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Abstract
Biomethane (upgraded form of biogas) holds unlocked potential as a substitute to fossil natural gas, in
terms of achieving climate reduction targets as well as developing a locally secured fuel supply.
Biomethane is fully compatible with the existing natural gas grid infrastructure.
Currently, nine countries in European Union are practicing natural gas grid injection. Remaining countries
are in various phases of development concerning production and utilisation of biomethane. Successful
deployment of a biomethane project requires coordinated action in terms of academic, industrial and
economic co-operation. It demands established legal and political framework as well as supportive
financial conditions.
The thesis aims at researching how the state of development of biomethane generation and utilization gets
affected by the support activities within a countries policy framework? To seek a solution, the theoretical
framework of “Technological Innovation System (TIS)” is adapted. TIS provide a methodological
approach to assess the development of an upcoming technology under the existing policies, regulatory and
financial conditions. In the given study, the framework of TIS is adapted to the technology of
“biomethane generation and injection into natural gas grid”. This adaptation led to the development of:



Detailed overlapping matrix of the main structural components i.e. Actors, Networks and
Institutions and their corresponding activities across the value chain.
Development of a set of diagnostic questions and performance indicators, enabling an assessment
of the dynamics of the technological system, eventually leading to the identification of strengths
and weaknesses in the system.

The adapted technological system analysis framework is further applied on two countries “Germany and
UK” as case studies. With the aid of diagnostic questions, the dynamic system characteristics are evaluated
in each country context. Germany reveals a well-functioning biomethane TIS. Considerable knowledge
base and experience is available, appropriate policies and financial incentives are in place, dedicated
organisations are established to address the technological and industrial issues. Germany currently has a
market promoting biomethane utilisation via CHP applications. Further growth can be expected by
addressing resource mobilisation to fulfill a larger share of heat demand and application as renewable
transport fuel.
Biomethane industry is in its nascent stage in the UK. At the time of thesis research two upgrading plants
are in operation. Analysis of the system functions within UK, signals a healthy biogas industry, but there is
lack of activity within the “biomethane” context. The industry is in the stage of knowledge development.
Biomethane production is well communicated within national strategies. The key technical issues being
encountered by the industry are the focus of research. A balanced market formation would require
increasing the resource mobilisation in terms of availability of skilled manpower as well as providing
access to financial capital. The industry is experiencing pilot trials and subsequent dissemination of
information of the results of these trials to the stakeholders in the value chain is recommended.
Overall, Technological Innovation System (TIS) has been an effective tool to evaluate the national
approach towards development and deployment of biomethane as a technology .Moreover TIS assists in
systematic identification of the strengths and weaknesses of the system. It provides a methodological
approach to statically and dynamically analyse biomethane development strategy within a given region and
can also assist in benchmarking the development conditions in more than one region
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Summary
Biomethane is currently the most important renewable option for gaseous fuel supplies from climate
perspective and is fully compatible with the existing natural gas infrastructure. Currently, there exists vast
variation regarding support conditions and regulatory framework for biomethane generation in European
countries.
In order to analyze the deployment of biomethane to grid injection from the perspective of countries who
are yet on their path to develop biomethane generation and grid injection as a means to achieve renewable
energy generation target and fossil fuel security, the whole ecosystem of biomethane generation has to be
studied carefully. A successful deployment of a biomethane project requires close interaction between all
the actors / stakeholders present along the value chain (from feedstock producers, biogas plant operators,
gas distribution companies to end consumers). This interaction is guided by well-established and
transparent, legal and regulatory guidelines. The long-term viability of biomethane project is ensured when
appropriate financial measures and support policies are in place.
To evaluate the state of development of Biomethane in a regions context, a theoretical framework of
Technological Innovation System (TIS) is adapted specifically for the system in focus. The TIS can be
defined as the set of actors associated with a specific technology interacting within themselves under the
influence of certain rules, to determine the speed and direction of the change concerning the technology
in focus. The TIS is made up of structural component namely Actors, Networks and Institutions and the
dynamic interaction between the structural components shapes the development of the technology in
focus. Well-functioning TIS will have all the components of the structural elements viz. actor, networks
and institutions, highly developed and in place. Lack of a certain structural component can act as a barrier
for successful development of TIS.
For the given research study, biomethane to natural gas grid injection technological system is split into
major value chain activity namely biogas production, gas cleaning and upgrading, grid injection and end
utilisation. Then a detailed evaluation is carried out to locate the complete set of structural components
within biomethane value chain. The corresponding overlapping within the value chain for each role of the
structural component is identified. This overlapping table provides a set to measure the strength of
structural components within the biomethane to natural gas grid TIS.
A dynamic analysis involving the system functions is required to analyse the current state of development
of TIS. For this purpose, the system functions described by (Jacobsson & Bergek, 2007) are adapted to
relate to the conditions, existing within the biomethane to natural gas grid injection system. This
adaptation led to the development of a set of diagnostic questions. The diagnostic questions help in
thorough evaluation of the current technical, technological economic as well as policy oriented support
conditions which are existing or which may be desired, to effectively shape the TIS.
The diagnostic questions were further condensed into specific performance indicators to simplify the
analysis as well as maintain a standard tool for cross-country comparison. Both diagnostic questions as
well as performance indicators aid in the reproducibility of this study. Once the framework was adapted
and detailed to relate to Biomethane, two case study countries were analysed on its basis. The case study
countries are UK and Germany.
The the state of biomethane development in the UKis characterised by the existence of weak system
functions “Entrepreneurial activity” and “Resource mobilisation” eventually leading to the hampered
growth of “Market formation” for biomethane injection in natural gas grid. The function “Guidance of
the search”, which is satisfactory within the context of UK, directly relates to driving the potential interest
of stakeholders within the TIS. With time, effective outcome of knowledge development and subsequent
diffusion of research and pilot trials results will lead to generation of significant interest within this
technology field.
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Recommendations to improve the state of development would involve a higher resource mobilisation in
terms of availability of skilled manpower, ease of access and availability of finance. This will directly spur
“Entrepreneurial activity” within the field and create a positive impact on “Market formation”.
In Germany, there is sufficient entrepreneurial activity and the market has had sustained moderate growth.
This has been possible mainly due to an enhanced guidance of search, which includes clear and
transparent technical and regulatory guidelines for establishing a grid injection and managing the injected
gas within the distribution network, as well as provision of long term financial support. The current focus
of biomethane utilisation is within CHP applications. Further scope of improvement for market
conditions require enhanced resource mobilisation in terms of indirect schemes for promotion of
biomethane as a substitute for transport fuel applications, as well as increased acceptance of biomethane
as a green product downstream in the value chain involving traders and end customers.
Overall, technological innovation system analysis of biomethane to natural gas grid injection by evaluating
the strengths of the structural component and dynamic analysis of system functions provides an overview
to the development strategy being followed in a given countries context.
The framework, which is developed in this study to analyse and assess the current state of biomethane
deployment, provides the necessary guidance to evaluate the whole ecosystem from the perspective of the
presence and activities of the stakeholders in the value chain. It also provides a methodological approach
to determine the current level of knowledge development and diffusion being carried out within this
industry, potential policy support which needs to be garnered and identification of the market situation
given the countries existing natural gas infrastructure and renewable energy generation targets. The set of
system function provide a tool set, whose evaluation within any countries context may result in the pattern
of development of biomethane as a technology.
The framework which is adapted in this study, provides an in-depth analysis of the conditions which may
serve as a barrier for further deployment as well as locate opportunities in market formation which calls
for increased research and resource mobilisation.
Further scope of work in given study involves complementing the desk-based research with expert
interviews from leading stakeholders in the value chain. Expert opinions will assist in verification of the
issues which are identified via systematic evaluation of biomethane to natural gas grid injection TIS.
Identification of the key issues may assist the decision makers to direct policies to strengthen the
weaknesses in the system and take appropriate measure directed towards the weak system functions in
order to obtain a sustained and progressing Technological Innovation System.
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1 Introduction
This chapter begins with a background to the Master thesis study and delves into the purpose of the
research. The main research questions that are sought in this study are raised. The research strategy
follows adaptation of an existing theoretical framework to assess biomethane to natural gas grid injection
technological system.
The subsequent chapters describe the theoretical framework. This is followed with the system description
of biomethane to natural gas grid injection technological system, starting from inception till the most
common end utilisation possibilities. Next, adaptation of the theoretical framework of “Technological
Innovation System “and the research methodology is presented. Subsequently, the framework is applied
on two countries as case study and the outcome is analysed.

1.1 Background
The European energy policy, as described in the official communication of the commission in 2007, relies
on three major principles namely sustainability, security of supply and competitiveness.(Commission of
European Communities, 2007). It expresses a strong need to minimize exposure towards fossil fuel price
volatility, the need to cut down greenhouse gas emissions, promotion of a localised source of production
of energy, energy recovery from waste and a desire to create more competitive energy market simulating
technological innovation and employment opportunities.
A decline in GHG (greenhouse gas) emission is observed in the European Union (EU) during 2000 to
2009, which puts EU below the 20% commitment level. However, EU is still not on path to bring down
the emissions to 80-95% by 2050. (Eurostat, European Commision, 2011). According to European
Environmental Agency, energy industries and transport sector are the biggest greenhouse gas emitters in
the EU. The energy industries lead the way, both in terms of their energy consumption and in terms of
emissions. After energy and transport, the third largest emitting sector is agriculture, which accounted for
10.3 % of total emissions in 2009. (Eurostat, European Commision, 2011)
EU policy concerns relating to security of energy supply arise due to a high dependency on oil imports
and more recently of gas imports. The dependency on energy imports in EU27 increased from 40% of
gross energy consumption in 1980 to 53.9 % in 2009, out of which the highest recorded imports were for
crude oil (84.1%) and natural gas (64.2%). (Eurostat, 2011)
Natural gas plays an increasing role in European energy mix both from total primary energy supply to
consumption in residential sector. The prospects for boosting natural gas consumption in European
energy mix are strongly influenced by Germany’s decision of switching off from nuclear facilities and
rising interest of natural gas in the transport sector, mainly due to the lower tail pipe emissions of natural
gas when compared to gasoline fuel.(Lawson & Nylund, 2000)
Consumption of Natural gas in EU member states is expected to rise from 437 mtoe in 2007 to a range
between 500 and 535 mtoe in 2030, which corresponds to an increase between 14% and 23% in
consumption figures by 2030. The proportion of natural gas in European primary energy demand may
increase from 24% in 2007 to 27%-29% by 2030.(Eurogas, 2010). The gas grid infrastructure in Europe is
well established. A recent analysis resulting from the expected increase in European gas imports lead to a
risk of high dependence on Russia and recommends diversification of the gas supplies. (Bilgin, 2009)
Biomethane is currently the most important renewable option for gaseous fuel supplies and it is fully
compatible with natural gas infrastructure. (Adelt, et al., 2009). Biomethane is produced when biogas from
anaerobic digestion or syngas produced from gasification, is dried, cleaned of impurities and upgraded to
natural gas quality (similar wobbe index) with around 97% methane, remaining carbon dioxide and some
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minor constituents. The major benefits derived from biomethane injection into the natural gas grids are
reduced Greenhouse gas (GHG) emissions from waste management facilities as well as natural gas
substitution. Additionally a benefit of mobility in terms of flexible end utilisation is offered once biogas is
injected in natural gas grid.
1.1.1 Biomethane - Climate benefits and reduced import dependency
Sustainable production of biogas and subsequent replacement of natural gas by grid injection provides a
path to achieve a climate friendly energy economy. Natural gas substitution also leads to reduced
dependence on the import of a fossil based energy carrier. Based on a study conducted by E.ON Ruhrgas
on their own measurement data, GHG emission reduction of more than 80% compared to natural gas are
feasible using efficient energy crop generation techniques and minimization of losses in process. (Adelt, et
al., 2009). From the literature, upgrading of biogas to biomethane and injection into natural gas grid
potentially increased the primary energy input to output ratio by a factor of nine when compared to direct
combustion of natural gas in CHP without heat utilisation. (Pöschl, et al., 2010)
1.1.2 Biomethane - Versatility of application
The most common application of biogas is electricity production with or without waste heat utilisation.
The efficiency of electricity production ranges from 35-40 % and in case waste heat is effectively utilised
then the net electric and thermal efficiency can go upto 80% (Gebrezgabher, et al., 2010). Injection into
the natural gas grid presents itself as a most plausible mode of utilization through delinking the producer
and end user. Biomethane can provide heat in district heating systems; it can be used in automotive fuel
applications and can even be used to generate electricity in natural gas engines during peak hour demand
conditions, once it is injected in natural gas grid.
Successful deployment of a biomethane project requires close interaction between all the actors present
along the value chain (from feedstock producers, biogas plant operators, gas distribution companies to
end consumers). This interaction is guided by well-established and transparent legal and regulatory
guidelines. The long-term viability of such a project is ensured when appropriate financial measures and
support policies are in place.
There exists vast variation in European countries regarding support conditions and regulatory framework
for biomethane generation. But regardless of the variance, the countries with considerable experience in
biomethane projects reveal a coordinated action in terms of academic, industrial and economic cooperation. This co-ordination is guided by the established legal guidelines, political framework and
financial support conditions
In order to analyze the successful diffusion of biomethane to grid injection from the perspective of
countries who are yet on their path to develop biomethane strategies; as a means to achieve renewable
energy generation target, the whole system of biomethane generation has to be studied carefully.
Subsequently the learning developed can be used to assess and promote biomethane in countries where
the technology is still in nascent stage.
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1.2 Purpose of the Study
The diffusion of “biomethane to natural gas grid injection” as a technology, is greatly affected by national
policies and targets, guiding regulations on grid injection, governmental support in terms of reliable
policies and active involvement of key stakeholders in the value chain. (Redubar, 2009)
Biomethane to natural gas grid injection is gaining momentum within European countries. Currently, nine
countries in European Union are practicing grid injection and other countries are in various phases of
development (Arthur Wellinger, 2012).
The purpose of this study is to develop a framework, based on which the national approach towards
development of “biomethane to natural gas grid injection” (BTG) can be assessed in terms of its strengths
and weaknesses Once a framework for assessment is developed, it can then be applied to formulate
strategies for addressing the weaknesses in the system or to promote initiatives that boost the deployment
of the concerned technology. For the purpose of evaluation two case study countries in EU are chosen for
application of developed framework and the results are evaluated. The UK and Germany are used as case
study countries to demonstrate the application of the TIS methodology for this assessment.

1.3 Research Question
The main research question that is investigated in this study is:


How to gain insight into the technical, technological and institutional conditions that shape the state of development
of biomethane to natural gas grid injection?

This research questions can be further elaborated as:



How do support activities within a country’s strategy for biomethane production and utilization, promote
development?
How to identify the strengths and weaknesses in the national approaches for successful development of BTG?

