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Executive Summary 
 
The aim of this report is to present recommendations for policy instruments to encourage 
innovation in the field of biorefinery combined with biogas, as well as the background for 
these recommendations. 1 
This report builds on: 
 

·  A literature search on biorefinery combined with biogas, policy instruments and 
innovation 

·  Interviews with farmers, biogas producers, researchers, consultants and policy 
makers. 

·  A detailed questionnaire on the barriers and drivers for biorefinery combined with 
biogas 

o A full statistical/correlation analysis was undertaken 
o Results were analysed and written up. 

 
It also formed a basis for discussions in the sector workshop and was updated in the light of 
these discussions. 
 

1.1 The reason for focusing on biorefinery combined with biogas 
 
In work package 1 of this study, a range of technologies in the agricultural sector were 
examined to ascertain which of them were the most interesting to explore. There is a wide 
range of reasons for interest in biorefinery combined with biogas. 
Since the beginning of the 1990s the utilization of renewable resources for the production of 
non-food products has fostered Research and Development (R&D) which has attracted 
increasing attention from industry and politics. Accordingly, the term “biorefinery” was 
established in the 1990s. The corresponding biorefinery projects are focused on the 
production of fuels, solvents, chemicals, plastics and food for human beings. In some 
countries, these biorefinery products are made from waste biomass. Initially the main 
biorefinery processes involve ethanol fermentation for fuels (ethanol-oriented biorefineries), 
lactic acid (LA) fermentation, propandiole (PDO) fermentation and lysine fermentation, 
especially for polymer production. The biobased polymers polylactic acid, propandiol-derived 
polymers and polylysine have been joined by polyhydroxyalkanoates and polymerized oils 
(Kamm et al. 2005 in print).  
Green Biorefineries are integrated technologies and technology systems for the production of 
materials and the processing of green plants and parts of green plants for energy purposes. 
Above all, Green Biorefinery technologies are based on the traditional technologies of green 
forage preservation, leaf protein extraction, chlorophyll production, and modern 
biotechnological and chemical conversion methods. The main raw materials of Green 
Biorefineries are green plants such as grass, alfalfa and immature (green) grain or green plant 
parts such as leaves. Green plant parts represent a virtually inexhaustible raw material 
reservoir, which is fast-growing, available world-wide, and may provide advantages from an 
ecological point of view. Taking the case of alfalfa alone, 32 million hectares are currently 
cultivated and converted into green pellets or forage flour worldwide. (Kamm et al. 2005 in 
print). 
The biorefinery combined with biogas is expected to have advantages which are not directly 
described as monetary values. 

                                                      
1 This report has been drafted by the Institute of Technology Assessment based on the structure 
designed by the Institute for European Environmental Policy (IEEP), in the context of the DGResearch 
co funded policy orientated research project - Policy pathways to promote the development and 
adoption of cleaner technologies  (acronym of POPA-CTDA)  (see Box 1)  (contract number 502487). 



 
·  generating a perspective for alternative land utilization, in particular by refining 

biomass from grassland (a driving force for agro-environmental measures and the 
conservation/maintenance of cultural landscapes),  

·  improving the competitiveness of the agricultural sector in Europe through 
multifunctional agriculture and new products (a driving force for sustainable rural 
development and the creation/maintenance of jobs) and 

·  reducing greenhouse gas emissions and combating climate change through the 
substitution of oil-based materials (Danner 1998).  

 
Alongside raw material and technology aspects, biorefinery concepts in Europe are 
particularly characterized by the approach of considering and paying attention to 
sustainability criteria and the incorporation of technologies in regional structures summarized 
under the keyword “sustainable rural development”. Since biorefinery supports alternative 
land utilization, it could improve the production flexibility and provide a positive impulse for 
agro-environmental measures in the agricultural sector, if technology and organisational 
innovation go hand in hand.  
Developing sustainable green biorefinery systems requires a combination of central and 
decentralized / localized units, i.e. large scale conversion and processing plants that take 
advantage of economies of scale must be combined with smaller and localized units as close 
to biomass feedstock as possible, resulting in improvements to rural economies. 
An important motivation for the selection of biorefinery in this study is the fact that the 
organisational structure for the implementation of this cluster of technologies is still being 
shaped. The results of the POPA-CTDA project can therefore assist the design of appropriate 
measures for the member states to maximise the positive impacts of the technology and avoid 
potential negative environmental and economic impacts.  
 
Actor groups: 
The most important relevant actor group for the “biorefineries combined with biogas” case 
study are: 
• technology developers (manufacturers of plants, engineering firms, public research 
institutes, pioneer farmers, agricultural cooperative societies, investors, consultants) 
• users (farmers) 
• consumers of products  
• governments (agricultural and innovation policy and environmental and sustainable 
development policies) 
• other relevant actors: rural development agents, rural society, consultants. 
 



 

Table 1: Overview of some types of Biorefineries combined with biogas discussed within 
the framework of POPA-CTDA. Hybrid types of these groups are also possible. 

Types of concepts in the 
development phase 

Raw 
materials 

Key processes Identified key 
objectives 

decentralised 
or central  
concepts 
which are 
integrated in 
the regional 
development 
strategies 

-agricultural 
waste 
materials 
(brown 
biorefineries) 
-crops  
-grass  

-fermentation 
-separation of 
products 
-treatment of 
biogas**  

- income for farmers  
- social development of 
agriculture for the 
preservation of the 
cultural landscape  
- preservation of jobs in 
the agriculture sector 
- preservation of 
agricultural knowledge 
in a region 
-products* 
 

Type I:  
Biorefineries 
with Biogas 
integrated in 
the agriculture 
activities 
(green and 
brown 
Biorefineries) 
 

central 
concept which 
is optimised 
economically 
without 
integration in 
regional 
development 
strategies 

- agricultural 
waste 
materials 
-crops  
-grass 

- fermentation 
- separation of 
products 
- treatment of 
biogas**  

- preservation of the 
agricultural sector 
- products* 

Type II:  
Biorefineries 
with Biogas 
integrated in 
the waste water 
or landfill gas 
treatment 
(brown 
biorefineries) 

decentralised 
concept 

- sludge or 
landfill gas 
from organic 
sources 

- fermentation 
- separation of 
products  
- treatment of 
biogas**  

- waste management 
- reduction of methane 
emission 
- biogas quality 

- cost reduction 

Type III: 
Some 
Biorefinery 
and/or Biogas 
units integrated 
in the food 
industry or 
other relevant 
industries  
 

Integrated or 
additive to the 
main 
production 
process 

- material 
flows which 
contain solid 
or dissolved 
residues of 
non-converted 
raw materials 

- fermentation 
- separation of 
products 
- treatment of 
biogas** 

 

- efficient material 
management 
- waste management  
in companies 
- new products for the 
company* 

 

*   Products include materials and energy products 
**   Treatment of biogas includes physical and chemical treatment as well as gas refinement 
to feed into the gas grid  
 

