green gas
applications and the use of residual biomass resources.
The diversity of subproject aims provided the possibility
to gain a comprehensive overview of current biogas
practice.
We conducted semi-structured interviews with pro-

ject partners from the different subprojects. A total of
15 interviews with partners from 14 subprojects were
carried out in 2014. We interviewed the project leaders
of these subprojects, as shown in Table 1. They were
chosen as interview partners because they had compre-
hensive knowledge of their own subproject and worked
in close interaction with project partners from research
institutes, private sector and governmental organiza-
tions. Furthermore, they were also able to reflect on the
experiences gained in other subprojects in which they
were involved as project partners. The interviews were
concerned with the views and ideas of the interviewees
regarding the relationships of current biogas practices
with the renewable energy and bio-economy policy do-
mains. The interviewees were regarded as stakeholders
involved in current practice in the biogas sector, not
necessarily as policy experts but knowledgeable on the
impact of current policies.
The interviews were analysed in line with a thematic

analysis approach. We used the qualitative data analysis
(QDA) software package ATLAS.ti (version 7) to identify
common themes in the interviews, coding the transcripts
in several steps. The interview questions were based on
the topics derived from the literature as discussed in the
‘Between renewable energy and bio-economy’ section
(resources, products, technology, financing and regula-
tions) and addressed context, goals and results of the indi-
vidual subprojects, the experience of project partners
regarding current practices, their views on the potential of
biogas production, and the relationship between biogas
and the policy goals of renewable energy production and
the bio-economy. In the ‘Resources’ to ‘Financing and
regulations’ sections, we present the common themes
identified in relation to each topic.
Figure 2 shows the various topics addressed in the

Green Gas subprojects and their relationship to a sche-
matic biogas supply chain, incorporating various options
of feedstock choices, processing steps and distribution
pathways. The fact that this project addressed so many
different aspects of biogas is of particular value regard-
ing the goal of this paper, since opportunities and con-
straints may be found along the whole biogas supply
chain. All subprojects considered biogas production in

co-production facilities, using animal manure in combin-
ation with a co-product as feedstock. Only the feedstock
choice for the co-product is depicted separately in this
figure. Mono-digestion of manure receives a lot of atten-
tion in the Netherlands, but since manure is currently not
considered as feedstock for bio-based products, there is
no competition between bioenergy and bio-economy ap-
plications. Therefore, we do not consider biogas produc-
tion from mono-digestion of manure in this paper but
rather focus on the competition over biomass that serves
as co-products in biogas production. The subprojects are
briefly introduced in Table 1. More information can be
found on the project website.3

Results and discussion
In this section, we present the results of our analysis,
organized according to the four headings described in
the ‘Between renewable energy and bio-economy’ sec-
tion. Under each heading, we will first describe the views
and expectations of the interviewees and subsequently
interpret and discuss them in relation to the position of
biogas between the renewable energy and bio-economy
policy domains. We will refer to one (1), some (2–7), or
most (>7) interviewees expressing a certain view or
experience. Most issues were raised by only a couple of
the 15 interviewees, which can be explained by the
differences in project focus and background. Finally, in
the ‘Overview of results and general discussion’ section,
we will provide an overview of our results.

Resources
Some interviewees point out that there are currently
biomass resources available that are underused. While
processing routes and markets for bio-based products
are still under development, biogas production is cur-
rently feasible and could make use of such resources, for
example manure, landscaping residues, agricultural resi-
dues, catch crops and biomass from field borders. Some
interviewees suggest that resources should not be wasted
while waiting for innovative technologies but used now
for applications that are already developed, such as biogas
production. Furthermore, they expect that the demand for
biomass created when the biogas production is increased
will also help to mobilize the provision of more biomass
resources. The supply of biomass is still underdeveloped
and increased demand could be an incentive for more and
better harvesting and logistic structures, increasing the
availability of resources not only for energy production
but all for biomass applications. According to the inter-
viewees, improved logistics may also include new types of
contracts to enable cost effective biomass management,
for example parties that maintain landscapes for free in
exchange for the right to harvest, use or sell the biomass
growing there.
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Some interviewees suggest that biogas production can
become an added value for waste processing. It can be
used to process organic waste streams, creating added

value through the production of energy and, in the fu-
ture, extraction of valuable components. Interviewees
expect that even if the focus may shift towards other

Table 1 Goals and results of the Green Gas subprojects and information on the interviewees

Subproject name and short description Background interviewees

New generation biogas digesters: optimizing all process parameters in
biogas digestion for more biogas production, higher economic returns
and reduced environmental impact. Comparing different thermal and
chemical pre-treatment options for residual biomass streams.
Modelling fluid dynamics in digester

aProject developer; HoSt (industry, NL)

Researcher; Saxion University of Applied Sciences (NL)

Researcher; Münster University of Applied Sciences (GER)

