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insight in the complex problems and can be used to make a well founded decision. For 

two application, biogas as fuel for CHP and biogas as fuel for Vehicles. 

Results 

• Four important different socio technical regimes could be distinguished: the 

agricultural-, waste-, transport- and energy regime. In chapter three the analysis 

of these regimes was carried out and the main conclusion was that the ST 

regimes analysis proves to be useful to explain a part of the resistance in the 

Biogas niche development. 

• SNM proved to be a useful analysis tool to determine the barriers within a Niche. 

From the interviews it became clear that each niche has generated external 

effects which were determined as a success factor for a niche. The experiments 

were used as example for other biogas projects and were communicated through 

several means such as meetings and websites. In general it can be said that the 

biogas niches are all successful although several processes in the niches can be 

improved. 

• Through analysis of three different sub niches involved in biogas it became clear 

that there are specific relationships and barriers for the different sub niches which 

can hamper the biogas implementation in different regimes. 

• The decision framework , worked out in chapter 5, can be used to decide about 

the use and the development of a biogas system. This decision framework is 

based on characteristics from previous analysis of the niches and Socio technical 

regimes. 

• For the local Government, Biogas can fulfil several local and national policy 

goals. Within the demands of the local government the most promising 

technologies are CHP and Transport fuel. 

The overall conclusion of the decision framework and the policy of the Province have led 

to the preference of biogas as transport fuel. This would be the best option for utilization 

of biogas. 
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Recommendations Province of Gelderland 

• The use of the decision framework might help to get insight in the important 

factors of biogas. The decision framework makes the assessment more clear and 

a well founded decision for biogas production or utilization can be made. 

• Guidance of experiments to learn about technical, social and institutional aspects 

are important for the development of the biogas technology. In the role of the 

province as facilitator it is important to facilitate the learning processes and to 

transfer the experiences. The experiments are conducted to learn about the 

desirability of a technology. This is a continuing process and therefore it should 

be taken in mind that the outcome of these experiments . may be needed for 

further societal progress. 

• It may prove to be useful to stimulate Biogas by setting up a new actor who can 

facilitate and transfer these experiences to avoid conflicts of interest and to make 

the role of the Governments clear. This actor acts between the Governmental 

institutions and companies and therefore is more neutral. 

• Increasing popular support and social embeddenes by organizing both formal 

channels for residents and informal socially appealing communications, such as 

barbeques, might create a greater support. In addition, in might be helpful to 

emphasize the fact that biogas can contribute to an improvement of the local 

economy, of which the local community can benefit. 

Recommendations Eindhoven University of Technology 

This research focused on multiple developments of the biogas niche in the waste, 

agricultural, energy and transport regimes. The niche itself develops against the 

background of the former mentioned regimes. A decision framework was created to 

determine the best possible option of a renewable energy technology. Because the 

framework was a first set up, further research to verify the used factors is necessary. 

The analysis in this report offers a point of departure for decision making regarding 

biogas development in the Netherlands, and more specific, the province of Gelderland . 
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LIST OF ABBREVIATIONS 

PJ: 

MWe 
GWh 

Kton 

Mton 

CHP 

GHG 

Peta Joules= 1015 Joules 

MegaWatt Electrical Power = 106 Joules per second 

GigaWatt per hour = 109 Joules per second per hour 

Normal cubic meter per hour. A normal cube gas per hour is a cubic 

meter of gas at atmospheric pressure (1 bar) and at 18°C. 

Kilo ton = 106 kilograms 

Million ton = 109 kilograms 

Combined Heat and Power: an engine can produce power, but always 

produced heat 

Green House Gasses 
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LIST OF DEFINITIONS 

Social Technical System: 

Biogas system: 

the whole of production, diffusion and use of an 

innovation to realize social functions in the society. 

the whole of production, diffusion and use Biogas to 

realize social functions in the society. 

Dominant Socio technical regime: A dominant socio technical regime is the set of 

informal and formal rules that direct the actors, but 

do not dictate their actions [Raven, 2005]. Formal 

rules are laws, regulation, norms etc. Informal rules 

are norms and values etc. 

Niche: 

SNM: 

AD: 

Biogas: 

"a loosely defined set of formal and informal rules 

for technological practice, explored in societal 

experiments and protected by a relatively small 

network of industries, users, researchers, policy 

makers and other involved actors" [Raven, 2005] 

"Strategic niche management is the creation, 

development and controlled phase-out of protected 

spaces for the development and use of promising 

technologies by means of experimentation, with the 

aim of learning about the desirability of the new 

technology and enhancing the further development 

and the rate of application of the new technology" 

[Kemp et al. 1998] 

Anaerobic Digestion, the process of decomposition 

of organic materials in absence of oxygen. The 

organic compound is transformed to mainly CH4 , 

CO2, NH3, H2S, H20, N2 and Digestate. 

Biogas is a renewable fuel gas produced by 

anaerobic digestion from biomass and/ or 

biodegradable fraction of waste that can be purified 

to natural gas quality. 
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Green gas: 

Digestate: 

Biogas that is upgraded to natural gas quality. 

Primarily CO2 is removed to obtain higher methane 

content. Other traces in the gas are also removed 

in the upgrading process. 

A wet product consisting of not decomposed 

organic materials and inorganic materials. 
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1 INTRODUCTION 

The growth of the society causes multiple problems: a rising demand for energy, an increase 

in emissions of Green House Gasses (GHG) and in waste production despite the efficiency 

improvements made in the transport and energy systems. The problems cannot be solved by 

these incremental changes in the system [Sanden en Jonassen, 2005], but are in need of 

more radical changes. These changes are difficult to realize within the current systems, 

because the specific paths of these technologies, e.g. the optimization of coal fire plants, is a 

strong stimulus for incremental innovation [Geels, 2004]. 

The Dutch government aims for a transition, the change from one socio technical system to 

another, towards more environmental friendly technologies to handle problems such as 

particulates and the environment. A social technical system contains the whole of production, 

diffusion and use of an innovation to realize social functions in the society [Geels, 2004]. 

However, the term transition is not a transformation towards a new system, but has to be 

seen as a change towards a system with general characteristics. The desired innovation has 

a direction, but a great part remains uncertain [Sanden en Jonassen, 2005]. The Dutch 

government therefore stimulates the production and use of multiple renewable technologies. 

Biogas is one of those technologies. Biogas is a renewable2 fuel produced by anaerobic 

digestion from biomass and/ or biodegradable fraction of waste that can be purified to natural 

gas quality [EU directive 2003/30/EC]. In the Netherlands, Biogas is applied in several socio 

technical systems to realize social functions in the society. For example, biogas is produced 

form waste water and is utilized as transport fuel, but also can be used in gasengines for 

heating and electricity production. Biogas is a relatively new technology and can be 

successful, because it may solve multiple environmental and social problems such as the 

reduction of carbon dioxide emissions and fuel availability. 

Although Biogas can contribute to the transition towards more environmental friendly socio 

technical system, the implementation of this technology is complex. Not only technical and 

economical barriers can hamper the diffusion of Biogas, also the rules and social 

relationships can playa role in the speed of diffusion. For examplB, Biogas production on 

farm land was ruled to be an industrial activity. This ruling was used by social groups to stop 

the building of a biogas production in rural areas [Biogas internationaal, 2008]. Many Biogas 

projects still need some kind of protection from the market and it is therefore important to 

develop these Biogas niches further to make them mature for the market if desired. 

The Province of Gelderland could be an important actor to develop Biogas niches further into 

market mature technology. The Province sees Biogas as an option to achieve their goals to 

produce location bound bioenergy and the use of green gas. In addition, to improve the air 

quality by use of cleaner transports and alternative fuels, such as biogas. The role of the 

Province is important because it is a part of the Biogas project as a decision framework 

2 The carbon cycle - the emission of CO2 and the use of CO2 plants - is relatively short, in comparison 

with the carbon cycle of fossil fuels which take about 200-300 years instead of 2-15 years. 
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determiner (e.g. permits), but also can facilitate the implementation and diffusion of Biogas 

projects by, for example subsidies. 

Therefore it is necessary for the Province of Gelderland to understand the complex 

relationship of the Biogas niche. The success and complex relationships of the Biogas niche 

can be explained by use of the concept of Multi Level Perspective and by theory of Strategic 

Niche Management (SNM). 

The concept of the Multi Level Perspective understands transitions as outcomes of 

alignments between developments on multiple levels [Geels & Schot, 2007]. Three analytical 

levels can be distinguished; landscape, socio technical regimes and niches. These three 

levels interact through three processes: (1) Changes at the landscape level create pressure 

on the regime, (2) destabilization of the regime creates a window of opportunity for niche 

innovations, (3) Niche innovations built up internal momentum, through learning processes, 

price/performance improvements, and support from powerful groups. Alignment of these 

three processes gives the opportunity for novel niches to compete with the existing ST 

regimes [Geels & Schot, 2007]. 

Socio technical regimes, related to Biogas, are analyzed to understand the resistance of 

these ST regimes to the Biogas systems. To understand the resistance in a ST regime, three 

dynamic and related processes are analyzed: socio technical system, actors, and rules and 

institutions. 

The theory of SNM is used for analysis of renewable energy technologies and is focused on 

explaining the success or failure of these technologies. Therefore, I will use this theory to 

analyze Biogas experiments related to different ST regimes (e.g. Biogas as transport fuel). 

According to SNM three processes can explain the success of a niche: learning, articulation 

of visions and expectations and social actor network building. 

Furthermore, both analyses may prove to be of use for developing a decision framework for 

the local Government on practical scale. 

New about this research is the analysis of the Biogas niche by SNM and the different ST 

regimes to determine where which Biogas system would be placed best. This research 

contributes to the use of SNM and ST regime analysis as support for policies for which less 

work is done. 

This report is an explorative research project. In this report it is investigated if both SNM and 

the ST Regime analysis can be used as supporting tool for the development of a decision 

framework for the local governments to introduce biogas. 

1.1 Research Objective 

The objective of this research is to develop a decision framework for local Governments to 

develop Biogasfurther, This will be realized by analyzing multiple Biogas experiments in the 

Netherlands and to gain insight in the relationships of different Biogas systems. 

14 



1.2 Problem definition 

Which biogas utilization system can be developed best by the Province of Gelderland, 

taken in consideration the successes of the biogas niche? 

To answer the question above that question is divided into 3 sub questions: 

1) Which relevant Socio Technical Regimes can be distinguished for Biogas and what are 

the main barriers for development of the Biogas Niche? 

2) Which Biogas niches are carried out in the Netherlands and how do they contribute to the 

success of the Niche Biogas? 

3) How would a decision framework for Biogas look like and which application of Biogas has 

the qualities to be chosen and supported by the Province of Gelderland? 

1.3 Methodology 

This section goes into various research methodologies. First of all the relationship of Socio

Technical Regimes and Niches will be discussed. Second, a discussion of the Socio

Technical Regimes for explaining the resistance and opportunities of the biogas 

development. Third, strategic niche management (SNM) for explaining the success of the 

Biogas niche. Thereafter, the relevance and analysis of the Life cycle methodology and the 

economical analysis is shortly discussed. 

1.3.1 Multi level perspective (MLP) 

To give a better understanding of the relationship of niches in a change towards a new socio 

technical regime the Multi Level perspective is discussed. The most important insight is that 

the direction and the outcome of the technological change not only result from a specific 

level, but originate from the linkages between these levels [Raven, 2005]. 

A change in the ST system is argued to come about by three processes. Firstly, innovations 

create new possibilities. Secondly, problems related to the old regimes providing a 'window 

of opportunity', which offers new (radical) technologies to fulfill the new demands. Thirdly, 

changes at landscape level create pressure at the ST regime. The alignment of these 

processes enables the breakthrough of novelties in mainstream markets where they compete 

with the existing regime [Geels & Schot, 2007]. 

The Multi Level Perspective makes an analytical distinction between the socio-technical, 

landscape (macro), ST regime (meso), and niches (micro) (see Figure 1). The Figure depicts 

the process of how a niche becomes a part of the new socio-technical regime 

15 
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Figure 1 A dynamic multi level perspective on systems innovations [Geels, 2002] 

The landscape has a certain kind of hardness (e.g. infrastructure, availability of natural 

resources, political coalitions), but it changes over time due to long-term and aggregated 

trends (changes in GDp3, environmental awareness) or sudden events (e.g. wars, 

environmental disasters) [Raven, 2005]. This landscape will not explicitly be analyzed 

because the focus of the report lies more on the aspects that can be influenced of actors in 

the biogas development. 

Socio technical regimes provide stability due the alignment of actors, institutions and rules 

and socio technical systems. 

Niches are protected spaces to learn about the desirability (economical, ecological, social 

etc) of a radical innovation. Niches can become noticed by aggregated activities. Important is 

that the perception of actors at niche level are influenced by developments at broader regime 

and landscape developments. 

1.3.2 Socio Technical Regimes 

Different sectors face structural problems, which are difficult to solve. The different sectors 

face different problems; the transport (air and noise pollution), waste and energy (oil 

dependency, reliability, environmental awareness), and the agricultural sector (manure 

surpluses and ammonia emissions). These problems are deeply anchored in the social 

production and consumption patterns [Geels et aI., 2004]. 

To solve these problems a sector can innovate, although the innovation will meet certain 

resistance in change. For example, the energy sector makes use of coals and gas to 

3 Gross Domestic Product: GDP is defined as the total market value of all final goods and services 

produced within a given country in a given period of time (usually a calendar year) . 
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produce electricity. The technology for the production of electricity is optimized for the use of 

coal and gas and therefore also the regulations, designers rules etc. These rules and groups 

are formed over time and have established relations between actors. These relationships 

and rules create stability and are therefore difficult to change. 

The aspects can be captured in the term socio technical regime. A ST regime is the outcome 

of the co-evolution of technological, social and societal elements. A ST regime consists of 

cognitive heuristics or designer heuristics, laws, dominant technologies and institutes [Raven 

en Verbong, 2004]. Additionally, an ST regime refers to the alignment of rules not only by 

the engineering community, but also other social groups like financers and users, which are 

centered on a technological system or technological artifact [Geels, 2004, Raven, 2005]. To 

clarify the relationship these aspects an analytical distinction can be made between three 

dimensions where, (I) Human actors and organizations are bound by, (II) the rules and 

institutions and (III) the socio technical systems4
, artifacts and infrastructure (see Figure 2) 

[Geels, 2004]. These three are interconnected and as the figure illustrates the socio technical 

regime is dynamic and provides stability through the following mechanisms; 

6 ST.SYSlcms. liJlo'-ace; "ad lUalcrial condifion S I 
rule~, frames. sla"dnrds etc. ·Inlerprclas!.-- ______ ~ 
flexibility ' is con~lrained by ~ 

lech~,i~~I!tnalerial . RlIl~s arc nOI 
pomollttlcS. Just cmbeddc.d in heads 

of acto~. but a Iso in 
ul.cfu\..1S (e.e. Ullom's 'miPI') 

Rules. 
institutions 

J. ActON 
cllrryan.1 
(r~)pnxluc 

tht' rules. 

organisalions. 
social groups 

2 A':[(1ni 0(\eI'UIC in 
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ul1d (inter)octions 
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Figure 2 the dynamic relationship between the three elements [Geels, 2004] 

• Rules and Institutions provide stability by guiding perception and actions 

• Actors and organizations are embedded in interdependent networks and mutual 

dependencies which contribute to stability. 

• Socio technical systems; in particular the artifacts and material networks, have a 

certain 'hardness', which makes them difficult to change. 

This systems interdependency is a powerful obstacle for the emergence and incorporation of 

radical innovations, which is undesirable when one wants to change the system towards a 

more environmental efficient system. 

4 As stated before a social technical system can be seen as the whole of production, diffusion and use 

of an innovation to realize social functions in the society. 
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For this research, four dominant ST regimes related to Biogas (waste, agricultural, Energy 

and Transport) are analyzed in Chapter 3. The waste and agricultural ST regimes are related 

to the production side of Biogas as the organic materials provide fuel for the production of 

Biogas. The agricultural ST regime is also involved in the processing of a byproduct of 

Biogas production, Digestate, which increases the involvement of this regime. The Transport 

and Energy ST regimes are related to the use of Biogas for heat or electricity production or 

as transport fuel. 

1.3.3 Biogas a Niche 

In this section it is argued why biogas can be seen as a niche. To introduce radical 

innovations in the market temporary protection may be necessary, because of the ruling 

technical, social and market conditions. Radical innovations need protection because they 

are time-consuming, expensive and mainly have low technical performance. A niche is 

important, because it facilitates a surrounding with the aim to learn about new aspects (e.g. 

societal) and built up of new actor networks of a technology for wide societal embedding. By 

placing the innovation between the market introduction and the R&D, more insight is gained 

of the variation and selection rules which are on the one hand determined by the choices of 

individual actors and on the other hand by external developments. 

Raven describes the niche as "a loosely defined set of formal and informal rules for 

technological practice, explored in societal experiments and protected by a relatively small 

network of industries, users, researchers, policy makers and other involved actors" [Raven, 

2005]. In contrast to ST reg imes, niches have a limited stability because of the uncertainty 

about technological, economical and societal aspects and are carried by a relative small 

social network. It is therefore important to learn about the technology and its aspects to 

create more certainty and eventually, if desired, to introduce it in the market. 

According to Raven [2005] to determine whether Biogas is still a niche or a part of a 

dominant regime, Biogas has to meet three criteria. First Biogas has to receive some 

(financial) protection from the market. Second, biogas has to have a low market share. Third, 

a greater uncertainty about the technology than the technologies in practice has to exist 

[Raven, 2005]. 

Biogas can be seen as a technological and market Niche. First, because Biogas has a low 

market share. Several farmers, sewage treatment plants and organic waste treatment 

companies are producing biogas and are mainly utilizing it on small scale in Combined 

Heating Power engines (CHP). Second, stability. Uncertainty about the organizational 

aspects such as the lack of or non suitable norms for biogas (e.g. gas grid injection). Other 

possible production methods and utilization of biogas are still seen as experimental. Third, 

Biogas is protected from the market through several (financial) incentives, however these 

have changed over a short period of time. Entrepreneurs do not know how these will develop 

and are reluctant to invest. Also, the societal implementation of biogas is problematic 

resulting in delayed projects. 

18 



In conclusion, Biogas is still in the start up phase for market introduction and application in 

the Netherlands. Therefore several technological, organizational and societal aspects of 

Biogas are still uncertain in the Netherlands and needs to be investigated to gain further 

insight. 

1.3.4 Strategic Niche Management (SNM) 

Niches are important as they are the locus for the emergence of a new socio technical 

regime [Raven, 2005]. The objective of SNM is to clarify the changes in the technology, 

social and institutional infrastructure which are important for the success of a technology. 

The role of, and relation between, niches and societal experiments such as pilot plants have 

been investigated in SNM. Kemp et al. defines SNM as: 

"Strategic niche management is the creation, development and controlled phase-out of 

protected spaces for the development and use of promising technologies by means of 

experimentation, with the aim of learning about the desirability of the new technology and 

enhancing the further development and the rate of application of the new technology" [Kemp 

et a\. 1998] 

From this definition it can be understood that the most important aspect of SNM is learning 

about the desirability of experiments in the social context to implement the technology 

further. In SNM three underlying niche processes play an important role in the development 

of a radical technology (e.g. biogas). These processes are Voicing and shaping of 

expectations, Building of social networks, and Learning. 

The success of an experiment can be measured by the generation of external effects such 

as the sharing of experience of biogas in meetings. Three processes were argued to 

contribute to the success of a social experiment and these will be used to analyze the social 

experiments in chapter four. 

The three processes explained: 

1. Voicing and shaping of expectations 

Participation in projects by related actors is based on expectations. Expectations provide 

direction to development; they act as cognitive frameworks making choices in design process 

[Van der Laak et al. 2007] The articulation of expectations attracts new actors. Three 

characteristics can be distinguished: 

• Robustness - a large variety of actors share the same expectations providing a 

stabilization of the niche 

• Quality of expectations - the number of experiments supporting expectations is rising 

• Specific expectations - Steps that have to be taken to realize expectations 

2. Building of social networks 
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In the early phase of an innovation, networks are small and fragile. An increasing number of 

actors can be brought together by experimentation and may result in new, broader networks. 

Two characteristics are important; Composition and Alignment [Raven, 2005]: 

• Composition - for a niche development it is necessary to invest resources to expand 

and maintain a niche, with absence of short term market value. The involvement of 

(incumbent) regime actors can speed up (resources) or hamper (defensive 

strategies). Involvement of users can help in the innovation process and the 

involvement of Non governmental organizations (NGO's) can help in the application 

area. 

• Alignment - the alignment in a network, the realizations of equal visions, may differ 

significantly per new and incumbent actors. New actors do not have a substantial 

history of cooperation and therefore cross-relations are minimal. The more cross 

relations, the more stable the alignment is. Alignment requires dedicated activities 

such as platforms. 

3. Learning 

Learning (e.g. about technical specifications, user preferences, public policies, symbolic 

meanings) is crucial for innovating succefully. It enables adjustment of the technology and/ or 

societal embedding to increase chances on successful diffusion. For governments it can be 

of importance to learn about the consequences of a technology. Five learning processes can 

be distinguished: 

• Technical development and infrastructure includes learning about the design 

specifications, required complementary technology and infrastructure; 

• Development of user context includes learning about user characteristics, their 

requ irements and the meaning they attach to a new technology and the barriers that 

they encounter; 

• Societal and environmental impact entails learning about safety, energy and 

environmental aspects of a new technology 

• Industrial development involves learning about the production and maintenance 

network needed to broaden dissemination. 

• Governmental policy and regulatory framework involves learning about the 

institutional structures and legislation, the government's role in the introduction 

process, and possible incentives to be provided by public authorities to stimulate 

adoption [Hoogma 2002 from Raven 2005]. 

A distinction can be made between first - and second order learning. First order learning 

refers to learning about technologies without questioning the underlying values. If the 

underlying assumptions and norms are questioned than it is referred as second order 

learning. Second order learning and/ or the involvement of outside network actors is 

important for a niche to become a success as market niche or to become a part of the 

20 



existing regime [Raven, 2005]. However, results of projects are not automatically transferred 

into lessons and cognitive rules. This has to be done through aggregated activities such as 

standardization, codification etc. [Geels & Raven, 2006]. 