 
Market 
The information on the market for biorefineries and its products is still mainly qualitative and 
theoretically. Since the technology is still in the pilot phase and since there is no efficient 
supply chain management available, the estimated price of products at the moment is higher 
than available products on the market. An estimation of the market Volume of some products 
is presented in the study. Polylactic acid (PLA) alone could achieve a market volume of 3.6 



million tons per year by 2020. Another important chemical based on lactic acid is the solvent 
ethyl lactate. Economic forecasts are difficult to establish as the market value is estimated at 
between 450,000 tons per year and millions of tons per year. However, prices for both 
products will reach 1.5 $ U.S/kg. in 2010 at the latest or will be even lower. 2 
In the case of Green Biorefineries, in addition to organic acids, solvents, etc., proteins and 
amino acids are considered to provide a considerable potential. Both, food industry and 
cosmetic industry will develop more nature and healthy products in future. Plant proteins, 
peptides and amino acids are supposed to play an important role in such products. However, 
the protein and amino acid market is very divers and product prices have a huge variation. 
E.g. feed protein varies between 0.35 €/kg and 0.70 €/kg. Prices for amino acids for food 
purpose range from 0.80 €/kg (Na-Glutamate) to 15 €/kg (e.g. Branched Chain Amino Acids, 
Hydrolysates). Some other proteinogene amino acids can reach prices up to 100 €/kg (e.g. 
Isoleucin). The market size is difficult to estimate. However, the Na-Glutamate market 
amounts about 1.5 million tons per year. Hydrolysates and amino acid mixtures should be 
estimated to about 50,000 tons per year. 3 
Another very important piece of information is that synthesis clearly favours biogas over fibre 
production. However, at a price approximately 20 to 30% above the prices currently achieved 
on the market the structure changes in a way that fibres are produced centrally instead of 
utilizing press cake completely in the biogas unit. The overall analysis points out that the 
green biorefinery is obviously already a stable and economically viable process, at least for 
investors taking the long term approach, but is also strongly dependent on the political 
framework. 
The biogas technology in the form of farm biogas plants is however in an emerging phase. A 
general opinion amongst interviewees is that without an appropriate support for small scale 
plants the trend will shift towards big biogas plants.  
There is a market in different areas for biogas such as heat production, co-generation of heat 
and power, vehicle fuel and the gas grid. The amortization of the plants in Austria is reported 
to be 7 to 11 years, with an average of 64 livestock units and 85 ha land (small-scale local 
plants). The estimation for Slovakia is 4 to 15 years amortization for farms with an average of 
1260 livestock units (local plants but large scale). Farm biogas plants can be combined with 
biorefineries to use synergy effects between industrial use of renewable resources and their 
exploitation for energy purposes. 
The most important market factors which are identified for farm biogas plants which are 
relevant to this study are: 

·  Regulation and tariffs for feed-in to the gas grid and green electricity feed-in 
·  Standards of the natural gas quality in the grid which influence standards for biogas 

(Standards in Netherlands are lower because of the quality of natural gas resources) 
·  Pressures which act as drivers for the use of biogas such as intensive agriculture, the 

odour of manure 
·  Needs for a better nitrogen management of the soil, needs for organic fertilizers for 

organic farms 
·  Need to use ley crops to preserve the cultural landscape, which is also important for 

the tourist industry 
The biorefinery combined with biogas integrated in agriculture has also potential social 
benefits such as a solution to the surplus problem in agriculture or cultural land preservation 
which cannot be compared easily with economic profits. 
 
 
Barriers and drivers  
Barriers and drivers identified for the development and implementation of biorefinery 
combined with biogas in the Work package 2 of the POPA-CTDA study have very varying 
characters. A summary of factors which are emphasized in interviews and in the survey are: 

                                                      
2 Personal communication: (BioRefSYS 2004) 

3 Personal communication: (BioRefSYS 2004) 



Barriers 
�  Economic risks and insufficient innovation capabilities of SMEs  
�  Different rules and traditions in agriculture and industry  
�  Subsidies without regard to local and global social problems  
�  Lack of clear goals and strategies for the industrial use of renewable resources  
�  Technical challenge for separation techniques  

Drivers 
�  Logistic solutions and efficient supply chain management, research cooperation   
�  Green Electricity Act at European level, Cogeneration Directive  
�  Social and economic demand to avoid surplus production while preserving agriculture 

for local production and maintenance of the cultural landscape in Europe  
 
An overview of the policy actions needed according to these results is given below for 
different types of biorefineries: 

Table 2: Types of concepts in the development phase  

Types of concepts in the 
development phase 

Policy actions needed 

decentralised or 
central  
concepts 
which are 
integrated in 
the regional 
development 
strategies 

- cooperation networks for strategic decisions 
and research  
- market incentives for products  
- research funds that support the innovation of 
environmental or sustainable technologies 
- regulation which contributes to the generation 
of  sensitivity to the importance of environmental 
technologies in the agriculture sector,  
-structural funds  
 

Type I:  
Biorefineries 
with Biogas 
integrated in the 
agriculture 
activities 
(green and brown 
Biorefineries) 
 

central concept 
which is 
optimised 
economically 
without 
integration in 
the regional 
development 
strategies 

- research funds that support the innovation of 
environmental or sustainable technologies 
- market incentives for products 

Type II:  
Biorefineries 
with biogas 
integrated in the 
waste water or 
landfill gas 
treatment 
(brown 
biorefineries) 

decentralised 
concept 

- standards for biogas  
- Access to the Cogeneration of Heat and Power 
(CHP) units 
- Access to the feed in facilities to the gas grid 
 

Type III: 
Some Biorefinery 
and/or Biogas 
units integrated 
into the food 
industry or other 
relevant 
industries  
 

Integrated or 
additive  to the 
main 
production 
process 

- Research funds that support the innovation of 
environmental or sustainable technologies 

 



To conclude: The success of the development of the biorefinery combined with biogas 
depends not only on the technology itself. It depends strongly on the regional, national and 
EU policies, on the beliefs of the main actors, developers (technicians), users (farmers), 
customers (industry) and planners (e.g. regional administration), on their willingness to work 
together and to establish forms of interaction that lead to a continuous optimisation of the 
biorefinery combined with biogas concept. Potential risks are seen mainly in the economic 
risks and partly in the capability to build successful strategic alliances between SMEs, farmers 
and big industrial players. 
Therefore it is not possible to suggest one “right” procedure and one package of “good” 
policy-measures for the biorefinery combined with biogas that would be applicable in general.  
The key issue of biorefinery combined with biogas is not only about the production of 
marketable products (chemical intermediates, biogas). It is about the sustainable development 
of a region, about maintaining a high living standard in the rural space and the protection of 
the European cultural landscape in the regions (non-tradable goods). The combination of 
industrial use and use for energy purposes of renewable resources is a challenge for the 
technology developers to move toward sustainable technologies.  
The discussions in the expert workshop on January 23, 2006(WP4) show that there is a 
need for a comprehensive strategy for energetic and industrial use of biomass at 
European level to optimize financial resources and avoid rebound effects with negative 
environmental impacts due to the intensive production of renewable resources. 
The literature survey4, empirical examples and the findings in work package 2 and 3 have 
underlined the importance of networks for the research and development process and for 
innovation. 
Regional networks and technology platforms are identified as possible options for starting 
cooperation. There are two options that should be investigated more deeply:  
 

1. The first option is a strong cooperation on a regional or national level, where there 
are key players wanting to work together on the biorefinery combined with biogas. To 
consider the needs of small and medium-sized firms it is important to establish 
regional innovation networks to access research institutes and the support of their 
regional environment. 

2. The second option would be to create a Europe-wide technology platform in a wider 
context. Following the structure of POPA-CTDA there could be a platform for 
sustainable technologies for the rural sector. This seems to be a good policy pathway, 
because it fits together with recent reforms of the Common Agricultural Policy 
towards more emphasis on rural (sustainable) development. 

 
 
 

                                                      
4 Compare for example Powell, W./ Grodal, S.,2005, Networks of Innovaters, in: Fagerberg, J. et al. 
(ed.): The Oxford Handbook of Innovation, Oxford, p. 56-85 
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2 Introduction  
 
This section introduces briefly the case study, explains its choice and also put it in the context 
of the wider POPA work. 