1.4 Basic framework for evaluation
The concept of Technological Innovation System (TIS) has been developed to study the emergence and
diffusion of new technologies over time and to identify the pattern, which is responsible for the course of
such processes leading to the success or failure of the innovation system.(Carlsson, et al., 2002) (Jacobsson
& Johnson, 2000).
A Technological Innovation System (TIS) is defined as a
“Network or networks of agents interacting in a specific technology area under a particular institutional
infrastructure to generate, diffuse, and utilize technology.” (Hekkert, et al., 2007)
The development and diffusion of technologies is a result of interplay between the associated actors, their
networks and the set of rules defining the interaction between these actors called as institution.
Example of actors includes entities responsible for research, production, industrial activities as well as end
consumers. Institutions are set of supportive legislation and technology standards. The networks may
relate to the linkages or associations formed between the various categories of actors.
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1.5 Limitations
Biomethane production is possible via two major pathways –
Production and conditioning of biogas produced from anaerobic digestion of non- lignocellulose biomass
and Production of Synthetic Natural Gas (SNG), formed during the gasification of lignocellulose biomass.
Biogas production through anaerobic digestion is well established around the world but the production via
gasification is still in demonstration and development phase (Seiffert, et al., 2009). Hence, for the purpose
of this study, BTG system is defined only focusing on biomethane generation through anaerobic
digestion.
Due to the limitation of time within the scope of study, the case study analysis was carried out through
desk-based research and secondary sources. Involving expert interviews and opinions to formulate the
study could develop an extensive research.
A major limitation that was experienced in researching data for case study country evaluation was the nonavailability of public literature in English. This was a practical limitation experienced at the researchers end
and by no means hinders or obstructs the adaptability of the framework.
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2 Introduction
This study aims to assess the national approaches towards the development and diffusion of biomethane
injection to natural gas grid, by adapting the theoretical framework of Technological Innovation System
(TIS). This framework evolves from the concept of innovation studies. The definition of innovation
studies as suggested by Freeman (Freeman, 1988)
“…Systems of innovation are networks of institutions, public or private, whose activities and interactions
initiate, import, modify, and diffuse new technologies”,
The institutions are “ the rules of the game” or the binding constraints that shape the interaction between
agents of a system. A major insight, which has underpinned the field of innovation studies, is that
innovation is a collective activity. It takes place within a much broader ecosystem “the innovation system”.
The success of an innovation system depends highly on how it is build up and how it functions. The
functional dynamics of an innovation system directly correlates to the diffusion of a given technology.
Many innovation systems are characterised by inherent flaws, which may hamper the development and
diffusion of innovations. In order to facilitate the understanding of dynamics of an innovation system a
recent approach of Technological Innovation System (TIS) is sought in this study.

2.1 Technological innovation system (TIS)
Technological innovation system is a concept developed to examine the nature and rate of technological
change. A key article on Technological Innovation System (TIS) by Hekkert describes the system as
“…A network or networks of agents interacting in a specific technology area under a particular
institutional infrastructure to generate, diffuse, and utilize technology.” (Hekkert, et al., 2007)
Hence TIS can be defined as the set of actors associated with a specific technology interacting within
themselves under the influence of certain rules, to determine the speed and direction of the change
concerning the technology in focus.
The structure of TIS is composed of three main elements namely Actors, Networks and Institutions. The
structural components are depicted in Figure 1.

Actors

Network

Institution

Figure 1 Structural components in TIS

The three structural components are interconnected to each other. Also, members of one structural
component can be members of different TIS; there is no mutual exclusivity.
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2.2 Structural Components of TIS
2.2.1 Actors along the value chain
Actors are stakeholders that may have a direct contribution to a technology as a developer or adopter, or,
may have an indirect contribution in the form of facilitators, regulators and financers. It is through the
interaction of actors that a particular technology is generated, diffused and utilised. Various categories of
Actors may include firms along the value chain (both upstream and downstream) i.e. universities, research
institutes, public bodies, financing institutions, manufacturing industries, engineering and construction
firms, regulating authorities etc.
2.2.2 Institutions in the value chain
Institutions are the legal and regulatory guidelines that have an impact on the TIS in focus. The
institutional structure forms the core of an innovation system. A distinction can be made between formal
and informal institutions. Formal institutions are the rules that are formed by an authority whereas
informal institutions are shaped organically by mutual interaction between the actors. Generally
Institutions need to be adjusted, or aligned to favor the diffusion of a new technology.
2.2.3 Networks in the value chain
The networks are made of various associations formed due to the mutual interaction between the actors
present in the value chain. Networks may link education and research institutes to industries, industries to
trade associations, policy forming institutions to general public, producers to consumers. Various
networks are depicted in Fig 2.

Policy and Regulation
forming organisations
Research
organisations

Supply side
organisations

Demand side
organisations

Support organisations
Figure 2 Network within the TIS
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2.3 Dynamic functions of TIS
Various TIS containing similar components may function in completely different ways. A well
functioning TIS is a prerequisite for the growth and diffusion of the technology in focus. In order to
understand the mutual interaction between the various structural components of a TIS, a set of system
functions have been devised. These system functions are evaluative in character and they state how an
innovation system is performing. By observing the dynamics between these system functions, the shape
and growth pattern of TIS can be obtained. Measuring the functional dynamics of TIS is a major
discussion in Innovation system research. Jacobson (Jacobsson & Johnson, 2000) developed the concept
of analysing system functions, where a system function is defined as
“A contribution of a component or a set of components to a system’s performance”
An overview of system functions is presented below Table 1. It is adapted from the description provided
by Hekkert (Hekkert, et al., 2007).

System Function

Description

F1

Entrepreneurial activity

Entrepreneurial activities are the core of any TIS as they
exploit business opportunities and perform innovative
commercial experiments. Entrepreneurs can be broadly
categorised in two groups: new entrants who have novel vision
of technology or incumbent companies seeking to diversify in
emerging technologies

F2

Knowledge formation and
diffusion

Knowledge development through research and development
activities is pre-requisite for innovation to occur. Knowledge
diffusion through the means of interaction between the actors
is crucial to direct the flow of knowledge from R&D
experiments to actual market commercialisation.

F3

Guidance of the search

Emerging TIS will always compete with existing Technologies
and the growth and success of emerging TIS is highly
dependent on preferences of industry, government as well as
the market.

F4

Market formation

An emerging TIS needs to be protected and nurtured hence
there arises a necessity to create a niche market for the same as
well as create temporary competitive advantage by advocating
suitable policies and tax regimes

F5

Resource mobilisation

The availability of financial capital is an essential basic resource
and contributes to all other functions. A lack of financial
resource may hinder the development of TIS

F6

Legitimisation

The emergence of new technology often faces resistance.
Legitimisation comes through lobbying, the purpose of which
is to put the technology on agenda, acquire resources and
secure a favorable tax policy

Table 1 - Description of system functions
-16-

It is stated that a TIS may be analysed in terms of how these system functions have been served. The
functional pattern emerging due to the interaction of TIS is mapped by studying the dynamics of each
function individually as well as their inherent interaction.
In this study, the system functions will be adapted in terms of the corresponding activities within the BTG
TIS. The adaptation and description of these corresponding activities follows later in the report.
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3 Methodology - Adaptation of framework
The method of analysis that will be used to evaluate national approaches towards the development of
biomethane to natural gas grid injection, is based on a study by Staffan Jacobson and Anna Bergek
(Jacobsson & Bergek, 2007). In the study, the authors describe a scheme to analyse innovation system
dynamics through a practical approach. Policy makers can use this scheme to identify key policy issues as
well as set policy goals. The author’s scheme of analysis lies on six steps as depicted in figure 3.

Figure 3 TIS scheme for analysis (Jacobsson and Bergek, 2007)
The methodological approach described below is developed specifically to study BTG TIS, keeping
Anna’s work in context.
First step as described by the authors involves setting up the TIS in focus. System boundary has to be
drawn around the TIS to enable a careful evaluation. The processes involved in the TIS have to be clearly
defined and demarcated from competing technological pathways.
For this study, the biomethane production to natural gas grid injection TIS has been described in brief and
the BTG TIS system boundaries are defined.
The second step as per the author involves a categorisation of structural components. For this study
various categories of actors, networks and institutions involved in the BTG TIS are collated and their
influence along the value chain is identified. The involvement of the structural components within each
category is identified based on the available case studies of ongoing biomethane to natural gas grid
injection projects.
The fourth step in analysis involves mapping the functional dynamics for the system. To map the system
dynamics, the authors describe a series of functions. Researching these system functions can aid an analyst
to make composite judgment utilising both qualitative and quantitative data. The authors further move on
to describe a strategy that involves analysis of these system functions, ultimately aiding the policy makers
to identify key issues and frame supporting policies.
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For the purpose of this study the system functions are adapted to represent BTG TIS. Since the analysis
involves researching the system functions from both qualitative and quantitative aspects, the outcome of
analysis may differ from researcher to researcher.
Benchmarking TIS within more than one region or country may pose to be non symmetric as each region
has its own specific characteristics (raw material and technology availability, energy security and
environmental concerns) that may shape the growth of a TIS. There arises a need to effectively assess the
strengths and weaknesses and hence develop a definitive strategy for successful diffusion of biomethane
to natural gas grid injection. Hence, to minimize the variations in analysis due to the broad nature of
system functions, a series of diagnostic questions are developed which are based on the description of the
system functions. These diagnostic questions assist in evaluating the system functions with respect to their
current performance level.
The diagnostic questions pertaining to each system function are further condensed to generate a set of
performance indicators. These performance indicators also aid in effective repeatability and consistency of
the study, when applied in the context of different countries or different regions. The exploration of
performance indicators can provide a toolset to assess the strength or weaknesses of a given system
function.
The major work in this study using the scheme of analysis as described by Jacobson and Bergek, has been
the definition of BTG TIS in focus, identifying the respective structural components and defining the
system function for dynamic analysis.
The development of the diagnostic questions and performance indicators is carried independently from
Jacobson and Bergek‘s work, mainly to develop a framework, which leads to the solution for the research
questions posed within this study. The set of diagnostic questions and performance indicators provide a
tool set to qualitatively analyse the system functions and score them on a scale of 1 to 5.
The scale of scoring is subjective in nature and it has been broadly defined to minimize margin of error
arising due to the qualitative nature of the research:
1 = very weak function
2 = weak function
3 = balanced function
4 = strong function
5 = very strong function
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4 Biomethane to natural gas grid injection TIS
Biomethane is a gaseous fuel that is derived from treatment of biogenic resources and subsequently
conditioned to meet natural gas quality as per natural gas grid specifications or the specifications for
vehicular fuel applications. The most established pathway for biomethane production is through anaerobic
digestion. Anaerobic digestion is a biochemical process in which organic biomass source is broken down
in a series of steps by microorganisms in an oxygen-free environment, producing biogas as a natural
byproduct. The gas produced is thus cleaned of impurities and upgraded to increase its energy content.
The second pathway for biomethane production is through thermo-chemical gasification of lignocellulose
biomass (woody biomass) producing synthetic natural gas (SNG), the process still under demonstration
stages(Seiffert, et al., 2009). In this study biomethane relates to upgraded biogas, which is produced via
anaerobic digestion. The process chain for biomethane to natural gas grid injection (BTG) is depicted in
the figure below.

Biogas production
Gas cleaning and upgrading
Grid injection
End utilisation
Figure 4 Biomethane injection in ntural gas grid - process chain

4.1 Production via anaerobic digestion
Biogas is generated when microorganisms decompose biodegradable material in the absence of oxygen.
Biogas for industrial applications can be produced at sewage treatment plants (sludge fermentation stage),
landfills, and organic residues generating industries and at digestion plants for agricultural organic waste.
The nature of feedstock and operating conditions determine the composition of produced biogas. Raw
biogas mainly consists of methane (CH4, 40–75%) and carbon dioxide (CO2, 15–60%). Some amount of
water (H2O, 5–10%), hydrogen sulfide (H2S, 0.005–2%), siloxanes (0–0.02%) and other impurities
(Ryckebosch, et al., 2011). In order to be suitable for injection into the natural gas pipelines or for usage as
vehicle fuel, biogas must be dried, cleaned and upgraded to meet quality specifications.
Typically 30–60% of the input substrate is converted to biogas during the process of anaerobic digestion.
The remaining material forms a residue that can be used as fertilizer in agriculture and thus substituting
energy intensive commercial fertilizers (Lantz, et al., 2007)

-20-

4.2 Biogas cleaning and upgrading
Raw biogas obtained from anaerobic digester, sewage treatment facilities or landfills is not suitable to be
fed into the gas grid with its formative composition, since it is contaminated with impurities that may
cause damage to downstream distribution and utilisation equipment. Hence, raw biogas needs to be
cleaned of its impurities and upgraded to match the combustion specifications of natural gas in the grid.
The treatment of biogas starts with a cleaning process that removes trace components that are harmful to
the natural gas grid or end-user appliances.(Ryckebosch, et al., 2011)
Based on the substrate and technical design of the fermenter, raw biogas may contain impurities that may
have a detrimental effect on the utilsation equipment.

Impurity

Impact

CO2

Reduces overall calorific value; promotes corrosion of metallic parts by
formation of weak carbonic acid;

H2S

Acts as corrosive in pipelines; Causes SO2 emissions after combustion or
H2S emissions in case of incomplete combustions; poisons the catalytic
convertor

H2O

A major contributor to corrosion in aggregates and pipelines by forming acid
with other compounds; formation of condensation leading to the damage of
instruments; freezing of accumulated water in high-pressure low temperature
conditions. Drying is necessary as wet gas has a lower heating value as well.

NH3

Leads to an increase in antiknock properties of engines; Causing NOx
formation

N2

Leads to an increase in antiknock properties of engines; leads to a reduction
in calorific value as well

Siloxanes

They are mainly present in biogas formed out of landfill or sewage gas. On
combustion they turn to silicon oxide leading to the grinding of motor parts

Dust

Damages vents and exhaust by clogging

Table 2 - impurities in raw biogas

4.3 Specification for biogas treatment
Raw biogas composition varies depending on the feedstock and digestion process. Each country has
its own set of quality regulations for feed in of gases in the public supply. When injecting the raw
biogas in gas grid, cleaning and upgrading of raw biogas is performed to match the local specifications
of natural gas. The standards are usually defined for unconventional gases including biomethane
produced via gasification or via anaerobic digestion. Table 3 describes the raw biogas composition in
comparison to German Natural gas standards.
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Parameter

Biogas
from
anaerobic
digestion
(average 60%)
methane

Landfill
gas

Natural gas standard
in Germany ( DVGW
G 262)

Wobbe
(MJ/Nm3)

Index

23

16

37.8 – 46.8
46.1 – 56.5 (H)

Relative
(kg/Nm3)

Density

1.2

1.3

0.55 – 0.75

Methane variation
(volume %)

53-70

35-65

> 96

Carbon
Variation
%)

30-47

15-50

Dioxide
(volume

(L)

6

Table 3 - comparison of biogas composition

4.4 Biogas upgrading
Currently there are several technologies in practice that are used to clean and upgrade biogas to reach the
required specification for natural gas grid injection. A brief description of the techniques is provided in
Table 4. (Fraunhofer UMSICHT, 2009)

Basic Principal

Technique

Process description

Absorption

High pressure water scrubbing

Water absorbs CO2 under
high-pressure
conditions.
Regenerated
on
depressurizing.

Chemical scrubbing

Amine solution absorbs CO2
Regenerated on Heating.

Organic solvent scrubbing

Polyethylene Glycol absorbs
CO2 Regenerated on heating
or depressurizing.

Adsorption
Pressure Swing Adsorption
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Pressurized gas is passed
through activated carbon
adsorbing
CO2.
Once
pressure is reduced, adsorbent
is regenerated by releasing
CO2

Membrane

Membrane Separation

Pressurized gas is passed
through a membrane system,
which
has
selective
permeability for methane.

Cryogenic

Cryogenic separation

Biogas is cooled till CO2
separates out as solid or liquid.