Before a niche becomes a source for regime transformation the niche itself needs to be 

brought under attention of the regime actors by aggregated activities. This can be achieved 

through consolidation of the niche by two processes: branching and aggregation [Raven, 

2005]. Branching refers to the spread of innovation throughout locations and domains. For 

example, biogas is not only produced in the agricultural regime, but also by actors from the 

waste regime. Aggregation refers to the process of aligning and linking those locations and 

domains through general institutional structure (standardization, codification etc.) by actors 

on a global niche level such as branch unions or communities [Geels & Raven, 2006]. 

1.3.5 Life Cycle Analysis and Economical Aspects 

In this section, two other dimensions of biogas are discussed, which are not explicitly 

discussed in the previous theories and concepts. The Life cycle analysis (LCA) and 

economical aspects of Biogas are used as guidelines and are important factors in decisions 

of Governments to support the Biogas development. Therefore it is desired to learn more 

about theses domains. 

Life cycle analysis 

The number of possible biogas systems is large due to the variety of available raw materials, 

digestion technologies and fields of application. Therefore, uncertainty exists in the area of 

biogas production and utilization for which area this product can be produced and used the 

most environmental friendly .. For the different actors it can be of importance to gain insight 

of the emissions of the different methods of raw materials processing and handling, the 

production of biogas and the use of biogas. More information on this subject may lead to 

reduction in resistance of stakeholders and improve the speed of implementation. A Life 

Cycle Analysis (ISO 14040-43) can be used to make inventory of the energy content and 

ecological advantages and disadvantages of the whole system of biogas. 

A Life Cycle Analysis (ISO 14040-43) can be used to make inventory of the energy content 

and ecological advantages and disadvantages of the whole system of biogas. The results of 

an LCA can be compared when the functional unit is equal. For biogas the most important 

function unit will be the amount of CO2 (CHG) abated per biogas m3 produced. However the 

results are substantially depending on the assumptions and system boundaries chosen of 

biogas. For example, whether to include the total energy demand of the raw materials input 

(Collection, cultivation, preprocessing) or only look at the energy content of the raw 

materials, e.g. regarding biogas yield. These factors can be quantified. Other factors that 

could be taken into account are the eutrophication, land sculpture or reduction in pesticide 

use. These are more difficult to quantify. 
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A critical note on LeA is that a small number of LeA studies have been done for biogas and 

therefore less comparison materials are available. Due to the different assumptions and 

functional units it is difficult to compare LeA's. More research, more facts and a more 

simplified method for analysis and assumptions is necessary. 

Economical aspects 

In this research report, no full economical analysis will take place as it not is in scope of this 

report. However several aspects, the price of input materials, scale of digestion, economical 

feasibility and subsidies are discussed, because these show a part of the complexity of the 

Biogas Technology development. 

1 .4 Research Strategy 

In the following section the strategy to answer the research question is discussed. First of all 

the three different sub questions are discussed which will form the base for answering the 

main question regarding the best development of a Biogas system. 

1) Which Socio Technical Regimes can be distinguished for Biogas and what are the main 

barriers for development of the Biogas Niche? 

To answer the question I made use of a ST regime analysis. The areas for production and 

utilization of biogas, the biogas system, are influenced by many actors from different 

regimes. These regimes are chosen because they are dominant and therefore direct the 

actor. A division was made between the ST regimes at the biogas production side : waste-, 

agricultural, and at the biogas utilization side: agricultural-, energy-, and transport. 

The ST regimes are analyzed according by the three elements of a ST regime in order to 

determine the main barriers for biogas niches. These three elements are: 

• Technology & knowledge 

• Social actors & networks 

• Institutions & rules 

2) Which Biogas experiments are carried out in the Netherlands and how do they contribute 

to the success of Biogas? 

An experiment is defined as a project that is set up to learn about technological , institutional 

and/or social aspects of the technology. Therefore the theory of SNM and the three 

underlying processes: 

• Visions and expectations 

• Social actor network building 

• Learning 
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These processes are used to analyze the experiments and to determine the desirability of a 

technology. The level of success is defined as the projects are used as examples for other 

biogas initiatives. The experiments were selected according to the criteria that they receive 

some kind of protection from the market (MEP, EIA or other subsidies). The experiments 

cover the whole range of production, distribution and utilization. It should be noticed that the 

biogas is mainly produced and utilized in one and the same project. 

Biogas projects cover a wide range of regimes and the alignment of these actors within a 

niche is important to provide a firm base and act as example to develop the technology 

further. The analysis is limited to nine experiments, because a large variety within these 

experiments exists (see Table below). The experiments are classified to the nature of their 

activities for analysis purposes; agricultural actors (A 1 to A3), organic waste processors (B4 

to B6) and sewage water treatment actors (C7 to C9). These groups are a part of the Biogas 

Niche and therefore can be said that they are sub niches. The sub Niches are related to 

certain regimes and therefore may represent a specific different relation between the niche 

and the regime. Moreover, the kind of utilization of Biogas offers per group although these 

are more or less related to electrical energy (E) or heat (H) production Furthermore, in the 

table below, the kind of digestion method is presented followed by the company name for 

informative purposes. 

Table 1 Overview analyzed experiments 

Kind of 
Company Name 

Conversion 
Utilization Feedstock 

Digestion technology 

A1 Manure, maize, 
Mesophilic Maatschap Wollerich CHP engine 

E to grid ,H to 

glycerin, 36.000 ton neighbor 

A2 
Manure, substrates, 

Mesophilic Sioenergy Maasland CHP engine 
E to grid , H used 

36.000 ton for drying digestate 

A3 
Manure, maize, road 

Mesophilic GreenPower Salland CHP engine 
E to grid, H used for 

grass, 70.000 ton drying digestate 

84 Digestion of organic 
Thermophilic Orgaworld CHPengine 

E to grid, H used for 

waste, 85.000 ton com posting 

85 Restaurant and food 
Thermophilic SEW A Moerdijk CHP engine 

E to grid, H to 

waste, 35.000 ton Neighbor 

86 Chicken slaughter 
Thermophilic SIR CHPengine 

E to grid, H to 

waste, 2.700 ton Tannery 

Membrane 

C7 Sludge Mesophilic 
Hoogheemraadschap 

Siogas 
Gas to grid, Gas to 

Hollands Noorderkwartier car 
upgrading 

C8 
Sludge, experiment 

Mesophilic 
District water board Valei 

CHP engine 
E to grid , H cooled 

with fats(4.500 ton) and Eem away 

· C9 Sludge Mesophilic District water board Veluwe CHP engine 
E to grid, H used in 

new district 
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The information obtained for the analysis is based on personal interviews which are 

presented in Appendix C. These interviews were structured according to the three niche 

processes and related aspects. In addition, a question regarding the expectations of the 

actors on the role of the Government is presented. Additional information sources (e.g. 

internet, brochures) were used to add relative information. 

3) How would a decision framework for Biogas look like and which application of Biogas has 

the qualities to be chosen and supported by the Province of Gelderland? 

From the interviews and the experience from the previous questions, several aspects were 

taken into consideration for developing a decision framework. To develop this decision 

framework first of all the goals of the local Government of Gelderland are determined. 

Important criteria for Biogas utilization will be filtered out. Second, three routes for biogas 

utilization will be discussed with regard to the criteria of the local Government. Within these 

three routes the consequences of the utilization of Biogas are presented . This is followed by 

recommendations for the Province of Gelderland. 

1.5 Data collection 

An overview of the data collection is provided below: 

• Interviews actors 9 experiments 

• Conferences: Ontwikkelingen bij groen gas at the Marke (GLD), Groen gas en 

warmtebenutting Eindhoven, Regionale kansen voor Biomassa en Waterstof Arnhem 

• Scientific databases (Sciencedirect, etc.) 

• Magazines and Journals 

• Documents and policy reports of Governments and research institutes 

• Internet sites Biogas related actors (Bioenergy, Ministry of LNV) and ST regime 

actors such as the Gasunie and Tennet 

• Statistics (CBS statline) 

1.6 Limitation research 

In other countries, such as Sweden and Germany, several Biogas systems are well 

developed. This report focuses on the complex and hampered development of Biogas 

systems in the Netherlands. These systems contain the whole of production and utilization of 

Biogas. The units of analysis are 9 experiments and four dominant ST regimes. 

The (niche) experiments have as functional aspects three processes: visions and 

expectation , social actor network and learning. Criteria for the selection of the niches are that 
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they receive some kind of protection from the market (subsidies etc.) by the Government and 

are carried out in a social context5
. 

The four ST regimes have as functional aspects three processes: technology and 

knowledge , institutions and rules, social actor and networks, to determine the main barriers 

for biogas niches. The analysis is limited to relationship of the ST regimes with the Siogas 

production and utilization. The focus of the analysis lies on the three elements as the 

outcome of the co evolvement of these three elements. In addition, a longitudinal study is not 

carried out because the idea exists that this will be sufficient to analyze the main barriers. 

1.7 Relevance research 

Siogas projects cover a wide range of domains and to gain more insight in this complex 

technology a ST regime method and SNM method is used. The results of those two concepts 

are used to understand the barriers for actors to be able to diffuse the use of Siogas further 

and therefore contributing to the renewable and energy goals of the government. 

In addition, more knowledge is gained about the Niche approach. For this report a difference 

is made between three Siogas Niches divided by the nature of the actors which are expected 

to contribute to the development of the Siogas Niche as a whole. 

The analysis of the Siogas niche by SNM and the different ST regimes to determine where 

which Siogas system would be placed best. This research contributes to the use of SNM and 

ST regime analysis as support for policies for which less work is done. 

1.8 Roadmap 

Siogas is a complex technology and therefore several aspects of Siogas are discussed in 

chapter 2. In this chapter a general overview of Siogas is given. Followed by the international 

and national policies are discussed regarding Siogas and thereafter a discussion of the areas 

related to Siogas: Feedstock, production, utilization and Digestate. Finally, economical and 

ecological aspects of Siogas are discussed. In chapter three, four dominant ST regimes are 

analyzed to determine the main barriers for the development of Siogas in general. In chapter 

four, three biogas niches are presented and analyzed according to the three processes 

followed by a comparison of the three niches. Also the main barriers in the experiments are 

determined. In chapter 5 the role of the Province of Gelderland and a decisions strategy is 

presented followed by a section on the possibilities and consequences of Siogas. Finally in 

chapter 6 the main conclusions are given to answer the research question. 

5 The social context refers to the development of a technology outside the R&D phase. 
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2 INTRODUCTION BIOGAS 

The technological developments and applications around biogas form a complex entity. To 

create a better understanding about the technology several important aspects relevant to the 

decision chart are discussed in this chapter. 

First the international and national Biogas stimulating policies are discussed. This is followed 

by a discussion of the cultivation, production and utilization technologies of biogas. Followed 

by the use of a Life Cycle Analysis (LCA) is discussed. LCA is a useful methodology to chart 

and to get insight in the energy, emissions, and particle matters, of biogas from the whole 

complex cycle of cultivation, production and utilization. This tool can be used as decision 

support tool for local Governments, although the LCA proves to be a tool that is very 

complex. Finally, some economical aspects are discussed followed by a general conclusion. 

2.1 International policy incentives for Biogas 

The interest in Biogas can be traced back to the Kyoto protocol. The Kyoto protocol is an 

agreement between industrial countries to reduce Green House Gasses (GHG) in the period 

of 2008-2012 by 5.2% with as reference year 1990. For the European Union and the 

Netherlands this resulted in a reduction of 8% respectively 6%. An important incentive for 

biogas to be used as transport fuel is the European directive (2003/30/EC) [EU, 2003]. For 

2010 all member states have to mix up to 5.75% biofuels with fossil fuels. The background 

for this directive is threefold: 

• Reduction of C02 

• Reduction of the independency of the import of fossil fuels 

• Stimulation of the agricultural sector 

At the moment, however, the EU is reconsidering their directive because several countries 

stay behind in the goal of 5.75% mixing and because of the current debate about the 

negative aspects of biofuel import e.g. rising food prices/ deforestation. 

2.2 Dutch policy incentives for Biogas 

The world energy supply is for 80% based on fossil fuels [Groenboek energietransitie, 2007]. 

The energy demand is increasing in the industrial countries, but also in the new economies 

such as India and China. However the stock of supply is limited and due to the scarcity 

influences of natural disasters or wars, the effects are more noticeable. The political powers 

of the energy resource rich countries will therefore also increase. In addition, the use of fossil 

fuels has a large effect on the change of the cl imate. To face these problems a change 

towards another energy system is necessary. 

The Dutch energy policy is aimed for the energy transition, the change towards another 

energy system. A long term goal is set for 2050 in which most of the energy has to be 
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produced from renewables and the carbon dioxide emissions have to be reduced to half the 

level of 1990. To realize these ambitions six platforms with core themes were introduced. 

These platforms worked out 26 different transition paths. For biogas the most important 

Transition paths are: 

• Driving on Hydrogen; Biogas and Natural gas are seen as a niche, important as 

stepping stone for experience with gas for the Hydrogen future (Platform Duurzame 

Mobiliteit). 

• Greening of Natural gas; Natural gas is replaced by Green gas (Biogas and SNG of 

biomass), 1-3% replacement of Natural gas by Green gas (Biogas) on short term 

(Platform Green Gas) 

• Bio electricity; Biogas is expected to be fed in the national gas grid and not be used 

for energy production (Platform Duurzame elektriciteitsvoorziening) 

The Platforms have the objective to feed in biogas. In contrast to the financial stimulants from 

the work program 'schoon en zuinig,6 for biogas, e.g. the subsidy for renewable energy 

production (SDE), the regulating energy tax (REB) are directed towards the stimulation of 

electrical energy production [VROM, 2007 A]. Other stimulants are the sectoral covenants7 

and the change in regulation and granting of license for faster implementation of 

technologies. 

2.3 Biogas systems 

Biogas is seen as a renewable fuel that has as advantage that it can replace fossil fuels for 

production of energy or as replacement for transport fuels. 

Biogas is produced in the absence of oxygen by micro organisms which digest organic 

materials and transform these to biogas. An overview of the chemical process is given in 

Appendix A. The biogas consists of 45-70% methane, 30-45% of carbon dioxide [BTG, 

2007], and traces of, for example hydrogensulphide. The composition of biogas depends on 

the nature of the feedstock. 

6 The work program "Schoon en Zuinig" is a work program of the current cabinet for realization of the 

transition. 

7 The sectoral convenants are called "Meer met minder", "Green for Sure", "Energieagenda", 

"Nederland Gidsland". 
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Figure 4 Overview of the biogas systems applied in the Netherlands 

In the Figure above the change of the feedstock of biogas (organic materials) into energy 

and utilization is shown. The arrows indicate the transport of the materials and energy by 

several means such a transport by truck or transport by gas pipelines. Biogas can be utilized 

as heat, heat and power (CHP), or as transport fuel or injected in the gas grid. The gas 

needs to be cleaned and, in case of transport fuel and gas grid injection, upgrading is 

required. Besides the transformation of the feedstock, via biogas, into energy, another 

important aspect is the direct transformation of the organic materials into the byproduct 

Digestate that may be used as organic fertilizer. It is mentioned in the Figure because the 

Digestate proves to be an important aspect in the Biogas production process and needs to 

be dealt with. 

2.4 Feedstock of biogas 

In this section the feedstock of biogas, the relationship of the feedstock with the scarcity of 

land and the current market prices for food and fossil fuels are discussed. 

The feedstock can vary from organic fraction of (household) waste to dedicated energy 

crops. All waste that contains organic matter can be used for methane production. Easily 

degradable homogenous concentrated streams are the most favorable e.g. waste streams 

such as glycerin, a byproduct from biodiesel production. These waste streams can be divided 

into solid wastes, waste slurries and waste water. 

Industrial waste water, which contains high concentrations of organic matter are very 

attractive waste streams for anaerobic digestion. Effluents from the food and beverage 

industry (e.g. Bavaria, Grolsch) can contain the highest concentration of organic compounds 

in the water. Digestion of these industrial waste waters is already widely applied in food and 

beverage industry and the paper and pulp industry [Lens, 2006]. 

Another kind of process is the (co) digestion of manure mixed with other organic streams, for 

example vegetables, residual (waste) fruits and road grass. The ratio of mixture is a 
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determining factor in energy output and emission reduction. For energy purposes it is better 

to use only organic materials and for emission reduction it is better to digest only manure 

[Alterra, 1437]. Not all organic materials are allowed to be used in the co-digestion process in 

the Netherlands8
. A list of allowed materials is published in 2004 [SenterNovem, 2008a] and 

is adjusted every year. In 2006, in total 0.3 billion kilo biomass has been digested of which 

(estimated) 2/3 manure and 1/3 co-substrates. The total manure production was 70 billion 

kilo [CBS, 2007]. 

The scarcity of land in the Netherlands makes it difficult to implement large biomass 

systems9 (primarily the production and/ or collection of organic materials) and therefore 

replacement of non renewable energy is limited. Increase in energy yield per crop or crop 

yield per ha (genetic modified crops) can offer a solution. However, several stakeholders 

object to the use of these crops in fear of loss of biodiversity and landscape sculpture. In 

addition, land is also used for other purposes and functions. Costs for the cultivation or 

collection of organic materials can vary considerably due to different yields of (energy) crops, 

materials and energy carriers and due to different values of biomass (energy) crops in terms 

of emissions and energy [Dornburg, 2004]. 
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Figure 5 World commodity prices 2007 [IMF, 2007] 

Food Price has 

increased more 

than 50%. 

The increase in demand for biomass for energy and material use will increase the market 

prices of agricultural land. Subsequently the market prices of food, bioenergy and 

biomaterials will increase [Dornburg, 2004]. Importing biomass would be an option to solve 

this problem, however due to a large interest of multiple (large) stakeholders (e.g. India, 

China), the international demand for raw materials has increased sharply the past few years 

(see Figure 5). 

8 The digestion of different sources can lead to the spreading of pathogens and other contaminations, 

e.g. heavy metals. 

9 Biomass systems are the whole of infrastructure, cultivation, production and utilization of energy. 
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The relationship of biofuels and food depends on the demand for oil. If the price of the 

petroleum rises, the interests in alternative energies, such as biogas, will also rise and 

therefore the demand for waste streams and energy crops. In the world economic outlook of 

2007, it is predicted that the high prices of materials will soften as a result of the increase in 

supply and the stabilization of the recent financial turmoil. The latter was boosted by strong 

demand through the new markets, such as India and China, natural disasters, entrance of 

speculators and a shortfall in supply. The market for natural resources is tighter and is 

therefore more sensitive to sudden impacts, e.g. natural disasters. The high prices of oil 

results in a surge for biofuels and more strains on the production of food [IMF, 2007]. 

In conclusion, large mono streams of organic materials are difficult to realize in the 

Netherlands because of the sensitivity to the market and the resistance of stakeholders 

against loss of biodiversity and landscape culture. Organic waste stream are less sensitive to 

the market price and food fuel discussion. 

2.5 Biogas production technologies 

Biogas can be produced through several processes. Biogas is also produced at landfills. 

landfill gas in the Netherlands contributes to renewable energy with 2%, but the amount of 

biogas produced is declining [CBS, 2007]. However, the production of biogas is diminishing 

because lesser organic waste is dumped at landfill sites since the nineties. This section aims 

at the other biogas production technologies, which can be divided in three categories: dry 

fermentation systems (more than 20% solids), wet fermentation (lesser than 15% solids) 

systems and fermentation (lesser than 15% solids) high-rate systems [lens, 2006]. 

2.5.1 Dry fermentation 

Dry fermentation processes are smaller in size and require less process water and less 

heating compared to whet fermentation reactors. The process takes place at an elevated 

temperature of 55°C. The reactors are plug flow reactors were the different anaerobic 

digestion processes are spatial separated. Examples are DRANCO, KOMPOGAS and a 

batch digester BIOCEl. 

2.5.2 Wet fermentation 

For the wet fermentation the continuous stirred tank reactor (CSTR) is the most used reactor 

type to digest wet solid waste streams. It is used for anaerobic stabilization of sewage sludge 

produced in waste water treatment plants and for treatment of manure. In this kind of 

reactors, the feedstock and the micro-organisms have the same residence time and this 

means that the hydraulic residence time must be high enough to prevent a wash out. This 

results in large reactor volumes. In another continuous system, the process of digestion 

occurs in sequence. 
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Many examples nowadays exist on farm scale level in the Netherlands. Farm digesters 

reached a number of 107 in 2007 [Stromen, 2008b] (in 2005 there were about 47 digesters). 

More important, the abatement of CO2 has risen to 32 ktons (5 in 2005). Another type of 

digester is the two-stage system for which the hydrolysis and methagonesis processes are 

physically separated, which leads to higher conversion rates and biogas yields resulting in a 

greater biological reliability. 

2.5.3 High rate systems 

For waste water treatment high rate systems are developed which can be divided in two 

categories: 

• Systems with suspended bacterial mass, where retention is achieved through internal 

or external settling. This contact digester is used in the paper and pulp industry, but 

today they are not generally used because of a technical problem that the biomass 

floats to the surface due to the biogas. 

• Systems with fixed bacterial films or solid surfaces. Successful examples are 

anaerobic fluidized bed and anaerobic filter similar to the wastewater treatment filters. 

Another successful system is the Upflow Anaerobic Sludge Blanket digester (UASB) 

developed at University of Wageningen, Netherlands, which is widely applied. 

2.6 Utilization of biogas for energy purposes 

In Figure 4 the different utilization areas of biogas were mentioned; heat, electricity, transport 

fuel, gas grid injection. The first two are commonly applied in the Netherlands, but the latter 

two are more scarcely used 1D
• Two other processes can be distinguished which are 

necessary before biogas can be used: Cleaning and Upgrading. First the biogas cleaning is 

discussed. Second the use of the cleaned biogas. Third the upgrading of biogas followed and 

fourth by the utilization technologies of the upgraded biogas. 