2.1 The objective of this case study report 
 
The aim of this report is to present recommendations for policy instruments to encourage 
innovation in the field of biorefinery combined with biogas, as well as the background for 
these recommendations. This background covers the current state of play in the sector – what 
technologies there are, what the scale of the market is, what policy goals there are, and what 
the current barriers and drivers are in the market. As regards recommendations, these take on 
board policy makers and industry stakeholders’ views for future policy design and explore 
critical opportunities and constraints on policy design.  
The final recommendations were explored in the sector workshops (WP4) and will be 
discussed in the international workshop (WP5).  
 

2.2 The basis of this report 
 
This report has been drafted by the Institute of Technology Assessment based on the structure 
designed by the Institute for European Environmental Policy (IEEP), in the context of the 
DGResearch co-funded policy orientated research project - Policy pathways to promote the 
development and adoption of cleaner technologies  (acronym of POPA-CTDA)  (see Box 1)  
(contract number 502487). 
This report builds on: 
 

·  A literature search on biorefinery combined with biogas, policy instruments and 
innovation 

·  Interviews with farmers, biogas producers, researchers, consultants and policy makers 
(WP2). 

·  A detailed questionnaire on the barriers and drivers for biorefinery combined with 
biogas (WP2) 

o A full statistical/correlation analysis was undertaken 
o Results were analysed and written up 

·  Additional interviews and literature search were undertaken within WP3. 
 
It also forms a basis for discussions in the sector workshop in WP4 and will be updated in the 
light of these discussions. 
 
Box 1: Overview of the POPA-CTDA project 
The project Policy pathways to promote the development and adoption of cleaner 
technologies (acronym: POPA-CTDA) is a two year project (January 2004 to December 
2005) led by TNO in the Netherlands, with IEEP as a core team member. Partners come from 
eight member states. This project is the key DG Research project to help support the 
implementation of the Environmental Technology Action Plan (ETAP). It is a policy-
orientated research project. 
 
The overall aim of this project is to contribute to the design of comprehensive and integrated 
environmental and technology policies to promote pro-environment innovative behaviours in 
firms across EU Member States. Although the identification of drivers and barriers is of 
primary importance to the project, once they are soundly identified a strong emphasis will be 
put on policy design (this report).  
 



Project main goals  
To identify and define the barriers to the development, diffusion and use of cleaner integrated 
technologies by households and businesses in the transport, energy, industrial and agricultural 
sectors. 
To identify the policies and mechanisms to be used to encourage and facilitate more efficient 
development, adoption and use of cleaner technologies; to ensure that “win-win” 
opportunities are seized; and to help general green technology. 
 
The steps of the project 

Work Package 1: Background studies on clean technologies in the energy, industry, transport 
and agricultural sectors – defining the state of play of clean technologies, barriers, drivers and 
policy instruments. This will help define which technologies or technology clusters the 
analysis would look at. 

Work Package 2: Case studies. Eight case studies of clean technologies (two per sector) will 
be explored in depth through a questionnaire and interviews – linked to a model of innovation 
behaviour.  

Work Package 3: Policy Instruments. This element develops policy instrument 
recommendations to address the barriers and enhance the drivers. 

Work Package 4: Stakeholder/expert seminars. The aim of this package is to disseminate 
insights on the barriers and drivers for clean technologies and explore which policy 
instrument recommendations are most likely to be effective and practical. 

Work Package 5: A report on the findings and recommendations for policy instruments 
(revising WP3 report). 

Work Package 6: An international workshop to disseminate the results to key stakeholders. 

 
The eight case studies being undertaken in Work Package 2 are: 

Agriculture: Biofuels (IEEP) and Biorefineries combined with biogas (ITA). 

Transport: Clean Vehicle Technologies and Urban Chain Mobility (TNO) 

Energy: End use of Energy in Buildings and Renewable Energy Technologies (UGOT) 

Industrial: Industrial Fuel Cells (Fraunhofer Institute) and White non-GMO Biotechnology 
(IPTS) 

2.3 The reason for focusing on biorefinery combined with biogas 
 
In work package 1 of this study, a range of technologies in the agricultural sector were 
examined to ascertain which were the most interesting to explore - from a range of reasons.  
There are a wide range of reasons for interest in biorefinery combined with biogas. 
Since the beginning of the 1990s the utilization of renewable resources for the production of 
non-food products has fostered Research and Development (R&D) which has attracted 
increasing attention from industry and politics. Accordingly, the term “Biorefinery” was 
established in the 1990s. The corresponding biorefinery projects are focused on the 
production of fuels, solvents, chemicals, plastics and food for human beings. In some 
countries, these biorefinery products are made from waste biomass. Initially the main 
biorefinery processes involve ethanol fermentation for fuels (ethanol-oriented biorefineries), 
lactic acid (LA) fermentation, propandiole (PDO) fermentation and lysine fermentation, 
especially for polymer production. The biobased polymers polylactic acid, propandiol-derived 
polymers and polylysine have been joined by polyhydroxyalkanoates and polymerized oils 
(Kamm et al. 2005 in print).  
Green Biorefineries are integrated technologies and technology systems for the production of 
materials and the processing of green plants and parts of green plants for energy purposes. 
Above all, Green Biorefinery technologies are based on the traditional technologies of green 
forage preservation, leaf protein extraction, chlorophyll production, and modern 



biotechnological and chemical conversion methods. The main raw materials of Green 
Biorefineries are green plants such as grass, alfalfa and immature (green) grain or green plant 
parts such as leaves. Green plant parts represent a virtually inexhaustible raw material 
reservoir, which is fast-growing, available world-wide, and may provide advantages from an 
ecological point of view. Taking the case of alfalfa alone, 32 million hectares are currently 
cultivated and converted into green pellets or forage flour worldwide. (Kamm et al. 2005 in 
print). 
The biorefinery combined with biogas is expected to have advantages for  
 

·  generating a perspective for alternative land utilization, in particular by refining 
biomass from grassland (a driving force for agro-environmental measures and the 
conservation/maintenance of cultural landscapes),  

·  improving the competitiveness of the agricultural sector in Europe through 
multifunctional agriculture and new products (a driving force for sustainable rural 
development and the creation/maintenance of jobs) and 

·  reducing greenhouse gas emissions and combating climate change through the 
substitution of oil-based materials (Danner 1998).  

 
Alongside raw material and technology aspects, biorefinery concepts in Europe are 
particularly characterized by the approach of considering and paying attention to 
sustainability criteria and the incorporation of technologies in regional structures summarized 
under the keyword “sustainable rural development”. Since biorefinery supports alternative 
land utilization, it could improve the production flexibility and provide a positive impulse for 
agro-environmental measures in the agricultural sector, if technology and organisational 
innovation go hand in hand.  
Developing sustainable green biorefinery systems requires a combination of central and 
decentralized / localized units, i.e. large scale conversion and processing plants that take 
advantage of economies of scale must be combined with smaller and localized units as close 
to biomass feedstock as possible, resulting in improvements to rural economies. 
An important motivation for the selection of biorefinery in this study is the fact that the 
organisational structure for the implementation of this cluster of technologies is still being 
shaped. The results of the POPA-CTDA project can therefore assist the design of appropriate 
measures for the member states to maximise the positive impacts of the technology and avoid 
potential negative environmental and economic impacts.  