Table 4 - brief overview of biogas upgrading techniques
The selection of techniques varies on the basis of energy consumption, in proportion of methane slip as
well as in specific upgrading cost for biomethane production.

4.5 A note on EU wide standard for grid injection
Since the liberalisation of European gas market in 2007, harmonisation of standards for the feed in of
biogenous gases in public supply grid is desired to ease cross-country trade applications. An EU wide
standard will ensure that a stable quality of biomethane is available throughout, which will have direct
implications on common tuning of upgrading equipments. This will also lead to standard regulating and
permitting procedures reducing permit delay for setting up a biomethane injection unit.
Biogasmax, one of the leading projects under Sixth European framework, supported biomethane
utilisation by researching a number of technical, technological and environmental issues. European
commission had requested Biogasmax project to come up with a standard specifications for biomethane
injection. The project team in Biogasmax came up with proposal identifying a need to harmonise the
units of concentration, proposed limited injection of low methane content biogas as well as unlimited
injection in terms of substitution of natural gas. Biogasmax stated that a common standard for grid
injection of biomethane will be drawn from the experience of countries already practicing injection. The
recommendation of Biogasmax will serve as a backdrop on which an international standard will be based
(Huguen & Gildas Le, 2010)
Currently CEN (European committee for standardistion) has mandated a working group TC 408 to come
up with a balanced suggestion of standard regarding biomethane grid injection as well as usage as vehicle
fuel that can be accepted by all European nations (CEN, 2011)

4.6 Gas Grid injection
4.6.1 Compression, odorisation and conditioning
Biogas compression is dependent on the pressure levels of the adjacent grid as well as the outlet
conditions of gas from upgrading process. The natural gas distribution grid may contain three pressure
zones high-pressure zones: above 4 bar, medium pressure zone varying between 0.1 to 4 bar, and low
pressure distribution lines below 0.1 bar. (Redubar, 2009).
Compression is also a factor of gas condition from the outlet of upgrading process. The amount of
compression required for grid injection depends on the distribution pressure range of the grid as well as
gas condition from the outlet of upgrading process.
Gas odorisation is performed when the upgraded biogas is fed into the distribution pipeline. The grid
operator determines the kind of odorant and the minimum requirements for safe operation. Each country
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has a designated agency that lays down technical specification prescribing the gas odorisation. In case the
wobbe index or the energy content of the upgraded biogas is below the energy content of regional natural
gas distribution system, then the end user may receive lower energy value for the same gas flow rate. To
avoid such practical hassles, the upgraded biogas has to be conditioned by augmenting it with LPG or
propane to ensure constant energy content within the distribution network.
Gas properties measurement is carried out before injection, in order to ensure conformation to the local
specifications. The measuring equipment mainly monitors fuel value, heat value, density and wobbe index.
These indicators are mainly required to monitor the combustion related specifications. Other
characteristics that are periodically monitored are concentration of CO2, sulphur components, gas
impurities as well as water dew point and condensation point temperatures. In order to ensure heat
equivalent transfer any time, measurement of gas properties serves as a control factor.
4.6.2 Grid Injection
In practice biogenous gases have to be conditioned to the prescribed gas quality specifications before they
can be fed into the public gas grid. Once the gas is conditioned to reach the desired quality, it can be fed
as:
Exchange gas: implies unlimited volume of injection to substitute base gas. In this case the transferred
energy quantity plays a key role. The average heating value of biogas formed through anaerobic digestion
(with 60% methane content on an average) is around 23 MJ/m3 (refer table 3) and is way low than the
desired energy value. Hence, for usage as an exchange gas CO2 content has to be reduced by upgrading to
the requirements concerning gas quality as well as gas billing (energy content). Exchange gas has to be
fully compatible with the existing gas quality being supplied in a region. In case, lowering the CO2 content
still does not raise the energy content of the gas to desired level, external augmentation is required to raise
the heating value.
Admixture Gas: when the injected gas is used as supplemental gas to the base gas. The maximum addition
volumetric flow rate of injected gas in this case is determined by the range of fluctuation of the calorific
value permitted in the region.
4.6.3 Biomethane Utilisation
Biogas offers flexibility in terms of utilisation options. Biogas can be used to produce decentralised
electricity and heat generation in CHP units; it can be used for combustion in heat only boilers for district
heating and industrial application and it can be used as a renewable fuel for natural gas vehicles
When upgraded and fed in the gas grid, it can substitute all natural gas applications and most important
upgraded biogas or biomethane is a climate friendly vehicle fuel.
A comprehensive study conducted by Martina Pösch and colleagues (Pösch, et al., 2010) determines the
energy efficiency of different biogas systems, by analysing the Primary Energy Input to Output ratio
(PEIO). The study evaluates the biogas system considering impact of feedstock (single and co-digestion),
process chain involving production and possible combinations of utilisation, as well as management
practice of spent digestate. The study boundary is described in following figure (Pösch, et al., 2010). The
biogas utilisation scenario presented in the study includes:




Electricity generation: via Combined Heat and Power generation (CHP), Fuel cell technology,
Stirling engine and micro gas turbines.
Sole Heat generation: including process heat demand, heat utilisation in district heating systems,
organic rankine cycle process.
Utilisation as trigeneration units (combined heat, power and cooling units)
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Upgrading of biogas to biomethane and injecting in gas grid

The cases considered in scenario analysis include small scale plants that mainly utilise biogas at source and
large scale facilities that utilize the gas for wider distribution. The cases are described in the following
table:
Biogas utilization
pathways

CHP
External heat
Cooling energy

Small-scale plants

Large-scale plants

Base SS

a

b

c

d

*

*

*

*

*

*

*
*

e

f

Base LS

A(U)

*
*

B(U)

C(U)

D(U)

E(U)

*

*

*

*

ORC

*

Stirling engine

*

Micro gas turbine

*

Gas grid injection

*

Transport fuel

*
*

Fuel cell

*

Table 5- Description of scenarios analysed

Primary Energy Input

Primary Energy Output

Figure 5 Boundary for material and energy flow
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*

The key findings of the study reveal:




PEIO variation in small and large scale plants typically range between 4.1 – 45.6% and 1.3 –
34.1%, the variation arising due to inherent system and process efficiency.
Most efficient energy conversion pathway (Lowest PEIO) for small scale plants is Stirling engine
with utilisation of generated heat.
The most effective utilisation for large scale plants stand out to be gas grid injection coupled with
a small scale CHP unit to satisfy digester heating requirements.

Primary Energy input to output ratio %
50%
45%
40%
35%

30%
25%
20%
15%
10%
5%
0%

Base
Base
D(U
a
b
c
d
e
f
A(U) B(U) C(U)
E(U)
SS
LS
)
primary input to output ratio % 46% 6% 39% 6% 44% 4% 6% 34% 12% 1% 9% 27% 6%
Figure 6 Influence of biogas utilisation pathway on PEIO ratio for small and large scale plants
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5 Actors, Networks and Institutions along the value
chain
The biomethane production and subsequent injection into the natural gas grid involves actors from
agricultural, industrial and regulatory domains. These actors interact within various organisational settings
that result into network formation. At each step along the value chain, the existing institutions guide the
interaction of the actors. A well functioning TIS will have all the components of the structural elements
i.e. actors networks and institutions, highly developed and in place.
TIS may share its structural components with a competing or pre existing technology pathway. A
categorisation of all structural components aids in identifying the present state of TIS. If sufficient
number of actors within respective categories is present, the institutions are in place and the networks are
established, the TIS is said to have attained maturity. On the other hand, lack of certain category of
structural elements can lead to an imbalanced development of the TIS, hampering the successful diffusion
of the technology.
The following tables provide a classification of structural components with regards to the biomethane
production and injection in natural gas grid TIS. The classification is a result of observing the complete
value chain as is exists in countries with ongoing activities within biomethane production and utilisation.
The information is mainly collated and organised based on the best practice studies regarding the ongoing
activities available in public domain. This work has been performed solely for the purpose of this study
and has not been adapted from any other publication. For further clarification on Actors, Networks and
Institutions refer chapter 2.3.2.
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The actors and their overlapping interests along the complete value chain are depicted in the table below:
Actors along
value chain

the

Biogas
produc
tion

Cleaning
and
upgrading

Grid
Injection
Distribution and
Transportation

End
utilisation

Farmers



Industries
with
organic
waste
generation units



Solid
Waste
processing facilities



Consultants









Equipment
Suppliers,









Plant engineering,
construction
and
operation
companies



















Energy
units
Energy
companies

Trading
Supply



Gas
distribution
companies
Research Units









Financing Units









Investors









Policy makers









Local authorities








Energy Consumers
Table 6 - Actors and interests along the value chain
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The associations (Networks) that highlight and promote the collective interest of each actor along the
value chain of biomethane production and subsequent injection in gas grid are depicted in Table 7.

Networks
along
the value chain

Biogas
production

Farmers
association
Agricultural
organizations



Cleaning
and
upgrading

Grid Injection
Distribution and
Transportation

End
utilisation

/

National biogas/
biomethane
associations









Regional Biogas
Associations









Waste
industry
associations



Local
municipalities









Environmental
Association





Non
Governmental
Organization





Research
Associations









Lobbying groups









Public
Cooperation









Industrial
Associations









Table 7 - Networks and overlapping across value chain
Lack of a structural component may act as a barrier towards promoting the successful diffusion of the
technology; hence, from the perspective of analysing the TIS in its functional terms, it is imperative to
correctly identify the major structural components.
Within the context of biomethane production and natural gas grid injection, there exist certain directives
and mandates prescribed by the European Commission that supersede the internal rules set by each
member state. The details for these criterions are listed in Appendix. Along with these directives, each
country may have its own set of regulations. These institutions can be broadly classified in the following
categories, as applicable to its position in the value chain:
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Institutions along the
value chain

Institutions
applicable across
EU

Country Specific
Institutions

Sustainability Criteria
Renewable Energy
Directive
Waste Management
Directive
Fuel Quality Directive
Guidelines to facilitate
grid access
National Renewable
energy plans and target
(NREAP)
Country specific
agricultural policies
Country specific
regulation on substrate
usage
Gas Quality
Specifications
Grid Access regulations
Renewable Fuel
Obligations

Biogas
production

Cleaning
and
upgrading









Grid Injection
Distribution
and
Transportation



End
utilisation

























































Table 8 - Institutions and overlapping along the value chain
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6 System functions of TIS in focus
In order to fulfill the primary aim of this research and to develop a framework to evaluate the national
approach toward deployment of biomethane to natural gas grid injection, the set of system functions
described in previous chapter are further elaborated in the context of the TIS in focus. The working
methodology is described at length in Chapter 3. Assessment of the system functions will lead to the
emergence of a functional pattern that highlights the strength and weaknesses of given system. In order to
facilitate this understanding, the system functions are characterised by a series of diagnostic questions. The
system functions and their applicability within the biomethane to natural gas grid injection can be
described as:

6.1 Entrepreneurial Activity
(Hekkert, 2007) describes entrepreneurial activity as an essential element in emerging TIS. Emerging TIS
may involve considerable uncertainty in terms of available technologies, application, and market demand
and structure (Jacobsson & Bergek, 2007). Although uncertainty is involved during the course of
progression of any technology, it is the development of supporting conditions like policies and regulations
that tend to reduce the risk of failure. These policies, standards and regulations are formed as a result of
experiential activities and trials conducted by actors involved within the TIS.
BTG TIS overlaps actors from the biogas production value chain as well as from natural gas distribution
and utilisation value chain. A major set of actors along the value chain of BTG TIS is part of the already
established biogas industry. A country may have active participation of the actors belonging to biogas
production or plant engineering and operation, research associations, financing categories but may lack
technological prowess in terms of upgrading technology, grid injection and distribution. In such a case the
development of biomethane generation is hampered. The structural causing weaknesses in the system can
be evaluated by posing a set of diagnostic questions as:




Is the number of actors in the value chain sufficient?
Is the trend of growth of the actors in the value chain inclining or leveling?
Is lack of actor in certain category forming a barrier for the development of BTG TIS?

6.2 Knowledge development and diffusion
This function aims to capture the breadth and depth of the current TIS in terms of available knowledge
base as well as accessibility and flow of knowledge to respective actors. Knowledge development can be
differentiated in terms of scientific and technological knowledge, production and operating knowledge as
well as knowledge about operating market conditions or application specific knowledge. A lack in
knowledge development within any of the categories in the value chain can still be overcome if the lagging
category is rightfully identified and knowledge available from international experience is dispersed through
appropriate platforms like trade conference or educational seminars.
Posing the following diagnostic questions can assess this system functions:
How broad is the scope of research activities? Does it generate sufficient technical, operational and
market-oriented experience concerning the categories of the value chain?




Is sufficient number of pilot trials conducted?
How many or how frequently are conferences and workshops being conducted?
What is the participation level of the actors within the conferences and workshops?
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6.3 Guidance of the search
This system function relates to the expectation of actors in the growth potential of the technology in
focus. It covers the mechanisms that motivate the actors to take necessary steps for the propagation of
technology. These mechanisms cause an overarching influence to shape the course of technology
propagation within the constraints of well-defined regulations. For the case of BTG TIS, the motivation
for biomethane production and grid injection arises mainly from availability of studies depicting the
energy generation potential for biomethane in regional as well as national context, specifically supportive
policies as well as clear and transparent regulatory guidelines. An assessment can be made on the basis of
the following diagnostic questions:











Is the substrate potential of biogas / biomethane generation studied within the countries context?
Is such a study available to the actors in the value chain?
Do national targets for biomethane generation exist?
Is there a national target or recommendation to substitute a percentage of natural gas with
biomethane?
What are the governmental policies in support of biomethane generation and grid injection
(environmental or energy security or waste management)?
Are the regulations for gas quality requirements for grid injection clearly specified?
Is the procedural requirement to establish a grid connection established and clearly documented?
Existence of any national targets for vehicle fuel substitution with renewable fuel?
Are there any restrictions on usage of substrate?
Is there a national policy regulating the purchase of biogas in gas grids?

6.4 Market Formation
This system function analyses the existence of market place for the technology in focus. To understand
the sequence of the formation of market, both actual market development as well as the forces which
drive the market has to be understood. It is also important to have a well-articulated demand arising from
the perspective of end user. For BTG TIS the most prevalent end utilisation is within heat provisioning,
generation of electricity in CHP units and in automotive fuel application. In order to evaluate which end
utilisation is being promoted or which end utilisation has a larger potential for utilising biomethane, a set
of diagnostic questions can be posed as:









Does a niche market application for biomethane exist, or is it being promoted?
Existence of financial incentives for biomethane generation and grid injection?
How reliable and extensive is natural gas infrastructure?
What is the role of natural gas in current energy mix?
What is the demand pattern for heat and CHP applications?
Can biomethane drive a proportion of heat and electricity demand?
How extensive is the CNG filling station infrastructure?
Do CNG vehicles form a growing segment or niche segment?
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6.5 Legitimisation
Characterising legitimacy involves assessing the perception of actors along the value chain with regards to
their engagement in the promotion of the technology. Legitimacy can be viewed from two different
aspects, the direct legitimacy relating to compliance with established institutions as well as the indirect
legitimacy related to end user acceptance of the technology in focus. The growing utilisation of biogenic
resource to produces energy has immense environmental benefits. Regardless of this fact, there is
opposition from the people especially in densely populated areas against construction of plants using
biomass as feedstock. The opposition then results in delay in permitting procedure for the construction of
the plants and hampers the dispersion of the technology. Enhancing public awareness as well as
participation is crucial activity to informally legitimize the technology in focus (Rehatschek, 2009)





The series of diagnostic questions that could be framed for the given system function are:
Is permitting or legal procedure with regional offices causing a barrier?
What are the activities of lobbying group or promoting organisations?
Is there an issue of public acceptance against biogas plant construction? Is such an issue being
addressed?