2.6.1 Cleaning 

Several steps are necessary before biogas can be used. Water, dust, hydrogen sulphide, 

ammonia, and siloxanes have to be removed. Water is removed by heating or freezing . 

Dust particles have to be removed by a filter (2-5 micromesh) or a cyclone. The other 

compounds, hydrogen sulphide, siloxanes and halogens, require a more extensive method. 

The component hydrogen sulfide (H2S) causes corrosion and is poisonous. When this 

component is burned, a more toxic component (S02/S03) is formed. The effect of S02 on 

biogas is a lowered dew point. Also H2S03 is formed and is corrosive for e.g. engines, 

10 However, the production of landfill gas and feed in of 'green gas' in the gas grid has been applied in 

several projects from 1982 onwards, such as Spinder, Netherlands. 
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compressors and containers. The component is highly reactive with metals and the reactivity 

is enhanced by the pressure and concentration, the presence of water and elevated 

temperatures [Persson, 2006]. H2S is found in landfill gas, gas from co digestion and in a 

smaller amount from sewage gas [Rasi et al. 2007]. Removal of H2S can be achieved 

chemically as biologically. The chemical processes require less time than the biological 

processes, but are more expensive. The most commonly applied technology is addition of 

oxygen into the digester to form natural sulfur11 [BTG, 2007]. Ammonia is removed in the 

same biological process, but a small amount of ammonia is allowed, up to 1 00mg/nm 3
, to be 

combusted in gas engines. The combustion of ammonia leads to the emission of NOx, a 

smog forming substance. 

Organic siloxanes are primarily found in landfill gasses and sewage gasses [Persson, 2006, 

Rasi et aI., 2007]. Siloxanes are converted during combustion to inorganic siliceous deposits 

in downstream applications. This is the cause of extensive damage by erosion or blockage. 

Siloxanes can be removed by activated carbon at a temperature of _2° Celsius. This method 

is effective, but expensive since used carbon cannot be regenerated and needs to be 

replaced. Another method for removing the compounds is absorption in a liquid mixture of 

hydrocarbons, in research phase are membranes and catalytic oxidation of siloxanes at 

mediocre temperatures and simultaneous removal of crystallized residues [Dewil et al. 2006]. 

However, no standard exists for measurement of siloxanes and therefore different values are 

recorded [Persson, 2006]. 

Halogenated compounds are often present in landfill gasses, however rarely in digestion of 

sewage and or organic waste. Halogens are oxidized during the combustion process. These 

combustion products are corrosive especially in the presence of water. [Persson, 2006] 

Removal of halogenated compounds takes place through pressurized tubes with specific 

activated carbon. Regeneration takes place by heating of the active carbon at a temperature 

of 200°C. 

2.6.2 Heat and Electricity generation 

Four technologies can be distinguished for the utilization of biogas: heat production by a 

boiler, heat and electricity production by a CHP engine, microturbine or fuel cell. The Dutch 

Government favors the production of electicity (financial incentives) and therefore heat 

produced by burning of Biogas is not applied in the Netherlands. Gas engines are commonly 

applied for biogas utilization. New engines have a range from 100 kW to 3 MWe and have a 

range of 38% to 42% electrical efficiency and a range from 45% to 48% thermal efficiency 

depending on the scale size. Several additional technologies are developed to increase 

electrical efficiency, e.g. Organic rankine cycle. 

11 Other methods are: Iron chloride dosing to digester slurry, impregnated activated carbon, Iron 

hydroxide or oxide, sodium hydroxide scrubbing [Persson, 2006] 
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Gas turbines are an established technology in sizes above BOO kW. A newer development is 

the application of micro gasturbines for biogas on farms, ranging from 10 kWe to 300kWe, 

with an electrical efficiency of 30%. Moreover, the gas emissions of the turbine are 

substantial cleaner than that of the gas engines (lesser CO and NOx). Another aspect is the 

large gas flow with a temperature of 270°C which can be used for heating. The micro gas 

turbine is commercially available and requires less maintenance costs than gas engines. 

However, just one example exists of this technology at a farm in Malmo [Turbec, 200B], 

because of the substantially higher investment costs and the lack of experience with micro 

turbines. 

Fuel cells are still not commercially used widely, despite the fact that they have a theoretical 

potential to reach very high efficiencies (>60%) and low emissions. Research for biogas use 

is aimed at hot fuels cells (BOO°C), because the CO2 in the biogas then can act as an 

electron carrier. The Molten carbonate fuels cells (MCFC) operates in the range of 250kW 

and up, and the solid oxide fuel cell (SOFC) in small applications of a few kW [Persson, 

2006]. A 1 kW SOFC cell unit using biogas (70m3 per day) was operated with a cogeneration 

located in Lully, Switzerland and achieved an electrical efficiency of 3B.2% and a overall 

efficiency B4.2%. Prior to the fuel cell the gas engine had an overall efficiency of 73% [Lens, 

2006] 

Because of the scale of CHP engines, they are attractive in areas with low heat demand and 

low amounts of biogas. For larger heat demand and available amount of biogas, STEG are 

more useful due to the increased electrical efficiency at increasing scale. 

2.6.3 Upgrading technologies and gas grid injection 

Upgrading of biogas can be realized by two processes: 

1. Mixing of Higher calorific gas or Groninger gas with biogas 

2. Upgrading by CO2 removal 

In the Netherlands it is required that the biogas is upgraded to Groningen gas quality (43.6-

44.1 MJ/Nm3
) if injected in the gas grid. The upgraded biogas has to comply with the Wobbe 

index and a certain quality (defined by its composition)12. 

The most common upgrading techniques are; membranes, Vacuum Pressure Swing 

adsorption (VPSA), CO2 washing (see appendix B for explanation of the different processes). 

At a later stage cryogenic upgrading is expected to be a promising and cheaper alternative 

[SenterNovem, 2007b]. For the membrane upgrading an additional boiler is necessary, 

because the upgrading results in the upgraded gas and a residual gas with a low content of 

12 See for requirements, Bijlage 3, Kwaliteitseisen , bepalingsmethoden en meetonzekerheden biogas, 

Rapport, Aansluit- en transportvoorwaarden Gas - RNB 
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methane. This gas cannot be flared of and is not easily burned. It needs to be mixed with the 

. original biogas if burned in an additional boiler. 

Membrane and cryogenic upgrading meet the requirements of the Wobbe index, but the 

carbon dioxide content is too high (about 10%). At the moment several landfill sites 13 and one 

sewage treatment facility14 are delivering green gas to the gas grid. In the near future 

cryogenic technology will be a promising cheaper alternative [SenterNovem, 2007b]. 

Several problems can occur during upgrading, resulting in lower methane content [Persson, 

2003]: 

• Water washing ; washing of biogas can lead to clogging by micro organisms in the 

columns 

• VPSA, failure of valves due to clogging 

• Adsorption fluid; A too high water content in the chemical element 

• Filter obstruction 

• Vibration of badly connected compressors and 

• Poorly built constructions. 

Other requirements for the production of green gas are that the waste streams from 

restaurant, food and slaughterhouse industry has to be pasteurized 15 before it can be 

upgraded. For sewage and co digestion plants this regulation does not apply and the 

question has risen if the existing pathogens may form a danger to the health of humans. 

From a study of Zhu et aI., bacteria's can survive and grow in gas distribution systems [Zhu 

et aI.2003]. However the drying of the gas reduces the amount of pathogens significantly. In 

another article of Vinneras et al. [2006] the risk for (maintenance) people to inhale pathogens 

is overshadowed by the risk of poisoning or explosion of cumulated gas in confined areas. 

No research has been conducted on the long term repeated contact with (upgraded) biogas. 

Further research is therefore conducted before large scale feed in of biogas is realized . 

The potential of upgraded biogas is estimated on 1.500 billion m3 gas per year, based on the 

co-digestion in the Netherlands. This is approx. 3% of the current total natural gas use 

[SenterNovem, 2007b]. One third of the materials have to come from energy crops and two 

third from residual streams. The potentials of the landfills (15 million m3) and the sewage 

treatment plants (4-5 million m3) are not taken into account, because these already have 

invested in CHP engines and no large grow is foreseen. 

13 Landfill sites delivering green gas are Tilburg (from 1987). Wijster (1989), Nuenen (1990) and 

Collendoorn (1990) 

14 Sewage treatment plant at Beverwijk green gas injection in the distribution network of Eneco 

Netbeheer, see Appendix C 

15 Organic animal biomass needs to be heated at a temperature of 60-70°C for an hour [EC 

1774/2002] 
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2.6.4 Transport fuel 

The use of upgraded biogas as transport fuels has several environmental benefits. Besides 

the reduction in Green house gasses, the emissions of nitrogen oxides (NOx), hydrocarbons 

and particles are less for upgraded biogas compared with conventional fuels [Bbrjesson and 

Berglund, 2006]. In addition, natural gas and upgraded biogas do not require major 

modifications of conventional engine technology [Eriksson & Olsson, 2007] 

Biogas as transport fuel is scarcely applied in the Netherlands. In Europe, Sweden has the 

biggest share in upgrading biogas to transport fuel. Of the 30 upgrading plants about 4 feed 

in the gas grid. The residual produces transport fuel gas for cabs and busses [Groen gas, 

2007]16. In Sweden and Denmark biogas is upgraded to transport fuel with a methane 

content of 97%17. About 5 million vehicles use Natural gas. Most of the personal cars are 

retro-fitted with a gas tank in the luggage compartment and a gas supply system. Dedicated 

cars can be optimized for better efficiency. Gas is stored at 200 to 250 bars in pressure 

vessels from steel or aluminum composite [Persson, 2006]. Pathogens in the biogas are 

expected not to survive at these pressures [Vinneras, 2006]. 

The number of biogas and natural gas filling stations is increasing in Europe, but still is 

insufficient to guarantee a good coverage in Europe. The Netherlands has seven stations 

supplying natural gas and several initiatives are started to build Natural gas filing stations. 

These stations are connected to the natural gas grid. According to the Dutch statistics 

website (CBS) no biogas is used for transport gas in the Netherlands. However, the firm 

"DELTA oil" is exploiting biogas as fuel, and the sewage water treatment plant Beverwijk is 

supplying biogas as biofuel for their two VW caddies. Another test is conducted at "the 

Marke", an experimental testing farm, where a tractor is driven on biogas (duel fuel). 

2.7 Digestate - a by product of biogas production 

Digestate is a wet product that consists of undigested organic compounds. It contains 6 to 

20% dry matter, of which 30-80% is organic. De pH value varies between 7.4 to 8. The 

digestate contains important nutrients (N, P, K, Ca, Mg en S) and several trace elements 

which are important for the growing of plants. During digestion process 60-80% of the N2 is 

transformed to ammonium (NH4 +). No nitrate is formed because of the anaerobic digestion 

process. 

The digestate acts more as an ammonium fertilizer than as the faster nitrate fertilizer. The 

great advantage is that, due to positive "charge", the ammonium is better absorbed by the 

clay humus complex and therefore it is slower flushed away. The ammonium is transformed 

in the soil to nitrates. The organically bound nitrogen is released after a longer period and is 

therefore better for crops with a long grow season. 

16 Bus and taxi companies use biogas due to restrictions and incentives of the local communities . 

17 A lower content of methane results in a lesser kilometer range of the vehicle. 
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Digestate can be separated in a thin and a thick fraction. The thin fraction is a nitrogen rich 

fraction that after evaporation or dewatering can be used as a replacement for artificial 

fertilizer. The water, released during the process, can be spread on land or reused in the 

digestion process. The thick fraction contains primarily potassium and phosphates . The thick 

fraction contains few structure materials and for ground improvements the addition of straw is 

favored . 

Using the digestate as fertilizer on arable land can improve the utilization of plant nutrients 

since (1) it makes plant nutrients in waste from urban areas available for recirculation and (2) 

digestion of agricultural residues facilitates a more efficient use of the plant nutrients 

[Berglund & Bbrjesson, 2006] 

In January 2006 the manure law and the regulations for waste (BOOM1B
) have been 

combined in the new manure law. The (residual streams) materials that are digested have to 

be mentioned on the white list if these are treated as fertilizer and are considered to be 

traded. Digestate and sludge are treated as compost and therefore face other demands, that 

of the compost. The compost should be of considerable fertilizer value and should not be not 

harmful for humans or environment. In addition, the government can enforce regulations for 

the specifications of the fertilizer [LNV, 2006]. 

2.8 Life cycle analysis (LeA) of biogas- energy and emissions 

In the following sections several important aspects are discussed. In section 2.7.1 , the 

energy performance and thereafter, in section 2.7.2, the emission performance of biogas. 

Several important aspects of a LeA related to biogas are discussed. For further information 

on the specific data of the LeA see citation marks. 

2.8.1 Energy performance 

In this section several important aspects are discussed regarding the energy performance of 

the biogas system. This section focuses on the overall picture of the biogas system and the 

crucial factors for the energy performance of the system. 

In a Swedish LeA study [Berglund & Bbrjesson, 2006] the energy balance of the biogas 

(mesophilic) system (cultivation, collection, digestion, spreading of digestate and upgrading 

of biogas) was analyzed . The energy input in the system overall corresponds to 20-40% of 

the energy content in the biogas produced (97% methane). The input varies from ley crops, 

straw, manure to slaughterhouse waste. For the production of biogas the operation of the 

biogas plant is the most energy-demanding process corresponding to 40-80% (of which 11 % 

of the energy input in large scale plants for biogas upgrading) of the energy input into the 

systems. A small scale farm is estimated to be more energy efficient than a large scale 

18 In Dutch: BOOM - Besluit Overige Organische Meststoffen 
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plant if the transport distance to the large scale biogas plant exceeds 75km [Berglund & 

B6rjesson, 2006]. 

Moreover, the energy use of the process is in most cases considerably lower than the net 

output. However, the net output turns negative when transport distances exceed 

approximately 200 km (manure), or up to 700 km (slaughterhouse waste) depending on the 

energy content of the raw materials. The net energy output of biogas systems based on raw 

materials that have high water content and low biogas yield (e.g. manure) is relatively low 

[Berglund 2006, Zwart et ai., 2006]. The production of biogas is therefore uneconomic 

without significant subsidies for farm scale plants [Gerin et ai., 2007]. Improvements of the 

process are expected to be made because biogas production is a relatively new technology 

and it is likely that there is a considerable potential for improvement in the energy 

performance [Berglund & B6rjesson, 2006]. 

The best application of biogas is depends on the energy efficiencies of the different 

technologies in use. In a study of SenterNovem [SenterNovem, 2007b] the use of biogas in 

the different systems is compared with the amount of abated natural gas. The technologies 

rank from (1) CHP, (2) boiler, (3) biogas upgrading and (4) the use of biogas for only 

electricity production. This resulted in respectively, 1.24MJ 1.00MJ, 0.75-0.91 MJ and 0.69MJ 

abated natural gas [SenterNovem, 2007b]. However these results are strongly depending on 

the assumptions on both biogas and reference systems efficiencies 19, the allocation and use 

of heat and the different technologies used (CHP, range normally from 0.25 to 3MWe 
compared with a STEG (combined steam and gas turbines), ranges from 4MWe up to 350 

MWe. Moreover the low caloric biogas is compared in this study with the natural gas quality 

which may result in different efficiencies and therefore different abated amounts of natural 

gas. 

2.8.2 Emissions performance 

The emissions of GHG can be reduced to about 75% when biogas replaces the fossil fuels 

for district heating or in light transport vehicles when the emissions of these companies and 

vehicles are considered [Berglund & B6rjesson, 2006]. However it should be noticed that a 

great variation in the fuel cycle emissions occur. Normally the variation occurs with a factor 

between 3 and 4, although this can go as far as 11 times for the same energy systems. 

The production of biogas is often the main source of fuel cycle emissions, in particular CO2 , 

NOx and S02. Of great influence is the uncontrolled release of methane during the production 

phase of biogas. Methane losses corresponding to 1 % of the biogas produced implies that 

the methane emissions from the production phase corresponds to more than 85% of the fuel 

cycle emissions [B6rjesson & Berglund, 2006]. The emission exceeds the end-use 

19 Although the variation in efficiencies is reported to be minimal, +/- 3% [B6rjesson & Berglund, 2006]. 
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emissions2o for several biogas systems and has the greatest effect on the fuel cycle emission 

route for production and upgrading. For example, Methane escapes to a higher extent at 

upgrading facilities than the reported 2%. The loss can vary between 0.2 and 13% [Persson, 

2003, Berglund & Borjesson, 2006]. A loss of 10% biogas corresponds to an increase of 50 

to 540 times the fuel cycle emissions. 

The amounts of emissions largely depend on the qualities of the raw material input and the 

efficiency. A low gas yield or low efficiency increase the emission per MJ biogas 

considerable [Borjesson & Berglund, 2006]. For example, the digestion of manure alone 

gives the highest reduction in emissions, because when substrates are added cultivation of 

the crops has to be accounted for. For example an increase of the share of maize in the 

digestion process increases the emission of Green house gasses. The use of fresh manure 

is of great importance because only then the emission losses of manure storage can be 

reduced to 5%. Moreover treatment of the digestate can produce 10-20% methane [Zwart et 

aI., 2006]. 

Despite the complexity of the different biogas configurations an overall conclusion is that 

biogas production and utilization can lead to environmental improvements, which in some 

cases, can be considerable. In many cases due to indirect environmental improvements , by 

improved land use and better handling of organic waste (nutrient losses, emissions of 

methane and ammonia) [Borjesson & Berglund, 2007]. For example, manure processing 

reduces the amount of methane aired due to spreading on land, even the collection and 

transport of maize and grass leads to emission reduction. 

To conclude can be said that LeA is a useful methodology to chart and to get insight in the 

energy, emissions, and particle matters, of biogas from the whole complex cycle of 

cultivation, production and utilization. 

2.9 Economical aspects of biogas 

In this section no full economical analysis will take place as it is not in the scope of this 

report. However several aspects regarding the sensitivity of the economy of Biogas are 

discussed. 

First of all the economy of a digestion plant is primarily depends on the prices of input 

materials. For co-digestion the use of maize silage (€25/ ton) has grown in popularity and 

therefore costs of the cultivations have to be incorporated. Other residual streams such as 

20 In the Bees B (Decisions emission demands burning installations) limits are set for the amount of 

methane losses of gas engines, turbines, VPSA, waterwashing and COOAB system. In addition. a 

stricter requirement is set for gasengines of 1.2 gr C per M03 at 3% O2 to get qualified for the subsidy 

SDE. 
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from the food and beverage industry have negative costs as a gate fee21 can be asked. 

However, there is an increase in demand for organic residual streams and therefore the gate 

fee has to be lowered, resulting in a lesser profitable processing of these wastes. 

Another important aspect for the cost calculation of biogas is the scale of the digestion and 

cleaning facilities. Production facilities of 100 Nm3/h (ca. 0.2MWe) are seen as small biogas 

plants and the large biogas production plants produce an amount of 500-600 Nm3/h (ca. 

1 MWe). If the facility is twice as big the costs of the co digestion and cleaning will not 

increase twice as much. Also, additional equipment, e.g. compressors and measurement 

equipment are not more expensive for small as large scale plants [SenterNovem, 2007b]. 

From the report Groen Gas [SenterNovem, 2007b] the general conclusion is that large scale 

systems such as sewage and waste water treatment plants and large scale co digester with 

residual streams are economically feasible to produce green gas. It is expected that the 

development of large-scale co digesters can result in more green gas (upgraded biogas) 

projects. However, co digestion on small scale with residual streams or maize silage, or 

large-scale co digestion with maize silage is not feasible now. The digestion of vegetables, 

fruit and garden waste has a highest uneconomic top for green gas and electrical energy 

production. The choice between the two outputs, gas and electricity, depends on the point 

where gas or electricity profits are higher. This turning point, were it is cheaper to produce 

gas than electricity is at 225-275 nm3 Green gas [Wingerden, 2008]. Besides the electricity 

and green gas as output, two other outputs have to be taken into account. First, the 

production of biogas leads to a byproduct digestate which can have a large impact on the 

economy if they have to pay for processing the digestate by other parties. Second the 

production of electricity always results in heat generation which can be delivered to other 

(interested) parties for a fee. However, to transport the heat significant investments have to 

be made. 

Biogas production is not seen as economical feasible and is therefore subsidized by the 

Dutch Government by several financial incentives such as the SDE. The subsidy is based on 

the uneconomic top22 of a standard case23
. For the long development, the SDE makes it 

possible to change from a subsidy program to an obligation for renewable energy production 

when there are more suppliers and a good working market in Europe. The number of 

facilities is stimulated at the moment because otherwise, in a free market, the prices of 

renewable energy will be artificial heightened [VROM, 2007A]. 

21 Gatefee: to take in residual streams a fee can be asked, because mainly the residual stream of a 

process is treated as waste. 

22 An uneconomic top is seen as the difference between the fossil fuels price (e.g. gasoline) and 

renewable fuels price (e .g. biogas) 

23 The standard case for co-digestion is base don a 600kWe CHP engine. This can have as result that 

all co digestion plants will be built on a larger scale to gain more profit. 
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2.10 Conclusion 

Table 2 Fact sheet Biogas system 

Fact sheet 
Expected 1-3% replacement of natural gas by biogas(500-1500 billion m3 co digestionJ 
15 million m3 landfill , 4-5 million m3 sewage treatment21ants utilized in CHP 
0.3% of 70 billion kilo manure was digested in 2006 
47 farm digesters in 2004,107 in 2007 
Abatement of C02 32 ktons in 2007 (5 ktons in 2005) 

Co digestion can lead to 75% GHG reduction 
CH4 escapes at upgrade facilities vary between 0.2-13% (10% CH4 correponds to 540 times 
CO2) 

Digestate is a wet product 6-20% dry matter of which 30-80% organic 

3 pJants sUQQly biogas as trans20rt fuel in the Netherlands 

20-40% of the energy content of biogas is used as input 
40-80% is used of the enrgy input in a plant for 2rocessing 
11 % of the enerQY input is used for upgrading in large scale plants 

Economical choice CHP versus Upgrading = CHP< 225-275nm3 (Green gas) < upgrading 

• Biogas can contribute to the policy goals, primarily GHG abatement 

• Biogas can be produced from multiple organic sources and can find utilization in 

multiple applications, although digestate always have to be processed. 