Mechanical and enzymatic pre-treatment of organic residues: testing
different mechanical and enzymatic pre-treatment options on various
ligno-cellulosic substrates, focusing on biogas return, energy use and
cost reduction

aResearcher; Münster University of Applied Sciences (GER)

Director; DNL contact (industry, GER)

More divers resource use focussing on sugar beet: assessing possibilities
to use sugar beets instead of maize in biogas installations

aProject coordinator; Centre of Competence 3N (industry, GER)

Biogas collection as connection between green gas producers: analysing
possibilities to connect biogas producers via a biogas net and
centralized green gas production

aConsultant; Ekwadraat (industry, NL)

Natural grass chain: improving biogas technology from pre-treatment
to post-treatment to enable utilization of natural grass and roadside
vegetation. Technological and economic analysis

aManaging director; Byosis group (industry, NL)

Information exchange via potential map: plotting information relevant
for biogas development (e.g. existing biogas installations, biomass
potentials, energy demand) on an interactive, web-based map to
enable more biogas projects in the future

aPublic servant; Province of Groningen (governmental
organization; NL)

Researcher; Münster University of Applied Sciences (GER)

Green Gas InNet: comparing different applications of biogas regarding,
e.g. GHG emission reduction potential and technical and juridical
conditions. Analysing possibilities to feed green gas into the natural
gas net

aResearcher; Münster University of Applied Sciences (GER)

Green Gas in spatial energy concepts: analysing possibilities for biogas
in joint energy management in industrial areas

aResearcher; University of Oldenburg (GER)

Assessment and management of Green Gas supply chains: technical
benchmarking of biogas installations, identifying key levers for efficiency
and environmental performance

aResearcher; University of Oldenburg (GER)

Waste water treatment plants as part of Green Gas hubs: optimizing
sludge digestion in combination with waste water treatment, looking
e.g. at processing, energy use, pre-treatment options. Analysing
alternative options of using existing sludge digesters, e.g. using
other feedstock.

aResearcher; Saxion University of Applied Sciences (NL)

Researcher; Saxion University of Applied Sciences (NL)

Cheap resources and Sabatier process: analysing possibilities to improve
the overall business case for biogas and looking for better technologies
to upgrade biogas to green gas.

aDirector; Hanze Welands (industry, NL)

Biogenic methane production from hydrogen and German–Dutch
database biogas research: analysing technical possibilities to realize
biogenic methanization to create CH4 from CO2 and H2 as alternative
for catalytic methanization. Developing an open source database for
biogas literature in three languages

aResearcher; Münster University of Applied Sciences (GER)

Decentralized energy landscapes Germany–the Netherlands: integrated
assessment of the use of residual biomass for biogas production.
Focusing on sustainability and feasibility assessment of complete biogas
supply chains, integration in regional context and landscapes. Analysing
potential of using various residual biomass streams in biogas digesters.
Investigating the potential of applying public-private partnerships for
the use of residual biomass for biogas production

aPersonal participation, Radboud University Nijmegen (NL)

Researcher; University of Oldenburg (GER)

International trade of Green Gas via certificates: comparing policies for
biogas and green gas in GER and NL and modelling possibilities of
harmonizing international policies. Analysing possibilities of improving
international trade of green gas via certificates, comparing existing
certification schemes

aProject coordinator; JIN (industry, NL)

aSubproject leaders
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products in the future, unusable waste streams will al-
ways remain that can be used for energy production.

Discussion: towards low-value biomass
These suggestions show the rise of a new perspective
on resources in current biogas practice, focusing on
biomass that is less attractive, less readily available and
more difficult to process. Until now, the choice of re-
sources was mainly focused on high energy food crops,
enabling a high return of biogas per tonne. Rising
prices for traditional biogas co-substrates, such as corn,
and the food vs. fuel debate appear to force the sector
to look for alternatives. Moreover, the upcoming bio-
economy, where higher-value products from biomass
are expected to be developed, forces the biogas sector
to look for different resources such as residual biomass.
The switch from high energy food crops to residual bio-
mass is not a new idea; it reflects a movement in the
biofuel sector from first generation biofuels (produced
from food crops) to second generation biofuels (pro-
duced from energy crops and residues) and a prefer-
ence for residual biomass that has also been discussed
for the broader bio-economy [31, 44]. However, while
this switch has been approached from a sustainability
perspective in the scientific debate, in biogas practice,
economic incentives appear to be at least as influential.
From a renewable energy perspective, optimal biogas
production would be achieved with high-value biomass,
but in practice it is expected that these resources will
become the main feedstock for bio-based products.
Thus, the perspective of the bioenergy sector moves
away from choosing the best feedstock towards trying
to find appropriate processing for otherwise unusable
resources. This may reduce the energy output but could
increase the overall benefit gained by using all re-
sources efficiently, either for energy or for bio-based
products.