6.6 Resource Mobilisation
With the evolution of TIS a range of resources need to be mobilised. These resources mainly involve
human capital, material resources as well as financial capital. In order to assess this function in the context
of BTG system, we can pose the following diagnostic questions:





Are there any indirect schemes, schemes promoting end use of biomethane e.g. tax benefits on
vehicles, investment subsidies etc.?
Is sufficient skilled human resource available?
What is the status of government funding of projects in this sector?
What is the status of access to financing options?
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7 Development of Performance indicators
The set of diagnostic questions corresponding to each system function can be further condensed in form
of performance indicators. The main advantage of developing a set of indicators is that it adds to the
repeatability of the study specifically when benchmarking the developmental strategy in more than one
regions or more than one country. The performance indicators are developed as:

System Function

Performance indicator

Entrepreneurial
activity

No. of actors within each category in the value chain
Growth rate of actors within value chain
Diversification activities of existing actors towards the value chain

Knowledge
development
diffusion

Ongoing research activities within the value chain
and

Sufficiency of pilot trials
Active networks in the value chain
Frequency of conferences and workshops
Participation of actors within conferences and workshops

Guidance
Search

of

the

Studies regarding substrate potential
Accessibility and availability of studies
Policies on substrate usage regulation
National targets for biomethane / biogas production, for natural gas
substitution and for vehicle fuel substitution
National policies for grid injection and gas distribution
Established gas quality requirements

Market Formation

Niche market for biomethane
Financial incentives for biomethane/ grid injection
Role of natural gas in energy mix
State of natural gas grid infrastructure
Growth of CNG fuelling station and vehicle infrastructure

Legitimisation

Activities of lobbying group
Gas grid operator acceptance to biomethane
Public acceptance to biogas/ biomethane

Resource
mobilisation

Indirect schemes applicable for biomethane
Availability of skilled human resource
Government funding of research projects and acess to finance

Table 9 - Performance indicators
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8 Dynamic analysis of Biomethane to Natural gas grid
injection in case study Countries
The set of diagnostic questions developed in previous section act as guidelines to research the state of
development of. The following sections describe the analysis of each system function within the context
of countries selected for case study.

8.1 Trend of Biomethane production in EU
The European Renewable Energy Directive (2009/20/EC) has asked the member states to submit
renewable energy sector development programs that highlighted their individual target of generation heat,
electricity and transport fuel from renewable (refer Appendix for NREAP). ECN (the Energy research
Centre of the Netherlands) has compiled all the data extracted from the 21 (out of 27) NREAP
documents sent to the European Commission on 1st October 2010 on behalf of a study funded by the
European Environment Agency.
The study reveals that European Union is set for a sharp increase in electricity production via biogas.
There is expected a rise from 27.8 TWh in 2010 to 56.4 TWh in 2020 which is equivalent to a mean
annual growth rate of 7.3%. The top contributors are Germany (23.4 TWh) and UK (5.6TWh). The
report does not specify the quantity of biomethane, that could be fed into the natural gas grid but the
figures definitely report member countries commitment to the sectors development. Based on the top
contribution the two countries are selected for case study and also to evaluate how different policies csn
promote and shape BTG development.

8.2 Trend of biomethane production in case study countries
8.2.1 Biomethane production in United Kingdom
The Anaerobic industry in UK is witnessing strong growth. At the end of 2011, there exist 214 biogas
plants accepting a variety of feedstock types ranging from food waste, farm waste, purpose-grown crop
and sewage. The plants have an overall capacity of processing 5 million ton per annum of waste material.
At present there are only two biomethane plants operational in UK, with the first plant at Didcot Sewage
work in operation only since 2010. (WRAP and NNFCC, 2012)
8.2.2 Biomethane production in Germany
Germany has more than 7000 biogas plants by the end of 2011. The number of upgrading plants is
currently the highest in EU with around 84 plants producing biomethane. There is a considerable variation
in plant size, the largest plants with biomethane production capacity of 10,000 m3/h to smaller plants
producing less than 300 m3/h of biomethane. The country has a national target of injecting 6 billion m3
of biomethane in natural gas grid by 2020. The annual installed feed in capacity at the end of 2011 stands
out to be 460 million Nm3, representing about 0.6% on Germany’s natural gas utilisation. (Strauch &
Krassowski, 2012)
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The majority of production is based on energy crops and animal manure and is used in smaller
installations mainly for the purpose of onsite electricity generation. The most preferred route of utilisation
stands out to be electricity generation via CHP.

Figure 7 - Biomethane production in Germany

8.3 Functional analysis of case study countries
8.3.1 BTG TIS in United Kingdom - Functional Analysis
8.3.1.1

Function 1. Entrepreneurial activity

This function is mainly assessed by analysis of publically available membership activities data within
specific biogas trade associations in UK. No direct data is publically available for assessing the
chronological expansion in membership. The Anaerobic Digestion and Biogas Association (ADBA) and
The Renewable Energy association biogas group (REA- Biogas) are the two major trade alliances in the
UK AD industry. REA biogas has been representing AD sector since its launch in 2001 and represents the
case when an energy industry association created a subsidiary to specially represent the interest of one
particular energy domain of anaerobic digestion, highlighting the efforts to bring AD in position of
importance.
ADBA was founded in 2010 with a vision to develop a mature AD industry in UK within 10 years. ADBA
maintains a list of over 260-member organisations under 49 different categories with separate listings for
AD project developer, Biofuel suppliers, and fleet management companies. The list reveals membership
from gas and water utility companies
A study by Niall Gordon reveals that the first companies to move into AD space were large companies
who were most likely seeking diversification activities. It further states that there is a steady increase in
membership of REA Biogas from 2000 to 2006 but the increase accelerated after 2007, almost tripling the
number by 2011. This marks growing interest of stakeholders across the value chain to initiate and
develop biogas related projects in the UK (Gordon, 2011). According to the membership categories
represented by ADBA, there exists satisfactory participation from actors across the value chain of
biomethane.
British Govt. is promoting usage of low carbon buses in the cities which further leads to growing interest
among vehicle manufacturers like Volvo, Man, Optare, Right Bus to diversify in gas powered vehicles
(NGVglobal, 2012).
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8.3.1.2

Function 2. Knowledge Development and Diffusion

The UK government is committed to encourage a significant utilisation of anaerobic digestion.
In February 2009, a study titled “Anaerobic digestion – Shared Goals” was published which set the
collective ambitions for anaerobic digestion in the country. Right after this an AD task group was
convened, which is responsible to recommend practical actions to achieve the shared goals. One of the
key recommendations of task group is to build cost effective and environmentally beneficial capacity for
uptake of anaerobic digestion.
Research Highlights
The AD task group highlighted a need for continuous research and development as a priority. The
ongoing focus of current research is based on improving - Process (operation of AD plant), Inputs (use of
feedstock) and Outputs (use of biogas and digestate).
The task group self recommends a need for enhanced research within innovative waste collection as well
as sorting techniques, improvement in performances and cost reduction of biomethane upgrading plants,
as well as research related to safety and performance of biomethane in consumer appliances. DEFRA
(Department for environment food and rural affairs) commissioned an AD evidence and gap analysis
project in April 2011 (Frith & Gilbert, 2011) which highlighted regulatory issues concerning biogas
upgrading requiring a high priority and issues concerning biomethane as transport fuel as a medium
priority, which needs to be addressed by further research. Within the “Anaerobic Digestion Strategy and
Action Plan” (DECC and DEFRA, 2011), the actions that need to be addressed in future include building
a market for digestate, and building longer term research and experience to understand the barriers for
utilisation of biomethane as vehicle fuel, as well as development of a quality protocol when biomethane
produced from waste can be utilised as a non waste product.
Demonstration projects
The government provided £10 million (12.4 million Euros) for AD demonstration program over a period
of April 2009 to March 2011. It is managed by DEFRA and five projects have been provided funding
under the following themes:






Maximising cost effective biogas production
Maximising environmental benefits from use of Anaerobic Digestion
Maximising AD to reduce carbon footprint of food supply chain
Maximising opportunity for biomethane grid injection
Maximising potential of AD to reduce carbon footprint of water treatment infrastructure.

A key feature related to diffusion of knowledge concerned with the output of these projects is a
comprehensive monitoring and reporting program managed by WRAP is available on Internet.
The 2010 budget announced funding for a project to demonstrate potential use of biomethane as road
transport fuel. A funding of £3.5 million (4.35 million Euro) was made available to fund biomethane trials
for trucks and heavy good vehicles in several areas across Europe.
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Knowledge diffusion through Advice portal
To simplify the information landscape available for AD technologies, economic, legal and regulatory
framework, the NNFCC launched a web based advice portal in 2009. The portal provides a platform for
communication to local authorities, businesses, farmers and the public as well as direct link to a wide
range of sources and information (NNFCC, 2012)
Conferences and workshops
Since 2007, the UK government has been active in engaging partnership in private and public sector. A
major outcome was publishing of UK biomass strategy and the waste strategy for England. An important
milestone was conducting a workshop to facilitate a faster uptake of Anaerobic Digestion (AD) in
England. The workshop had attendees from biogas industry, agriculture, local government, retail, regional
development agencies, NGOs and Research institutions.
Activities of Trade Alliance
Two major Trade Alliances that have come up in UK biogas sector are:
The Anaerobic Digestion and Biogas Association (ADBA)
ADBA has been organising the UK AD and Biogas Exhibition since 2010. The conference draws
stakeholders across the complete value chain to address concerning issues and improve business
productivity. ADBA also maintains 12 specific working groups covering aspects from the complete value
chain of biogas production to upgrading and end utilisation. The working groups contribute to the
ongoing concerns and discussions in the industry leading to effective lobbying actions and also act as a
source of expert information within their specific domain. ADBA conducts regular members meetings at a
frequency of 4-6 months and publishes 4-5 newsletters each year to keep the industry on track with latest
technical and market-oriented developments.
The membership as quoted by ADBA currently stands up to 260 plus members in 49 industrial categories
over the whole value chain.
The Renewable Energy association biogas group (REA- Biogas)
The group was created in 2004 and acts as a major trade alliance and lobbying group for biogas related
issues in UK. The group has 6 meetings in a year and meets every two months with concerned
government officials, as well as hold conferences, specific biogas seminars and REA public events.
Training sessions
WRAP (Waste and Resource Action Program) as an organisation was set up in 2000 to create a market for
recycled material in UK. WRAP is also involved in organising workshops and trainings related to AD
process handling. The training courses currently deal with improving operations at AD facilities and best
practices for utilisation of digestate. Wrap is also responsible for extending business support and arranging
funds for AD expansion in UK.
Regional workshops
NNFCC is collaborating agriculture, land and business associations, and regional developmental agencies
for organising a series of regional anaerobic digestion workshops for local organic waste generating
companies, farmers and waste handlers.
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8.3.1.3

Function 3. Guidance of the Search

Biogas/ biomethane potential: availability and accessibility of studies
Depending on the technology for energy generation and utilisation pathway, there exists a wide band of
energy potential from biogas, as explored by few studies commissioned by Department of energy and
Climate Change (DECC).
The Department for Environment, Food and Rural Affairs (DEFRA) had published a biomass strategy
study in 2007, mainly to expand the usage of biomass in UK as well as to adhere to national climate
change and energy policy goals. The study highlights a minimum potential of 233,689 TJ of energy from
materials quoted for wet digestion including poultry manure, cattle and pig slurry and food waste.(DECC,
2007). Studies have also been carried out to evaluate the potential for renewable gas (biomethane) under
various scenarios such as Ernst and Young for National Grid (National Grid, 2009) and SKM Enviros
for DECC (Enviros Consulting Limited, 2008)
Another analysis was undertaken by AEA and DECC for deployment of renewable energy to analyse
projected growth of biomethane for fulfilling the national targets of renewable energy generation. The
projection of the total biogas energy proposed by 2020 is 11 TWh; out of this 80% is to be derived from
food wastes and the remainder would be made of livestock wastes and energy crops. Beyond 2020, the
scope for livestock wastes and energy crops is expected to be even higher. The estimates for 2020 as
mentioned in the report are quoted as shown in table 4 (DECC, 2010).

Installed capacity for biogas utilisation Low Utilisation Scenario
(MW)

High
utilisation
Scenario

Biomethane to gas grid

480

1310

Biomethane to vehicle fuel

60

150

Biogas to electricity in CHP

230

620

Biogas to heat only

100

280

Total

870

2360

Table 10 - biomethane generation potential UK - DECC
These research studies conducted to estimate biogas/ biomethane scenarios serve as guidance for project
developers for judging the potential of biomethane in the UK market for heat and vehicle fuel. These
studies are available in public domain.
The recently published UK Biomass Strategy (DECC, 2012) describes a role for biogas that can be used
in space heating in short to medium term and in high temperature process heating in the longer term. The
short and medium term the heat requirement can be fulfilled by biomethane injected in the grid but in the
medium term there may be scope for gasification-derived bio-syngas.
Biomethane is also mentioned as a cost effective solution within Biofuel, to replace fossil fuel in transport.
Although the strategy models the biomass resource based on environmental and cost effective factors,
there are no specific targets mentioned for expanding the utilisation of the biomethane.
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National Targets for renewable energy generation and biomethane production
The national targets set for renewable energy generation in the RED 2009/28/EC is 15% of gross energy
generation through renewable. The Governments has matched this figure within NREAP target. This
figure needs tremendous up-scaling from the current value of 3.3% of renewable sourcing in 2010.
Following Wind, the second most important contribution is expected from biomass (19%), mainly in
renewable heating and cooling. Within the NREAP communication the major contribution of biogas is
within heat generation. Renewable heat from biogas is projected to amount 302 ktoe in year 2020, which
represents an average annual growth rate of 33% per year from 2010. Renewable electricity generation
form biogas in 2020 rounds upto 5.6 TWh (479 ktoe) that is a negative growth from the utilisation in 2010
(Beurskens, et al., 2011)
With the introduction of renewable heat incentive, The Department for Energy and Climate Change
(DECC) has set a target of 7 TWh/a of biomethane grid injection by 2020 and could extend to 150-210
TWh per annum of renewable gas by 2050 (National Grid, 2009).
Exploration of biomethane GHG reduction potential in countries context
The UK government has both international as well as national commitments towards reducing emissions.
Under the Kyoto protocol, an internationally agreed cut of 12.5% by 2012 was already surpassed in the
year 2000. The climate change act of 2008 sets a national binding target of reaching 80% cut by 2050 and
includes an interim target of 34% reduction by 2020, as agreed in carbon budget in 2009 (DECC, 2010)
In 2011 Wales Center of Excellence for Anaerobic Digestion evaluated a life cycle assessment of biogas
infrastructure on regional basis. It highlighted that biogas utilisation for CHP incurs the least overall
environmental impact when high utilisation of heat (80% or more) is achieved, else upgrading to transport
fuel presents the best option of GHG reduction (Patterson, et al., 2011)
The Greenhouse Gas Action Plan emphasizes the importance of a significant increase of on farm
digestion, with an aim of utilising 20% manure being used in such plants to partly satisfy the government’s
target of 3 million tons per year of GHG reduction by 2020 (NFU, 2011).
There exists growing awareness in assessing the role biomethane can play within the GHG reduction
targets. Recent years have also witnessed a growing number of trials being conducted by private
companies, evaluating the fuel efficiency and GHG reduction savings from biomethane utilisation. The
trials are conducted with due assistance from CENEX (UK government’s initiative for low carbon growth
and fuel cell technology) and GHG reductions are reported on well to wheel basis
Environmental Regulations covering anaerobic digestion
As per the mandate of EU landfill directive, the amount of biodegradable municipal waste sent for landfill
in the UK is to be reduced to 35% by 2020 of the amount produced in 1995. To fulfill this measure, UK
government has imposed a landfill Allowance Trading Scheme (LATS), wherein landfill allowance are
granted to various councils contributing to the overall national targets and the allowances are themselves
tradable on the market. In the UK, about 68% of municipal waste is biodegradable and will be counted
under LATS, the scheme itself promoting the development of anaerobic digestion facilities (Environment
Agency , 2010). Recently, the government has announced the results of a waste review committee stating
that UK is well on track of meeting its land filling targets and LATS scheme will end by year 2012/2013,
to be followed by a landfill tax instead.
DECC has introduced sustainability criteria as applicable to generators using solid and gaseous biomass
under Renewable Obligation to fulfill minimum savings of 60% against the fossil comparator. The
criterion is in line with the RED sustainability goals with general restriction on utilisation of material.
From April 2011, the generators of 50 kW and beyond are expected to report against the criterion and
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from 2013 the generators of 1MW and beyond have to comply with the criterion. A complimentary
approach is to be established under Renewable Heat Incentive allowance as well (DECC, 2011)
Technical and regulatory requirements for grid injection
The technical and regulatory requirements for establishing a grid connection for biomethane producers is
described in the document published by DECC in 2009 “Biomethane into the gas network: a guide for
producers.” (DECC, 2009) The document describes the procedural steps that need to be followed in
order to establish a connection.
There are 4 major distribution network operators that operate in 8 distribution areas. The producer has to
initiate a contract with the closes Distribution Network (DN) operator, called as Network Entry
Agreement (NEA). The NEA includes:








The point of entry (marked on a diagram)
The plant and equipment, and its ownership;
Responsibilities for maintenance and operational control of equipment
Gas quality specification
Measurement arrangements;
On-going charges
Local Operating Procedures (LOPs)

The gas quality conditions have to confirm to Gas Safety (Management) Regulations 1996 (GS (M) R).
(Archives, 1996). Further, biomethane producer has to adhere to any additional gas quality requirements
specified in the relevant Network Entry Agreement. There are even possibilities to relax the regulations on
specific site with due consultation with DN.
The Energy Market Issues for Biomethane, REA project group has come up with a set of technical
barriers for biomethane grid injection. The barriers mainly relate to GDN connection policies, Grid
capacity availability, Technical standards and Gas Quality Regulations, CV measurement and monitoring.
These are some of the critical issues, which stand as barriers towards rapid deployment of biomethane to
grid injection (Ofgem, 2012).

8.3.1.4

Function 4. Market Formation

Natural gas infrastructure and consumption
United Kingdom is the largest natural gas consumer in Europe (closely followed by Germany). Natural gas
holds special significance in the country’s gross consumption. The total primary energy consumption in
2010 stood for 204.22 mtoe with an annual consumption of natural gas being 84 mtoe (42% share of the
total fuels). Most of the gas is utilised for generation of electricity within gas-fired power plants and the
remaining is majorly used for domestic heating purpose. Domestic gas production peaked to a level of 115
bcm in 2000 and has been on a steady decline to a level of 62 bcm in 2009. The latest DECC projection as
published in low carbon transition plan states that by 2020 the net import of gas could be almost 45% of
UK gas consumption (IEA, 2010).
Natural Gas will continue to be a major source of energy mix in the future but its usage will shift from
electricity production to domestic heating and industrial sector due to higher penetration of renewable in
electricity supply mix. The UK operates on a national high-pressure system owned by sole TSO National
Grid PLC. The gas grid is extensive in length and reaches 20 million consumers. Four major companies
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operate the distribution network and also advise on creation of network entry contracts with biomethane
producers.
CNG Infrastructure
The natural gas vehicle uptake and CNG infrastructure in UK is less developed as compared to other
European nations. The current number of natural gas vehicles in UK is less than 600. The major
utilisation is within heavy vehicle applications.
The production and use of biomethane as a fuel for road transport is under study. The department of
Transport DFT has commissioned separate research in this area and a study reported the potential
production of biomethane from Waste in UK is 3060 kton per year. The main reasons cited for the low
number of road vehicles in UK are (Norris, et al., 2011) :




Availability and high cost economics of gas cleanup equipment.
Lesser research and availability of gas storage, distribution and dispensing infrastructure
Challenges related to available vehicle technology for upscaling biomethane use.

Low carbon heat market and biomethane
Around 40 % of annual energy consumed in UK is use to drive the heat demand. Renewable heat
currently represents 1% of heat generation in UK and is expected to grow significantly. The year 2010
witnessed 17% growth in renewable heat, which was mainly sourced, from biomass combustion and heat
pump utilisation. Heat comprises significant demand in the net energy consumption of industries with a
share around 80%.
The committee on climate change bioenergy review and analysis indicates that based on current feedstock
scenarios, alternative technological options for lower abatement costs utilising biomass, biomethane
injection into the grid could only be part of decarbonisation strategy. However, the scale of biomethane
injection would be a function of technological advances and the availability of affordable and sustainable
biomass resources.
Financial instruments in support of biomethane generation
The instruments supporting anaerobic digestion and in particular biomethane comprises of various
financial incentives being provided to biogas producers from a small scale facilities right till larger
installations. The support schemes differ slightly between England, Scotland and Northern Ireland and
comprise of (NNFCC, 2012):
Renewable obligation (RO) and Renewable obligation certificates (ROC)
The RO scheme is the main support scheme for renewable electricity projects in UK, which requires
electricity suppliers to source a certain percentage of their electricity from renewable sources on yearly
basis. Renewable Obligation Certificates (ROCs) are market tradable green certificates issued by the
authority to operators of accredited renewable generating stations for the eligible renewable electricity they
generate. Anaerobic digestion holds special support from RO scheme as it receives two ROC for each
generated MWh equivalent
The Renewable Heat Incentive (RHI)
The RHI was introduced in 2011, as a major instrument to promote generation of renewable heat at all
scales. It has a special focus on promoting biomethane injection of all capacities with a provision of single
biomethane injection tariff for 7.1p/kWh with a lifetime of 20 years. Biogas combustion for direct
production of heat, up to a scale of 200 kW (thermal) is supported with similar bonus.(DECC, 2011)
Levy Exemption Certificates (LEC)

-42-

This instrument supports combined heat and power generation from renewable resources by exempting
electricity generation from Climate Change Levy. The exemption is granted in the form of CHP Levy
Exemption Certificates (LEC).
Renewable Transport Fuel obligation (RTFO)
The RTFO puts an obligation on the fossil fuel suppliers for road transport to source a proportion of
transport fuel from renewable sources. The target for 2010/11 was 3.5% by volume and biomethane is
eligible under renewable fuel sources. One Renewable transport fuel certificate (RTFC) is awarded for per
liter of Biofuel, and an obligated supplier can obtain them either by supplying Biofuel itself, or by trading
with other Biofuel suppliers.
In order to align the policies of RTFO with the EU RED directives regarding transport fuel, DfT has
proposed introducing double certification for Biofuel produced from wastes, residues and lignocellulose
materials including biomethane. This will enable double appreciation when biomethane could be utilised
as vehicle fuel.
Feed in tariff (FIT)
The Feed in tariff scheme was introduced in 2010 as a main instrument to promote renewable electricity
generation. AD plants are currently eligible for a tariff of 9.4p/kWh for capacities of 500 kW and beyond.
This is a bonus payment to an additional 3.1p/kWh being paid for electricity exported to the national grid.
With a change introduced to promote smaller AD facilities, the tariff for capacities below 250 kW is
14.7p/kWh and above 250 kW the value is 13.7 for capacities till 500 kW. The lifetime of tariff is 20 years.
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8.3.1.5

Function 5 Resource mobilisation

Indirect Schemes promoting Biomethane generation
The green gas certificate scheme (GGCS)
The GGCS tracks each unit of biomethane injected in the gas grid contractually from the point of
injection to the point of exit at the end consumer level. The scheme aims to avoid double counting of
green gas and generate confidence in the consumers by providing them with Renewable Gas Guarantees
of Origin Certificate, which they can use for any regulatory, commercial or other purpose.
It is stated that in future this system may also enable the suppliers to offer domestic consumers a tariff
made up of proportion of green gas only. The green gas certificate scheme aims to generate confidence in
each stakeholder, gas producer, grid operator, supplier, trader as well as consumer regarding the actual
consumption of a renewable gas and tends to shape the market for grid injection(REA, 2011)
Biofertiliser Certificate Scheme
This certificate scheme assures farmers, food retailers and consumers that the digestate from anaerobic
digestion facilities is safe for human consumption as well as for animal health and land conservation.
Digestate that achieves certification is no longer waste and can be spread across the agricultural land
without the need of an environmental permit. The scheme tends to support anaerobic digestion and may
be fruitful in driving the market conditions(REA, 2012)
Training of skilled human resources
The Chartered Institution of Wastes Management (CIWM)(CIWM, 2011) is working on a matrix seeking
to develop different skills and training needs of people and roles related directly or indirectly to Anaerobic
Digestion. The action is part of DEFRA “Anaerobic Digestion Action Plan” and it has a dedicated Skills
Sub group that is active in addressing the issue of availability of skilled human resource in operations
concerned with anaerobic digestion. The matrix is publically available and there exists aspiration to add
information about qualifications and training courses to the matrix as well. The activity at the time of
writing the report is still under development.
Availability and accessibility of financing options
ADBA provides necessary information to project developers regarding the availability of funding. It has
set up a finance forum to help remove barriers to funding AD projects by bringing together
representatives from the main banks and the venture capital community. There is mentioning of assistance
with banks providing debt and equity funding as well as financing options for assets financing and
operating lease (ADBA, 2011).
A major fund that is being touted is ADLF.
The Anaerobic Digestion Loan Fund (ADLF) is a £10m (12.4 million Euros) fund designed to facilitate
the construction of new AD plants with an aim to support 300,000 tons of annual capacity of food waste
diversion from landfill by 2015. The ADLF provides loan for a minimum of £50,000 (0.62 million Euro)
and a maximum of £1,000,000 (1.24 million Euro) for a maximum term of five years.
WRAP working as a non-profit company backed by funding from the government of England, Scotland,
Wales and Northern Ireland, is the main source of funding opportunities within the UK. It is involved in
various funding schemes meant to support AD from community-based level to private centralised unit.
There are schemes like capital grant funding, waste prevention loan fund, funding for community
composting and AD projects.
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8.3.1.6

Function 6 Legitimisation

Activities of the lobbying group
REA Biogas is a major promoter of anaerobic digestion within the UK AD industry. It is focusing its
lobbying actions towards raising political awareness of AD, increasing remuneration for AD generated
electricity as well as for biomethane injection to gas grid, achieving greater use of biomethane as transport
fuel and simplifying and standardising the environmental permitting procedures for AD plants (REA,
2011)
ADBA has held some achievements as well within the two years of its formation. It has been instrumental
in persuading government to come up with “AD strategy and Action plan” and has been appointed as a
work leader in all 11 actions mentioned within the plan. ADBA has also been instrumental in finalising a
bid of£5.3 million funding to develop an EU Wide AD best practice scheme.
The two organisations are active in providing a platform for the AD industry professional invoicing their
concerns regarding development and promotion of AD as well as promoting and lobbying against the
interest of AD within UK.
Environmental permitting procedure
The growth of AD plants is largely dependent on Environmental permitting. The government introduced
new exemptions from the need for an environmental permit for AD plants in 2010.
The DECC within its publication “Anaerobic Digestion Strategy and Action Plan” states “The
Government is reforming the planning system to ensure that the sustainable development needed to
support economic growth is able to proceed as easily as possible. This embraces a range of measures
which should make it easier to obtain planning permission for appropriately sited AD plants.” It is not
clear when and how this might be expected to assist AD developers and whether this is would come into
force in Wales as well as England.
DECC is currently exploring the possibility of a gas license exemption for onshore gas production. This
should make it easier to inject biomethane from an AD plant into the gas grid. The outcome of this
consultation is awaited.
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8.3.2 BTGTIS in Germany - Functional Analysis
8.3.2.1

Function 1. Entrepreneurial activity

The first biogas upgrading facility in Germany started operation in Jameln in the year 2006. The upgraded
biogas was utilised in a private filling station. Subsequently, biomethane plants have witnessed tremendous
growth in Germany, the current count being more than 87 upgrading units feeding almost 55930
Nm3/hour of biomethane into the grid. (biogaspartner, 2012)
This dynamic growth was majorly triggered with the amendment of Renewable Energy Sources Act EEG
in 2009. The amendment introduced a bonus for biomethane upgrading and hence spurred the market of
upgrading and grid injection. Similarly, the year marked growth within all the actors in the value chain with
the number of actors almost doubling themselves.
The German Energy Agency - Dena initiated “Biogaspartner” project in 2007 with a two pronged
strategy: to build up a leading platform specifically for biomethane to natural gas grid injection as well as
to promote an increased utilisation of biomethane. The project strives to involve all the actors along the
biomethane value chain by supporting them in their activities to shape the biomethane utilsation market.
The following data was obtained from biogaspartner project and it reveals the existence of active players
across the complete value chain (Axel Blume, 2012)

Figure 8 Cumulative growth of actors in biomethane value chain in Germany

As mentioned before, there is a strong growth in the number of actors within the value chain and the TIS
is also a witness to diversification activities from major energy utilities and gas utilities companies like Eon,
RWE , EnbW and Gasunie (Deutsche Energie-Agentur GmbH (dena), 2012)
Given the scale of development within gas upgrading and injection, there is a satisfactory level of
entrepreneurial activity within the German biomethane industry.
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8.3.2.2