• The cultivation of organic materials (energy crops) for biogas is a sensitive issue. The 

discussion on the scarcity of land in the Netherlands will therefore be more significant 

due to rising food prices and the public attention for biofuels. 

• The main contribution of growth in biogas production is expected from co-digesters. 

.. Biogas is primarily used for heat and electricity generation, scarcely as biofuel for 

vehicles despite the fact that the technologies are available. The technologies used 

for biogas production can be seen as sector specific. 

• Digestate from organic materials on the white list is allowed and act as organic 

fertilizer and may contribute to the health of plants. 

• Biogas is still not economically feasible for (farm) small scale plants. 

• Emission losses during the process of Biogas production and the kind of feedstock 

have a large impact on the C02 balance. 
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3 REGIME ANALYSIS FOR BIOGAS 

In this chapter, four different Socio Technical regimes are described that playa role for the 

development of biogas. A ST regime is the outcome of the co-evolution of technological, 

social and societal elements. In section 3.1 four ST regimes are presented that may be of 

importance for the biogas development. This is followed by a discussion of the four socio 

technical regimes in section 3.2 to 3.7. These sections are divided in three elements, 

technology and knowledge, institutions and rules, and social actor networks. These 

processes are important for the alignment, determining the direction of development, of rules 

carried by these actors around the technological artifact biogas. In section 3.8 a conclusion 

about the main barriers of development of biogas in the different socio technical regimes is 

given. 

3.1 Four important regimes for Biogas 

As mentioned earlier Biogas can be produced from several organic materials. A distinction 

can be made of materials that are treated as waste and organic materials such as dedicated 

energy crops and residual streams from the agricultural sector. For the utilization of biogas 

several paths can be chosen; Biogas can be used for electricity and heat production, but also 

fed into the gas grid or used as transport fuel. In all cases the biogas production process 

produces digestate, a product which is expected to find utilization in the agricultural sector. 

The following regimes could be distinguished: 

Waste regime - This regime consist of actors, technologies, rules and institutions that are 

involved in the waste treatment and handling of organic waste. 

Agricultural regime - This regime consist of actors, technologies, rules and institutions that 

are involved in the production of organic materials and the use of the Digestate as organic 

fertilizer. 

Energy regime - This regime consist of actors, technologies, rules and institutions that are 

involved in the use of Biogas for multiple energy purposes such as electrical energy, gas and 

heat. 

Transport regime - This regime consist of actors, technologies, rules and institutions that 

are involved in the use of natural gas to gain experience to use biogas for transport fuel. 

Natural gas is seen as an important step for improving the air quality and biogas can act as 

additional greener fuel. 

These regimes are analyzed to determine the most important barriers for the development of 

Biogas. First of all the four different regimes are discussed followed by a conclusion. 
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3.2 Waste regime - municipal and industrial organic waste 

In this section the waste regime is discussed regarding the municipal and industrial organic 

waste. This waste can act as feedstock for the production of Biogas. The amount of 

processed waste in the Netherlands in 2006 was a total of 10845 kton of which 51.1 % 

incinerated, 36.7% was land filled, and 12.1% treated biologically of which 1.7% digested 

(SenterNovem, 2007a]. In the following three sections, the technology and knowledge, the 

institutions and rules, and social actor network are discussed to determine the main barriers. 

3.2.1 Technology & knowledge 

Organic waste can be used for the digestion process to produce Biogas. Organic waste can 

consist of homogenous streams or heterogeneous streams. 

A barrier for Biogas production is that municipal (heterogeneous) waste is mostly incinerated. 

During the period of 1995 till 2004 several problems occurred with the digestion of organic 

municipal waste. The woody materials in the waste were difficult to digest and composting 

was a cheaper alternative. In addition, it was difficult to find enough users for the digestate 

[Negro, 2007]. As a consequence several plants were shut down. Still expectations are that 

the share of anaerobic digestion will increase despite the technological difficulties [Elsinga, 

2007]. 

Material and product reuse takes place at the industry because the homogenous waste 

streams make it possible to invest in dedicated technologies. Sewage water treatment plants 

and industries can have large homogenous waste streams Sewage water treatment plants 

have long history (from 1912) of the use of anaerobic treatment of waste water. It was not 

until the mid seventies before the sewage sludge was digested. The energy crisis in 1973 

stimUlated energy savings projects such as sewage sludge digestion. The UASB24 

technology was implemented in several sectors (Beer breweries, Paper factories, food 

processing plants) and was a well established technology after the energy prices fell [Raven 

& Verbong, 2004]. 

The gas production at the Sewage water treatment sector of 84 million m3 can be enlarged to 

148 million m3 (70% more biogas) by biogas production by better processing of slib (slib 

disintegration) and addition of other organic materials [STOWA, 2005]. 

3.2.2 Institutions & Rules 

In this section primarily laws and regulations are discussed for the development of biogas in 

the waste sector. Several incentives for the development of biogas could be distinguished. 

In 1994 the separated collection of municipal organically waste was obligated. Although short 

after the implementation of the large scale separation of organic waste, the budget for energy 

24 UASB - the Upflow Anaerobic Sludge Blanket reactor developed in 1970 by Lettinga, a researcher 

at the department of Microbiology and Water Treatment at the University of Wageningen. 
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technologies was lowered and only focused on incineration and gasifying and not digestion 

[Verbong, 2001].The separation of organic waste was followed by a ban on land filling in 

1996 and a dump tax for non combustible waste which is increased stepwise. This had as 

consequence that the number of landfills diminished. These laws were accompanied by 

various instruments that gave high priority to target-group specific instruments such as 

stakeholder involvement, negotiated targets (Convenants) and environmental care program 

[Keijzers 2002 uit Raven 2007]. However, the waste sector covenant was aimed at the 

security of waste incineration [Nieuwsbank, 2008] and the number of waste incinerators is 

increasing [Kasteren, 2006] resulting in a lower availability and attention for digestion .. 

The good processing possibilities of heterogeneous waste has led to large investments and 

long term contracts for incineration of waste. In the year 2006, 5.5 Mton waste was 

incinerated and electricity produced. Although, new capacity is planned of 2.6 Mton 

[SenterNovem, 2007a] of which 1.7 Mton will be realized in 2008, the gate fees will be 

lowered for a few incinerators, but only for incinerators with a shortage of waste [Lamers, 

2008]. In addition, the current trend in the larger cities is that the waste is no longer 

separated, but is incinerated [Kasteren, 2006]. This results in lesser organic waste to be 

used for digestion. 

From 2001 onwards the policy for waste has changed several times which is seen as 

complex and led to reluctance to invest in newer technologies, among others biogas 

production. In 2001, the institutional setting had to be adjusted due to the increasing 

influence of Europe is, increasing scale and vertical integration of the companies in waste 

management, and the difficulty of handling several environmental problems (e.g. climate 

change). Planning and control power was transferred from the local governments to the 

ministry of VROM25
, which dealt with planning and control through the publication of the 

National Waste Management Plan (LAp26
). LAP aligned the Dutch definitions with the 

European ones [Raven, 2007]. In the guideline for this plan is based on the Ladder of 

Lansink, but still some organic materials were treated outside this plan27 resulting in a 

25 VROM (Volkshuisvesting, Ruimtelijke ordening en Milieu) Ministry of housing, spatial planning, and 

environ ment) 

26 However three categories important for the feedstock of digestion are treated outside this LAP and 

environmental law: 

• Destruction waste: the destruction law (LAP contains a sectorplan 28 policy if animal waste) 

• Sewage water (community wastewater): chapter 10 of the law Milieubeheer and the Nota 

waterhuishouding 

• Fertilizers: the fertilizer law for fertilizers 

27 In 1979, AD Lansink developed a priority list for the various waste management methods: 

• The first goals are prevention (prevent the creation of waste, construct products with attention 

for waste prevention and useful application) 

• The second goals are useful application (by product reuse, material reuse, waste to energy) 

• Third goals is destruction or dumping (incineration and dumping) 
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fragmented policy regarding the use of organic waste. After the inauguration of the LAP in 

2003, it has been changed four times to comply with EU regulations, jurisprudence or change 

in technologies which resulted in distrust by the companies and citizens. The changing 

policies for waste market are seen as complex which creates reluctance to invest in new 

technologies such as digestion and are seen as of great influence by the waste regime 

actors [Kasteren, 2006]. 

In 2007 the work program "Schoon en Zuinig" of the current Government was introduced. A 

program set up for energy and emission reduction, and an increase in renewable energy 

production. A part of the program is focused on the reduction of GHG in the waste sector 

providing an opportunity for biogas. The current norms of emissions (e.g. methane, 

hydrocarbons) are sharpened for the current polices for the landfills and sewage treatment 

plants providing an opportunity for Biogas production. Sewage treatment plants will be 

obligated to digest sludge and instruments for useful application of this gas will be 

researched. 

3.2.3 Social actors & networks 

The last three decennia's the waste market has changed. In the early seventies a large part 

was dumped and now 78% finds useful utilization [VROM, 2008]. The regional border for the 

waste market were opened and the waste market has gained a national character, while 

earlier many municipalities controlled this market. Municipalities remained important players 

in the collection of waste, but large (international) companies began to dominate collection of 

industrial waste and processing [Raven, 2007]. The sectors incineration, composting and 

organic waste are characterized by a large share which is owned by a small number of 

companies [SenterNovem, 2006]. In this time a new type of company, the multi utility waste 

and energy companies integrated their business [Raven, 2007]. Essent Milieu is the largest 

shareholder, with 40%, of the organic waste market. Besides Essent Milieu 12 other 

companies are active in this area. The market can be described as; capital intensive market, 

no long term investments for research by the actors, no first movers in the market. Although 

opposing a barrier for new technologies such as Biogas production, it can provide an 

opportunity because of the larger resources available. 

Companies realize the potential in energy saving by digestion of the waste streams since the 

nineties. An example is that sewage and waste water a total of 200 plants (private and 

community owned28 
) produce heat and electricity from biogas for own use. These actors are 

looking for more opportunities for producing biogas by creating new relationships with other 

organic waste actors. 

[VROM, 2008a] 

28 District water boards are semi governmental institutes which take care of sewers, surface water, 

dikes etc. 104 of the 398 Sewage water treatment plants (produce an amount of 84 million m3 biogas 

equals 110 106 kWh) have digesters, but due to stricter liquid waste demands this number can reduce. 
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So new relationships are established which provide an opportunity for Biogas production . 

Despite that the multi utility companies own a large share of the market opposing a barrier to 

obtain organic materials. 

3.3 Agricultural regime 

In this section the agricultural regime is discussed. This regime is important for Biogas as it 

can provide organic waste and energy crops as feedstock for the production of Biogas. On 

the other hand can the production of biogas provide a solution for a cheaper treatment of 

manure and the Digestate can prove to be a fruitful as organic fertilizer. 

3.3.1 Technology & knowledge 

For the agricultural Regime it is important to find a way to deal with the surplus of manure. 

AD Digestion is used as a manure processing technology because of the increasing energy 

and manure dump prices. Because the digestion of manure only is not economical feasible 

the co-digestion (adding extra organic materials e.g. maize) is seen as a sustainable and 

possible cheaper solution. The idea was to digest the manure central and to transport the 

digestate as fertilizer [Negro, 2007]. The technologies used for digestion are turn key 

available and the current development holds co digesters from 0.2 to 2 MWe . In 2007, about 

106 co-digesters were working . However the technologies for processing the digestate are 

not a common practice in the Netherlands. 

The need for fertile grounds and the control on nutrients cycle can provide an option for the 

use of organic fertilizer. Due to international competition and the minimal land available in the 

Netherlands farming practices in the Netherlands are highly efficient. The Dutch agricultural 

sector is highly skilled for optimal production on land, however the market demands and the 

strain on the land can cause problems (e.g. poorer land). The closing of the nutrient cycle 

and the reduction of greenhouse gas emissions can be realized by use of digestion of 

manure and substrates and using of the digestate as fertilizer. However the same vision was 

carried in earlier attempts to introduce co digestion in the agricultural regime and due to 

technical and economical difficulties multiple initiatives were stopped (e.g. PROMEST) 

[Negro, 2007]. Although the production plants are now turn-key available, a solution for the 

digestate is limited to several experiments with existing technologies. 

3.3.2 Institutions & rules 

Before 2004, Co-digestion was seen as an opportunity for more biogas production. The lack 

of the development in the Netherlands had a sharp contrast to neighboring countries, which 

had a list available for co digestion, leading to many co-digestion initiatives [Raven 2005]. A 

lobby asked for such a list in the Netherlands, but the policy makers were not eager to 

produce this, because of the manure surplus. In 2004, the list was finally published and 
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several adjustments are made to add more organic waste flows. The year 2004 is 

characterized by a revision of the complicated regulations by Minister Van Geel (VROM) and 

Minister Veerman (Ministry of LNV). Farmers are finally allowed to co-digest. In addition clear 

directives were developed for the set up and testing of environmental permits. Experts 

expect an increase in biogas plants on farms and even for centralized plants if other organic 

materials from the food industry could be added to the list [Negro, 2007]. 

In January 2006 the manure law and the regulations for waste (BOOM) were combined in the 

new manure law. Providing an opportunity to digest organic materials and to spread the 

digestate over land. Although the (residual streams) materials that are digested have to be 

mentioned on the white list if digestate is treated as fertilizer and is considered to be traded. 

On short term basis, the low profitability of co-digestion is seen as a barrier for the diffusion 

of biogas production. In publications of 1993 biogas production is predicted to be only 

profitable if there are more subsidies and the energy prices are high [Negro, 2007]. In the 

year 2004, the Pay of period of a digestion plant with the MEP subsidy of 9.7 cent per kWh 

was calculated at 6-9 years [Negro, 2007]. In 2006, the pay of period was said to be 2-3 year 

[Wollerich, 2008] The MEP has been replaced by the subsidy renewable energy (SO E) which 

offers a compensation of 5.3 cent per kWh at the moment, although the payed amount varies 

depending on the energy prices. The energy prices have risen, but also the construction and 

feedstock prices has risen resulting in low profitability. The developments in the agricultural 

sector will be supported by generic instruments as the SDE, MIA! VAMIL and EIA29 for the 

production of renewable energy e.g. co-digestion. 

Another incentive for biogas production is the climate agreement 2007 - 2011 between the 

national Government and the local government to actively stimulate the goals set in this 

covenant. The local governments agreed to fit in biomass digestion and co digestion in 

spatial planning. Co-digestion is planned as much as possible at the country side 

[Klimaatakkoord, 2007]. In addition, the role of clustered (agricultural) companies, the 

cultivation of a limited amount of energy crops, the (co)digestion is seen as important to 

reach the goals of 20% renewable energy production. 

In 2007, the work program 'Schoon en Zuinig' states for the farming and cattle breeding that 

it will support the transition towards using green raw materials. The Ministries of VROM and 

LNV will realize this by doing research to simplify the rules around manure for digestion 

(spatial planning barriers, environmental permits, weighing and qualifying collected manure 

at manure deposits and digestion facilities) and development of biogas production to reduce 

GHG in the agricultural sector. 

The position of artificial fertilizer is still not strongly contested by the natural fertilizer 

(digestate) Although, fertilization of land with the digestate was made possible and can lead 

to reduction of GHG, especially CH4 , N20. Within the current regulation digestate is still not 

easily traded and the competitive position is lower than that of artificial fertilizer. Farmers are 

29 In Dutch: SDE -Subsidie Duurzame Energie, MIA - Milieu investeringsaftrek, VAMIL - willekeurige 

afschrijving milieu-investering, EIA - energie investering aftrek 
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reluctant to use animal waste as fertilizer and the consequences of the use are still not 

known. In addition, the artificial fertilizer industry does not face the same restrictions in 

energy savings [VROM, 2007a] and therefore can continue its current business. 

3.3.3 Social actors & networks 

An incentive is that during the period of 1995-2004 pioneers and idealists were supported by 

Academia and the Dutch platform for sustainable Energy to develop more initiatives. Three 

demonstrations centers were set up for research and demonstrations at farms: 'Nij Bosma 

Zathe Goutum', 'Sterksel' and the 'Marke', a" three function as example farms for farmers. 

Despite the fact that these farms are used for research and demonstration, the use of the 

digestate as organic fertilizer still has to be proven to crop farmers. ZL T030
, a Dutch farmer 

organization, is conducting research on this subject and organizes workshops and meetings 

to bring the different agricultural actors together. Because of the specialized farming 

business a division consist between the crop farmers and the cattle farmers. Also this 

organization and their sister organization NL TO has dedicated work groups for 

implementation of co digesters at farms. 

A barrier for the development of Biogas is the problematic relation of the agricultural sector 

with the governments. According to Hoofdproductschap akkerbouw, a representative of the 

agricultural sector, this relationship leads to unfamiliarity of Governmental (national as local) 

agencies with projects related to the agricultural sector [Hoofdproductschap akkerbouw, 

2007] posing a threat for biogas development. 

3.4 Energy regime 

In this section the energy regime regarding Biogas is discussed. This regime is important for 

Biogas as it can provide opportunities for biogas to be used for power, heat production and 

green gas. These end products are discussed below. 

3.4.1 Technology & knowledge 

The electricity regime uses the relatively cheap method burning of biomass to reach their 

environmental goals instead of the more expensive biogas, because of the transformation to 

commercial actors. The burning of biomass was closely related to the burning of coal and 

therefore easier to use. However, the feedstock, the use of demolition wood, sewage sludge 

and palm oil , caused societal resistance [Raven, 2007]. The role of production of Biogas is 

not seen as feasible due to the sma" amount of organic materials available in the 

Netherlands. In addition, the profitability of energy crops for biogas production is questioned 

due to the price development of food. The use of biogas for heat and power is loosing 

30 ZL TO - Zuidelijk Landbouw en tuinbouworganisatie 
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competitive power, because these can also be generated from other sources such as wood 

[Lantz et aI., 2007]. 

An opportunity for Biogas is the age of CHP engines at sewage water treatment plants. 

Because of early implementation of CHP engines on Biogas the electrical efficiency of a CHP 

at sewage water plants is lower than 30% [STOWA, 2005]. The CHP engines are of age and 

need replacement by or other CHP engines, boilers or even green gas production can be 

considered. By replacement of the old CHP's the electricity production can be tripled 

[STOWA, 2005], but also can be chosen for feed in of biogas or biogas as transport fuel. 

Biogas can also be used to act as natural gas replacement. However biogas has to be 

upgraded to a quality, nearly equal to the Groninger Natural gas quality. Two aspects can 

hamper the development. First the related costs to upgrade the biogas to natural gas quality 

can be a potential barrier., At the moment the upgrading is only feasible at a 225-275NM3 

biogas an hour (equal to a 1-2 MWe CHP engine) [Wingerden, 2008] although initiatives are 

taken to downsize the upgrading facilities. Second, the role of hydrogen and green gas to be 

fed in is increasing and as a consequence more research is conducted on this subject. 

However the large feed in of biogas in the national network31 is postponed for three years for 

research purposes [Hardi, 2007]. 

The feed in of Green gas requires sufficient physical capacity of the local net. Although green 

gas transport by gas tanks is technical possible, it is not seen as a practical way to use the 

green gas. In western Sweden, the transport by gas tanks is developed, although it is said to 

hamper the speed of development of biogas [Svensen, 2007] 

All electricity produced comes with heat production. The electricity produced on small scale 

(0.2 - 2MWe) is produced with CHP engines and the heat is mostly cooled away. Only a few 

companies are exporting the heat for heating purposes such as homes, companies or 

processes. The main difficulties with the heat transport are the costs, the guarantee to use 

the heat in the summer and the location for heating purposes. Several examples already 

exist: a Sewage treatment plant at Apeldoorn which delivers heat to a newly built district, a 

farmer delivering heat to a nearby chicken farmer or a CHP engine which is placed in a 

newly built district with a heat grid. Although, most of the energy in the Netherlands is used 

for heating purposes, the integral use of heat with biogas is low. 

3.4.2 Institutions & Rules 

Reluctance for investing in new projects was created due to changes in the electrical energy 

and gas law. In 1998 a new electrical energy and gas law was implemented. The law was a 

result of the directives issued by the European commission, which aimed at increasing the 

competitiveness of the European market and to reinforce security supply with respect to 

31 The gas grid in the Netherlands can be divided into three pressure levels: the national grid ahs a 

pressure of 65bar, the regional level a pressure of 40 bar and the distribution network a pressure of 8 

bar. 
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environmental aspects [EU, 2008]. The first to reduce inefficiency in the market, the second 

as a result form increasing energy prices because of the grow in India and China and the EU 

signing of the Kyoto protocol in 1997. In 2003 the second European directive was issued and 

the Dutch gas law had to be changed . European integration had a major impact on the Dutch 

electricity and gas regime, because the Dutch market was opened up for foreign EU 

companies, e.g. RWE, creating reluctance for investment in higher risk projects such as 

biogas. Besides the European integration environmental considerations played a crucial role 

in combination with the interaction with the waste regime [Raven, 2007]. The waste regime 

saw an option in the incineration of waste for electricity production. 

Fast changing rules and policies, important for the framework of actors, creates uncertainty 

for entrepreneurs to invest. The third white paper on energy, issued in 1996, focused on 

creating a liberalized and sustainable market. This was followed by a new electricity and gas 

law in 1998 which had to create the liberalized market while various policy instruments on 

renewable energy were introduced to create a sustainable market. An important instrument 

was the regulating energy tax (REB) which was introduced in 1995 to reduce the energy 

demand . Green electricity was exempted from this tax leading to growth in the market for 

green electricity. Although energy companies invested in green electricity production a large 

part was imported. To counter this effect the Dutch Government, in 2004, replaced the REB 

with the "Environmental quality electricity generation" (MEP) [Verbong & Geels, 2007]. The 

focus of the involved actors was therefore on the electricity production and not on the 

production of green gas. The MEP was guaranteed for a period of 10 years, but the minister 

of Economic Affairs downscaled the subsidies, because increasing proposals for wind parks 

implied an enormous budgets deficit. The MEP was stopped in 2006 and was followed up by 

the Subsidy Renewable Energy (SDE) in April 2008, with the three main differences that the 

amount of subsidy is variable depending on the current energy prices, the subsidy will last 

until 2020, and renewable gas will be stimulated besides electricity [SenterNovem, 2008b] . 