Products
All interviewees were asked to reflect on the choice be-
tween using biogas to produce electricity in CHP units
and upgrading biogas to green gas. Their comments
showed that biogas is generally applied locally, whereas
green gas is sold nationally or even internationally. The
markets for biogas and green gas differ, and the choice
should be made based on local conditions. One of the
most important considerations is the vicinity of con-
sumers: in CHP units, both heat and electricity are pro-
duced. While electricity can be fed into the grid and
thus distributed easily, heat has to be used locally in a
considerable proportion. Next to the heat used in the
installation itself, the ability to sell heat in the vicinity
is of great importance for the business case of biogas
installations. An alternative that has been considered in
one of the subprojects is to set up a regional network
specifically for biogas, enabling the transport of biogas
to locations where a CHP unit can serve both electricity
and heat consumers. However, this appeared to be ex-
pensive and difficult to realize. Green gas offers the ad-
vantage of wider application; it can be fed in where it is
produced and used where it is needed (provided access
to the gas grid is in reasonable proximity, e.g. by choos-
ing the location for upgrading installations strategic-
ally). Furthermore, the gas is storable (in the grid or
otherwise) and can be used when needed, while CHP
units always produce heat as well as electricity, even
when the heat cannot be used (e.g. when there is little
demand at night or in the summer). The biggest disad-
vantage of green gas is that, according to interviewees,
it is very expensive to upgrade, requiring high invest-
ment costs up front. Furthermore, for feed-in, strict
quality standards apply for green gas, and sometimes,
conditions are unclear or changing. Some interviewees
describe that some network operators in the Netherlands
are not keen on accepting green gas, setting up conditions

Fig. 2 Topics addressed in the Green Gas subprojects
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that are difficult to meet. Some interviewees emphasized
that biogas can best be applied regionally, but the applica-
tion has to be adapted to the geographical, demographical
and political landscape. Biogas is considered useful to
create and keep value in a certain region, but if regional
use is not possible, green gas becomes more attractive and
useful.
All interviewees emphasized advantages biogas can

offer for the energy system. First of all, they described
the potential for biogas to be a ‘system service provider’
for the electricity system. Electricity from biogas could
be used complementary to other renewable energies,
providing power when the sun does not shine and the
wind does not blow, buffering oscillations in electricity
production. However, it does not fulfil this function at
the moment. Subsidies for renewable energy production
are always paid when electricity is produced and fed into
the grid. It is therefore most convenient to have the sys-
tem running continuously. Biogas could be stored for at
least some hours (e.g. in the digesters, as green gas in
the grid, or in storage units) and thus be regulated much
more easily than other renewable electricity. According
to the interviewees, current regulations and subsidy sys-
tems do not promote this system service provider function
in the Netherlands, while there is an attempt to change
this with a flexibility premium in Germany. However, this
requires specific technological adaptations, and the nor-
mal route of running a CHP unit continuously is currently
more attractive for most biogas producers.4

Interviewees also argued that another role for biogas in
the energy mix could be to replace fossil energy that is dif-
ficult to replace with other renewable energies. Most often
mentioned are energy sources for sectors that cannot
switch easily to electric energy, such as fuels for shipping,
road transport and air transport, and the production of in-
dustrial heat. Next to the use of green gas, upgrading bio-
gas to bio-LNG could provide an opportunity to replace
fossil fuels in these sectors. One interviewee observed that
green gas, just like natural gas, is often used for heat pro-
duction, while it could substitute transportation fuels that
are far more difficult to make and more valuable.
Most interviewees expected that in the future, biogas

production will diversify into producing multiple prod-
ucts. Technology development is focussing on using
by-products and creating additional products (see the
following section). The whole production chain is
considered, from pre-treatment of biomass to post-
treatment of digestate. Potential products named are
proteins, fibres, lignin, nitrate, phosphate, potassium,
rare earth elements, carbon dioxide and water. These
additional products could make the business model
around biogas more stable by adding new customers,
while energy remains as one of the products or even
becomes a by-product.

According to some interviewees, additional advan-
tages are win-win situations, where the products miti-
gate currently existing problems, for example replacing
artificial nitrate production requiring high energy in-
puts, or recirculating phosphate, which is less and less
readily available in concentrated form and as a conse-
quence turning into a scarce resource worldwide. They
also propose that biogas installations can form a pro-
cessing step, separating biomass into its components.
While some parts could be separated up front, others
remain in a more concentrated form in the residues
after organic components have been removed during
the digestion, making them a good input for further
processing. However, some interviewees say that it is
still unclear how a good balance between products can
be achieved. Biogas energy yields could decrease if the
focus shifts to multiple products, but the traditional
focus on one product could also inhibit the optimization
of the process towards multiple products.