Function 2. Knowledge Development and Diffusion

With a high number of existing upgrading plants in operation in Germany, there is considerable wealth of
knowledge and experience developed with regards to biogas upgrading and injection in natural gas grid.
The Deutsches Biomasseforschungszentrum (DBFZ), German biomass research center was founded in
2008 as a non-profit organisation. The center focuses on researching the potentials and limitations of the
use of biomass for energy production. Partners in its networks include research departments of the
BMELV (Federal ministry of food agriculture and consumer protection), large-scale and regional research
institutions, selected universities as well as international research institutes active in the field of bioenergy
research. DBFZ has a dedicated working group researching sustainability and biomass potential and
regularly disseminates information regarding its studies (DBFZ, 2012).
The activities of DBFZ are also oriented towards developing new approaches and concepts for
biomethane supply and utilisation, with a view for practical implementation through pilot demonstration
projects. A major study concluded in 2011 was aimed at realising the potential of an increased production
and grid injection of biomethane in European countries such as Russia, Belarus and Ukraine and
subsequent importing the gas within Germany(SOJUS Bioenergy, 2011). The study was conducted with
due technical, economic and regulatory conditions and provided a strategy for implementation.
Various measures to develop and expand energy and climate efficiency through technologies have been
initiated in the framework of German Climate Initiative. A specific Funding program “energetischebiomassenutzung” has been developed by BMU – The federal ministry for Environment, Nature
conservation and Nuclear Safety (Energetische biomassenutzung, 2010). The funding period runs from
2009 till 2015 and is mainly focused on researching energy efficient technologies and their process
improvements. A section under the research areas is dedicated to biomethane , as “biomethane strategy”
which currently has 11 projects under its belt ranging from researching technical feasibility of synthetic
natural gas, optimization of process of anaerobic digestion, development of network for gas supply as well
as social and behavioral aspect of Biofuel supply.
Dedicated research institutes like Fraunhofer, have been instrumental in conducting joint research in
collaboration with governmental and private industries, for biomethane technology assessment and
development. The most extensive study regarding the market and availability of technologies for
biomethane generation and upgrading, was conducted by Fraunhofer UMSICHT (DENA, 2009).
Key Initiatives
Initiative for Natural gas mobility
The German federal government in its fuel strategy communication in 2004 encouraged a greater use of
natural gas and biomethane as Vehicle Fuel and aimed to achieve a 4% mix in transport fuel by 2020. The
current situation is lagging way behind target and this led to the initiation of “Natural Gas Mobility”
project. The initiative involves leading representatives of biogas, natural gas, automotive and petroleum
industries and works on two main issues – due recommendations to policy makers for extending financial
and regulatory support, as well as declaration of intent from each stakeholders perspective to develop
natural gas vehicle infrastructure (dena - German Energy Agency, 2011).
Biogaspartner project
Dena has developed a partnership in collaboration with several partners form the complete biomethane
value chain, the aim of which is to promote biomethane grid injection and utilisation. The partnership
works in three major key points (biogaspartner, 2010):
Transparency of research and availability of information on the subject of biogas upgrade and utilisation
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Increase acceptance and communicate the desirability of biogas systems to external stakeholders and
general public.
Increased co-operation between the members of the value chain to develop cost effectiveness of
production and injection.
The project initiative is active in arranging public conference at annual frequency and three to four other
events. The events are mainly deal with highlighting the current market prospects and ongoing issues for
biomethane generation and utilisation.
The project has begun publishing a biomethane industry barometer report (biogaspartner, 2012) . This
short publication tends to highlight the current state of biomethane industry and discloses industrial
opinion regarding the developments, opportunities and challenges for increased market formation.
Key trade alliance
Fachverband Biogas e.V.
The Biogas association is the largest trade association representing the interest of members of biogas
industry across the value chain. The membership represents around 4500 members from the industry. The
annual meeting conducted by the association is coupled with a trade fair and around 6000 visitors attend
this major event. The main activity of the association, apart from lobbying for the interest of biogas
industry is:






Promotion of technological developments which majorly includes supporting the development of
DVGW standards relevant for biomethane grid injection.
Promotion, evaluation and communication of research findings and practical experiences
Issuing publications
Promotion of national and international exchange of experience
Development of quality standards

Conference and Workshops
The main channel for knowledge diffusion is the workshops and conference that are conducted regarding
the most recent development in terms of operational practices as well as changes in regulatory framework,
as applicable to biogas and biomethane technology. Within Germany, the following organizations are
active in conducting and organising biogas industry specific meetings, conferences, industrial seminars and
forums for discussion:





VDI Wissensforum - VDI Knowledge Forum
Deutsches Biomasseforschungszentrum (DBFZ) - The German biomass research centre
Fachverband Biogas e.V - The biogas association
OTTI Ostbayerisches Technology Transfer Institute eV - The Eastern Bavarian Technology
Transfer Institute

Knowledge dispersion through dedicated portal
Fachagentur Nachwachsende Rohstoffe eV. (FNR), The Agency for Renewable Resources, maintains
thematic online information portals regarding specific renewable energy technologies. The portals provide
an updated source or insight in technological developments and implementation for renewable energy
sources. Biogas and biomethane are explored through a dedicated themed portal called “biogasinfo”
(FNR, 2012). The information portal provides a comprehensive list of resource from advice to service for
the construction of biogas plants, production and utilization of biogas and biomethane and the listed
information covers all aspects of technology from technical, economical and regulatory perspective.
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8.3.2.3

Function 3. Guidance of the Search

Biogas/ biomethane potential: availability and accessibility of studies
The amount of technical potential for biogas production in Germany, based on the available energy
potential of farm waste, energy crops, industrial waste as well as municipal solid waste (MSW), is well
explored in the scientific literature. (Weiland, 2010) (Martina Poeschl, 2010). The literature references
mainly point out towards the studies conducted by Fachagentur achwachsende Rohstoffe e.V. (FNR) as
well as Deutsches Biomasseforschungszentrum (DBFZ).
The technical primary energy potential of biogas production as researched by DBFZ in Germany for 2007
and 2020 is shown in figure 7. The figure indicates a growing percentage of utilisation of energy crops to
produce biogas through anaerobic digestion.

Figure 9 Germany - Technical primary energy potential

Theoretically, the primary energy potential of biogas is the envelope for evaluating the biomethane
potential. The potential value of biomethane that could be fed in to the gas grid depends largely on
economic and regulatory framework.
DBFZ describes a potential of 1000 MWth installed capacity of biomethane generation each from
gasification as well as anaerobic digestion (Thran, et al., 2011).
National targets for renewable energy generation and biomethane production
The National renewable energy action plan for Germany, based on the EU RED directive was submitted
in Aug 2010. The targets (non – binding estimates) for the share of renewable resources in total final
energy consumption by 2020 are set as 13.2% in transport, 38.6% in electricity 15.5% in heating and
cooling demand.
The overall target of 18% mandated by EU is increased to a value of 19.6 % by the federal government.
The most important contribution for the year 2020 is from biomass especially in the sector renewable
heating and cooling (29% of gross renewable energy consumption in heating and cooling, 11355 ktoe).
Production and utilisation of biogas (via anaerobic digestion), has been promoted within the NREAP
document (national renewable energy action plan) for 2020. The final share of biogas in renewable
electricity generation is 10.80% of the gross final consumption (2015 ktoe). This share is quite balanced
with respect to generation of electricity from solid biomass. A cumulated annual growth rate of 5.4% from
2010 is required to reach this target.
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In case of renewable heating and cooling, the final proportion of 11.72% of gross energy consumption in
this sector is set for biogas. This implies a cumulative annual growth rate of 6.38% from 2010 (Beurskens,
et al., 2011). Within renewable transport projections, biogas is counted as other Biofuel for transport and
no targets are set in the data for 2020.
Though the German federal government does not mention any targets for the production and utilisation
of biomethane within NREAP, it has set a national target of injecting 6 billion Nm3 of biomethane into
the grid by 2020, as stated in the Gas Grid Access Ordinance (Gasnetzzugangsverordnung – GasNVZ).
Exploration of biomethane GHG reduction potential in countries context
The European Council adopted the “Europe 2020” strategy in June 2010 to promote employment as well
as smart, sustainable and inclusive growth. Under the strategy, member states are expected to submit
National Reform Plans (NRP) to provide a definitive roadmap for the implementation of Europe 2020
strategy. Germany, based on the most recent communication in its NRP reaffirms its national target for
reducing the Green house gas (GHG) emission by 40% as compared to 1990 levels (Europe 2020, 2011)
The German Energy agency (DENA) published results of studies that were conducted in collaboration
with technical institutes. These studies evaluated GHG emission potential of biomethane and natural gas
as compared to fossil fuels used in transport. The results of the studies are available to general public via
Dena’s online portal
Environmental regulations covering anaerobic digestion:
Biomass ordinance (German: Biomasseverordnung, BiomasseV)
Biomass ordinance came into effect in 2001 and has been recently amended in 2012. This regulation
directs the application of Renewable Energy Act (EEG) by setting appropriate guidelines concerning the
classification of biomass, choice of technologies that are appropriate for generating energy from biomass
and the environmental considerations that have to be met under application of EEG.
Biomass Sustainability ordinances
Germany currently provides two ordinances to adhere to the sustainability guidelines set by RED
directive. These are biomass to electricity ordinance (German: BioSt-NachV) and biomass to biofuel
ordinance (German: BioKraft-NachV). These ordinances mention the conditions of biomethane
utilisation as Biofuel.
Sustainability criteria specifically for biomethane generation encompassing all applicable feedstock, is yet
to be established (Wellinger, et al., 2011). Such a sustainability criterion may provide an accurate
assessment of GHG reduction values.
Technical and regulatory requirements for grid injection:
Gas Network Access Ordinance:( Gasnetzzugangsverordnung, GasNZV)
The ordinance was amended in September 2010. It covers the basic framework for grid injection as
applicable to biomethane. Among its clauses, it covers:






The procedural regulation for setting up grid injection
Division of responsibilities between the biomethane producer and the grid operator,
Gas quality regulations at the producer and grid owner level,
Balancing of biomethane fed into the grid as well regulations on methane slip (leakage of methane
at upgrading station).
Distribution of costs between biomethane producer and network operator
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Assurance of minimum network availability and agreement on a roadmap between biomethane producer
and network operator. This roadmap is crucial to avoid any delays in permission and procedural
applications.
The Ordinance provides clear, detailed and transparent guidelines on the procedural aspects of
establishing a grid connection. It even refers to the DVGW gas quality specifications, allows for more
flexibility in balancing and lays down the cost-sharing burden between the biomethane producer and
network owner. This clear and transparent documentation simplifies the procedure for establishing grid
connection responsibilities.
Gas network tariff regulation (GasNEV)
The GasNEV is another major tool to promote biomethane grid injection. The ordinance includes
guidelines on the method of determination of gas network access tariffs, which the gas transport client
needs to cover when using the network. The biomethane producer is remunerated with 0.7 Cent/kWh
from the grid operator, for avoided grid network usage. The remuneration is independent of the pressure
level of grid injection.
Worksheets for Technical and Scientific Association for Gas and Water
(German: Deutsche Vereinigung des Gas- und Wasserfaches e. V., DVGW): The worksheets provide the
main guidelines covering the gas quality for supply in the public gas grid. They regulate the specifications
for gas composition, gas odorisation as well as gas accounting in the grid.

8.3.2.4

Function 4. Market Formation

In Germany there are currently 87 biomethane plants in operation. 39 biomethane plants, which are under
construction, and 63 plants that are being planned accompany this figure. Though the process of
commissioning a plant spreads years from the phase of planning, yet with the given figures it can be
reasonably assumed that biomethane market can experience a continued moderate growth.
The onset of a national target to produce biomethane and the existing legal framework guides and
promotes the application of biomethane within pure heat oriented applications, within CHP based
electricity generation as well as application as Biofuel in road transport.
The most preferred route of biomethane utilisation is generation of Electricity within CHP applications.
Financial instruments for the promotion of biomethane are:
Financial instruments in support of biomethane generation(Fachagentur Nachwachsende Rohstoffe,
2011):
The Renewable Energy Sources Act (EEG):
The Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG) came in to effect in 2000 and
has since undergone three amendments with the most recent one being the EEG 2012.
EEG has acted as a prime driver in promoting the development of renewable energy by granting a priority
feed in the network as well as fixed feed-in tariffs. The remuneration conditions favor CHP operators, or
plant operators that are feeding electricity into the grid. The remuneration is fixed for a period of twenty
years allowing for a proportionate digression, which in turn promoted technology advancement benefits
to be transferred to the end user.
In its most recent amendment EEG 2012 has simplified the tariff system with four categories of plant
sizes and two substrate categories.
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There exists an additional bonus for biomethane plants with an increased tariff with decreasing capacity of
the plant. This feature will result in promotion of increasing number of decentralised units with focus on
upgrading the produced biogas. It is predicted that the growth in the number of biogas plants will
decrease as the new ones have to compete with the existing for availability of feedstock, but on the other
hand the higher remuneration of biomethane feed in will promote biogas upgrading and grid
injection(German Society for Sustainable Bioenergy and Biogas Utilisation e.V, 2010)
The main feature of support is introduction of a flexibility bonus for the market-oriented production of
biogas. This promotes the on demand utilisation of biogas-generated electricity in terms of peak load
demands. EEG 2012 specifies a mandatory minimum heat utilisation of 60% for biogas plants, making an
effective case for installing upgrading units and simultaneously driving the market for cogeneration
applications.
The Renewable Energy Heat Act (Erneuerbare Energien-Wärmegesetz, EEWärmeG)
Effective since 1st Jan 2009, the EEWärmeG sets a target of sourcing 14% share of the final consumption
of heat demand in 2020 through renewable resources. It obliges newly constructed building owners (2009
onwards) to employ renewable resources for their heat supply. All forms of renewable energies in all
combinations can be used. Under the act, bioenergy can only be used if generated using highly efficient
technology (liquid or gaseous biomass in CHP) or in place of renewable generated heat building owners
have an option to use and district heating networks if network is fed from a CHP plant. The act also
defines specific conditions concerning quality specification for the conditioning of biomethane, if grid
injected gas is utilised for heat demand. The act is furthering the promotion of grid injection and
distribution of biomethane as well as utilisation via cogeneration unit. A notable feature against the scope
of promotion of biomethane is that the act mainly applies to newly constructed buildings from 2009
onwards, and hence constitutes a small percentage of utilisation.
The Biofuel Quota Act (German BioKraftQuG)
The act introduced in 2007 was intended to further implement the EU directive 2003/30/EC on
promotion and use of renewable fuels for transport. With an amendment in June 2009, Biomethane was
specifically added to the list of compatible Biofuel as a substitute for ethanol. Under the act, there is a
constraint to increase the proportion of Biofuel periodically till the RED target of 10% is achieved by
2020. Fueling stations, which exceed their quotas, can sell it over the market where the price of quota is
governed by the market conditions. The act stipulates an increase of Biofuel share by 8% till 2015 and
further continuation of the act is expected.
Biomethane utilisation as vehicle fuel
Biomethane as a substitute to natural gas can be used to fuel natural gas dedicated vehicles with grid
injection facilitating the distribution of biomethane to filling stations. The federal government envisaged a
growth of natural gas powered vehicles in their fuel strategy in 2004 and targeted a share of natural gas
vehicles of 0.5% to 1 % by 2010. This target was not achieved by 2010 (Dena, 2010). Since 2004, the
usage of natural gas vehicle has been on the rise but at a slow rate. Though Natural gas vehicle remain a
mature technology but achievement of this target has been short of expectations. The current registration
reported by end of 2011 is around 90000 natural gas vehicles, which is about 0.2 % of the existing
German vehicle fleet.
As compared to 14000 conventional stations around 900 CNG filling stations exist with a low capacity
utilisation of around 100 vehicles per filling station daily (Dirk Peters, 2012) .The federal government in
communication in 2010, had expressed desire to increase natural gas vehicle share in vehicle fleet as well
as to investigate means to achieve greater utilisation of biogas (biomethane) within vehicle fuel
share (BMU, 2011). Based on the communication, DENA (German Energy Agency) has devised a road
map that calls for increased participation of all the actors along the value chain to achieve a target of 4%
natural gas vehicle by 2020, the plan of implementation of the roadmap stand between 2011 till 2020
(Dirk Peters, 2012).
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Natural gas infrastructure and consumption
Germany has a vast and diversified natural gas grid infrastructure, which allows an entry from Russia,
Norway, UK, Denmark and the Netherlands.
The gas transportation pipeline consists of three different highly integrated and interconnected market
areas each for H-Gas and L-Gas. All network operators are under a legal obligation to cooperate with
each other. The German gas pipeline network has an overall extension of 375,000 km. About 40% of this
pipeline is of medium pressure (100 mbar to 1 bar), about one third is high pressure (1 bar to 100 bar) and
the rest is low pressure (upto 100 mbar) (EON, 2010). Germany is a net importer of natural gas with the
majority of imports arriving from Russia (38%), Norway (37%) and The Netherlands (20%) in 2009. In
the same year, 21.7 % of total energy consumption was provided by natural gas placing it as the second
most important energy carrier right after petroleum oil (Hobohm, 2009).
Germany is a leading natural gas consumer in European countries with about 91.6 billion m3 as the gross
consumption value in 2009 (King & Spalding LLP, 2011). The main Transmission System Operators are
EON, Gastransport, Gasunie and Wingas. The largest suppliers are E.ON Ruhrgas, RWE energy, VNG,
Exxon Mobile and Shell. Existing filling stations are all collected to natural gas grid (German Society for
Sustainable Bioenergy and Biogas Utilisation e.V, 2010). Major consumption of natural gas is within
residential sector for heating purposes, followed by the consumption in industrial sector.
The transport sector holds a minor significance mainly due to the non-existence of a large network of
filling stations as well as less number of natural gas vehicles registered. Currently, the support for
biomethane as vehicle fuel operates in two formats: biomethane is exempt from energy tax till the year
2015 as well as biomethane satisfies. The largest suppliers companies E.ON, RWE as well as VNG have
diversified in providing biomethane as a product.