Formal agreements, such as contracts, play an important role for both the feed in of green 

gas and the production of electrical energy from biogas. Contracts create a barrier as the 

capacity of both the gas grid as the electrical grid is restricted. Most of the capacity of the 

grids is reserved by long term contracts negotiated by the bigger incumbent companies 

which have high interest, high investments and long lasting relations. 

3.4.3 Social actors & networks 

Energy distribution companies (EDC) were created due to the separation of the network and 

electricity production by the Electricity Law in 1989. They set up joint ventures with industrial 

companies for the construction of large scale CHP plants. In 2000, CHP was the dominant 

form of electricity production in the electricity regime [Verbong & Geels, 2007]. Despite the 

experience in CHP, and in heat distribution for old heat networks in cities or newly built 

districts. Only one Dutch EDC is involved in the production of biogas for energy in Belgium. 
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In 1998 a new electricity law led to a separation between the trading of electricity and the 

networks. New actors were created Transmission System Operator (Tennet) and the office of 

energy regulation (Dte), an agent of the Dutch competition authority. Energy companies 

transformed from traditional, publicly controlled companies into commercially operating 

companies. As a result these companies became reluctant towards investing in long-term 

environmental R&D [Raven, 2007]. 

The use of natural gas is considered as environmental friendlier following the landscape 

developments of environmental awareness . The main Gas delivery company (70% market 

share in the Netherlands), Gasterra, is directed towards more gas use in the Netherlands, 

moreover it has the intention to buy all green gas available in the Netherlands [Kalf, 2008] 

providing a chance for biogas to be fed in. 

The Gasunie was the former national network operator and transport company stately 

owned. In 1998, the gas law was implemented leading to new actors among them the DTe 

and Gas Transport Services, 100% Daughter of the Gasunie. Besides the separation of 

tasks the Gasunie is directed towards the unification of the Western European gas grid and 

the addition of Liquefied Natural Gas32 from other countries. The Gasunie is mainly focused 

on the international north western market and wants to be the leader in infrastructure and 

transport [Gasunie, 2008] of gas now and in the future. Green gas is seen as a gas that will 

be used now and in the future. The large feed in of green gas on national level is investigated 

and the Gasunie dedicated research facilities for that. However, the definition of green gas is 

unclear, so the role of digestion of organic materials is unknown. 

3.5 Transport regime 

In this section a part of the transport regime is discussed regarding the application of natural 

gas with the intention to use biogas. Biogas can replace natural gas as both consist of a high 

concentration of methane. This regime is important for Biogas as it can provide opportunities 

for biogas to be used as transport fuel. 

3.5.1 Technology & knowledge 

The use of natural gas is argued to improve the local air quality by reduction of NOx and 

particulates, improves the reduction in noise and smell. If natural gas is replaced by biogas 

than additional advantages is the reduction in the GHG, because of the collection of organic 

materials. 

In Europe, in 2005, there were 450.000 natural gas vehicles and 553 gas filling stations. 

Natural gas vehicles, personal and transport vehicles, are available for private use although 

the gas vehicles are mainly used by companies. Natural gas vehicles are configured for 

compressed natural gas (CNG). CNG vehicles have a limited range which is a disadvantage 

32 The Gasunie and Vopak have a joint venture to build a LNG terminal at the Rotterdam Maasvlakte. 
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in comparison to fossil liquid fueled cars. To increase the range of these cars two options are 

available. First, liquefied natural gas (LNG), due to a higher compression more gas can be 

carried with the same capacity of tanks. Second, the bi fuel vehicle (two tanks) is developed 

that is a compromise between flexibility between two more diverse fuels and performance 

[Sanden & Jonasson, 2005]. Because of the limited kilometer range with a full tank, the focus 

is on companies that act locally to drive on natural gas. 

The infrastructure of gas filling stations in the Netherlands is limited although a national grid 

is available. Only tw033 of the seven natural gas fast filling pumps are publicly available. Fast 

CNG filling pumps require the same amount of time to fill a car as liquid filling pumps. For 

consumers home slow filling stations are available. This barrier is acknowledged by multiple 

actors and incentives are undertaken to ultimately have coverage of about 1200 CNG gas 

filling stations nation wide. For the coming three years the development is aimed at 250 

stations. 

The technology of natural gas vehicles and pump filling stations is proven and available. But 

the diffusion of the gas filling pumps is also hampered due to the costs. The cost of a natural 

gas filling station is ten times the costs of a conventional pump for liquid fuels [Eriksson & 

Olsson, 2007]. To stimulate the built up of natural gas filling station SenterNovem provides 

subsidy for 40 filling stations. Ballast Nedam want a concession for 50 stations. Another 

barrier is that the maintenance structure for gas vehicles has to be built up [Iveco, 2007]. 

3.5.2 Institutions & Rules 

A general stimulus for the use of natural gas is that a total of 7 million vehicles in the 

Netherlands has to comply with EU norm of 2020. That norm states that 10% of those 

vehicles should be using renewable fuel. This aim is already contested due to the discussion 

on biofuels as mentioned in Chapter 2. This aim of the EU can eventually lead to more CNG 

use and therefore coverage of about 1200 CNG gas filling stations in the Netherlands is 

needed. 

Biogas is argued to be an addition to natural gas, and can contribute to the reduction in 

emissions. The use of green gas (upgraded biogas) at natural gas filling stations is therefore 

necessary. An example is the community of Leeuwarden that wanted to use biogas for 

transport fuel at the two publicly filling stations, but regulation hinders the application of 

biogas at filling stations [Stromen, 2008a]. In addition, Natural gas and biogas can contribute 

to improve the air quality. Air quality is delegated to the local governments, but as pointed out 

by Ton Smit, chairman platform Aardgas mobile34
, they do no determine the energy policy 

[Stromen, 2008a]. These barriers, among which regulation, need to be leveled and the 

different subsidies at different ministries need to be unified. 

33 Two public filling stations at the community of Leeuwarden, Netherland [Stromen, 2008]. 

34 Natural gas is seen as one of the transition paths for a cleaner environment. 
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For Biogas to be used as transport fuel norms have to be in place, Although, the codification 

for natural gas vehicles is in place, however the use of other gasses such as green gas are 

not. A fuel standard has only been developed in Sweden and the lack of fuel standards is 

something that hampers the diffusion of green gas for transport fuels [Eriksson & Olsson, 

2007]. For example, a new development in the Netherlands is that tractors are driven on 

biogas. Tractors have to partly to comply with the norms of natural gas vehicles. For tractors 

no norms are stated at the moment and therefore they have only to comply partly in the 

agricultural this was by-passed as driving on gas is [RAP, 2007] 

Several financial incentives were implemented to promote the use of natural gas; the tax on 

passenger cars and motorcycles is reduced and the price of natural gas is lower per MJ 

[Iveco, 2007]. In addition, a financial stimulus would be the development of green certificates 

for gas which originates from organic materials. This can create extra financial value. This 

concept would be the same as with green electricity. Despite these incentives the use of 

green gas is limited. 

3.5.3 Social actor networks 

In the Netherlands a platform was established to promote Aardgas. The Aardgas Mobiel 

platform consist of natural gas vehicles manufactures, energy companies and gas filling 

stations providers35
. Vehicle manufacturers have developed natural gas vehicles and 

therefore green gas is not actively promoted since natural gas vehicles run just as well on 

natural gas. For biogas upgrading the actors involved in the Netherlands are also relatively 

small. Although a wide range of actors is involved the actual application of biogas as 

transport fuel is applied at one filling station. This is in line with the findings of the research 

green gas application in Europe by Eriksson & Olsson that found that there are a wide range 

of actors involved but they are not specifically focused on promoting biogas as transport fuel 

[Eriksson & Olsson, 2007]. Vehicle manufacturers see natural gas vehicles as a peripheral 

activities and not as core business. 

35 The platform consists of the following actors: Iveco, Athlon car leas, Fiat, Citroen, E.on, Texaco, 

Ballast Nedam IPM, DutCH4, Ballast Nedam concessies . 
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3.6 Main barriers Biogas & opportunities for the Province of Gelderland 

An overview is given about the main barriers for the Province of Gelderland in each regime. 

In italics opportunities, based on possibilities of the province which are discussed in chapter 

5, are described. 

Waste regime: 

1. Organic waste can consist of homogenous streams or heterogeneous streams. 

Homogenous waste digestion exists for a long time. For smaller heterogeneous waste 

streams the more common practice of incineration is used. Separation and collection of 

organic waste on local level can be an addition in feedstock for local digesters. 

2. The policy in the waste sector has changed numerous times leading to uncertainty and 

reluctance to invest in newer technologies. Policies are seen as of great influence. The 

current focus now is on emission reduction and increase in renewable energy. A neutral 

agency may help to reduce uncertainty by explaining changes and supporting in 

knowledge about policies and laws. 

3. The waste regime is fragmented, ranging from dedicated waste companies to multi util ity 

companies. Depending on the availability of homogenous streams and the energy prices, 

companies will invest in energy production of their own. For example, the development in 

the decoupling of waste water plants from the sewage system to produce own energy 

from waste water can be seen as an example. Because of the higher prices, new (former 

unprofitable) co-operations can be established to produce and use Biogas. 

Agricultural regime: 

1. Co-digestion is seen as a more sustainable and possible cheaper solution for manure 

processing. The technology is turn-key available and 106 co-digestions plants exist in the 

Netherlands. The use of digestate as a natural fertilizer is not widely applied and little 

experience is gained, despite the advantages of the improved nutrient cycle. A co

digestion plant can be economical feasible although depending upon the subsidies. It is 

very sensitive to rises in feedstock and construction materials prices. Further research for 

better biogas production (optimization) can contribute to a lower sensitivity. Local 

demonstration projects may be set up. 

2. Co-digestion is allowed for several kinds of organic materials and with a mixture ratio of 

manure of at least 50%. The role of the politics in the development of co-digestion is 

significant and can be seen as an important determiner for actors. Regulations around 

the treatment of manure and co digestion are still difficult although initiatives are taken by 

the government to simplify this. Unification of policies on local level. 

3. The relationship with the government is problematic and the agricultural regime actors 

are diverse (e.g. cattle breeders, crop farmers etc). Organizing of meetings and 

workshops to establish new relationships. Promotion of successful stories, but also 

identifying and naming of problems. 
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Energy regime: 

1. The visibility of biogas for energy production companies is low, but the feedstock for 

biogas production is highly visible to the society. CHP engines are commonly applied 

although the heat is cooled away. Heat production from Biogas can add to the energy 

mix, but a trend is the use of low caloric materials. The production of green gas from 

biogas is economical feasible although a technical barrier can be the physical capacity of 

the gas grid. To use the social and environmental Biogas for energy purposes may result 

in a more renewable society/ more renewable companies/ economies within the region. 

2. Fast changing rules and policies, important for the framework of actors, creates 

uncertainty for entrepreneurs to invest. The co-development of waste and energy 

companies has led to the focus on incineration. Long term contracts by large firms pose 

another barrier e.g. capacity availability of networks. To assist and support 

entrepreneurs in dealing with regulation. 

3. Gas actors see the role of biogas, or the upgraded form, green gas, as an addition to the 

natural gas supply. However, Energy companies are reluctant to invest in long-term 

environmental R&D to develop Biogas despite the fact that the make use of natural gas. 

To attract these actors in projects to invest resources by pointing out the possibilities and 

opportunities such as renewable image and local cooperation. 

Transport regime: 

1. The national coverage for fast filling stations is lacking, hampering the use of natural gas 

and biogas. The technologies are available, although the maintenance network has to be 

set up for gas vehicles. Built up of a natural gas filling network. 

2. The barriers, among which regulation, need to be leveled and different subsidies at 

different ministries need to be unified. A lobby for air quality to promote at the national 

level in the national energy policy to unify local policies and generate incentives. For 

biogas, the development of green certificates may contribute to the development. 

3. Green gas is not actively promoted by natural gas actors, because biogas is still a 

peripheral activity and the green gas actors networks are relatively small. To build up a 

bigger network, activities to attract bigger incumbent companies can lead to more focus 

on biogas. 

3.7 Conclusion 

From the analysis it became clear that for the four different ST regimes, the main barriers for 

the development of the biogas niche could be distinguished. Therefore, in general can be 

said that the ST regime approach is useful to identify the barriers for a niche such as biogas. 
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4 BIOGAS NICHE DEVELOPMENT 

In this chapter the nine experiments are analyzed in three sub niches. As mentioned in the 

introduction the nine experiments are divided up to the nature of their activities for analysis 

purposes. In section 4.1 the Agricultural actors are analyzed. In section 4.2 the organic waste 

processors and in section 4.3 the sewage water treatment actors. In section 4.4 general 

conclusions of the success of the Biogas Niche and the main barriers is given. Finally, in 

section 4.5, the success of the Biogas niche and the most successful sub niche is discussed 

4.1 Agricultural actors 

4.1.1 Analysis 

The internal (to the cooperation members) and external (e.g. local community, banks) 

expectations of the three projects were shaped by foreign success in co digestion. Germany 

was visited to learn about the difficulties and possibilities of the digestion technologies. It was 

important for the three projects to involve the local community to align their expectations and 

uncertainties with that of the farmers. In the case of Bioenergy Maasland and Green Power 

Salland some of the community members still protested and found legal means to delay the 

construction of the plants. Thus being an important barrier. Co digestion is expected to 

contribute to the economical stability, although the processing of the digestate and a market 

for organic fertilizers still has to be proven in the project and in the Netherlands. Therefore 

the robustness, quality and specific expectations is considered low. 

To realize these projects a large variety of actors was involved resulting in a high alignment. 

These actors range from: the biogas producers (farmers), and users (CHP and heat use by 

chicken farmer), the research institutes (University of Wageningen and the University of 

Esberg (Germany)), financial institutes (Rabobank), A Government agency (SenterNovem), 

consulting companies (KEMA, Ecofys, Wolter Dross Biowatt, ShOking), several insurance 

companies (MARHS, Avero Achmea, Deltaloyd), technology suppliers (Thecogasplanee6
, 

Planet (GermanY),Schmack (Germany)) and the branche organization ZL TO. The network is 

broad and constructed by meetings, presentations and open house events, resulting in a 

robust network of greater variance of actors although the external relations of the projects, 

the role of actors that can carry and spread visions and expectations, such as SenterNovem 

and ZL TO is minimal. 

The learning process of the three projects was on multiple aspects. One of those aspects 

was learning about the capricious nature of local governments. The law on manure 

processing leaves room for interpretation and therefore local governments can decide 

differently on the same project. Moreover, the use of digestate on land is treated as animal 

36 The Cogasplanet is a cooperation of the German biogas construction company Planet and 

Thecogas in the Netherlands. 
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manure and faces severe competition of artificial fertilizer. The role of the government is 

mainly perceived as legal entity to change regulations and stimulants. On the other hand, the 

government can also act as a partner to achieve the goal of realizing a project, but a more 

consistent policy and goals of the Government is desired by the project initiators. Another 

aspect was the societal embedding of the building of production plants. The role of personal 

networks was seen as important for reducing resistance at the community and local 

government. Another aspect was learning about the technological process. The process of 

digestion is sensitive and therefore continuous attention is needed. In addition the actors 

learned about the materials that could be digested to optimize the process. Apart from 

digestate it was necessary that the other outputs can have influence on other processes, 

such as the sewage water treatments plants. 

About the industrial learning process the members of Biogreen UA were contracted to reduce 

uncertainty on supply, also to increase the quality of the process. An additional actor, the 

University of Wageningen was attracted for this process. 

4.1.2 Conclusion success 

The projects have a low robustness and quality of expectations. The network is broad and 

has a great variance of actors although the external relations of the projects, the role of 

actors that can carry and spread visions and expectations, is minimal visible. In the projects 

the actors learned about a wide range of aspects, from technical to institutional, and in that 

sense the projects were well managed. However the role of second order learning is not 

visible. 

In conclusion, the success of the niche is limited. This can be explained due to the low 

process of voicing and shaping expectations and the lack of aggregated activities to promote 

biogas. 

4.2 Organic waste actors 

4.2.1 Analysis 

The three projects were based on the digestion of three different kinds of waste. All three 

projects were successful in digesting organic waste. In the case of Orgaworld, the BIOCEl 

plant at lelystad was specifically directed towards the digestion of organic waste. In that time 

(1996) it was necessary to direct expectations of different local communities for obtaining 

long term contracts to process the organic waste to compost. In 2007 the communication 

(meetings, presentations) to reduce uncertainty and unfamiliarity at local level, community 

and governments, was necessary for both projects BEWA and BIR. But, the treatment of a 

more hazardous waste required more intensive communication. At the BEWA shared interest 

reduced resistance (heat delivery at BEWA). The process of voicing and shaping of 

expectations is considered well because they meet the expectations of the involved actors. In 

addition, specific expectations needed to be communicated which is done in all three cases. 
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Despite the robustness, to involve more and a great variance of actors, during the process 

seem to be lacking. 

To realize these projects several actors were involved; the biogas producers, and users 

(CHP and heat use by neighbors at Moerdijk), financial institutes (Rabobank), a Government 

agency (SenterNovem), consulting companies (Ecofys, BMD advies), insurance company 

(DAS), technology suppliers (HoST, Lansink, Orgaworld, and another local construction 

company). The project of BIR involved additional actors, chicken waste supplier PINGO, 

ministry of Agriculture and several other slaughter companies, as it was started from a 

different (top down) vision. A similar variance of actors, as mentioned in section 4.1.1, was 

present at the projects, although research institutes and branche organizations are not direct 

involved. Meetings were organized and interviews were given and therefore it can be said 

that the social actor network can be considered as reasonably good . 

The learning process is different per project although some general aspects can be found. All 

initiators learned about technological aspects ranging from the process to the operating of 

biogas fuels engines. On cultural and psychological value of a technology Orgaworld found 

out that the choice of the technology depends on the local mentality and political thoughts. 

For the BIR it was necessary to involve the community and inform them about the digestion 

process. For BEWA shared interests reduced resistance. Social and surrounding aspects 

was, in the case of BIR, the role of hazardous waste and safety and the reluctance of the 

local government regarding this issue. Learning about the regulations and laws was 

perceived as difficult for the BEWA, who took a long time to obtain the permits. 

The conclusion is that the projects all learned about a wide range of aspects, from technical 

to institutional , and in that sense the projects were well managed. The role of reflexive 

learning was absent in two of the three cases. One plant, the Orgaworld plant is based on 

the underlying assumption of sustainability and it is perceived as the best option available to 

be more sustainable. 

4.2.2 Conclusion success 

The experiments have a low robustness and quality of expectations. Although specific 

expectations no other experiments were carried out and the robustness, to involve more and 

a greater variance of actors, the more incumbent actors, during the process seem to be 

lacking. 

A similar variance of actors, as mentioned in section 4.1.1, was present at the projects, 

although research institutes and branche organizations are not direct involved. Meetings 

were organized and interviews were given and therefore it can be said that the social actor 

network can be considered as reasonably good. In all projects actors learned about a wide 

range of aspects, from technical to institutional , and in that sense the projects were well 

managed. The role of second order learning was present in the case of Orgaworld. This 

experiment was set up in 1998 and a better reflection of the biogas technology was possible 

due to the larger timeframe (till now) to analyze their own technology. 
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In conclusion, the success of the niche is limited. The inclusion of incumbent actors, a rise in 

experiments and aggregated activities are lacking. In addition, the role of second order 

learning is minimal. 

4.3 Sewage water treatment actors 

4.3.1 Analysis 

The role of the sewage water treatment actors in voicing and shaping of expectations is 

smaller due to the role of these actors. In the projects actors were involved, Essent, Virage 

and Van der Velden who carried the initiative to act. This resulted in a more reserved role for 

the sewage water treatment actors. In the three projects the vision was primarily carried by 

the two actors involved. However a larger variety of actors was involved in the three 

experiments. From all the three experiments it became clear that the larger organizations 

needed to undergo an internal aligning of visions and expectations to go through with an 

experiment. All the three experiments were conducted as a first experiment and had specific 

requirements. Biogas is used as transport fuel, to digest fats, and to deliver heat to a district. 

The latter a more traditional way of working for the energy company. 

The network of the experiments involved more incumbent actors, besides the traditional 

sewage water treatment actors also the larger incumbent energy companies, such as Essent 

and Eneco were more directly involved as there were direct opportunities for the actors 

involved. Essent could tender for district heating and Eneco could promote and direct 

attention to itself for Green Gas. The involvement of other actors such as the local 

government was more for more traditional roles such as permits and spatial planning. 

All three experiments learned about technological processes, ranging from the possibilities 

for digesting to the application of biogas. Another aspect the actors learned about was the 

involvement of the community. A differentiation can be made between the internal community 

of own personnel and the involvement on managerial level for which the involvement could 

increase the speed and the direction of the implementation of Biogas technologies. The 

external community was involved because the district water boards have a responsibility 

towards the local community. 

4.3.2 Conclusion Niche developments and success 

The experiments have a higher robustness and quality of expectations, because of the 

experience with the production of biogas and the application of CHP engines. Although the 

upgrading and digestion of sewage fats were more experimental, for the involved sewage 

treatment actors less risk was present. The network is broad and has a great variance of 

actors and incumbent actors are involved. In the projects the actors learned about a wide 

range of aspects, from technical to institutional, and in particular the societal aspect of 

involving and aligning internal communities. 
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In conclusion, the success of the niche could be explained by the presence of incumbent 

larger companies although aggregated activities to promote biogas are not visible. The latter 

also applies for second order learning. 

4.4 Conclusion 

A division was made between three kinds of sub niches related to different regimes. In this 

part a conclusion is drawn about the main barriers and the success of the Biogas niche. 