Discussion: biogas as by-product for specific energy
applications
The choice between biogas or green gas production
described by the interviewees is mainly related to renew-
able energy production and the integration of bioenergy
in the current energy system. Generally, this choice
should aim at using biogas or green gas as efficiently as
possible, taking into consideration aspects, such as the
regional situation, the efficiency of CHP vs. green gas in
household heating installations and the potential for
short-term storage of heat. Both biogas and green gas
producers are adapting to the current possibilities of the
energy market. In December 2015, the Dutch Ministry
of Finance published a vision paper on biomass in the
Netherlands by the year 2030, in which it confirms the
opinion of some interviewees that bioenergy is espe-
cially interesting for transportation fuels and industrial
applications [29]. Specific energy applications, such as
transportation fuels, industrial applications and func-
tioning as a system service provider, could be the most
interesting future routes for biogas production accord-
ing to the ministry. The broader option of producing
multiple (energy and non-energy) products and viewing
biogas for energy as only one of the products or even a
by-product is closely related to the bio-economy devel-
opment, where different concepts such as bio-refinery
and cascading strive for the creation of multiple products
from biomass resources. This could offer new possibilities
for the biogas sector. Expanding biomass use from energy
production to other products has been described as not
only promising for the enhancement of energetic and eco-
nomic efficiency but also challenging regarding the defin-
ition of efficient biomass use [45]. Combinations of biogas
for energy with other bio-economy applications, though
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technically interesting, may be difficult at this stage be-
cause they further complicate both the production process
and the business case, thereby increasing risks.

Technology
Technology for biogas production is perceived by most in-
terviewees as still under development but getting more
and more robust and efficient. The development now
often focuses on using more difficult, heterogeneous
feedstock, making use of by-products such as CO2, and
extracting components from digestate, such as nitrogen
and phosphate compounds. Interviewees identified the de-
pendence of the business case around biogas production
on subsidies as one of the reasons for this development.
Traditionally, biogas producers have to pay for both the
input (the co-substrate) and the output (treatment of
digestate). The price for the produced biogas is deter-
mined by current subsidies, so it is the input and output
side where the business case can be influenced, creating
higher incomes by reducing the costs for resources and
residues. This stimulates the search for cheaper resources
and better use of by-products and digestate. The more
traditional biogas digester may then transform into a
wider processing route, where biogas itself is only one of
the products. Interviewees expect the most promising
processing route to be a useful application of biogenic
waste streams, i.e. where biogas provides the energy for
the process and some extra, and components in the efflu-
ent are extracted, concentrated or purified. They expect
that biogas can serve as a basis for further development of
technology for the bio-economy, increasing the efficiency
of energy production and developing methods to extract
different components, making different or multiple prod-
ucts. In the estimation of some interviewees, the biogas
sector can still learn from other sectors, especially regard-
ing processing technologies and equipment. Examples
named are the food and feed industry (processing of straw
to make it better digestible, drying techniques), the chem-
ical industry and biotechnology.
An issue that requires further consideration according to

some interviewees is the logistic organization of biogas
technology. Decisions not only regarding location for the
biogas installation itself (transport distance biomass) but
also nutrient recovery or upgrading installations (decentra-
lized or centralized), as well as energy production (location
CHP or feed-in into the gas grid), influence the overall
business case.

Discussion: from energy production to broader biomass
processing
Focus in biogas technology appears to be moving away
from mainly increasing yields within the digester itself to
tweaking the front and rear end of the production chain.
This also widens the focus from one product, biogas, to

multiple potential products and a more diverse business
case. With regard to the renewable energy and bio-
economy policy domains, this development could
represent a shift away from pure energy production
towards broader biomass processing routes with mul-
tiple outputs, similar to the technologies envisioned in
a bio-economy. The bio-economy may offer chances to
increase knowledge transfer between sectors, since it is
envisioned that fossil-based products in various sectors
are replaced by biomass, and concepts such as cascad-
ing use of biomass and bio-refineries not only enable
but also require collaboration across sectors. Logistic
decisions could be influenced by the development of
both the renewable energy sector and the bio-economy.
Especially, the development of bio-refineries could
determine the level of centralization of processing
steps. Biogas production may become an integral part
of a bio-refinery.