2.4 Structure of this report 
 
Chapter 2 presents an overview of the technology. Chapter 3 sets out the costs and benefits of 
the technology, while Chapter 4 analyses the economic aspects. Chapter 5 presents a 
discussion on the current state of policies, policy instrument use and policy processes. This 
covers both EU and national policies. Chapter 6 summarises the insights gained on barriers 
and drivers as identified in WP2. On the basis of the barriers and drivers and the knowledge 
of existing instruments and the market, Chapter 7 explores the range of policy instrument 
options available to promote biorefinery combined with biogas where suitable. A number of 
these will not be practical, feasible or appropriate and the analysis will therefore reduce the 
long list of options to a more practical short list – these, too, are presented in Chapter 7. 
Chapter 8 then presents an assessment of the shortlist in greater detail – noting what can be 
said as regards benefits, winner and losers etc. Chapter 9 presents the summary conclusions, 
recommendations and next steps. As noted above, this report will be an input into the WP4 
sector workshops and a revised version will be an input into the WP5 international 
conference. 



3 Biorefinery combined with biogas: an overview   
 

 
Biorefineries generally process bio-based feedstock into multiple value-added products, e.g.: 
• chemical intermediates (e.g. lactic, acetic or citric acid); 
• solvents (e.g. ethanol, acetone, butanol, esters); 
• fuels, adhesives, industrial enzymes, fermentation feedstocks; 
• materials: biodegradable plastics, bio composites, construction materials, new fibres. 
Green biorefineries are the most important biorefineries for the agricultural sector. They 
utilize green biomass as a primary resource (e.g. grass, clover, green agricultural crops, etc.). 
However, in this case it is necessary to solve the storage-problem, i.e. green biomass must be 
preserved so that it is available for longer periods of time in order to allow continuous year-
round operation of the plant.  
Biogas production in combination with biorefinery enables the efficient use of biorefinery 
residues for heat and power generation. 
 

3.1 European concepts 
 
In the Netherlands, considerable efforts are being made with respect to whole crop utilization 
of green biomass (Ketelaars 2001) with a pilot plant opened in 2002 (Hulst 2002).  
In Germany, a research group (Kamm/Kamm 1999) started to use different juices for lactic 
acid fermentation in 1996. As green biomass is rich in bulk-components-free carbohydrates, 
proteins and fibres, it is these components that should serve for the basic exploitation. "Low-
volume, high-price" specialty chemicals like bioactive substances (carotenoids, isoflavonoids, 
etc.) are expected to increase the viability of such green biorefinery systems. 
The Austrian green biorefinery concept is based on a decentralized system to take account of 
the small-scale agriculture (Kromus 2002). However, the system is built around grass silage 
fermentation and the production of lactic acid and amino acids (hydrolysed proteins). For this 
reason, the main focus of green biorefineries is directed at products such as lactic acid, other 
organic acids, proteins, amino acids, carotenoids, other pigments, monosaccharides and fibres 
and the resulting applications.  
Following the basic elaboration of different integrated systems in Europe (centralised and 
decentralised), research is currently focused on intensifying the conversion processes and the 
search for high-yield strategies in optimised cradle-to-grave system setups. A number of 
decentralised approaches mean that a special focus is put on the integration of SMEs.  
 

3.2 Key issues 
 
The “biorefinery combined with biogas” is considered in this study as a cluster of  
• agro-environmental activities for production of input to the biorefinery,  
• different processing stages of raw materials within and outside farms (fractionation, pre-
treatment, purification, down streaming separation, refinement, conversion) 
• management strategies for an optimum material flow in agriculture,  
• marketing of products and social aspects of technology development and implementation. 
 
The combination of biorefinery with biogas is regarded as a strategy to use economic synergy 
effects of both technologies. We will discuss this issue in detail in Chapter 4. 
 

3.3 Description of processes stages:  

3.3.1 Fractionation/Decomposition Process 
 



This is also called the first fractionation step or primary refinery step. (This includes for 
example the harvest, fractionation, conservation and storage of the primary fraction). Here, 
fresh harvest and waste goods are treated. Thus, the plant compounds are mostly 
unadulterated; however, the green material should in any case be re-worked immediately. 
This process step, generally by means of a technical press, produces a fibre-rich quantity of 
water-insoluble solid material, press cake (PC) and a nutrients-rich green juice (GJ) or brown 
juice (BJ). Wet fractionation is based on the soft separation of water soluble and water-
insoluble components of the green biomass. 
Silage wet-fractionation is a form of primary refinery technology. The green material is 
conserved by organic acids or fermentation processes before being treated in the described 
procedure. The treatment of silage from green resources has many advantages (decentralized 
raw material preparation, simple and low price conservation and storage, reasonable whole 
year operation of the biorefinery, etc.). The use of the final products of silage is different to 
the substances in the green juice because silage fermentation degrades the cell walls and 
modifies or converts substances by means of the biotechnological processes involved. 
What are known as “decomposition” methods are the third category of the primary refinery 
technology. “Decomposition” methods apply mainly to the humid or dry whole plant. The 
processes work with enzymatic, fermentative, hydrolytic, chemical, thermal or thermal in 
combination with fractionation methods. The strength (depth of operation) of the 
decomposition is different, and ranges from a low (enzymatic, fermentative) to a high 
intensity (chemical, hydrolytic). For every step a classification is needed to check if it falls 
within green biorefinery technology (Kamm et al. 2005 in print). 
 

3.3.2 Pretreatment 
 
Pretreatment processes are specified in regard to press juice processing in a green biorefinery. 
The pretreatment process can be divided into green juice and silage juice pretreatment. The 
main technologies are e.g. heating of green juice or phosphate precipitation of silage juice as 
well as prior or subsequent basic filtration (e.g. by filter press or micro filtration) (Kromus et 
al. 2004). 

3.3.3 Purification 
For purification, different technologies are used either to separate one product (like proteins 
from green juice by centrifugation) or to clarify the silage juice by means of filtration (e.g. 
ultra filtration or nano filtration). To reduce the ash content of the juice ion exchange or 
similar technologies have also been developed (Kromus et al. 2004). 

3.3.4 Down-Streaming/Separation 
Nanofiltration is also a technology with which down-streaming and/or product separation can 
be carried out. In combination with e.g. chromatography and/or electrodialysis, crude 
products like amino acids and lactic acid can be obtained (Kromus et al. 2004). 

3.3.5 Refinement 
Refinement includes all technologies for the further treatment of the crude products already 
obtained. This includes any kind of polishing e.g. with activated charcoal or crystallization, as 
well as the adjustment of e.g. pH value or evaporation and drying. 

3.3.6 Conversion 
Conversion in connection with Biorefineries means product upgrading or the production of 
derivatives such as esterification of lactic acid into ethyl lactate or the conversion of amino 
acids into salts, etc. Technologies include the whole spectrum of chemical reaction 
technologies, but in the case of ethyl lactate mainly catalysis and rectification.  
 



3.3.7 Biogas 
Biogas typically refers to methane produced by the fermentation of organic matter including 
manure, wastewater sludge or municipal solid waste under anaerobic conditions. The process 
is popular for treating many types of organic waste because it provides a convenient way of 
turning waste into electricity, decreasing the amount of waste to be disposed of, and of 
destroying disease-causing pathogens which can exist in the waste stream. The use of biogas 
is encouraged because methane burns with a clean flame and produces little pollution. 
Manure digestion occurs in a digester, which must be strong enough to withstand the build-up 
of pressure and must provide anaerobic conditions for the bacteria inside. Digesters are 
usually built near the manure source, and several are often used together to provide a 
continuous gas supply. Products put into the digester are composed mainly of carbohydrates 
with some lipids and proteins. 
In a well designed plant, the use of ley crops and other agriculture residues to produce biogas 
improves the internal structure of the digesters and contributes to the improvement of the 
biogas yield. 