4.4.1 Main barriers 

In this section the main barriers for the development of the Biogas Niche as a whole are 

described. 

• One of the most important barriers is the governmental and regulative framework. 

The role of the government is mainly perceived as legal entity to change regulations 

and stimulants. On the other hand, also as a partner to realize a project, although 

consistency of the Government is required. The capricious nature of the national 

Government is difficult to take in account. In addition, the difficult cooperation within 

these governments results in reluctance to invest by entrepreneurs. 

• From a social network perspective a barrier is the absence of the larger incumbent 

actors to invest resources. Only in the sewage water treatment niche incumbent 

actors are more actively involved for Biogas heat and electricity. 

• As larger organizations become involved alignment within these is necessary to make 

the implementation of biogas successful. The desirability of a technology has to be 

carried on multiple levels, such as the managerial and worker level. 

• Community members, surrounding neighbours, can delay or hamper the diffusion of 

biogas production, for the biogas utilization no resistance was found at community 

members. In the case of the sewage water treatment actors the resistances is less, 

presumably because these actors already have a designated area, as spatial and 

societal, and are placed at industrial areas. 

• It was argued that for a niche to become visible to a dominant regime aggregated 

activities have to take place. In all three sub niches, such activities are or non- or 

minimal visible. Branch organizations were present but only one actor that has 

linkages with all three niches is a governmental agency, SenterNovem. Although this 

actor can carry the experiences to other projects, no clear evidence was found of 

such. Endorsing the importance of this actor in the role of knowledge and experience 

spreading. The question is whether a governmental institution should do so due to the 

nature of the relationship of the government and entrepreneurs. 

• The relationship between the initiators and the local governments varied depending 

on the history and the presence of relationships. For example, co digestion is a new 

activity and therefore new relations have to be established. In contrast with the 
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sewage water treatment actors that already have a long relationship with regional 

governments. The relationship is important because these actors can influence the 

choice of technology. 

• The presence of a personal network may contribute to the reduction of the resistance 

at the local communities and local governments. 

4.4.2 The level of success of the Biogas Niche 

The Biogas system consists of several domains and multiple actor groups are involved. The 

success of the biogas niche as a whole is determined by the sub niches in multiple domains. 

Therefore in this section an in-between comparison for the different niches is carried out. 

Three different sub niches were distinguished based on the nature of the activities of the 

actors. From the interviews it became clear that each niche has generated external effects 

which were determined as a success factor for a niche. The experiments were used as 

example for other biogas projects and were communicated through several means such as 

meetings and websites. In general can be said that the biogas is successful although several 

processes in the niches can be improved. In the table below an overview of the three niches 

is given with several characteristics to be improved: 

Table 3 Main barriers of the three sub niches 

Success 
Voicing and shaping Building of social actor 

Learning 
expectations networks 

Agricultural 
The use of the digestate 

Involvement needed of actors 
Minimal or no 

A Limited has to be proven to users Second order 
sub niche 

and producers 
that transfer experiences 

learning 

Involvement needed of 
Minimal or no 

B 
Organic waste 

Limited 
Further experiments need research institutes, branch 

Second order 
sub niche to be carried out organizations and incumbent 

leaming 
actors 

Sewage water Good, although internally Minimal or no 

C treatment Good voicing and shaping 
Good, although did not playa 

Second order 
role as initiator 

sub niche activities are needed learning 

From this table it can be depicted that the sub niche of the sewage water treatment sub niche 

is the most successful and most promising to initiate new experiments. However, a drawback 

is that the actors have limited resources. Second best would be the organic waste sub niche. 

Although they lack involvement of research institutes, branch organizations and incumbent 

actors, they already have established relations to process the byproduct of digestion. Also 

this sub niche is capable to handle waste as it is their core business. The last option would 

be the agricultural actors. This sub niche is restricted by the production of Digestate and the 

visibility of their activities to the local community. In addition, new relationships have to be 

established because the processing of organic materials/ waste and selling biogas are new 

activities for the farmer. 
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5 DECISION FRAMEWORK BIOGAS 

This chapter will present a general decision framework that can support local governments 

such as the Province of Gelderland to decide which form and degree biogas can be utilized. 

The knowledge and experience from the previous chapters is used to create a decision 

framework for the Province of Gelderland. A decision framework has as goal to provide a 

guideline for the complex of problems and solutions offered to make a well considered 

decision. Decision frameworks are a derivative of the policy plans. 

First, the role and goals of the Province of Gelderland is determined from literature and 

information publicly available. From this information criteria for the decision framework will be 

deducted. Second, from these criteria a decision framework will be set up. Third, the 

framework is followed by a discussion of the two routes of biogas application. 

5.1 Province of Gelderland - bioenergy goals and possibilities 

The Province of Gelderland has followed the ambition of the Dutch policy and has set the 

goal in its "Energienota 2004-2007" to reach 1 0.5PJ (in location bound bioenergy electricity 

production, the use of the released heat and the use of 'Green gas'. This figure is dived into: 

co firing 4.5Pj, waste incineration organic matters 2PJ and local bioenergy production 3.5PJ. 

At the end of 2006, 7.0PJ electrical bioenergy was produced in Gelderland. The province of 

Gelderland strives for a doubling in renewable energy for 2010-2015 [Gelderland, 2008]. 

Another goal of the Province which reflects on the development of Biogas is to improve the 

air quality. In two local policy plans, the "Gelders Milieuplan" (GMP3) and the "Provinciaal 

actieplan luchtkwaliteit", goals are formulated to improve the air quality through stimulation of 

cleaner transports and by stimulation of alternative fuels in order to reduce the emissions of 

fine particles and CO2 . Upgraded biogas (green gas) can be used as natural gas 

replacement or addition in natural gas transport. Biogas is seen as an addition to the natural 

gas on short term [Westen, 2008]. 

In order to realize their goals, the Province of Gelderland wants to support locally bound 

bioenergy projects. The development of bioenergy production is directed towards 3 areas 

[Gelderland 2008a]: 

1) Energy production from loppings (snoeihout) 

2) Co-digestion for biogas production and 

3) Development towards a biobased economy: biogas production can playa part as an 

innovation to use biomass optimally (see Appendix xx) . 

For biogas the following utilization options were mentioned as option by Province of 

Gelderland for utilization of biogas; green gas feed in (and use as transport fuel), local 

energy and heat production and electricity and/or heat production at companies. 

62 



The province of Gelderland sees itself as facilitator and as qualified authority for stimulation 

of energy investments. As facilitator the province will facilitate processes that connect the 

best with their goals. The Province can facilitate by means of; knowledge and organizing 

power, co financing of feasibility studies, project plan development or hiring of experts. The 

support would consist of subsidies for local and/ or innovative37 bioenergy projects. 

Facilitation is limited. The projects have to be of upper local importance: the origin of 

biomass, logistics and/ or size go beyond municipal borders and/ or the Province is the 

qualified authority [Gelderland , 2008] . In addition , a substantial part of the biomass has to 

come from the region and the biomass resources have to be used efficienea and high 

energetic efficiency39. Cost effectiveness, social developments and environmental demands 

have to be taken into consideration in the choice of projects. Another limitation is that these 

projects have to be realized within the legal frameworks at a responsible way as the Province 

is a qualified authority. Also, the involvement of the Province in cooperative projects 

depends on the fact if the Province can have a surplus value in support where other actors 

have responsibility [Ontwerp energienota, 2004]. Another limitation is that, provincial means 

that find place in the national energy policy will not be used for financial investments. 

The legal task of the Province of qualified authority is related to environmental and societal 

planning aspects. In the role of qualified authority no difference is made between bioenergy 

projects. 

37 Innovative bioenergy projects are projects that have an improved environmental efficiency against 

the current technologies in practice. 

38 No significant utilization options are available to transform the energy of the biomass resources into 

other forms of energy. 
39 Reference is the use of biomass in coal power plants . The electrical efficiency with this application is 

40%. The maximal use of the energy content of resources is desired by the Province. T40% is the 

bottom line for bioenergy projects for which can be taken into account for 2/3. 
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The final step of the decision framework is the comparison of the assessment results. 

However the outcome determination should not only depend on the results of the decision 

framework, but also on external analysis. The advice from the framework should be 

compared with the opportunities and characteristics in the market 

5.2.2 Limitations to framework 

This conceptual framework is a first set up for advising in a choice in biogas utilization. As it 

is a concept it needs more research and practical application in order to complement and 

improve it. First, the framework requires more empirical research in order to verify the criteria 

as suggested here. This framework is adapted to the specific case of the Province of 

Gelderland and therefore has adopted a certain way of looking towards the characteristics. 

This may vary between governments. Second, the characteristics used can be related to 

each other. A correlation analysis maybe necessary of the characteristics used to determine 

the power of those on the total outcome. 

5.3 Consequences of the choice of Biogas utilization 

For the local Government, Biogas can fulfil several local and national policy goals. Within the 

demands of the local government the most promising technologies are CHP and Transport 

fuel. As mentioned before biogas as transport fuel is upgraded biogas compressed to a 

pressure of 200-250 Bar. From descriptions in previous chapters, essential points are listed 

to put the two technologies into perspective. In figure 7 & 8 the decision framework is worked 

out for both technologies, providing a visual help. In the section below the consequences are 

discussed. 

5.3.1 General technology characteristics 

Energy - Although the use of CHP is the most energy efficient, the consequence of a limited 

heat market (seasonally bound) is that the use of CHP leads to release of heat to the air. 

This has as consequence that transport fuel is more energy efficient. 

GHG - Both options have the same abated amount of GHG for biogas production, although 

this balance depends on the energy efficiencies of the technologies. This is an interactive 

relationship. A consequence of the choice of the transport fuel is that the use leads to a 

reduction of the concentration of harmful particles in populated areas (e.g. cities). 

Economy - The upgrading and compressing of biogas to transport fuel is only feasible from 

a certain quantity of Biogas which has as consequence that large scale plants are needed. 

These plants are more sensitive to the input and output prices of the feedstock, biogas and 

digestate. Biogas as Transport fuel will be more difficult to realize than CHP. 
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5.3.2 Development characteristics of the technologies 

Innovation - the experience with biogas as vehicle fuel is limited and therefore more 

innovative. This can lead to a difficult realization, but also to a higher innovation experience 

for actors involved. In the three different sub niches of actors, large experience with the use 

of CHP engines exists. 

Infrastructure - CHP has an established infrastructure and is therefore easier to implement. 

This in contrast to Transport fuel as the infrastructure on maintenance and pumps has to be 

established. The infrastructure for CHP is available, although the capacity of this 

infrastructure is limited to the area of connection. For CHP located at outskirts, the electrical 

and gas network limits the up-scaling of digesters and conversion technologies 

Energy mix - both technologies ad to the energy mix although heat and electricity 

generation is loosing competitive power to burning of wood. Therefore transport fuel will have 

a higher contribution to the energy mix. 

Laws and regulation - CHP is an established technology and therefore the use of the 

technology is easier this in contrast to the transport fuel. This can have as consequence that 

the transport fuel is delayed in development due to uncertainty about the new, absent, or 

scattered (local) or un unified of laws and regulations. 

Political debate - There is a high attention for renewable energy sources however the 

frequent changing nature of the national Government leads to difficult cooperation with and 

within these governments. This has as consequence that investment by entrepreneurs in 

newer technologies is delayed. This counts primarily for biogas as transport fuel. 

Societal acceptance - the resistance to biogas is primarily directed towards the production. 

CHP has lower visibility to the environment then driving on biogas which is in the direct 

environment and has direct consequence on the user. The consequence is that the use as 

transport fuel will undergo closer scrutiny of users. This implicates a higher sensibility to a 

larger public and a possible higher commitment to the society. 

5.3.3 Status of projects with the region 

Branching - CHP is an established technology in multiple domains and therefore easier 

used with new biogas production experiments. Less examples of Biogas as transport fuel in 

the Netherlands exist. The consequence is that additional effort is needed to develop the 

technology (experience, learning, convincing etc.). 

Aggregated experiences - CHP is a highly standardized and codified technology in 

contrast to biogas as transport fuel. The consequence is that the success of a transport fuel 

project is depending on previous success stories. 

Visions and expectations - The transport fuel knows lesser articulation of experiences and 

visions and as a consequence lesser actors are drawn to the networks. 

Social actors and networks - Biogas is still a peripheral activity, and the green gas actors 

networks are relatively small in comparison to the CHP actor networks. Biogas as transport 

fuel is not actively promoted by larger incumbent actors (natural gas actors or fuel) which has 
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as consequence that the speed of development! implementation is lower than that of CHP. 

The CHP actor network actively promotes the use of CHP and therefore finds utilization in 

other domains improving its competitive position. 

Alignment of the transport fuel networks is lower. This has as consequence that the 

resources are more scattered and therefore a more unstable network exists. 

Learning - Many aspects of CHP are known in contrast to the transport fuel. The 

consequence is that for high risk projects of biogas the use of CHP lowers the uncertainty. 

The more aspect to learn about of the transport fuel makes it possible to be more innovative 

as participating actor. 

5.3.4 Outcome determination 

The general technology characteristics are more in favourite of biogas as transport fuel, 

because of the heat release of CHP and the additional advantage of reduction of harmful 

particles. However, a limitation of biogas as transport fuel is the economy of scale. This in 

contrast to the CHP that can be applied at smaller biogas production sites. 

The development characteristics in combination with the requirements of the Province favour 

the use of biogas as transport fuel. CHP is a technology that is longer used and therefore the 

infrastructure, political lobbies, laws and regulations are more established. However CHP 

contributes less to the energy mix due to loss of competitive power to heat production. In 

addition, lesser experience with the transport fuel leads to more innovation possibilities. Both 

are of importance to the Province. However, the societal acceptance will require a dedicated 

commitment to develop the technology especially with commitment to the society. 

The determining factors of the status of projects show that the projects are more developed 

in CHP use. More examples exist of this technology in contrast to biogas as transport fuel. 

The first has a larger network with larger incumbent actors. The technology is highly codified 

and standardized and about many aspects has been learned. Vision and expectations are 

more directed and the technology is applied in multiple domains. The latter technology, 

biogas as transport fuel, knows a smaller network of actors and incumbent actors are 

lacking. Branching and aggregation activities are less, although effort is made to raise this to 

a higher level. 

It can be concluded that the use of biogas as transport fuel is preferred in two of the three 

general characteristics. In addition, the last general characteristic shows a progress towards 

the higher development level of CHP and therefore it can be said that additional investments 

will lead to the same level. 
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6 CONCLUSION 

To conclude in this chapter the main research question will be answered. 

The main research question was: Which biogas utilization system can be developed 

best by the Province of Gelderland, taken in consideration the successes of the 

biogas niche? 

The main research question was argued to consist of three sub questions. By dealing with 

and the answering of these three sub questions the main research question is answered 

1) Which Socio Technical Regimes can be distinguished for Biogas in the Netherlands and 

what are the main barriers in these ST regimes for the development of the Biogas Niche? 

In chapter two, the areas of impact of the Biogas system were determined. Four important 

different socio technical regimes could be distinguished: the agricultural-, waste-, transport

and energy regime. In chapter three the analysis of these regimes was carried out and the 

main conclusion was that the ST regimes analysis proves to be useful to explain a part of the 

resistance in the Biogas niche development. The main barriers for the biogas development 

were described according to the three elements: technology and knowledge, institutions and 

rules, and social actor networks. The most important are: 

Social acceptance 

Social actor & networks play an important role for the acceptance and the support of 

Biogas. For the production of biogas, the visibility of digesters at farms is one of the 

main barriers. In addition, the visibility of the feedstock of the digesters (food versus 

fuel) hampers the development. 

The frequent changing nature of the Government 

Policies has changed numerous times leading to uncertainty and reluctance to invest 

in newer technologies. Policies are seen as of great influence. Local governments 

interpret policies different through lack of knowledge of new developments. 

Infrastructure 

The infrastructure (e.g. electricity and gas) plays an important role in the development 

of biogas. Related (incumbent) actors & networks, rules and technologies are of 

importance in explaining the speed of development of a technology. 
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2) Which Biogas niches are carried out in the Netherlands and how do they contribute to the 

success of the niche Biogas? 

The experiments were selected according the three aspects important to a niche. Biogas 

has to receive some (financial) protection from the market, second biogas has to have a low 

market share and third, a greater uncertainty about the technology than the technologies in 

practice has to exist. A fourth distinction was made to select three kind of sub niches based 

on the nature of the actor groups involved to distinguish specific barriers in one of the Biogas 

Niches. This resulted in a niche analysis of three sub niches related to the agricultural actors, 

the organic waste actors and the sewage water purification actors. 

SNM proved to be a useful analysis tool to determine the barriers within a Niche. From the 

interviews it became clear that each niche has generated external effects which were 

determined as a success factor for a niche. The experiments were used as example for other 

biogas projects and were communicated through several means such as meetings and 

websites. In general it can be said that the biogas niches are all successful although several 

processes in the niches can be improved. In the table below an overview of the three niches 

is given with several characteristics to be improved: 

Table 4 the level of success of the three sUb-niches 

Success 
Voicing and shaping Building of social actor 

Learning 
expectations networks 

sub 
The use of the digestate 

Involvement needed of actors 
Minimal or no 

A 
Agricultural 

Limited has to be proven to users Second order 
niche 

and producers 
that transfer experiences 

learning 

Involvement needed of 
Minimal or no 

B 
Organic waste 

Limited 
Further experiments research institutes, branch 

Second order 
sub niche need to be carried out organizations and incumbent 

learning 
actors 

Sewage water Good, although internally Minimal or no 

C treatment sub Good voicing and shaping 
Good, although did not playa 

Second order 
role as initiator 

niche activities are needed learning 

Although the level of success is defined by the generation of external effect the success of 

the total of the Biogas Niche cannot be determined by merely adding up the separate 

successes. Through analysis of three different actor groups involved in biogas (production) it 

became clear that there are specific relationships and barriers for the different sub niches 

which can hamper the biogas implementation in different regimes. 

It was argued that for a niche to become visible to a dominant regime aggregated activities 

have to take place. In all three niches, such activities are or non- or minimal visible. Branch 

organizations were present but only one actor that has linkages with all three niches is a 

governmental agency, SenterNovem. Although this actor can carry the experiences to other 

projects, no clear evidence was found of such. The question is whether a governmental 
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institution should do so due to the nature of the relationship of the government and 

entrepreneurs. 

Several aspects are important for the success of the Biogas l\Iiche: 

• Biogas systems are related to different domains and this makes the technology 

complex. The impact of these domains on the development of Biogas is specific and 

important. 

• Actor network composition, the nature of the actor groups involved, and their visions 

and expectations are important to take into account. 

• Every experiment can be a success of its own, but aggregated activities are 

necessary needed to promote Biogas and to develop Biogas further as a whole to 

become a success. 

3) How would a decision framework for Biogas look like and which application of Biogas has 

the qualities to be chosen and supported by the Province of Gelderland? 

• The framework, worked out in chapter 5, can be used to decide about the use and the 

development of a biogas system. 

• For the local Government, Biogas can fulfil several local and national policy goals. 

Within the demands of the local government the most promising technologies are 

CHP and Transport fuel. 

The overall conclusion of the decision framework and the policy of the Province have led to 

the preference of biogas as transport fuel. This would be the best option for utilization of 

biogas. 
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7 RECOMMENDATIONS 

Recommendations Province of Gelderland 

• The use of the decision framework might help to get insight in the important factors of 

biogas. The decision framework makes the assessment more clear and a well 

founded decision for biogas production or utilization can be made. 

• Guidance of experiments to learn about technical, social and institutional aspects are 

important for the development of the biogas technology. In the role of the province as 

facilitator it is important to facilitate the learning processes and to transfer the 

experiences. The experiments are conducted to learn about the desirability of a 

technology. This is a continuing process and therefore it should be taken in mind that 

the outcome of these experiments may be needed for further societal progress. 

• It may prove to be useful to stimulate Biogas by setting up a new actor who can 

facilitate and transfer these experiences to avoid conflicts of interest and to make the 

role of the Governments clear. This actor acts between the Governmental institutions 

and companies and therefore is more neutral. 

• Increasing popular support and social embeddenes by organizing both formal 

channels for residents and informal socially appealing communications, such as 

barbeques, might create a greater support. In addition, in might be helpful to 

emphasize the fact that biogas can contribute to an improvement of the local 

economy, of which the local community can benefit. 

Recommendations Eindhoven University of Technology 

This research focused on multiple developments of the biogas niche in the waste, 

agricultural, energy and transport regimes. The niche itself develops against the background 

of the former mentioned regimes. A decision framework was created to determine the best 

possible option of a renewable energy technology. Because the framework was a first set up, 

further research to verify the used factors is necessary. The analysis in this report offers a 

point of departure for decision making regarding biogas development in the Netherlands, and 

more specific, the province of Gelderland. 
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APPENDIX A THE DIGESTION PROCESS 

Biogas is produced by anaerobic digestion of different organic materials. 

The digestion process can be divided into four steps: 

1) Hydrolysis; complex particulate matters are broken down by hydrolytic enzymes into 

soluble oligomers or monomers such as sugars, amina acids and long-chain fatty acids. For 

the process of hydrolysis a water content of 90-94% is needed. The break down period of 

organic materials depends on the temperature, chemical composition and the sices of the 

particulates. 

2) Acidogenesis; the solubilized monomers are transformed by fermantive bacteria to volatile 

fatty acids, alcohols, H2 and C02. 

3) Acetogenesis; lactate, alcohols and fatty acids longer than acetate are converted to 

acetate and H2 by the obligate H2 producing acetogenic bacteria. 

4) Methanogenesis; Acetate and H2 are converted to CH4 and C02. These methanogenesis 

bacteria work in a more alkaline environment than the acid forming bacteria and therefore 

separation of the process between those can lead to better process. 

[Lens et ai., 2005] 

Schematic representation the AD process of complex organic materials to CH4 

and CO2. 
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APPENDIX B UPGRADING TECHNIQUES 

Membrane technology 

A division can be made between two kinds of membrane technologies. Either it is separation 

with a gas phase on both sides of the membrane or it is a gas liquid absorption which means 

that a liquid absorbs the CO2 diffusing through the membrane. The liquid can be an amine 

and high selectivity, in comparison with solid membranes, can be achieved. Separation takes 

place at atmospheric pressure. 