Figure 10 Gross consumption of natural gas - Germany 2009

8.3.2.5

Function 5 Resource mobilization

The German Biogas industry is highly developed in terms of skilled manpower and availability of
technology for efficient uptake of biomethane generation and utilisation. As per the figures provided by
the biogas association, in 2011 the turnover of the biogas industry amounts to over six billion Euros with
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the total workforce availability in the country over 40, 000. The operation of more than 7000 biogas
plants, itself employs and secures 10,000 jobs. There are more than 700 small and medium scale
enterprises linked to the value chain of biogas production in Germany (Fachverband Biogas e. V, 2011)
Access to financing options
At the federal level, subsidies up to the level of 50% and up to 150 000 € for the investment were given by
dedicated federal states to stimulate the biogas market. (Biogasin Project, 2010) To obtain private
financing of biogas plants in Germany, investors have an option of receiving assistance from private
consulting and technology companies as well as specialised staff of banks and credits institutes. The fixed
guarantee of remuneration obtained through EEG provides credibility to financers(Biogasin Project,
2010)
Training and competency development
IBBK - The International Biogas and Bioenergy Centre of Competence:
IBBK is an alliance of experts and companies, special interest groups and educational institutes. The
working span of IBBK covers regional, national as well as international biogas and bioenergy information
dissemination. One of the main working activities of IBBK is Planning and holding of qualifying training
courses, seminars and conferences about biogas and bioenergy for operators, manufacturers, technicians,
and farmers. The courses are held at international level.
Function 6 Legitimisation
Biogasregister project
DENA, The German Energy Agency, has developed a national wide web based platform to monitor and
manage the guarantees of origin of biomethane production and characteristics. The platform enables
producers, distributors and traders to get involved in the process of documentation without any barriers.
The documentation of evidence simplifies the process of meeting the requirements set in financial
instruments like EEG, EEWarmeG and BioKraftQuG. The projects aim to generate trust and confidence
in green gas users and hence support further development of biomethane system.
Working groups within Biogaspartner project
The biogaspartner is a major initiative and a platform to put forth the rising opinions of biomethane
industry in Germany. The project has various working groups that tend to create synergy between
Government, general public as well as the stakeholders of the complete biomethane value chain. The
working group’s activities aim to strongly legitimize biomethane by addressing pressing issues like:




Acceptance of biomethane / biogas technology in general public
Initiative working towards simplifying gas grid access regulations to promote a large scale
biomethane injection.
Initiatives to come up with solutions for simplifying the mass balancing requirements of
biomethane, as required by EEG and EEWarmeG.

Research projects dealing with acceptance of biogas technology
The Fraunhofer Institute conducted a joint project aimed at evaluating the public acceptance of biogas
technology in Germany for Environmental, Safety and Energy Technology (UMSICHT) in Oberhausen
and the Environmental Psychology Research Group (FG-UPSY) of the Saarland University.
The project focused on evaluating public acceptance level of biogas plants as well as experience of biogas
plant operators and the evaluation resulted in developing recommendations for action and communication
strategies to increase the acceptance of the technology.(03KB034 - Image analysis of biogas plants
considering socio-scientific and technological aspects, 2010).
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9 Analysis and scoring of system function
The set of diagnostic questions and performance indicators provided a basic framework to guide the
researcher in collating and evaluating data pertaining to biomethane TIS development in each individual
country. In order to qualitatively analyse the system as well as benchmark two different systems for their
scale of development, a functional scoring process is identified.
As described in the methodology, the scale of scoring is subjective in nature and it has been broadly
defined to minimize margin of error arising due to the qualitative nature of the research:
1 = very weak function
2 = weak function
3 = balanced function
4 = strong function
5 = very strong function
The following section evaluates each system function with reasoning and scores them accordingly.

9.1 Function 1 Entrepreneurial activity
9.1.1 UK
The membership data reveals a growing interest within the UK AD industry. The association of gas and
water utility companies within the TIS reveals diversification activities. Further expansion in AD plants
will call for great co-ordination among the existing members and supportive market conditions will attract
more companies within the sector. An increased response is expected from automotive companies to
diversify in a gas vehicle market but this would require a parallel development of vehicle refueling
infrastructure as well as support from regulatory and policy context.
UK has an extensive biogas industry but with regards to the number of actors within biomethane
generation and utilisation, the activities are at an experimental level and the activities currently are more
focused towards research.
Functional score UK = 2

9.1.2 Germany
Germany has an active biomethane industry. The biomethane TIS has witnessed constant growth in the
number of actors across the value chain. Considerable diversification activities are visible from energy and
gas utilities. Their activities are spread across biomethane project development to supply and trading as
well. Further expansion in the value chain is expected in within the natural gas vehicle industry, that would
require support from regulatory and policy context.
Functional score Germany = 4
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9.2 Function 2 Knowledge development and Diffusion
9.2.1 UK
Although the commercial application of biogas production has been around for a decade in UK, the spur
of activity has begun in recent years. Overview of the research activities highlight that anaerobic digestion
is still an emerging activity within the country. Reaching a stage of accelerated end utilisation of
biomethane will take place once all basic research is underway and the stakeholders are convinced of pros
and cons of the technology.
From the perspective of knowledge development and diffusion, the areas of research are well identified
and knowledge diffusion is carried out at satisfactory level. Hence this function is well balanced.
Research related to anaerobic digestion as a whole and in particular, research associated with development
of biomethane facilities is well integrated in national communications. Further areas and scope of
research; mainly related to downstream processes like creating market for digestate, increasing demand for
biomethane in gas grid and methane fuelled vehicles, are well formulated. The ongoing demonstration
projects cover complete value chain.
Trade alliances at national level are well established and active in engaging public and private interest
through workshops, conferences and online communication.
Recommendation for improvement of this function would be to increase knowledge diffusion by
publishing case studies, demonstrating risk and opportunities from domestic ongoing projects as well as
demonstrating best practice cases from other successful countries. There exists a need to reach out more
on regional level and that could be managed by increasing the workshops at regional level or by
developing dedicated regional centers for anaerobic digestion.
Functional Score = 3
9.2.2 Germany
With the current number of successfully ongoing biomethane projects, there is considerable wealth of
knowledge and experience available in Germany for biomethane production and grid injection. DBFZ is
mainly responsible to conduct research within biomethane potential and utilisation domain. The main
channel of knowledge diffusion within the biomethane TIS is a network of biogas association, online
portal and Biogaspartner project which is dedicated to integrate stakeholders across biomethane industry.
The project disseminates research based information as well as information for upcoming trade,
conferences and workshops to both internal and external stakeholders. Fachverband Biogas e.V. is the
leading trade alliance spanning a membership of 4500 members. The alliance is active in promotion of
technological developments, research findings as well as national and international exchanges.
Given the current state of knowledge development and diffusion, the function is well developed within
the context of Germany. Existence of a dedicated platform to represent the sole interest of biomethane
industry in form of Biogaspartner project, adds an advantage to communicate the need for future research
as well as a channel for public dissemination of knowledge.
Functional Score = 4
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9.3 Function 3 Guidance of the Search
9.3.1 UK
The function is well balanced in case of aligning a national strategy for biomethane generation. There
exists national target regarding biomethane grid injection, which is a result of studies conducted to explore
the potential of resource availability. Within the national communication of renewable energy action plan
as well as national communication for biomass strategy, the major role of biomethane has been
highlighted to serve space-heating demand in short to medium term and to a lesser extent as substitute to
fossil fuel in vehicle application.
Environmental benefits obtained through biomethane utilisation within national context are being
explored through dedicated research. The national communication of Greenhouse Gas Action Plan aims
to satisfy a proportion of climate targets through anaerobic digestion.
The country is well poised in attaining the landfill targets and has ended the landfill Allowance Trading
Scheme that is to be replaced by a landfill tax. The actual outcome of policy substitution will be realised in
coming years but it is desirable to have stringent measures for organic waste disposal and treatment in
place from environmental perspective. Sustainability criteria for biomass standards are in place and the
level is compliance is equivalent to the EU mandates for the year 2017. Higher sustainability criteria might
act as a barrier to an early deployment of anaerobic digestion and anticipates further research in the field
to satisfy the sustainability compliance.
Biomethane grid injection is a nascent activity in UK context, with the first upgrading plant in operation
since 2010. There exists a lot of scope in standardising the whole process of grid injection right from
establishing a nationwide gas quality standard, natural gas grid capacity evaluation, addressing the technical
issues with gas quality specifications. The main technical issues have been put forward as part of research
activities and the outcome of research is awaited.
Biomethane Grid injection is an established practice in countries like Germany and Sweden.
Recommendation for further development of this function would be fasten the process of technical
resolution by exchange of information, establishing research collaboration with companies and
organisation in other countries, impose stricter waste management regulations and reduce the limits set in
the sustainability criteria.
Functional Score = 3
9.3.2 Germany
The function within the context of Germany is highly developed. The studies regarding available potential
have been published in scientific literature. Scientific studies have been conducted to evaluate the climate
benefits of biomethane production and utilisation but a country specific study proportionating GHG
reduction targets to biomethane generation would be desirable.
The targets for production of biogas are specified within National Renewable Energy Action Plan, as well
as the federal government has established a self national target of injecting 6 billion nm3 of biomethane by
2020.
There exists a national target to substitute natural gas by 4% in the transport fuel sector by 2020.
Germany has a clear and transparent regulatory framework to support biomethane production and
utilisation. Biomass ordinance and Biomass sustainability ordinance set appropriate guideline for
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classification of biomass, choice of technologies as well as GHG reduction value as compared to fossil
comparator. Adherence to these ordinances is required to avail remuneration under financial instruments.
The technical and regulatory requirements for grid injection are well formulated. The Gas network Access
ordinance, Gas network tariff regulation and DVGW Worksheets for quality specifications, clearly lay out
the gas quality requirements, procedural regulation for setting up an injection, individual responsibilities
for biomethane producer as well as network operator.
The technical and regulatory guidelines are clear, transparent and supportive for biomethane project
development. The function “guidance of search” is well developed and drives the interest of stakeholders
within biomethane value chain.
Functional Score = 4

9.4 Function 4 Market Formation
9.4.1 UK
Financial schemes such as Renewable obligation and Renewable Heat incentive provide a competitive
advantage to biogas generation. The existing utilisation of biogas is generation of electricity, mostly
supported by the introduction of attractive Feed-in tariffs.
The national strategy aims to promote biomethane grid injection and utilisation to satisfy heat demand.
The natural gas infrastructure is well established and can support grid injection. With the introduction of
RHI, the biomethane to grid injection market can be expected to scale up.
Although The Renewable Transport Fuel Obligation RTFO provides financial support to utilize
biomethane as vehicle fuel but to promote a market within transport applications, an infrastructure needs
to be established. The barriers in large-scale market deployment are lack of technical expertise within grid
injection, standardisation and improvement of technical regulations, cost effective availability of
monitoring equipment, evaluation of the grid capacity to accept biomethane as well as an established
vehicle and fueling infrastructure. (Paul Frith, D. J. (2011))
The grid connection procedure is not standardised across the country; rather it is contract specific in
nature, depending on the approval of DN and terms described in the NEA. Lack of schemes that address
the trading of biomethane that could make it cost competitive to natural gas, add towards blocking the
growth of market. The cost burden of upgrading biogas to biomethane as well as maintaining and
operating the grid connection facilities is born by the gas producer decreasing the economics of the
project. Market formation requires a larger resource mobilisation. An increased government funding of
research projects and pilot installation and establishing a standardised grid connection procedure could
help achieve greater market activities. Awareness of the benefits of biomethane-fuelled vehicles should be
promoted at a larger level and further investment opportunities have to be created to establish a vehiclefueling infrastructure.
Functional Score = 2
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9.4.2 Germany
Germany has 87 biomethane plants under operation right now and the figures for plants under
construction and planning phase indicate a sustained moderate market growth. The most preferred route
of biomethane utilisation is generation of electricity within CHP applications. The renewable energy
sources act (EEG) has been a prime driver specifically in promoting biogas and biomethane production. It
grants a priority feed in to the network with fixed remuneration tariffs for a period of twenty years. IN its
most recent amendment of 2012, there is a specific bonus for biomethane production. The inclusion of
mandatory heat utilisation of 60 % makes a specific case for biomethane.
The renewable energy heat act (EEWarmeG) is another tool to promote biomethane utilisation although
the market capitalisation to satisfy heat demand through biomethane is small as the law applies only to
newly constructed buildings that form a small proportion of existing infrastructure.
Germany has a vast and diversified natural gas infrastructure and the country is one of the leading gas
consumers in Europe. The major consumption of natural gas is within residential sector for heating
purposes, which calls for an increased utilisation of substituting natural gas with biomethane, provided
larger incentives for heat market are in place.
The transport sector for natural gas vehicles is still in nascent stage. Although the Biofuel Quota provides
incentives for biomethane utilisation in transport applications but the market has yet to witness growth in
this sector, which involves resource mobilisation to develop a larger natural gas fueling infrastructure as
well as more natural gas vehicles on road.
Given the amount of biomethane being produced, and the available financial incentives, market uptake of
biomethane can be increased by mobilising larger resources towards vehicle fuel and heating applications.
The current state of market formation is satisfactory with definite scope of improvement in sight.
Functional Score = 3