Financing and regulations
Interviewees described financing (both through subsidies
and investors) and regulations as main barriers for the fur-
ther development of biogas production both as renewable
energy and in the context of a bio-economy. Some
criticize the fact that subsidies are mainly stimulating the
use of biogas for electricity production. They claim that
this focus on specific technologies leads to very uniform
biogas installations with little room for experimentation
and innovation. Developments towards more diverse
products or other energy products are scarcely stimulated
and thus unattractive. Furthermore, the financial push of
using biomass for energy indirectly hampers other appli-
cations or cascading, since only energy applications can
receive a subsidy. For example, methane based on green
gas could serve as an input in the chemical industry but is
rarely applied. In Germany, subsidy is not granted for me-
thane production itself but only for the electricity output
at the CHP unit.
A crucial difficulty in the realization of biogas produc-

tion for many interviewees is the financing of projects.
Financing from banks or public funds is connected to
strict requirements, especially in the Netherlands. For
example, it is required that biogas producers show that
they will receive subsidy for renewable energy produc-
tion and have established long-term user agreements for
the produced energy and long-term biomass supply con-
tracts. Especially, the latter is very hard to acquire for
biogas producers that do not produce their own co-
substrate. Intermediaries, trading biomass from various
sources can offer security of supply but orient their
prices on the subsidies to be received, increasing their
own profit margin while reducing that of the biogas pro-
ducers and thus increasing the risk of investments.
When residual biomass resources are used, an additional
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difficulty is that the amount of residues depends on the
original product stream, not the demand of the biogas
installation.
Financing of innovative projects is perceived to be espe-

cially difficult. Technically, higher yields of biogas may be
achievable, but new technologies require higher invest-
ments, which constitute a risk few investors are willing to
take. If anything else but energy is produced, subsidies are
not granted and often that rules out financing. The secur-
ity of demand is difficult to prove for additional products
next to energy, since they rely upon new or developing
markets.
Interviewees identified several bureaucratic obstacles

that in their perception hamper biogas development. First
of all, when setting up a biogas project, companies have to
hand in a variety of permit applications, including envir-
onmental reporting and public consultation procedures.
The process is perceived to be overly complicated, time-
consuming and difficult for small companies. Decisions
on applications regularly took half a year or even a year in
the Netherlands.
Regulations regarding input and output streams fur-

ther complicate matters. At the moment, it is not
allowed to use digestate as a replacement for artificial
fertilizers in the Netherlands. This is described as a big
constraint for biogas production in the Netherlands,
because the treatment or export of digestate has to be
paid for. Furthermore, regulations regarding resources
that are allowed to be used as co-substrates in biogas
installations differ across the EU. In some countries, a
certain biomass resource may be allowed, while it is not
in another and the other way around. As a consequence,
biomass distributers profit from transporting biomass
across the EU, selling it where it is allowed. Interviewees
argue that this decreases the efficiency of biogas produc-
tion and makes it more complicated to use biomass locally
or regionally.
Different EU countries use different systems of pricing,

subsidies and certifications. Additionally, they have dif-
ferent gas quality regulations. This can be difficult for
international trade, e.g. in green gas. Opinions regarding
trade in green gas differed among the interviewees. One
interviewee argued that systems dealing with the ‘green
value’ of gas could provide a good opportunity for na-
tional and international trade. However, the prices of
certificates are not high enough and an offer by a third
party to buy a certificate is insufficient to get financing
from a bank. Other interviewees argued that certificate
schemes can carry the risk of quickly losing value, as has
been experienced with CO2 certificates in the past.
Certification schemes are often not compatible inter-
nationally and according to some would have to be based
on a measureable, technical value, not only on guarantees
of origin or similar paper trails.

Two main differences between Germany and the
Netherlands became apparent in the interviews. First of
all, in the Netherlands, many data are more freely avail-
able than in Germany, for example geographical data,
information about gas networks and locations of users
or companies. Secondly, the main focus and the level of
consistency in policies regarding biogas production
differed in both countries. In Germany, the focus is
very much on renewable energy production as part of
the ‘Energiewende’ (energy transition). To promote this,
subsidies were granted to specific technological solu-
tions, mainly the application of biogas in CHP units,
and specific groups of people, mainly farmers. This has
increased the number of biogas installations but has
also resulted in a very uniform landscape of biogas pro-
duction. In the Netherlands, less subsidies were granted
and they were a lot less stable, leading to more experi-
mentation and more diverse solutions but also a lower
implementation of biogas technology.

Discussion: subsidies vs. innovative solutions
The experiences shared by the interviewees suggest that
a subsidy focus on renewable electricity has hampered
not only the development and production of other
forms of renewable energy by means of biogas but also
the production of alternative or additional products
and technologies. This is neither favourable for bio-
economy policy goals nor does it promote the position
of bioenergy in the renewable energy mix. With finan-
cing being strictly linked to renewable energy subsidies,
which in turn are largely based on electricity produc-
tion, innovative solutions in the production of biogas
and other products, which may be technically feasible
and attractive to improve the overall business case, be-
come difficult to realize. While developments in the sector
are focusing on integration in the bio-economy, subsidies
for biogas production are currently only granted in the re-
newable energy policy domain. Chemical production from
biogas or green gas is not subsidized, which currently
makes it less attractive than energy production. Current
energy policies aim for an increased production of renew-
able energy and especially electricity. The focus of subsidy
schemes on electricity production from biogas or green
gas is therefore logical, but does not necessarily pro-
mote an efficient use of resources or optimal business
cases. Instead of efficient resource use and creation of
multiple products, the focus of subsidies lies on optimal
energy production only, because it is motivated solely
by energy considerations. This focus does not go well
with the vision in the bio-economy domain, where dif-
ferent and more drivers are at play and energy is only a
sideshow. Innovations in the sectors towards a better
contribution to both policy goals are thus hampered by
the diverging focus of the two policy domains and a
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lack of incentives in the bio-economy domain. To in-
crease overall benefit, policies in the two domains
would have to be aligned better and aimed at optimal
use of biomass resources for multiple goals.