The solid membrane operate at a pressure >20 bar or at low pressures 8-10 bar. The 

separation of molecules is driven by the fact that these molecules differ in size. At one side 

methane gas is obtained and at the other side, permeate gas, a mixture of CO2, H2 Sand 

methane. This permeate gas needs to be burned otherwise it is lost. Biogas is dried and 

compressed before being led to the membrane. Further separation of H2S is needed before 

biogas can be used for vehicles or fed into the gas grid. 

Vacuum Pressure Swing Adsorption (VPSA) 

Adsorption of carbon dioxide on a material like activated carbon or molecular sieves can be 

used to separate CO2 from the biogas. Under pressure biogas is led through the adsorber. 

CO2 attaches to these adsorbent and the methane is led through. When the adsorbent is 

saturated it lets through CO2 . Then the gas is led to a (parallel configuration) another 

adsorber. The saturated adsorber is vacuum cleaned. The CO2 is released and if this step is 

completed the adsorber is regenerated. By VPSA process almost all methane can be used. 

This process requires dry gas and therefore water is usually condensed in a cooler. Also H2S 

is removed by a tank filled with activated carbon. In the pressurized vessels carbon dioxide 

is adsorbed There are several vessels linked together and for regeneration it is necessary 

that a saturated vessel is coupled to an activated one because the pressurized saturated 

vessel still contains a lot of methane. 

Cryogen separation 

This technique can take place due to the different boiling points of methane and carbon 

dioxide, respectively -160°C and -78°C. By strong cooling carbon dioxide will become in a 

solid stage and this dry ice can be sold as it is often used in the industry. A high quality 

methane gas is obtained. 

Before this process, water and H2S needs to be removed to avoid freezing . This technique is 

still in the demonstration phase. 

Water scrubbing 

This technique is based on the solvability of the gas components. Water is the most common 

solvent. 

By adding chemical to solvent, the solvability of the gas components can be enlarged. 

Carbon dioxide can be separated by water and methane by adding methanol or 
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monoethanolamin (MEA). Biogas is compressed and fed into the bottom of vessel were it 

meets a counter flow of water. The biogas is brought out at the top. This gas is enriched with 

water and needs to be dried. The CO2 enriches water is brought to a flash tank were the 

pressure is reduced and most of the CO2 is released. The process can use fresh water all 

the time. The emission of H2S to the air is a problem and the sulphur, which is accumulated 

in the water, can cause problems with fouling and plugging of pipe work. It is recommended 

that H2S is separated before hand. Organic growth in the columns can also clog the 

installation and automatic washing is therefore required. 

81 



APPENDIX C 9 INTERVIEWS OF 9 BIOGAS EXPERIMENTS 

C.1 Co-Digestion Maatschap Wollerich, tweede exloermond, 2006 

Mr. Wollerich, crop farmer & Owner, tweede exloermond, 1 November 2007 

Maatschap Wollerich is a crop farming partnership that takes in manure and substrates to 

digest and to turn it into electricity and heat (only available option at that time). Mr. Wollerich 

changed its core business to manure processing, because of the decreasing crop market in 

the Netherlands and the rising prices of manure depositing. 

The manure and co substrates are supplied by third parties, but mainly own cultivated crops 

and own substrates are digested. The digestate is spread on own land for financial 

abatement of artificial fertilizer. To improve the efficiency of the installation, Mr. Wollerich 

agreed with a chicken farmer to deliver heat by a heat network. The implementation of the 

network is partly realized by EOS funding (DEMO 02021) by SenterNovem to demonstrate 

the feasibility of such a project. Another subproject initiated by Mr. Wollerich for optimizing 

the AD process was thermo hydrolysis, but it did not receive any funding and was cancelled. 

External effects 

An external effect is that the installation is visited by farmers from the Netherlands, but also 

by farmers from foreign countries, e.g. Canada, Iran and America. The project functions 

therefore as an example for other farmers. 

Voicing and shaping of expectations 

Mr. Wolle rich visited a large number of installations (30 to 40) in Germany to search for 

problems and opportunities within the process. He questioned the German farmers what the 

difficulties were and made use of the knowledge available at institutions such as the 

Biogasanlage. The project was said to be sooner up to speed than expected. 

Social actor network 

Meetings were organized with several parties: the local community governments, banks, an 

German supplier of proven technology (PlanET), engineering agency Schucking 

Energieprojecten B.V. and independent consulting company (KEMA) which was hired to do a 

feasibility study. Several insurance companies (AVero Achmea, Deltaloyd and a third 

insurance party wanted to enter this market) issued a tender for the project. The whole 

project was led by Mr. Wollerich and according to AE Pfeiffer, KEMA, Mr. Wollerich was well 

aware of the capabilities and difficulties of AD process. Also Mr. Wollerich participates in the 

local community counsel which was suggested to be very helpful for the project 

development. 
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Process of learning 

Technological knowledge of the digestion process was gathered from German farmers and 

institutes. Examples are the problems with the digesters overflow when handling tougher 

(woody) materials and also the sensitiveness of the AD process. "Every biological culture is 

unique", according to Mr. Wollerich. An operator has to be structurally involved. At the 

moment Mr. Wollerich is optimizing the AD process (other substrates) and is trying to 

produce more electricity, but due to the physical capacity of the electricity network a larger 

connection is not economical feasible4o . 

Also uncertainty played a role by the process of permits. The mixture of manure with 

substrates results, after digestion, in digestate. Confusion exists at local government which 

ratio of mixture, the digestate should be treated according the manure law or it should be 

treated as compost. According to Mr. Wollerich, the ministry of LNV should create more 

transparency. 

Perceived barriers 

• Role expectation 

• Definition of animal manure by law 

• Uncertainty by permits lenders 

• Unreliable government, changing of manure policy last 10 year 

Vision on the role of the government 

• Decent regulations unprofitable peak, the current subsidy is alleged to be to low and 

the compensation and the history of compensations is turbulent. 

• The government as a more stable partner in projects. 

C.2 Co-digestion, Digestate, Project Green Power Salland, 2007 

Mr. H. Duteweert, representative Biogreen UA, a farmer cooperation, Heeten, 26 November 

2007 

The project is owned by a cooperative of 50 farmers. These farmers started with the project 

to cope with the manure problem on the long term. The cooperative is established by a 

former manure supplier organization. The facility is build at a location which already had a 

manure processing permit. Goals are to reduce the influence of manure dependency and to 

close the nutrients cycle. At the end of the year 2007 the AD process of the installations is in 

operation. The digestate processing equipment; reversed osmoses and ultra filtration 

40 The Maatschap Wollerich should have to pay an amount of money for net reinforcements. 
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installations still have to be built. The installations will handle about 70.000 ton41 of materials. 

At the moment of decision for upgrading biogas was not feasible. 

External effects 

Similar successful plants exist in Wijhe and in Switzerland. An open house was held during 

the installation of the technology and after the installation was finished. The plant is visited by 

several other people among them other farmers . To inform other interested parties a website, 

GreenPowerSaliand was established. 

Voicing and shaping of expectations 

Before the project was started several expeditions to other AD plants were made. The 

negative image of the PROMEST [Raven, 2005] plant had limited effect on the decision to 

start a digestion plant, because other digestion plants were already working. A nearby 

reference is a digestion plant in Wijhe and another similar plant in Switzerland. 

AD is seen as the best way to process manure and as an extension of the farm. In addition, 

the extern manure processing prices could be better controlled and the nutrient cycle closed. 

For such large installation (70.000 ton) several meetings within the organization and 

neighboring people (in a radius of 15 km) were necessary to take away uncertainties and 

direct the expectations. To reduce resistance42 some expeditions to Germany were 

undertaken to let the community see what happens at an AD plant. Also the community were 

given multiple opportunities to discuss about the facility. Some members of the community 

returned for the second time to talk about it. 

Social actor network 

In the beginning there were 80 farmers involved and 30 of them fell of Mr. Duteweert 

explained that those had several reasons to stop; natural course (the age of farmers), loss of 

confidence due to the relative long traject of permits 2001-2007 and up scaling of the farms. 

The project involved the local governments which were enthusiastic, but the permits (building 

height, particulate matter and ecology rapport) took a long time, because of the uncertainties 

at the same local governments. This project was led by an highly motivated farmer, member 

of Biogreen UA, to use the AD process and therefore the project was carried on. 

The importance of a good relation with the community and the local government was 

acknowledged for the process of receiving the permits. It is believed by Mr. H. Duteweert that 

enough people should carry the same vision . 

41 At 35.000 ton a year, a company has to conduct a research to the environmental impact of the 

activity. According to A.E. Pfeiffer, the doubling or more of the amount is usually done to reduce the 

costs per unit energy of such report . 

42 NIMBY and mainly by city people who moved to the country for its appearance were found to be the 

most difficult. 
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A part of the finance was done by SenterNovem, by the farmers and the Rabobank43. A 

demand of the Rabobank, for receiving finance, was that the supplier of the digestion plants 

should be Schmack or Envitec, both German suppliers with large experience. Schmack was 

chosen because of its extensive experience and services (own laboratories etc). The project 

was seen as an example by the ministry of EZ, but the ministry of LNV was not involved in 

this project while the project was announced at LNV as an example. The southern farmers 

organization (ZL TO) had shown interest. The University of Wageningen is also involved for 

research on the legitimacy of natural fertilizer of manure. The quality of the digestate has to 

be guaranteed and precision fertilizing has to be made possible to compete with the artificial 

fertilizer. 

Process of learning 

The installation was built at the location of a manure transporter. Two persons were trained 

to operate the difficult process. The AD plant is supplied with manure from multiple members 

within in a range of 15 km. These members are contracted for a period of 10 year for a fixed 

amount of manure to limit the involvement of a farmer and therefore limiting the influence of 

supply failures. In addition, all the members have an equal vote about the feedstock and its 

composition of the digestion process. 130 Ha of energy maize is cultivated for the digestion 

process and the manure is checked (and mapped) on quality to reduce the risks of shutting 

down the AD facility and to guarantee a certain digestate quality. Also, the organization is 

thinking of co digesting road grass. 

Water from the AD facility can be cleaned to drinking water quality, but a nearby sewage 

water treatment plant prevented this from happening, because of the limited process 

capability. The plant needs water that has a certain organic pollution to be cleaned to operate 

the process well at the sewage treatment plant. 

The steering committee of Biogreen UA learned about the social and cultural aspect of 

involving the local community to reduce resistance and uncertainty. 

Laws, policy and role government, Digested manure is treated as 'drijfmest' and therefore 

cannot be used as replacement of artificial fertilizer. There is little to no experience with the 

natural fertilizer. The quality of the digestate has to be proven. Research is undertaken, but 

this has to be done fairly according to Mr. H. Duteweert. The law should have a common 

factor for judging the use of organically fertilizer and artificial fertilizer on equal grounds. Now 

the law is optimized for the possibilities of artificial fertilizer limiting the use of organic 

fertilizers. For example, artificial fertilizer can be used for precise fertilization and the 

compounds in it are known. Artificial fertilizer is used as reference for creation of the law and 

therefore the organic fertilizer, which can have other compounds, is prohibited to use on 

land. 

A barrier for the digestion of organic materials in the Netherlands is that due to a better 

subsidy climate in Germany many of the raw materials are transported to Germany. 

43 The Rabobank has a long relationship with farmers 
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Perceived barriers 

• The crop farming industry has no or little experience with the natural fertilizer. 

• The surplus value of the digested manure is still not proven. 

• Slowly acting government 

Vision on role of the government 

• Expansion of the positive list, biogas can then be produced without subsidies 

• Less rules and laws 

• Slowly acting government 

• The role of the government is perceived as changing the legal framework (adjustment 

of the positive list, speed in changing rules) and financial stimulants and therefore can 

play an important role in the development of biogas and the use of the digestate. 

• A temporary exception on the use of digestate for a whole year to learn more about 

the aspects. 

C.3 Co-digestion Bioenergy Maasland (BM), cooperative of farmers, 2007 

Mr. J.H.M. van Schijndel, representative BM, Maren-Kessel, 20 November 2007 

The cooperation Bioenergy Maasland has been established by the foundation of Lop-Lith, a 

cooperation of 23 farmers with the aim to preserve agriculture in the area of Lith. Several 

external events led to the decision to look for a more sustainable (controllable) way of 

processing manure. The pig plague in 1997, which was seen as a result by BM as a too 

commercial search for more intensive systems. In 1998 a national waste plan (LAp44
) was 

introduced and a community inquiry about the development within the farming sector (e.g. up 

scaling) for reconstruction outer area was initiated. In 1998 Some incidents with farmers 

about manure processing because of the rainy weather and the rising prices that year. And in 

2010 the farmers have to place bio filters to regulate emissions from stables. 

The foundation of Lop-Lopith has as aim; sustainability via biomass for farmers and 

environment. End year 2006 a supplier of AD technology, ThecogasPlanet, started to build 

an AD plan at Oijen, near a Sewage water treatment facility. The facility consists of 3 

digesters of 2000 m3 and will have a capacity of 36.000 ton manure and cosubstrates45
, 

mainly road grass. The digestate is processed by reversed osmoses and ultra filtration. The 

44 LAP - In Dutch: Landelijk afvalbeheer plan 

45 (below the level of the MER; above requires an additional investment of 50.000 Euro, A.E. Pfeiffer. 

KEMA; because of the uncertainties of the process itself no larger plant was chosen) . 
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and until 200646 and in 2006 again the building permit was subject of investigation. The 

protests varied from questioning the definition of waste in relation to road grass, the influence 

on noise on a local nature area and the safety of the installation. In 2007, the building permit 

was granted. The cooperative was faced with institutional rules for placement of the 

installation. The choice of location is predestinated by a so called peeling method process47
. 

The location of the AD process is therefore at a Sewage water treatment plant. Only 1,5 ha is 

available and up scaling is therefore impossible, directing the search towards optimizing the 

process. 

The farmers learned about the perception towards the country side which is more on nature 

conservation. A tension exists in the country side between the city people (preserving the 

landscape), farmers (up scaling, widening, company), and the politics, who already 

predestinated country, which makes it difficult to initiate new projects. Moreover, the 

influence of NGO's has grown the last few years. 

Perceived barriers 

The subsidy period is found to be short. The compensation should be on the longer term (15 

years) instead of 10 years. 

The nitrate directive of the EU, systematic user norm of 250kg NI ha in the Netherlands and 

after 170kgl N only artificial fertilizer can be used. However, the use of artificial fertilizer leads 

to exhaustion of the ground. Organic fertilizer can be used to counter this effect. 

Electrical network operators want to be paid for the amount of electricity put on the net. 

About the digestate, a barrier can be seen is the possible and uncertainty of market 

combinations. 

Energy will get more expensive and for the export of organic fertilizer certificates are 

necessary. 

Vision on the role of the government 

The government should support farmers to create a demand market for manure and not for 

electricity. 

A level playing field for digestate and artificial fertilizer is needed. The government can playa 

role by creating a market for digestate. More research on artificial fertilizer in comparison with 

organic fertilizer should be conducted. 

In addition, the Government should take a careful look at the positive list for digestion. The 

Government should consider the impact on the environment and on the local economies. A 

clear distinction between the food, feed en energy is necessary. 

46 Beschikking van Gedeputeerde Staten van Noord-Brabant, Vergunning ingevolge de Wet 

milieubeheer, kenmerk 1068855, directie ecologie 

47 First step, look at industry at the location. Second, in community and third, in other communities for 

location of AD plant. 
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C.4 Biocel (Batch) Household waste (GFT) digestion, 1996 

Mr. H.J.M. Kaskens, Director Orgaworld, Uden, 21 November 2007 

In 1994 a law came into place that GFT had to be separated at the source and had to be 

processed separately. Two options were available at that time; composting and digestion, 

both relatively new techniques. Composting was known from the mushroom industry and 

digestion had built a name of difficult and expensive technology. Therefore many actors 

choose for composting (had to be in place within a short time). The digestion method is 

developed by the University of Wageningen48
. 

BIOCEl is a digestion process of 22 days and biogas and digestate is created. Biogas is 

turned into heat and electricity. The electricity is delivered to the electrical grid and the heat is 

used for the composting process of digestate to make compost. Per ton GFT 60m3 biogas, 

with a content of 65% methane, is won. In the time of the composting law the borders of the 

provinces were closed for waste transport and every province has to deal with its own 

problems (nearness principle). 

External effects 

The experiment is still used as example for various (feasibility) studies. 

Voicing and shaping of expectations 

According to Mr. Kaskens, the choice of composting or digestion is depending on the local 

mentality and the current political thoughts. For the digestion process it was necessary to 

convince local governments to engage in long term contracts. 

It is expected that more chances will be available due to expired organical waste contracts 

and composting without digestion is very energy intensive. It is better to separate waste to 

reduce the amount of metals and other contaminants in the compost. It is important to use 

CO2 rich sources for fertilization and composting is one of the little alternatives. The carbon 

dioxide is then stored in the ground instead of being burned. 

Social actor network 

Biogas production from organic waste is seen as subordinate to compost producing. The 

original installation was built by Arcadis. Due to technical problems Orgaworld took over the 

installation and was the only company involved as project developer and owner. The 

experiment was backed up by long term contracts of 20 years for the Biocel technology, 

because of the high investment costs (€9.000.000/ maintenance costs €500.000) and 

subsidized by SenterNovem and the ministry of VROM. 

Process of learning 

48 The university also developed a digester for waste water (UASB reactor) 
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The biocel process was owned by Arcadis and had to be seen as a large experiment, but 

due to several technical problems Arcadis sold the experiment. The main technical problems 

were difficulties with the engine did not work on the biogas and the separation of the 

digestate into ground, compost and a wet fractions was difficult. At that time Orgaworld took 

over the installation. The last procedure was cancelled and by warming up the engine with 

natural gas, the engine could run on biogas. 

Perceived barriers 

Inconsistent policy of the government. Electricity and gas are paid and heat is not. 

In need of a visionary government which does not calculate budgetary. The government 

should look more to what the society wants. Green gas is a hype. 

No payment is received for sustainability. The fossil fuels are polluting, but people are not 

paying for it. If people pay than the money could and should be used for the transition, for the 

green initiatives. 

The digestion of organic residual streams (e.g. potatoes skin) leads to lesser feed for 

animals, although also less residual streams can be used for feed. 

Vision on the role of the government 

• The long term goal of the government should be business like and challenging . 

• The policy should have a longer lifespan than a cabinets period. For example; The 

green electricity arrangement was changed several times in the 10 years of 

existence. 

• A better division of the subsidies; half of the MEP was used for cofiring in large 

energy utilities. 

• Fines should be more transparent. 

• To define the use of biomass as in FoodFeedBio. 

• A clear long term goal, and no budgetary thinking (politics sensitive), to dare and to 

belief. 

c.s Thermophilic digestion of Household & Restaurant waste, Moerdijk, 2006 

Mr. Van Benten, Director BEWA group, Inquiry by telephone, Arnhem, November 2007 

In 2000, regulation changed about waste streams from the Household & Restaurant waste. 

Adding of materials which contained animal proteins is prohibited to use as feed for animals. 

Waste from the food industry was still gathered and had to be transported to Germany to be 

digested, because incineration in the Netherlands was too expensive. The export fitted within 

the EU rules and principles (free market) and therefore no stimulants for own industry to 

develop alternatives. 

However, Van Benten decided to build his own plant. He experienced it as troublesome that 

low caloric raw materials were transported by high caloric fuel. The opportunity was present 
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because the company had already extensive experience with treatment of household and 

restaurant waste. 

The AD facility at Moerdijk consists of 500m3 hydrolysis tank and two 2000m3 digesters and 

devours 35000 ton waste. Sanitation takes place at a temperature of 70 degrees Celsius. 

Electrical energy is delivered to the electrical grid as green energy and the heat is used for 

own processes (sanitation) and for a neighbor company. The choice for CHP was made 

because there were no serious alternatives at that moment. 

External effects 

The project is used as an example project by several actors e.g. SenterNovem and the 

branch organization Bio-WKK. In addition, an interview on energytv was made for 

informational purposes. 

Voicing and shaping of expectations 

The main problem was the insecurity of obtaining the permits. The company had invested 

money and it took a long time to gain the permits. It lasted from 2000 to 2005. According to 

Mr. Van Benten the role of BMD advice, an advice agency for permits, was of crucial during 

this period. The contact person of BMD advice convinced Mr. Van Benten to persist to obtain 

the necessary permits. 

The community was positive of the development of an AD facility, but the direct neighbors 

were less positive. This changed when the prices of heating became higher and the AD plant 

could deliver cheaper heating to the neighbours. 

Social Actor network 

Mr. Van Benten acted as project leader to build the installation together with a construction 

company. For the permits BMD advice was hired . The procedure took over more than 4 

years due to uncertainty and unfamiliarity with this kind of installation. Ecofys was hired to 

settle the subsidies at SenterNovem (EIA, MEP). The finance was further settled with the 

Rabobank. And the insurance was arranged with DAS, an insurance company from Arnhem, 

Netherlands. 

Process of learning 

According to own saying Van Benten visited 35 installations in Germany and build his 

digester according to a design of his own. Van Benten learned that it was necessary to 

remove the metal within the restaurant food (the cutlery) before the material could be 

digested otherwise the process would be disturbed. 

The experience with regulative process, such as the permits was perceived as a long 

process with a lot of uncertainty. Looking back, Mr Van Benten will change the way of 

handling for obtaining the permits. For the next project, a biodiesel production plant, Mr Van 
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Benten will explain the project in direct person to the local government to obtain the permits 

quicker. 

Perceived barriers 

• Role expectations: the roles of the actors is not defined within the experiments 

• Definition of animal manure by law 

• Uncertainty by permits lenders 

• Level playing field (subsidies Germany) 

• Height of MEP, entrepreneurs need a certain return on equity to invest 

Vision on the role of the government 

• Role government is taking the lead. For now the government is behind in energy 

projects in comparison with other countries such as Germany and Denmark 

• Level playing field 

• Competition in the sector is healthy. The government can facilitate this. 