9.5 Function 5 Resource Mobilisation
9.5.1 UK
Availability of trained and skilled manpower, access to finance and funding options are the key resources
that need to be mobilised for rapid growth of a technology. DECC in their communication within
“Anaerobic Digestion Strategy and Action Plan” have described evaluating the need for skilled training
and assessing the appropriateness of training courses that are available in other countries to be transferred
to UK. Given the stage of development of CIWM matrix for training and skills assessment, the industry is
still taking shape for a large-scale deployment.
There is a central organisation WRAP, which is working towards promoting funding opportunities for
waste processing and anaerobic digestion. Jan 2012 saw the first recipient Malaby biogas availing the
benefit of ADLF loan fund. The share of funding availed by Malaby is less that 1 % of total funds and this
highlights slow uptake of AD plants given the opportunity of available funding.
There are indirect schemes in place Green Gas Certificate aimed to increase user confidence in
biomethane supplied through natural gas grid and a Biofertiliser scheme, can promote AD at higher level.
The schemes have been introduced in recent time and their actual impact on shaping the industry is yet to
be observed.
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Biomethane utilisation as vehicle fuel is part of the vision of UK government, but there are currently no
schemes in practice promoting investment in fueling station infrastructure, tax concession for gas driven
vehicle or promotion of the benefits of biomethane as vehicle fuel. (LowCVP, 2011).
Given the overall status of resources mobilisation the functional score for this is:
Functional Score = 2
9.5.2 Germany
The German biogas and biomethane industry is highly developed in terms of skilled manpower and
availability of technology. The industry secures around 10000 jobs. More than 700 small and medium scale
enterprises are linked to the value chain of biogas production.
The access to finance is easily available through dedicated service from banks and other financial
institutions mainly in view of the long-term remuneration guarantee through EEG.
An established international biogas and bioenergy centre of competence deals in holding qualifying
training courses for plant operators, technicians to farmers. The courses are conducted from regional to
international scale.
Resource mobilisation is sought within the natural gas vehicle and fuelling infrastructure to develop the
market with due synergy from material availability, regulatory and financial support from policy
perspective and greater acceptance from general public for utilisation of biomethane as vehicle fuel, even
if it is priced at a higher premium. Given the current state the function resource mobilisation is healthy
and maintains scope for improvement.
Functional Score = 3

9.6 Function 6 Legitimisation
9.6.1 UK
REA and ADBA are active in lobbying for the interest of stakeholders in the AD value chain. The
activities of the lobbying group have resulted in the development of “AD strategy and Action plan” with
clear recognitions of actions that need to be implemented for large-scale deployment of AD.
The gas grid distribution system operators have agreed to form Network Entry Agreements with the gas
producers. This is stated in their Long Term Development Statement published by all the network
operators. However, issues over standardising gas quality, capacity limitation in distribution grid,
conditioning and monitoring equipment, gas-billing procedures are yet to be defined. The level of activity
does show network operators acceptance of biomethane but unless all technical issues are resolved,
massive uptake of biomethane is yet to be achieved. (CENEX, 2009)
The acceptance for gas vehicles or in fact biomethane as a vehicle fuel source solely relies on widespread
refueling facilities for dedicated and bi-fuel vehicles. Access to capital, long term market security of gas
owned vehicles and availability of sufficient biomethane in the grid are the factors which need to be
developed to generate a large scale facility uptake of biomethane as vehicle fuel. (LowCVP, 2011).
Given the overall status of legitimisation the functional score for this function is:
Functional Score = 3
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9.6.2 Germany
The bioregister project initiated by DENA is a dedicated initiative to generate trust and confidence in
users and further the support of biomethane development by providing an open and transparent platform
to manage the guarantees of origin of biomethane and its characteristics.
Biogaspartner initiative collectively voices the opinion of stakeholders and strives to lobby for industries
issues. The working groups within biogaspartner project tend to create a synergy between the state federal
governments, general public as well as industry stakeholders. It also works to address issues like
acceptance of biomethane / biogas technology in general public and simplifying gas grid access
regulations to facilitate smoother process of biomethane injection in natural gas grid.
The industry has yet to benefit from strong lobbying actions to promote greater utilisation of biomethane
as a substitute product in transport fuel applications and further promotion of financial incentives within
the heat demand sector to ensure growth in market formation.
Given the state of legitimisation of biomethane as a technology, the organisational setup in form of
dedicated networks collaborated through the efforts of Biogaspartner project is appreciated and the actual
outcome of lobbying should be visible in coming years.
Functional score = 3
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10 Result – Analysis of System Function
The overall characteristics of the dynamics of system functions shaping the biomethane to natural gas grid
injection TIS in UK and Germany is depicted in following figure:

Figure 11 Scoring of system functions Germany and UK

The the state of biomethane development in the UKis characterised by the existence of weak system
functions “Entrepreneurial activity” and “Resource mobilisation” eventually leading to the hampered
growth of “Market formation” for biomethane injection in natural gas grid. The function “Guidance of
the search”, which is satisfactory within the context of UK, directly relates to driving the potential interest
of stakeholders within the TIS. With time, effective outcome of knowledge development and subsequent
diffusion of research and pilot trials results will lead to generation of significant interest within this
technology field.
Recommendations to improve the state of development would involve a higher resource mobilisation in
terms of availability of skilled manpower, ease of access and availability of finance. This will directly spur
“Entrepreneurial activity” within the field and create a positive impact on “Market formation”.
In Germany, there is sufficient entrepreneurial activity and the market has had sustained moderate growth.
This has been possible mainly due to an enhanced guidance of search, which includes clear and
transparent technical and regulatory guidelines for establishing a grid injection and managing the injected
gas within the distribution network, as well as provision of long term financial support. The current focus
of biomethane utilisation is within CHP applications. Further scope of improvement for market
conditions require enhanced resource mobilisation in terms of indirect schemes for promotion of
biomethane as a substitute for transport fuel applications, as well as increased acceptance of biomethane
as a green product downstream in the value chain involving traders and end customers.
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11 Conclusion
The purpose of this study is to develop a framework, based on which the national approach towards
development of “biomethane to natural gas grid injection” (BTG) can be assessed in terms of its strengths
and weaknesses. The basis for this work arises from the key question as how the development and
deployment of biomethane to natural gas grid injection as a technology takes shape within the given
economic, technical and institutional conditions.
In order to analyze the deployment of biomethane to grid injection from the perspective of countries who
are yet on their path to develop biomethane generation and grid injection as a means to achieve renewable
energy generation target and fossil fuel security, the whole ecosystem of biomethane generation has to be
studied carefully. A successful deployment of a biomethane project requires close interaction between all
the actors / stakeholders present along the value chain (from feedstock producers, biogas plant operators,
gas distribution companies to end consumers). This interaction is guided by well-established and
transparent, legal and regulatory guidelines. The long-term viability of biomethane project is ensured when
appropriate financial measures and support policies are in place.
This leads to the research question “How is the state of development of biomethane as a technology
being affected by the existing support conditions” and “ how to analyse the existing strengths and
weaknesses in the national conditions towards biomethane project development? “
For the given research study, biomethane to natural gas grid injection technological system is split into
major value chain activity namely biogas production, gas cleaning and upgrading, grid injection and end
utilisation. Then a detailed evaluation is carried out to locate the complete set of structural components
within biomethane value chain. The corresponding overlapping within the value chain for each role of the
structural component is identified. This overlapping table provides a set to measure the strength of
structural components within the biomethane to natural gas grid TIS.
A dynamic analysis involving the system functions is required to analyse the current state of development
of TIS. For this purpose, the system functions described by (Jacobsson & Bergek, 2007) are adapted to
relate to the conditions, existing within the biomethane to natural gas grid injection system. This
adaptation led to the development of a set of diagnostic questions. The diagnostic questions help in
thorough evaluation of the current technical, technological economic as well as policy oriented support
conditions which are existing or which may be desired, to effectively shape the TIS.
The diagnostic questions were further condensed into specific performance indicators to simplify the
analysis as well as maintain a standard tool for cross-country comparison. Both diagnostic questions as
well as performance indicators aid in the reproducibility of this study. Once the framework was adapted
and detailed to relate to Biomethane, two case study countries were analysed on its basis. In order to
assess the adapted framework, an analysis is carried over Germany and UK as case study countries.
The dynamic analysis of the system functions for UK reveals that there exists considerable activity within
the biogas industry. The UK government is committed to encourage a significant utilisation of anaerobic
digestion. The current state of development is related to enhancing research within biomethane injection
as well as utilisation as a substitute in transport fuel applications. Research related to anaerobic digestion
as a whole is well integrated in national communication. Trade alliances at national level are established
and are active in engaging public and private interest through workshops, conferences and online
communication.
Environmental benefits obtained through biomethane utilisation are being explored through dedicated
research. Biomethane injection in natural gas grid is a nascent activity that still requires standardization of
the process at national level, natural gas grid capacity evaluations, clear technical and financial regulations
for division of responsibility between biomethane producer and network operator. Financial scheme such
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as Renewable Heat Incentive has opened up a new market segment for biomethane to natural gas grid
injection.
The Renewable transport fuel obligation provides incentive to biomethane as vehicle fuel but this scenario
requires well-established fueling and vehicle infrastructure, which is non-existent at the moment.
Availability of skilled manpower for larger uptake of biomethane projects is a barrier which is being
addressed by the actions of DECC. The Lobbying agencies REA and ADBA are active in promoting
biogas and biomethane within important agenda. Their efforts have resulted in establishment of an
“Anaerobic strategy and action plan”.
Evaluation of system functions led to the observation that the biogas industry is well developed in UK.
The System functions Guidance of Search, Knowledge development and diffusion as well as legitimisation
are in a satisfactory state. These functions provide enough motivation to stakeholders to uptake
biomethane projects but for biomethane TIS to undergo faster development, system functions like
entrepreneurial activity and resource mobilisation have to be addressed. A larger resource mobilisation in
terms of available capital, access to capital, availability of skilled human resource will spur entrepreneurial
activity within the country and positively impact Market formation.
On the other hand, the Biomethane TIS is well developed in Germany. The country hosts the largest
number of upgrading plants in Europe, feeding more than 55,000 Nm3 of biomethane in natural gas grid
in 2011. The national government has target of injecting 6 billion Nm3 of biomethane in natural gas grid
by 2020. The Biomethane TIS in Germany has witnessed constant growth in past few years and there are
considerable activities within the TIS from all the actors in the value chain. Considerable knowledge
development and experience exists in designing and managing biomethane projects. The formation of a
dedicated platform to specifically address the developmental issues and industrial concerns for
biomethane, called as Biogaspartner project, is a major step in advancing the TIS. There is clear and
transparent technical as well as regulatory framework for managing biomethane injection in natural gas
grid. Long-term financial incentives in form of EEG are in place and access to finance is available through
dedicated service from banks and other financial institutions.
Evaluation of the system functions suggests increased resource mobilisation in terms of financial and
policy instruments to support increased utilisation in heat market as well as utilisation as fossil substitute
in transport applications. Research and promotion of climate benefits of biomethane has to be expanded
and more indirect schemes should be introduced to promote gas vehicles and development of synergy
between industry and general public to push for installation of natural gas vehicles and refueling
infrastructure is need of present market.
From the evaluation , we can arrive at a conclusion that TIS has been an effective framework for
developing a systematic and methodological approach for evaluation of development characteristics of a
technology in a given region. Key features of this framework are:






The framework assists in static (via structural component strength analysis in the across the value
chain) as well as dynamic analysis (via system function analysis)
The framework assists in evaluating a single region’s characteristics to identify the strengths and
weaknesses in the system. The framework can also aid in benchmarking two different regions in
development strategies by providing a structured approach for deeper analysis.
It lays down a methodological approach to highlight the crucial areas that need realignment of
policies and guidance for in-depth analysis.
The framework provides a broad overview of the key strength and weaknesses in the
development characteristics of biomethane to natural gas grid injection technology within a
regions context. It assists in identification of areas (like growth of actors, knowledge development
and diffusion, industry potential, market formation, resource mobilization and legitimization)
where further actions should be initiated to promote the technology. Further research,
independent of the framework would be required.
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The framework is adapted to further an in-depth analysis of the conditions which may serve as a
barrier for further deployment as well as locate opportunities in market formation which calls for
increased research and resource mobilisation.

Further scope of work in given study involves complementing the desk-based research with expert
interviews from leading stakeholders in the value chain. Expert opinions will assist in verification of the
issues which are identified via systematic evaluation of biomethane to natural gas grid injection TIS.
Identification of the key issues may assist the decision makers to direct policies to strengthen the
weaknesses in the system and take appropriate measure directed towards the weak system functions in
order to obtain a sustained and progressing Technological Innovation System.
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12 Appendix
12.1

European Policy drivers influencing biomethane

12.1.1

Renewable Energy Directive

The European Directive 2009/28/EC of 23 April 2009 on the promotion of renewable energy aims to
achieve 20% share of the overall final energy consumption from renewable resources by 2020. The
binding target is translated individually for each member states.

12.1.2

National Renewable Energy Action Plans (NREAP)

As a response to the Renewable Energy Directive, the National Renewable Energy Action Plans
(NREAP) is published by each member state. These plans provide detailed road map of achieving
individual targets by setting out sectorial targets and technology mix in their strategy.
An analysis over the submitted trajectory by member states reveal a growing utilization of biogas in
renewable electricity, renewable heat and transport applications. The utilization in renewable heat
application marks a 100% increase. [2]

12.1.3
Directive on share of renewable in transport (Renewable Fuel
Obligations)
The European Directive 2009/28/EC further calls for a 10% share of energy from renewable resources in
each member state’s energy consumption in transport. This is defined to include Biofuel and biogas, as
well as hydrogen and electricity from renewable resources. There are no sub targets but vast proportion is
expected to be met by Biofuel.
Transport Biofuel derived from waste, residues, non-food cellulose material and lingo-cellulose are
counted double for satisfying Biofuel obligation to meet the target.

12.1.4

Fuel Quality Directive

The European fuel quality directive (2009/30/EC) published in 23 April 2009 aims to reduce the
emissions from production and usage of fuels. The directive states from 1st January 2011 onwards fuel
suppliers must annually report a gradual reduction in green house gas (GHG) emission intensity by at least
6% of average European GHG value of fossil based fuels for 2010.
A revision in 2014 will raise the value to 10% reduction. Biogas produced from municipal organic waste,
wet manure and dry manure; upgraded and blended with natural gas provides means to satisfy targets in
Fuel Quality Directive.
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12.1.5

Landfill directive

The European landfill directive (99/31/EC) published on 26 April 1999 mandates member states to
ensure biodegradable municipal waste going to landfills to be reduced by 35% of total amount produced
in 1995, 15 years after it comes in force. The avoidance of land filling of biodegradable component and
satisfying the targets for the criteria makes a case for production of biomethane via anaerobic digestion.

12.1.6

Waste Framework Directive

The European Directive 2008/98/EC sets the concepts and definitions related to waste management
mainly the definitions of waste, recycling, recover. The Directive prescribes waste management principles
and lays distinction between waste and by-products. It describes when Waste becomes a secondary raw
material and cannot be treated simply as waste (end of waste criterion).
The Directive includes targets to be achieved by 2020: mainly 50% of certain waste material from
households and other similar origin to be prepared for re-use and recycling and 70% recovery, recycling
and re-use of construction and demolition waste.

12.1.7

Sustainability Criterion

Renewable energy directive (2009/28/EC) sets criterion for Biofuel and bioliquids for compliance to meet
the obligatory targets. The GHG emission savings from the use of Biofuel and bioliquids should be 35%
compared to fossil fuels and by January 2017 the target shall be increased to 50% compliance value and
further increment of 60% is expected by January 2018.
12.1.8
Grid access conditions (conditions to facilitate grid access of
biogenic gases and prescription of gas quality specification)
The Renewable energy directive (2009/28/EC) stipulates and promotes grid injection of biomethane in its
articles. Member states shall ensure non discriminatory charging of transmission and distribution tariffs
against gas from renewable resource. Where relevant, Member states have the responsibility of assessing
gas network infrastructure to facilitate the integration of gases from renewable resources and area also
required to publish technical rules regarding conditions for establishing network conditions and
connection tariffs.
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