3.4 Relevant actors 
 
The most important relevant actor group who are identified for the “biorefineries combined 
with biogas” case study are: 
• technology developers (manufacturers of plants, engineering firms, public research 
institutes, pioneer farmers, agricultural cooperative societies, investors, consultants) 
• users (farmers) 
• consumers of products  
• governments (agricultural and innovation policy as well as policy for environment and 
sustainable development) 
• other relevant actors: rural development agents, rural society, consultants. 
 
 



4 Costs and benefit of biorefinery combined with biogas  
 
This section is designed to outline the benefits of the technologies uptake, not just to the 
environment but more broadly in terms of economic development, impact on other sectors 
etc. However, this should also outline the potential costs associated with the technologies 
development. This not only relates to economic costs but also potential broader impacts of the 
technology on the environment, health or society. When considering such impacts it should be 
taken into account the potential impacts on implementing the technology inefficiently i.e. if 
the wrong policy instrument is chosen 
 
Relevant factors for economic assessment of the biorefinery combined with biogas 
For the practical and economic implementation of the green biorefinery a number of 
interesting questions arise. The most pertinent among them are:  
Firstly, is there an economically feasible solution for this technology on the regional scale? 
This question especially relates to the identification of those lines of utilization of grass land 
that bring about the highest overall value along the whole production chain. There is simply 
no use initiating such a project, if e.g. the utilization of silage in biogas units proves to be 
economically advantageous.  
 
The second question refers to the organizational principle of such a system. Depending on the 
regional structure the question has to be answered of which (if any) steps in the process 
should be realized decentrally? Given the low transport density (and also the high water 
content of e.g. alfalfa or silage), transport may play a significant role in devising the right 
structure of the whole production chain. A number of steps, especially the pressing, but also 
biogas generation, can be done locally as well as centrally.  
 
The third most important question focuses on the products and their price sensitivity in the 
context of central and decentralised organization. This question is especially important in 
order to develop a future-oriented process set-up. If key prices change, so does the structure 
of the process chain that will yield maximum value. For a base case of the Austrian green 
biorefinery the following assumptions were made in terms of raw material availability and the 
basic setting for logistical considerations for an area of about 1000 km² in Austria and a total 
amount of silage of 35,500 tons per year. The economic optimisation is based on a payback 
period of 5 years. Seen internationally, such an amount of biomass might be considered small. 
However, Austrian agriculture is small-scale and different considerations regarding raw 
material availability are necessary (Halasz et al. 2003). Naturally, compared with the status 
quo in the US, where plants of the order of about 300,000 to 600.000 tons per year are 
designed (Clements/Wooley 2004). Such capacities are comparable to the Austrian starch 
industry. But as no concepts for land utilization for renewable resources exist in many parts of 
Europe, one of the important optimisation processes in the future will be to establish the right 
size of a green biorefinery. The combination of biorefinery with biogas technology brings 
more issues to this discussion. The important prices are the prices for organic fertilizers, 
electricity price (sell or buy), CHP investment costs and support as well as vehicle fuel costs 
if the biogas is refined for such application. 
 
Greenland availability 
Agriculture both creates pressure on the environment and plays an important role in 
maintaining many cultural landscapes and semi-natural habitats (IEEP 2004). Green crops in 
particular are extensively available through high yields. Additionally, grassland can be 
cultivated in a sustainable way (Kromus et al. 2004).  
For a Green Biorefinery the availability of green crops is therefore a crucial question for 
assessing the economy of such a system.  
In Europe, grassland amounts to about 45 million hectares, which is about 35% of arable land 
(Basis: 15 member states without new member states). A large part of the grassland is 
considered to be absolute grassland habitat. It is not permitted to convert this land into plain 



arable land. However, based on an average yield of 10 tons dry matter per hectare and year, 
the European grassland produces about 450 milliontons of dry matter each year. The main 
purpose of grassland cultivation is still the production of forage for animal farming. However, 
the function of grassland for feed production is deteriorating due to limitations in production 
quotas and the increasing efficiency of animal breeding (especially dairy farming), which 
leads to a decrease in the number of livestock. Therefore, other utilization fields for grassland 
have to be found, such as the supply of raw material for the bio-industry. This trend can be 
seen throughout Europe. (Kamm et al. 2005 in print). 
Based on the considerations of one EU member state – Austria – grassland can be seen as a 
versatile source of biomass. 60 percent of Austrian agricultural land is covered by grassland. 
By subtracting the unusable alpine area of 850.000 ha, the Austrian area of permanent pasture 
and forage grass amounts to 1.2 million ha. The cumulated yield amounted to 6.9 million tons 
dry matter in the year 2000. However, yield per hectare varies according to altitude, site 
position, climate, and type of cultivation (e.g. permanent pasture or alternating grassland). 
The said net area is principally available for livestock farming. Due to the restructuring of 
European agriculture and the possible reduction of the milk quota, combined with the raising 
of milk production from dairy cattle, a great amount of grassland could become available in 
Austria within the next few years. Although, the surplus area will affect the arable land of less 
favoured sites (highland) in many regions of Austria first of all, favoured grassland areas will 
also become available. The simulation of the green forage requirement for 78 percent of 
Austrian agricultural land has been used to prepare a forecast for the future availability of 
grassland. Depending on the yearly climatic fluctuation, up to 1 million tons of dry matter of 
grassland will not be utilized by livestock and are therefore available as renewable biomass 
for Green Biorefineries in the future (Buchgraber 2003). 
 
The U.S., an important player in the field of biorefineries, is currently not working with green 
biomass as feedstock for biorefineries. Maize is the chosen raw material. If about 500,000 
tons of polylactic acid is produced, only about 0.6% of the maize produced each year would 
be used in the U.S. However, due to the huge potential of lactic acid, research on other raw 
materials such as lignocelluloses is an important topic.5  
 
Central/decentralised concepts 
The optimum utilization under e.g. Austrian economic limit conditions leads to decentralised 
silage production at the farms, a central unit to separate and utilize silage juice (to produce 
lactic acid and amino acids/peptides) and a central biogas unit utilizing the cake from pressing 
silage. The Analysis of the results reveals some interesting insights. The analysis shows that 
the profit is sufficient to allow a payback period of 5 years, which can be considered as still 
attractive in this evolving field of bio-industry. Nevertheless the profit margin shows that the 
concept has a very good chance of being economically viable. This is corroborated by the 
generally conservative estimates for prices of the main products, lactic acid, amino acids and 
peptides. However, it is very interesting that the optimum structure clearly gravitates “to the 
centre”. This is somewhat surprising, given the decentralised character of the raw materials 
and their low transport density and high water content. Possibly, the small size assumed has 
an important impact on the results. But the solution remained remarkably stable even against 
drastic changes: no amount of investment subsidies combined with increasing the payback 
period will change the pattern of the optimum structure.  
 