C.G Thermophilic Digestion of chicken slaughterwaste, BIR, 2007 

Mr. M. Bennenbroek, project leader, Zutphen, 10 December 2007 

BIR49 b.v. is a cooperative company of GMB sludge processing and Waterstromen b.v. (100 

% daughter company district water board Rijn Ijssel) to process biological residual waste. In 

2000 according to the destruction law all Cat I en Cat II materials have to be controlled on 

pathogens. These have to be killed in the processing by a temperature of 130 degrees 

Celsius, at a pressure of 3 bar and for 20 minutes. The market for chicken slaughter waste is 

divided into 5 destruction areas controlled by a monopolist, RENDAC a collection, transport 

and destruction company for cadavers and animal residual waste. The agricultural sector 

complains about the high tariffs for destruction and therefore the project for Cat II and III (Cat 

I is not possible by chicken waste) to look into alternative ways of processing chicken waste. 

The output of the process is transported to elsewhere to be composted and upgraded to 

biogranulats for the incineration industry. 

A test project for thermopilic anaerobic digestion of 20 weeks was set up for the PAV 

(Programma alternative verwerking slachtbijproducten), a program initiated by SenterNovem, 

ministry of Agriculture and several Dutch slaughter companies. The program was set up for 

three different organic slaughter waste streams; pigs, cows and chicken waste. BIR b.v. 

tendered for two options and finally got one; chicken slaughter waste. Cost calculation was a 

49 SIR - In Dutch: Siologische industriele reststoffenverwerking 
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heavy weight in the decision methodology of the tender. The facility is build at a site where a 

water treatment plant and a tappery already exist. 

External effects 

The project is seen as a technical learning experiment by SenterNovem and is used as an 

example for the slaughter waste processing companies. 

Voicing and shaping of expectations 

Resistance from the neighbors is mainly focused on the odor of the water treatment plant of 

the tannery. Chicken waste is treated to reduce the odor. Three meetings (informal setting, 

BBQ) were arranged with the local neighbors and the province. At first 10 people were 

present at that last meeting only three. BIR explained the process and the uncertainties. In 

addition, a telephone number was provided to the community to call when they had 

complaints (noise and odor). 

Social actor network 

The actors involved were the BIR who saw a market for chicken waste processing. 

SenterNovem, the ministry of Agriculture and several Dutch slaughter companies for the 

development of a market to reduce prices for the chicken industry. SenterNovem and the 

ministry of Agricultural provided the subsidies. The chicken slaughter company, PINGO, to 

supply the chicken waste. 

The province of Gelderland granted the environmental permits. The community of Oost Gelre 

provided the temporary building and allocation permits. In addition , the Food and Consumer 

Product Safety Authority has to guarantee the destruction process. The technical supplier 

firm HosT has built the installation. A construction company, Lansink, was involved for 

solving the problem with the chicken feathers. 

Process of Learning 

The main object of this project was to learn about the technical problems with chicken waste 

digestion. GMB was involved to learn about the market and the process. Some delay 

occurred for placement of the facility. In practice local governments look at threats and 

problems and not at sustainability. The local government was reluctant to build a test project 

for chicken waste within their borders, because of the uncertainties of the project and that the 

project was dealing with slaughter waste. Waste has a negative aspect related to safety and 

health issues. 

Several technical difficulties occurred. The digestion of chicken feathers is difficult in 

transporting into the digester. In addition chicken waste contains a lot of nitrogen and is 

therefore the determining factor in the process. Other organic materials could be mixed, but 

the plant had limited capacity and must process all the chicken waste delivered. Minimal 

capacity of biogas production was then obtained. The chicken waste has to be mixed with 
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other Nitrogen deficient materials like carbohydrates, glucoses and fats. The learning time of 

20 weeks is found to be too short to learn about the actual process. 

The resistance form the community was reduced due to meetings, explanations and open 

attitude of the company. 

Perceived barriers 

• Without subsidies the digestion of chicken waste is not feasible (MEP). 

• The competition between District water boards and commercial actors. They are not 

subjected to corporation tax and can invest community means. 

• Switching is costly. 

• Local governments look at threats and problems and not to solutions and 

sustainability. 

Vision on the role of the Government 

• Local government: More understanding of the position of the digestion facilities and 

there role in society. To create room for these facilities. 

• The Province should instruct and assist lower governments. 

• The Government should create room for digestion to learn about the technology and 

its aspects. 

• To invest in achieving a certain goal, and persist to achieve this goal. 

• To adjust the destruction law to make the destruction market possible for market 

competition, but to take in consideration the responsibility of the processors towards 

the clients. These clients want to act according to LAP (mainly the bigger companies). 

• Try to make the processing of waste, which is created in the region, the most 

economical attractive to be processed in the region . 

C.7 Green gas & Gas filling at Sewage water treatment plant Beverwijk, 2007 

Mr. Duineveld and Mr. Goverde, Beverwijk, Waste Water Company (AWKB), a division of 

Hoogheemraadschap Hollands Noorderkwartier (HHNK), 14 November 2007 

In 1952, the sludge volume needs to be reduced and there was no 380kV electrical grid for 

companies therefore AD process with dual fuel engines to produce electricity and reduce 

sludge. HHNK was searching for replacement of their CHP engines at the Sewage water 

treatment plant at Beverwijk for innovative and sustainable technologies. This plant is 

operated by a subdivision "afval water keten bedrijf' (AWKB) of the HHNK. A feasibility 

studlO (sponsored by SenterNovem) showed that gas upgrading was feasible. Advantages 

were higher environmental efficiency, lesser maintenance, lesser rest heat and lesser carbon 

50 Above 1.5 106 Nm3 a year biogas it is more feasible to invest in Green Gas (turning pOint 

electricity- to gas production) 

94 



emissions. The BIOGAST installation, a total package of cleaning and upgrading biogas, 

was installed by Virage, advisors in environment and management and Crimac, a supply 

company of gas upgrading techniques. The membrane splits the Methane part in Green Gas 

and a carbondioxide rich gas for heating purposes. AWKB has just started driving on green 

gas with VW caddys. 

External effects 

The Sewage water treatment plant functions as an example for the whole sector. Several 

visits and newspaper articles were written about the plant. A meeting with several other 

district water boards, and the branche research organisation STOWA51 was set up to discuss 

the possibilities of Sewage treatment biogas plants. 

Voicing and shaping of expectations 

AWKB wanted to replace the CHP engines and be more innovative (curious to renewable 

energy). The profit of the plant has to have a purpose and therefore AWKB invested in green 

gas. The start-up problems are unknown, but AWKB was willing to invest in a total package 

of BioGast (risk reduction). Within the organization it is possible to innovate, but the primary 

process is treatment of sewage water. 

The installation is simpler and requires less attention. Also gas engines are expected to be 

more sensitive to the biogas and the quality of the biogas cannot be guaranteed. They 

expect to be more innovative and reduce maintenance personnel at the plant sewage water 

treatment plant. In addition, it is expected that flaring of biogas (or any gas) will face stricter 

regulations and therefore it will be almost impossible to flare off biogas. Upgrading of biogas 

had fewer emissions than use in CHP. Burned gasses have to leave the engine and with this 

emission methane escapes. 

Virage had a very active role in aligning the actors and can be seen as the project leader. 

The motive for Virage was that this is the first installation installed. According to AWKB and 

Virage the Sewage water treatment plant is traditionally innovative. 

Social actor network 

The parties involved at the project process were: Virage (BioGast), AWKB en Cirmac. The 

local government was enthusiastic about the project, but has no influence on the project. 

Virage played an active role in gathering financial means and aligning the involved actors. 

The financial means were gathered from subsidies by Stichting Doen, SNS and ASR bank. 

The gas is sold to Eneco. Other parties, Nuon and Gasunie, were too reluctant to get 

involved. Also, Eneco is the cofounder of the Groengasboek.nl, a website for the promotion 

of Green gas. Two Volkswagen caddys were bought which already were adjusted for biogas 

avoidance of risk). 

51 STOWA - Stichting Toegepast Water Onderzoek, Workshop in de energiebesparing in de SEWAGE 

WATER TREATMENT PLANT, donderdag 19 oktober 2006, Beverwijk 
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Process of learning 

The company learned about technological processes such as the use of boilers that cannot 

be fed with low caloric biogas and carbon dioxide rich gas. The burner had to fed with an 

extra amount of biogas. Virage is trying to solve this problem by installing new burners. 

Also, the installation connection with the facility was difficult to realize. The three parties 

involved talked too long on managerial level and therefore the coworkers were not a part of 

the development. They had to be informed by meetings. 

Virage had a leading role in the project and it is questioned by the AWKB if the leading role 

of Virage was a good choice for the development of such a technology at the plant. 

Perceived barriers 

• The permits. Companies have a duty to report because of the permits and these 

permits, such as WVO (water) permit and the environmental permit, are coupled . 

• Treatment processes are critical. 

• Green gas does not receive any subsidies in contrast to electricity and heat 

production. 

• Acceptance of grid connection network administrators for Green Gas. 

Vision on the role of the Government 

• To increase the willingness of the network operators of the gas grid 

• To place stringent demands on NOx emissions, to forbid flaring 

c.s Sewage fats digestion at Sewage water treatments plant Amersfoort, 2002 

Mr. J. Ebbenhorst, District water board Valei en Eem, Leusden, 22 November 2007 

Both the Sewage water treatment plant and the CHp52 installations had an overcapacity and 

therefore it was interesting to look at other alternative organic materials to digest. An 

experiment with animal Fat from drains and sewer systems was digested at the Sewage 

water treatment at Amersfoort and Veenendal. The project was not seen as profitable and 

therefore stopped. Producers of fats can let their waste easier and cheaper been processed 

in Germany. 

Furthermore no financial stimulants are in place for Sewage water treatment plant. When the 

digestion of fats becomes profitable, Waterschap Valei en Eem will start again. The district 

water board inventoried the possible heat markets like the paper factory at Renkum and 

Visser & Smit chemicals. 

52 The choice of CHP was in that time based on the fact that Essent wanted to try to feed in Green 

Gas. Although the upgrading of Biogas was found to be too expensive by Essent and they did not 

want to pay for it. 
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External effects 

Besides a flyer of SenterNovem and high publicity through radio interviews no further 

external effects were encountered. The results of the experiment were taken to the 

knowledge network of the district water boards (CUR, knowledge network for energy saving 

and STOWA, foundation for applied sciences research water management). The role of 

biogas is now taken serious by the board of directors at District water board Valei & Eem and 

seen as a way to have sound entrepreneurship. 

Recently there is an understanding on managerial level on sustainability within the district 

water board and a new policy will become available this year. 

Voicing and shaping of expectations 

The relationship between the District water board and Van der Velden was seen as good 

relation. And according to J . Ebbenhorst it was sorry that the project was stopped. Van der 

Velden offered to pay more for the digestion, but it was not economical feasible and the 

district water board decided to stop. Before the project was started the neighboring people 

were informed. They were informed that the trucks delivering the fats had a closed system 

(no stench due to filters on trucks). 

Social Actor network 

The water board has several responsibilities one of them is the responsibility for several 

sewage water treatment plants. All District water boards are actors with constitutional rights 

and acts at the level of local governments. Reference for the district water board Valei en 

Eem is the district water board Veluwe which is, for a longer time, co digesting. According to 

J. Ebbenhorst is there close contact and has a high frequency. The subsidy was received 

from SenterNovem and was destined for learning about fat digesting process and related 

organization. The contact with the fat supplying company, Van der Velden Rioleringsbeheer, 

was established via SenterNovem. The technology for sieving the fats was supplied by Van 

der Velden. 

Processes of learning 

The experiment was successful and the Water district board continued with fat digestion for a 

year (1 year contract). However, due the technical difficulties, such as contaminants were 

found in the digester, despite a good sieve delivered by Van der Velden, and the heating of 

pipes to prevent slip up, the digestion of sewage fats was stopped. 

The co-digestion of the fats has as result more biogas production. Natural gas is replaced by 

biogas for their CHP installations. When 10.000 ton fat per year is co digested another CHP 

engine would be necessary. In that case Green Gas will be a better option because the heat 

is already problematic in summers. 

From an economical perspective it is necessary to ask a fee for the digestion of sewage fats 

otherwise the costs would be too high in comparison with the revenues. 
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Within the district water board several issues played a role. The question whether the board 

could act as a commercial partner (market vs. government) and the awareness for 

sustainability. 

The institutional learning process was smooth as the required permits for the processing of 

organic waste were obtained easily. 

Perceived barriers 

• Level playing field. 

• To create an open market by EU. 

• Low or absent interests at the district water board for green gas. 

• Low activation of entrepreneurs to enter the market. 

• Subsidies, due to subsidies organic waste is easily transported to Germany. 

Vision on the role of the Government 

• To create a level playing field. 

• Open market, by lobbying at the EU. 

• To activate entrepreneurs to enter the market. 

• Lesser use of subsidies. 

c.g District Heat network, District Zuidbroek, 2007 

Mr. D.J. Tilkema, sector leader water treatment, District water Board Veluwe , Apeldoorn, 16 

November 2007 

The local community board of Apeldoorn tendered for heat delivery to meet the EPL 

guidelines in a new built district, Zuidbroek. The project consisted of a heating network to a 

new district to be built. Essent53 saw a chance in making use of the heat of the sewage 

treatment plant, which uses some of the heat produced with the CHP for internal use. The 

water board was replacing two CHP engines for new CHP engines and they welcomed the 

chance to sell excess heat to Essent. Essent has placed two heaters (natural gas or bio-oil) 

near the Sewage treatment plant. 

The waste from the facility is dried by GMB54 partially for compost. The other part is burned 

for coal drying. The ashes are used in asphalt in Germany. 

External effects 

The successful cooperation with Essent made it possible to look further for the District water 

board. They are now looking into a new built digester and CHP installations for the digestion 

53 Essent heat is also involved at Zeewolde, where a CHP is placed with a district to supply heat and 

electricty. The biogas is transported from the digester over pipeline of 5.6 km. 

54 This company is involved in other experiments. See chapter xxx, section xxx 
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of organic household and industry waste. In addition, new research of the heat use of the 

sewage water treatment plant is possible. This research has not been carried out before. 

Voicing and shaping of expectations 

The energy company Essent saw a chance for the district Zuidbroek to use heat from the 

sewage water treatment plant and contacted district water board Veluwe. Essent was already 

known by the district water board. For both parties it was attractive to cooperate which 

resulted in long term contracts. A district water board cannot carry any risk capital and 

cannot generate capital (only can take decisions). Essent was a capable partner for carrying 

out social responsibility. 

The role of the Province of Gelderland is twofold. The province Gelderland has trusts in the 

innovative way of working of District board Veluwe. The relationship on the subject of being 

innovative and commercially involved dated from as early as 1996. In 1996 Digestion was 

introduced to reduce the sludge. Optimization (not core business) resulted in going 

commercial in 1999 for delivering electricity. The Digester will be full within ten years and 

therefore other opportunities to digest other materials like Coca Cola were sought. This 

resulted in a dilemma. A clear distinction of which tasks belongs to the government and 

which to private law had to be made. A suitability approach is exercised for governments to 

check whether other companies can do better. The province is the authority for several 

permits and as discussion partner on the role of the district water board in the commercial 

field. 

Social actor network 

The network was formed by mainly to companies: District water Board Veluwe and Essent, 

which knew each other from former cooperation. Essent brought in the resources to invest in 

a heat network and the District water board Veluwe facilitates by letting the boilers be placed 

at the digester at the sewage treatment plant. The third actor involved, was the local 

government of Apeldoorn. Essent had a contract with the community of Apeldoorn. The 

community wanted to be sure that Essent delivered the heat. The contract withhold fines 

when Essent has to use there extra boilers on bio-oil or natural gas. 

Process of learning 

The learning mainly involved processes on organizational level (contracts and other 

agreements). The district water has the will to cooperate with other parties and it was found 

necessary aspects for the success of a complex project. In the case of complex projects, 

conflicting interests and uncertainty, it is better to share and to talk with people. This is a 

result of the vision of the district water board. The vision of the district water board, sector 

water treatment, of 10 year is, good cooperation with the business community for the least 

social costs. Vision is to be a part of the community and create win-win situations, function 

according to law, enVironmentally friendly (role model). The vision can be translated in 
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cooperation with the environment, efficient management and the search for new 

opportunities. 

In 2007, the sewage treatment plants can only reduce on costs on electricity, heat and 

personnel. Therefore the biogas produced is optimal used in terms of society costs. In 

addition the plant faced several restrictions directing the search for cost reduction. The WM55 

permit doesn't allow more than 5% biogas is flared and 0.5% is to air biogas. Moreover, the 

sludge digestion has to break down the dry matter with 50% of the fed in organically dry 

matter. The sewage treatment plant had become a waste processing utility. 

Perceived Barriers 

• ATEX - (explosion safety norms) High investments costs to comply to these norms 

• Level playing field EU 

• No Environmental economy, pay for pollution 

Vision on the role of the Government 

• Cooperation of governments. 

• A trustworthy government. Instead of a 150 page permit a 2 page permit with 

guidelines/ directives and lesser prohibitions. Companies need to know when 

innovative what they get back. 

• Look at the long term vision. 

• Certain waste streams have to be dealt with in the Netherlands (nearness principle). 

• Sustainability test. 

• To trigger district water boards to cooperate with companies and to take more risks. 

55 The WM (wet milieu)permit which takes into account the impact of a business on the environment! 

ecology and sets the rules to which a company should comply. 

100 



APPENDIX D THE BIOBASED ECONOMY 

Long term vision of the Dutch Government 

The success of biogas is related to the discussion about biomass and residual streams. The 

relationship and its complexity of the use of biomass and residual are acknowledged by 

multiple stakeholders. Moreover, for a sustainable society it is expected that biomass will be 

one of the important renewable base materials for production of food, feed, materials, 

chemicals, vehicle fuels, electricity and/ or heat [Van Ree & Annevelink, 2007]. The 

development of a biobased economy is seen as a necessity to secure the renewable energy 

supply and the reduction of CHG emissions. 
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Figure 9 The biobased economy, Biorefinery [Figure adapted from; LNV 2007] 

The biobased economy is an economy where companies - national as international - create 

non food applications (e.g. chemicals, materials and energy) from green raw materials (e.g. 

biomass). An important instrument in the biobased economy is the bio refining of biomass. 

Bio refining aims for optimal value use of biomass. First the agricultural products are isolated 

that can be used for high quality products (see Figure 6) and thereafter the residual streams 

are used for lower quality products such as food and feed. The closing part of the cycle is the 

production of energy [LNV, 2007]. For the production of biogas this means that the feedstock 

will be primarily residual streams of lower energy content. Also, biogas production is seen as 

the end phase of organic materials. 
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APPENDIX E DECISION FRAMEWORK - PRODUCTION 

• Problem statement, context & goals 

• Choice of alternatives 

- -~, 
, .. .,. 

General aspects 
Availability of How much organic materials are 

Organic waste is preferred above energy crops 
resources available? 

Energy efficiency How much is the efficiency? 
Digestion of organic waste leads to the best energy 

conversion 

What is the realized reduction Co-digestion is preferred as it results in the best GHG 
Emissions (from well to wheel) in GHG 

emissions? 
abatement 

Economy What are the costs? ? 

Development of ~~ct-nology _ 

Innovation 

Infrastructure 

Energy mix 

la'9VS and 
regulations 

Is the technology applied in general or new? 

To what extent is the technology restricted to the 
i nfrastru ctu re? 

Is their a high or law contribution of the 
technology to the energy mix? 

Are laws addressing the technology specific or 
are the laws diverse? 

old 1 2 3 4 new 

low 1 2 3 4 high 

low 1 2 3 4 high 

diverse 1 2 3 4 specific 

Political debate High or low attention of politics for the technology low 1 2 3 4 high 

Is their high or law resistance against a certain 
Societal 
acceptance 

issue regarding the technology (feedstock, smell, low 1 2 3 4 high 
landscape etc) 

Status projects wiiflin -region--- ---- ------

Branching 

Aggregated 
experiences 

Visions and 
expectations 

Social actors and 

Are their other examples available within the 
Netherlands? 

Are there many are none activities in transfer of 
experiences? 

High or low articulation of expectations? 

Are new (dedicated) or old (incumbent) actors 
involved? 

networks Is there a high alignment or no alignment 
between actors involved in a project? 

Learning Learning involves many or less aspects? 
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APPENDIX F DECISION FRAMEWORK· UTILIZATION 

• Problem statement, context & goals 

• Choice of alternatives 

Which function has to be fulfilled and which technological solution is available? 

General aspects 
Availability of How much biogas is available for 

Depending on the location resources this technology? (m3/year) 
How much is the efficiency? (above 

Energy the minimal 40% electrical If heat is taken into account CHP is preferred . 
efficiency efficiency) 

Emissions 
What is the realized reduction (from Transport fuel is preferred as it abates harmful 
well to wheel) in GHG emissions? particles in populated areas 

Economy What are the costs? ? 

Development of technology 

Innovation Is the technology applied in general or nevv? 

Infrastructure 
To what extent is the technology restricted to the 
i nfrastru ctu re? 

Energy mix 
Is their a high or low contribution of the 
technology to the energy mix? 

LalAlS and Are laws addressing the technology specific or 
regulations are the laws diverse? 

Politi cal debate High or low attention of politics for the technology 

Societal 
Is their high or low resistance against a certain 

acceptance 
issue regarding the technology (feedstock, smell, 
landscape etc) 

-
Status projects within region 

Branching 
Are their other examples available within the 
Netherlands? 

Aggregated Are there many ore none activities in transfer of 
experiences experiences? 

Visions and 
High or low articulation of expectations? 

expectations 

Are new (dedicated) or old (incumbent) actors 
involved? 

Social actors and 
networks Is there a high alignment or no alignment 

between actors involved in a project? 

Learning Learning involves many or less aspects? 

Biogas as Transport fuel 

Biogas in CHP engines 
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