Overview of results and general discussion
The results of our empirical analysis of the current prac-
tices of biogas production and its position between
policy domains are summarized in Fig. 3 and Table 2.
Figure 3 shows the most important technical links
between biogas and the two policy domains. Important
opportunities and constraints to contribute to the two
policy goals resulting from the in-between position of
biogas are summarized in Table 2.
In the renewable energy domain, biogas is mainly ap-

preciated as a versatile energy source that can be used to
produce electricity, (industrial) heat or transportation
fuels, and that can be stored, transported and used when
and where needed. In the bio-economy domain, it is in-
cluded as a way to use low-value biomass, at the end of
cascades, and as a by-product. In current practice oppor-
tunities are explored to link biogas production to the
bio-economy through extraction of components and
production of by-products (Fig. 3).
One of the biggest challenges in the transition to a bio-

economy is to prioritize between different applications.

Concepts such as cascading and biorefineries aim at pro-
ducing multiple products and using resources efficiently,
as discussed by Bruins and Sanders and Vaneeckhaute et
al. [41]. Our study shows, however, that current practice is
still dominated by a competition for resources used for
energy production only. Furthermore, many technologies
still rely on cultivated (first generation), high-quality and
homogenous biomass while policies aim at more diverse
feedstock [27, 29]. Our study revealed that in the biogas
sector, it is expected that higher-value applications in the
bio-economy will increasingly compete for biomass and
will be able to pay higher prices. As a consequence,
biomass owners tend to be cautious with long-term com-
mitments of biomass supply for fixed prices, because they
expect to profit from the higher purchasing power of bio-
based producers in the future. However, bio-based prod-
ucts not only compete with bioenergy over resources, they
also compete with fossil-based products via product
prices. While they try to close in on the cost price of their
fossil benchmarks, their business case is not necessarily
stronger than that of biogas, especially because they do
not receive subsidies. The expectation that in the future
biomass will increase in value because different players are
able to pay more for it is thus not necessarily accurate.
This is especially true for low-value, heterogeneous bio-
mass, such as many residual biomass streams, that require

Fig. 3 Schematic representation of potential technical links of biogas with the renewable energy and bio-economy policy domains
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intensive pre-treatment. The feasibility of all business
cases is furthermore dependent on the development of oil
prices.
The subsidies currently granted in the energy domain

are instruments designed to bridge the gap between the
market price for energy and the cost of renewable energy
production. Arguably, this gap exists only because the ex-
ternal (societal) costs of non-renewable energy production
are not reflected in the price of energy. The costs of these
externalities (like the production of GHG and radioactive
waste) are borne by society. As long as these costs are not
reflected in the price of energy, renewable energy produc-
tion will probably require subsidies. However, these
subsidies make other uses of biomass, which are not sub-
sidized, less attractive. In the light of multiple goals for
biomass use in both the renewable energy and the bio-
economy domain, the competitive position of biomass-
based products in comparison with fossil-based products
is an important aspect limiting the potential to achieve the
goals in both policy domains.
The idea to move away from high-value crops to re-

sidual biomass is regularly discussed as a possibility to
address controversies and land use issues [31, 44]. How-
ever, a narrow focus on the sustainability challenges of
high-value crops, such as the ‘food vs. fuel’ debate, and a
focus on biomass supply hamper a holistic view on re-
sidual biomass as alternative biomass source [44]. Our
study revealed that in current practice, there is a focus

on using all biomass resources optimally and combining
processing of organic waste with energy production
(Table 2). But it has to be taken into account that
residual biomass is seldom without function, which is
lost when it is re-directed to biogas production [31]. The
impacts of using residual biomass should be addressed
from a broad and more inclusive sustainability perspec-
tive, including ecological and economic impacts. More
generally, in the future, it will be important to ensure a
sustainable supply of biomass under increasing demand
for biomass from different sectors, which may be less
strictly regulated than the energy sector.
Logistic aspects of biogas production, such as an appro-

priate scale of installations, the level of (de)centralization
and integration in landscapes pose uncertainties in current
biogas practice and require more attention (Table 2). Re-
garding the spatial context of biogas installations issues of
importance are, for example, local availability of resources
(manure and co-substrate, e.g. on farms), vicinity of users
of the produced heat and connectivity to infrastructure
(transport networks, gas and electricity grid access). On
the one hand, decentralized biogas production offers the
advantage of being adaptable to local circumstances and
using locally available biomass to avoid transport [46].
Vicinity of potential users of by-products of biogas pro-
duction may, for example, increase chances to realize
multi-purpose applications of biomass [47]. On the other
hand, upgrading biogas to green gas is very expensive and