Products 
The future potential of lactic acid in particular has been discussed widely in recent years. 
Polylactic acid (PLA) alone could achieve a market volume of 3.6 million tons per year by 
2020. This value would amount to a 33% market share of PLA in the possible technological 
fields of implementation. Another important chemical based on lactic acid is the "green" 
solvent ethyl lactate. Economic forecasts are difficult to establish as the market value is 
estimated at between 450,000 tons per year and millions of tons per year. However, prices for 

                                                      
5 Personal communication: (Nature Works 2002). 



both products will reach 1.5 $ U.S/kg. in 2010 at the latest or will be even lower. 6 
In the case of Green Biorefineries, in addition to organic acids, solvents, etc., proteins and 
amino acids are considered to provide a considerable potential. Both, food industry and 
cosmetic industry will develop more nature and healthy products in future. Plant proteins, 
peptides and amino acids are supposed to play an important role in such products. However, 
the protein and amino acid market is very divers and product prices have a huge variation. 
E.g. feed protein varies between 0.35 €/kg and 0.70 €/kg. Prices for amino acids for food 
purpose range from 0.80 €/kg (Na-Glutamate) to 15 €/kg (e.g. Branched Chain Amino Acids, 
Hydrolysates). Some other proteinogene amino acids can reach prices up to 100 €/kg (e.g. 
Isoleucin). The market size is difficult to estimate. However, the Na-Glutamate market 
amounts about 1.5 million tons per year. Hydrolysates and amino acid mixtures should be 
estimated to about 50,000 tons per year. 7 
Another very important piece of information is that synthesis clearly favours biogas over fibre 
production. However, at a price approximately 20 to 30% above the prices currently achieved 
on the market the structure changes in a way that fibres are produced centrally instead of 
utilizing press cake completely in the biogas unit. The overall analysis points out that the 
green biorefinery is obviously already a stable and economically viable process, at least for 
investors taking the long term approach, but it is also strongly dependent on the political 
framework. 
 
Optimisation of costs 
This first attempt at optimisation based on rough information in some fields shows that there 
are a few parameters which influence the optimum size of a Green Biorefinery combined with 
biogas. 
1. Transport and storage of the raw material 
2. Relation of market size of main products to product price 
3. Location of biogas plants 
 
Achieving “Vision” goals will require a change in the entire biomass production system, 
including new and better methods for crop growth and management, harvesting, densification, 
transportation, storage, and pre-processing. It will require both small, more localized 
processing plants and/or larger scale ones that take advantage of economies of scale (US-
DOE 2002). 
This important statement supports the assumption that individual solutions for feedstock 
management have to be found depending on regional conditions and type of raw material. In 
the Austrian case an important factor may be played by silage fermentation, which provides 
storage opportunities (the silo) and increases transport density. In the U.S., transport of huge 
quantities of maize within the corn belt might not have a main influence on plant design. Thus 
the size of such plants may be larger. However, these questions have to be solved as soon as 
different raw materials are utilized. 
 
The second important parameter is market size in relation to market price of the relevant 
products. E.g. lactic acid is considered to have a very large market potential. With growing 
market size, the prices for lactic acid products will decrease due to well known mechanisms 
like “economy of scale” and the “learning curve” in production. Therefore, a biorefinery 
mainly based on lactic acid has to reach a certain size to ensure low production costs and to 
provide the operator with a considerable share of the world market if it is to be competitive. 
Due to international developments, biorefineries based on lactic acid will probably reach sizes 
of 300,000 to 600,000 tons product per year as mentioned above. As soon as other products 
achieve a relevant share of the turnover of such a plant, circumstances can change 
                                                      
6 Personal communication: (BioRefSYS 2004) 

7 Personal communication: (BioRefSYS 2004) 

 



considerably. By switching to “low volume – high price” products like e.g. amino acids, a 
biorefinery system has to fit into the relevant world market. And a market of about 50,000 
tons per year for protein hydrolysates allows only plants covering part of this market.  
In combination with biogas, the third very influential parameter, biorefinery systems have to 
adapt to the availability of substrate for the biogas plants. As the size of fermenters is limited 
and the relevant renewable energy laws favour small to medium scale biogas plants, further 
optimisation has to be carried out. The analysis of the previous modelling does not show a 
final result. Due to very different structural conditions in Europe i.e. region, raw material, 
products, etc. the final size of a specific biorefinery combined with biogas will differ from site 
to site. However, products with a large market volume (based on mass) will only be produced 
on sites where raw materials for large central units are available. How biogas plants are to be 
integrated into such systems has not yet been answered and further R&D is necessary.  
As background to the study on policy instruments on biorefineries combined with biogas, it is 
important to understand what the potential benefits and costs of the technology are.   
 

4.1 Benefits 
 
Biorefinery combined with biogas can lead to benefits in the following areas: 
 
Agriculture:  

·  Biorefinery can help to develop new markets for agricultural products that might 
otherwise be surplus to immediate requirements for food purposes, and which can 
therefore help to maintain higher prices for these commodities. 

·  New sources of income for farmers: Farmers do not remain in their old role as 
suppliers of raw material, they manage the cultivation of crops for biomass and 
conversion into energy (Karpenstein-Machan 2001). 

·  Biorefineries as multi-product plants, thus increasing the efficiency of the utilisation 
of the available biomass. Using low price or waste materials and utilising these 
resources to the utmost possible degree. This will compensate for the inherent 
economic disadvantage of renewable resources and allow these technologies to 
compete with conventional processes based on fossil resources (Halasz et al. 2003). 

·  Creation/maintenance of jobs: Decentralizing could generate jobs in rural areas, thus 
considerably reinforcing the economic structure of these regions as well as raising the 
skills of the workforce in these regions, since operating this technology needs up-to-
date technical knowledge especially in the field of chemical engineering (Kromus et 
al. 2004). 

·  Market potential: “Grassland industry” could take second place behind the timber 
industry in the non-food sector based on renewable resources (Kromus et al. 2004). 

·  Biogas is already used to produce high quality organic fertilizer and reduce the over 
fertilizing problem. “The current practice of mulching, where the ley is cut and left in 
the field 2-4 times before it is terminated, does not exploit the full nitrogen-fixating 
capacity of the ley; more than 80% of the nitrogen captured in the mulched material 
was either leached and reabsorbed by the growing ley, or lost to the air and water 
(Malgeryd/Torstensson. 2005). In addition, after the termination of the ley in the 
autumn, the levels of mineralised nitrogen drastically increase, while simultaneously 
the nitrogen uptake of the autumn-sown crop is very low. Consequently the risks of 
leaching are very high. If also the final ley harvest was removed and anaerobically 
treated, the levels of mineralised nitrogen would become lower, diminishing the 
degree of nitrogen leaching (Torstensson 2003)”.  

·  Biogas technology based on grass material is a growing field in farms for combined 
heat and power production and is a commercially interesting technology at local 
level. It is also important for implementation in the developing countries. 

·  Major agriculture companies are also interested in biogas technology for using their 
own residues for a high quality fertilizer. 

 



Agriculture/tourism: Preservation of cultural landscape and maintenance and 
generation of jobs 
 

·  Improvement/maintenance of cultural landscapes: The exploitation of grassland 
pasture might have intriguing side effects like the conservation and improvement of 
cultural landscapes or the so-called “stay option” for farmers (Kromus et al. 2004). 

·  Solution for using grassland: Abandoned grassland (feedstock for green biorefineries) 
is going to become a serious surplus problem for agriculture (Halasz et al. 2003).  

·  Innovative solutions: Storage and first processing steps may be located on farms, 
leading to a new approach to the “site” of production –resulting in an innovative 
combination of decentralized and centralized process units (Halasz et al. 2003). 

 
Industry: Development of key-technologies in the bio-industry field: Biorefineries involve 
among other things biochemical processes, the separation of enzymes, membrane technology 
and other important technologies for bio-technology (Kromus et al. 2004). 

High market potential: Lactic acid from biorefineries is the organically based platform 
chemical of the future (Kromus et al. 2004). 

Energy Security: Biorefinery combined with biogas can support the replacement of 
petroleum-based fuels and, in many countries, can provide a domestic rather than imported 
source of transport fuel. The local solutions of biogas for the production of heat and power are 
also a well known benefit of this technology in developing countries. The efficiency of the 
technology is however very low in the developing countries and should be improved through 
a new generation of biogas plants. Refinement of biogas and its mixture with natural gas is 
another new way of transporting of the gas to the places where it is needed. 