Table 2 Opportunities and constraints of biogas between policy domains

Topic Discussion point

Resources Change of perspective: from using the best feedstock for energy production to using all biomass
resources optimally

Better use of residual biomass: combining efficient processing of organic waste streams with creating
added value through extraction of valuable components and production of renewable energy

Starting today: using all available biomass for currently feasible processes, thereby mobilizing biomass
and creating stepping stones towards a more integrated use of biomass resources

Products Context: adapting choice between biogas and green gas to the local and regional landscape

Function in energy system: from inflexible renewable energy source to system service provider, using
biogas where it offers advantages over other renewables, e.g. profiting from flexibility and application
for difficult energy carriers

Multiple products: no longer just energy but multiple products, integrating in bio-economy concepts
like bio-refinery

Technology Shifting focus: away from only increasing biogas yields towards tweaking the front and rear of the
production chain

More diversity: more products and more diverse business cases. Fermentation as processing step,
creating enabling technologies for a bio-economy

Unclear logistics: appropriate scales, logistics and integration in landscapes require more attention

Financing and regulations Financing related to subsidies: aiming at specific technologies or products leaves little room for
experimentation and innovation

Level playing field: subsidies favour energy production over new or additional products and
inflexible financing possibilities hamper innovative business cases

Complications: bureaucratic obstacles and international differences counteract expansion and
innovation
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far more feasible on a centralized scale than for individual
installations. In between these extremes, regional net-
works of local initiatives can help biogas producers to
profit from e.g. multiple biomass suppliers or multiple
heat users, making both supply and demand more robust
[47]. Embedding biogas production in a local situation
does, however, rely heavily on social capital [48].
It should be noted that this paper was based on inter-

views with project leaders of a large European project
focused on green gas, which imposes some limitations
on our findings but allowed us to receive practical and
personal information. Interviews provide indirect infor-
mation filtered through the views of the interviewee
[49], which is further influenced by the type of questions
in this study, relating not only to objective project out-
comes but also to experiences and perceptions on the
potential of biogas in the realm of current and future
policy domains. The answers of our interviewees were
influenced by their background and the subprojects they
participated in. This may have triggered them to address
certain opportunities and constraints while neglecting
others. In this sense, the interviews are not necessarily
representative for the experience of all relevant stake-
holders in the biogas sector. However, any effects of sub-
jectivity were minimized through the thematic analysis
of the interviews, in which we collated themes expressed
by the interviewees and discussed them in the context of
the policy domains to provide generalized insights. We
think that the practical and personal nature of data in
this study provided valuable in-depth information on the
actual challenges in current biogas practice, partly con-
firming but also extending and highlighting the informa-
tion from policy and research (‘Dual role of biogas in
policy goals’ and ‘Between renewable energy and bio-
economy’ sections).

Conclusions
The purpose of this paper was to examine the relationship
of current biogas practices with the renewable energy and
bio-economy policy domains and identify how biogas can
contribute to both policy goals. The exploration of the
position of biogas within the policy domains showed that
biogas can play an interesting, dual role in both of them.
Our empirical study revealed some developments in
current biogas practice that offer opportunities for an im-
proved contribution of biogas to both policy domains.
Innovation efforts appear to be focused mainly on a better
integration in the bio-economy. In the renewable energy
domain, upgrading to green gas has the potential to make
biogas the envisioned system service provider but faces
technical, financial and logistical difficulties. Technical de-
velopments mostly focus on using lower value and more
difficult resources and adapting the processing technology

towards producing multiple products. These develop-
ments fit well with bio-economy policies.
Our study also revealed several constraints for a

contribution of biogas to both policy goals. The advan-
tage of biogas as versatile system service provider in the
renewable energy domain is underused in current prac-
tice and not stimulated effectively. Innovations towards
multiple products for a bio-economy are hampered by
subsidy schemes, regulations and bureaucracy. And the
use of alternative, residual biomass resources is impeded
by limited financing possibilities.
Biogas can provide a valuable contribution to both