Environment:  Using biomass with efficient technologies could reduce emissions of CO2 and 
sometimes other greenhouse gases such as methane. The biogas technology can prevent the 
emission of methane from manure. Methane is used for the production of heat and power. 
Therefore the technology contributes to CO2 reduction targets; quantitative information 
depends on the raw materials, technology and logistics and should be investigated case by 
case. Another important environmental benefit of biogas technology is the reduction of 
manure residue odour. 

 

The extent of the benefits is not always clear cut, however, and some are very dependent on 
the source of raw materials and the technologies used. This multiplicity of potential benefits is 
also very important in policy analysis; as the benefits claimed are not always assured or 
undisputed, and do not always correspond to the true reasons for policies to promote 
particular options. 

 



5 The Market for Biogas   
 
This section outlines the existing market for the biogas technology both at an EU level and 
with Member State examples. This section considers the stakeholders involved in bringing the 
technology to market. 
 
In this section we focus on biogas technology. The information on biorefineries is still mainly 
qualitative and is already described in form of benefits of the technology. 
Farm biogas plants are considered in this study as an important group of biogas plants which 
can be combined with biorefineries.  
The market is available in different areas for biogas such as heat production, co-generation of 
heat and power, vehicle fuel as well as the gas grid. The Altener Programme8 analysed the gas 
grid issue and prepared valuable data on biogas potentials as well as a Regulation Draft of 
Biogas Commercialisation in Gas Grid. However it should be noticed that only a part of the 
data from the Altener project can be used for this case study, since the Altener project data 
also includes biogas from industrial plants and landfills. BIOCOMM Project has been 
undertaken by ICAEN, the Regional Energy Agency for Catalonia (Catalonia/Spain), Svenskt 
Gasteknisk Center (SGC) from Sweden and Fachverband Biogas eV (German Association) 
(GBA). The main proposal of the project was to develop a draft favourable framework to be 
implemented in the near future by European policymakers to foster the production of biogas, 
spread its use and open new markets for biogas. The relevant data for this case study is 
presented below: 
“At the end of 1993, there existed about 800 biogas plants in Europe. The two major types of 
BGPs (biogas plants), ABGP (agricultural biogas plant) and IBGP (industrial biogas plant), 
are compared in terms of total number of plants, total digester volume, average digester 
volume, and total daily CH4 yield as shown in next table. 

Table 3: Evaluation of Biogas Plants, the European Example 

 
 
Between 1990 and 2000, Europe underwent moderate but constant growth in terms of biogas 
plants. Today (2000), it is estimated that there are nearly 3000 methanisation plants in 
Europe to which the 450 waste storage centres which valorise biogas must be added. Annual 
production of these installations is estimated at 2304 ktoe. The sector represents 
approximately 5% of all the energy resulting from biomass in Europe. It is estimated that 
approximately one half of the biogas production does not find any market outlet and ends up 
being burnt off in flare stacks. Only about 1% of the biogas produced is upgraded and used as 
vehicle fuel. 
 
 
 
 
 
 
 
 

                                                      
8 http://www.icaen.net/uploads/bloc1/ambits_actuacio/Biocomm/INDEX.HTML 



Table 4: Number of installations per biogas deposit in Europe (in 2000) 

 
Data on biogas production in EU-member countries differ widely from year to year and is not 
consistent. The United Kingdom is the leading producer in the European Union. It shows a 
biogas production of 897 ktoe (i.e. 39% of European production) resulting from a little more 
than 400 installations. Germany is the second placed European producer (525 ktoe produced 
in 2000). The resource that experienced the greatest growth in this country has been 
agricultural biogas. In 2000, not less than 400 supplementary installations of this type were 
put into service for an estimated total of 1 050 units. France (third place in Europe) possesses 
a formidable biogas potential (estimated at 3.5 million toe, i.e. the greatest in Europe) that it 
is exploiting parsimoniously. Annual biogas production in France is in the neighbourhood of 
167 ktoe. 
The largest potential for biogas in EU member countries will be in agriculture from manures 
and energy crops. Energy crops will, following the example of Germany, contribute 
considerably to biogas production in the order of 2 to 3 times the biogas produced from 
manures. Countries with high potential for biogas are those with cropping areas which 
exceed the forest areas. One livestock unit (LSU, 500 kg live weight) produces about 1.5 m³ 
biogas per day. The access rate is assumed to be 70%. There are two countries, Finland and 
Sweden, where this ratio is very low and the emphasis may be more on utilization of solid 
biomass rather than digestible energy crops. Dendrothermal, ethanol from cellulose or 
synthesis gas may be more important, depending on local situation. 
 

Table 5: Assessment of biogas production potential from set-aside area 

 

 
Altogether, the assumption for manure yields more gas than energy crops from set-aside. The 
total biogas potential from manures at EU level may be at least assumed at about 40 Mtoe 
per year. In Germany, however, separate computations confirmed that the biogas potential 
from manure is about 1/3 of that from energy crops from about 2 Mill. ha. There seems to be 
much additional potential for biogas from energy crops. This rather conservative estimate, 
however, is more than twice as high as the estimate of about 18 Mtoe published in 
EurObserv’ER 2003. Should the ratio of 1:3 apply for all Europe (EU-15), about 90 Mtoe 
biogas per year could be produced from manures and energy crops. This potential 
corresponds to about 20 % of forecasted natural gas consumption in 2010. (Fachverband 
Biogas eV 2002) 
In the following sections information at national level is presented for countries which are 
active in the field of biogas from agriculture sources. 

5.1 Farm biogas plants in Austria (Walla/Schneeberger 2005) 
The number of farm-based biogas plants increased rapidly in the recent past, and the interest 
in this technology is expected to continue. A survey was carried out in 2002 to provide 
information for farmers and decision makers about motives, plant concepts, and investment 
costs and labour requirement. In most plants, slurry and manure are co-digested with energy 
crops and/or organic waste. The trapped biogas is utilized in CHP-units and the electricity is 
sold to the grid. The heat is supplied to the farm and farm house; a few operators sell it for 
district heating. The labour requirement depends on the fermented feedstock. The investment 



costs per unit decrease. At the present price for electricity a payback period between 7.5 and 
11 years has been calculated in three case studies. 
Most of the Austrian biogas plants are farm-based as shown in the next figure (cited as figure 
2). Before 2001 the farm-based biogas plants were not registered separately, so only the total 
number of biogas plants is known. The total capacity of the biogas plants increased fast, the 
capacity of farm-based plants nearly doubled between 2001 and 2002. 
 
 

 

Figure 1: Biogas plants from 1990 to 2002 in Austria 

The results of ARGE Biogas9 2000 associate with the results in the feasibility analysis of 
Biogas in Oststeiermark (2003). In the later study the number of biogas plants is given as 250 
in the year 2000. 115 Plants were farm units.  
 
Farm characteristics 
The biogas plants are operated by farmers who manage on average 70 ha agricultural land, 
which is much above the Austrian average of 16.8 ha (BMLFUW 2002: 209). Farmers who 
started before the year 2000 cultivate on average 52 ha and those producing since 2000 
manage 85 ha. Most farms are provided with grassland and arable land, but 16 % have only 
grassland and 16 % only arable land. More than 90 % of the farmers keep animals, on 
average 64 livestock units. About two thirds of the farmers with livestock keep dairy cows, 
every second fattens cattle or pigs and every fourth keeps poultry. 
23 % of the biogas plants are operated by organic farmers although only 9 % of Austrian 
farmers are organic (BMLFUW 2002: 215). 
This may indicate that degassed manure is of high quality and of high value for organic 
farms. The organic farms mostly manage grassland and cattle. On average organic farms are 
smaller than conventional farms. Approximately 15 % of the biogas plants are organised as 
cooperatives; all of them are in the group of the new biogas plants.” 
The following data shows that investment costs of biogas plants increases linearly with the 
capacity of the plant.  
 