policy domains but only if the current focus on energy
is diversified. In the long run, it is probable that biogas
will no longer be a solitary main product but rather one
of the many products created in intricate biomass pro-
cessing. It can, however, remain a useful processing step
and a way to make use of otherwise unusable biogenic
residues and create added value during necessary waste
treatment. Future research should focus on defining the
most efficient use of all biomass resources and develop-
ing technologies to extract as many valuable compo-
nents as possible. In the meantime, biogas production
is a technology that is already available and can be ap-
plied to use biomass efficiently right now. There are
various links to new and existing technologies in both
the renewable energy and the bio-economy sector that
can be used and developed further. The use of biomass
to produce biogas right now can furthermore provide
an incentive for biomass owners to harvest and use or
sell their biomass, thus increasing the availability of
biomass. Biogas can thus serve as a stepping stone in
the transition towards a bio-economy: biomass can be
used for feasible applications now while also enabling
the development of new technologies for improved effi-
ciency in the future.
Energy transitions have been described to be chan-

ging in character, with different drivers than in the past
and the potential to accelerate, drawing on synergies
between multiple domains [50]. Biogas has the potential
to contribute to such synergies and as a system service
provider can also serve as a stepping stone in the
transition towards a renewable energy future (cf., [51]).
This underlines the dual but also time-dependent role
of biogas in two transitions.
The diverging goals of both domains currently hinder

the development of innovative connections between them,
even though current practice already offers many oppor-
tunities for smart combinations. Hurdles such as overly
complicated bureaucracy and rigid financing schemes
should be lowered, and subsidy schemes should allow for
alternative business cases, including different products.
Political insecurity and ups and downs in policy schemes
have been a major hurdle for development in the past. In
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the future, joint goals, clear priorities and fair policy
schemes should be designed to overcome inefficiency in
the sector. Policy makers should jointly aim at optimal use
of biomass resources for multiple goals to increase the
overall benefit. To maximize the contribution to both
policy goals, policies must be more balanced to enable all
valuable functions of biogas. Policies should aim at
improving the competitive position of biomass-based
products over fossil-based products and optimizing the
use of biomass resources, rather than inciting competition
between the different biomass applications. This aligns
with the conclusion of Silveira and Johnson [52], stressing
the importance of coordinating bioenergy policies across
sectors and considering biomass not only in the energy
domain, but taking advantage of complementary uses of
biomass in different sectors.
The project under investigation in this paper involved

two European countries, but similar developments
might also be observed in other countries with policies
for both renewable energy and a bio-economy. Future
policy development could benefit from research about
the policy coherence in other countries and comparison
of opportunities and constraints experienced there.
Lessons can be learned both from countries where the
policy coherence might be greater and countries where
bio-economy policies are more fragmented, such as
Canada, where competing visions were detected even
within one domain [53]. This paper, based on interviews
with a selection of stakeholders, provides insights into op-
portunities and constraints for biogas to contribute to
both domains. Further research to understand visions of
various stakeholders can be a valuable instrument to es-
tablish aligned goals for the renewable energy and bio-
economy policy domains.
Biogas is not the only issue that falls under two policy

domains. The concept of coherence between policy do-
mains has been addressed in general by May et al. [54],
concluding that increased policy coherence can improve
implementation success and policy acceptance. They
found that focussed attention for specific issues, support-
ive institutional structures and involvement of interest
groups can foster greater policy coherence. Examples of
other issues falling under two policy domains are the con-
sideration of forestry in climate change policies [55] and
the changing perspective on water management, where
the technical water management and spatial planning pol-
icies meet [56]. Future policy development in the bio-
economy and renewable energy domains could benefit
from research into lessons learned from other sectors
where policy domains intersect.

Endnotes
1The term ‘subsidy’ is commonly used for any kind of

financial support by government, whether it involves a

transfer of funds from government to the receiving party
or a (partial) waiver of taxes or a lower than normal rate
payable for government services by the subsidized party.
In this paper, we use the term ‘subsidy’ to refer to instru-
ments installed to bridge the gap between the market
price for energy and the (higher) cost of energy produc-
tion from biogas. The financial support to bridge this gap
can be realized with different instruments (e.g. perform-
ance subsidies or market premiums). Currently, these in-
struments differ in Germany and the Netherlands.

2The RED specifies legal sustainability criteria for bio-
fuels and liquid biomass (Article 17). Biogas thus does not
fall under these regulations. However, the sustainability
criteria do apply for all transportation fuels, including
green gas (Article 2.i). Green gas to be inserted into the
gas grid as a replacement of natural gas thus has to be cer-
tified, for example by NTA8080 or ISCC.

3http://groengasproject.eu/
4The flexibility premium has been introduced in the

2012 update of the German subsidy scheme Erneuerbare-
Energien-Gesetz (EEG). In 2014, about 20% (ca. 800 MW
of 3905 MW) of installed capacity of biogas production
was able to provide electricity flexibly [14]. In the 2014
update of the EEG, the stimulation of flexible provision
was increased further for new installations: only half of
the installed capacity is subsidized, and this is combined
with an additional supplement for flexible provision
through use of gas storage [57].
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