                                                      
9 An assossication of biogasdeveloper in Austria 
 http://www.naturschutzbund.at/arge_biogas/c_biogas.html 



 

Figure 2: Investment costs for biogas plants in Austria 

A recent project in the framework of “Factory of the future” focuses on biogas feed-in to the 
gas grid. A summary of the results is: 
“Austria has a technically usable fermentation gas potential of approximately 1 billion cubic 
meter (24 Petajoule) per year, this corresponds to 6.7 % of the annual natural gas 
consumption of about 9 billions cubic meters. If the whole of Austrian fermentation gas 
potential were used, the CO2-emissions could be reduced by 1.18 mio. tons per year. This 
reduction is nevertheless 1.6 % of annual Austrian CO2 emissions. However, the 
investigations done within this study showed that the present quality requirements for gas 
feed-in are due to historical reasons based on the quality of natural gas. The special features  
of fermentation gas, in particular the lower energy content of fermentation gas, are not taken 
into account. As a result, fermentation gas has to be upgraded to the quality of natural gas 
before it can be fed-in into the gas grid. The required upgrading process is very expensive. 
The range for the specific total costs of the fermentation gas feed-in amounts to about 3.1 to 
5.7 €cent/kWh for a medium size plant  (300 m3/h). The upper cost level corresponds to a 
fermentation gas facility which uses energy crops as substrate and feeds into the low pressure 
gas grid (grid level 3). The lower cost level results in the case of sewer gas. To avoid 
expensive methane enrichment (2.5 €cent/kWh), cleaned (but not methane enriched) 
fermentation gas can also be fed in to the grid as so-called "admixture gas". The energy 
content per cubic meter of the resulting gas mixture depends on the mixing ratio of 
fermentation gas, the so-called “admixture gas” and natural gas. However, the value of 
(lower) calorific value of the gas at the consumer has to be kept relatively constant. 
Therefore, a reduction of the minimum permissible calorific value down to about 10 kWh/m3 
within a new quality directive for mixture gas is strongly recommended. 
A further substantial obstacle for attractive fermentation gas marketing is the present "duty" 
for the usage of the gas grid. This so-called "gas system usage tariff” (the Austrian 
“Gassystemnutzungstarif”) is a fixed tariff and is calculated in a very disadvantages way for 
fermentation gas feed-in. Even if the gas grid for fermentation gas transport is used for only 
short distances, e.g., a few hundred meters, the full "duty  amount" is charged.”10 

5.2 Export potential for biogas plants in Slovakia 
A study of TPA Energie und Umwelttechnik GmbH completed in spring 2005 confirms 
that there is an export potential for biogas plants in Slovakia which is of interest to local 
technology suppliers. 11  
 
“Whilst biogas technology is already widely used for agriculture in Austria - at present some 
140 biogas plants are in operation, producing approx. 40,000 MWh of electricity and 50,000 
MWh of heat per year. The general conditions for the economical operation of such plant are 

                                                      
10 http://www.energytech.at/nw_pdf/0519_biogasnetzeinspeisung.pdf 

11 Autor: Dipl.-Ing. Ernst Pichler / TPA Energie- und Umwelttechnik GmbH 



often more favourable in Slovakia than in Austria: The structure of agriculture in Slovakia is 
characterized by large, industrially managed farms. About 700 farms (representing 1 % of all 
farms in Slovakia) hold 70 % of all the livestock. The average number of livestock per farm is 
680 heads of cattle and 1,200 pigs, i.e. many times the number of animals of a local farm. In 
the meantime there are legal provisions in Slovakia which oblige network operators to buy 
electrical energy from renewable sources and pay for it. After the country joined the EU in 
May 2004, agriculture will have at its disposal attractive assistance from the European 
Agricultural Guidance and Guarantee Fund (EAGGF) for the next years. Subsidies of up to 
60 % of the investment costs for the development of alternative energy sources in farms are 
possible.  
 
Slovakia highly interested   
 In the course of the study the company was able to identify just fewer than 60 project options 
for biogas plants in the Slovak Republic.  These are exclusively large farms which have shown 
interest not only in setting-up a biogas plant, but also in cooperating with Austrian suppliers, 
plant installers and plant operators. The farms identified have a total of 71,825 GVE 
(livestock units). The average number of livestock per farm is 1,260 GVE, the largest farm has 
a livestock of 6,320 GVE. Economic feasibility studies for different plant sizes (Opt. A: 
Dimensioning for the entire biogas potential of the farm / Opt. B: Dimensioning for covering 
the farm's own electricity requirements).  The project options examined result in an 
investment volume of 51.3 million € for the maximum option or 21.0 million € for the option 
to cover own requirements. The amortization of the plants is between 4 and 15 years, 
depending on the type of project. The study was made on behalf of Oesterreichische 
Kontrollbank AG and can be ordered via its homepage www.oekb.at.” 
 

5.3 Denmark 
Organic farming is regarded as an expansion field for biogas. : 
“Biogas plants can play a decisive part in the development of organic farming. Biogas plants 
can utilize the manure and straw, which are already found in organic farming. 
In addition, grass from the grass clover fields or from the meadows, which would 
alternatively grow weedy because the EU agricultural reform makes it unprofitable to crop 
them, can be utilized.”(FIB 2004)  
FiB reports also indicates that: “An ambitious project will focus on the development of 
manure processing technology by means of an intensified co-operation between private 
enterprises and public research. Furthermore, the project is the starting signal for the 
establishment of a new centre for manure processing and biogas in Foulum. The Danish 
county of Viborg, Agro Business Park and The Danish Institute of Agricultural Sciences are 
the originators of the project. The project has a total budget of DKK 8 million, to which EU 
and The Danish Ministry of Food, Agriculture and Fisheries have contributed with totally 
DKK 4 million.” 
 

5.4 Germany 

For Germany.information is cited from the citation about German renewable energy 
industries, companies and products:12  

Sponsored by „Bundesministerium für Wirtschaft und Arbeit“ and „Deutsche Energie-
Agentur GmbH (dena)“ 

�

                                                      
12 http://www.renewables-made-in-germany.com/index.cfm?cid=1473 
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Figure 3: Total number of biogas plants in Germany 

“In recent years 50,000 jobs have been created and secured inthis relation in Germany. The 
cultivation of energy-bearing plants and the utilisation of biogas and biodiesel plants offer 
farmers a completely new field of business. The mostly decentralised biomass production and 
exploitation of this form of energy particularly stimulate regional added value.” 

5.4.1 Federal state programmes in Germany 

According to the Green Electricity Act, the Thüringen/Germany Programme provides a 
subsidy of 250 EUR for each kWel up to 100 kW, 200 EUR for each kW over 100 kW, and 
max. 100.000 EUR. Other federal states mainly subsidise investments.  The lowest amount is 
10% and max. 30 000 EUR in Brandenburg. In most of the states there are maximum limits of 
30 to 35% of investments costs up to 250 000 or 350 000 EURO.  

The highest funds are available in Sachsen according to the “Immission Control and Climate 
Protection programme” of the federal state. The funding is up to 30% of investment costs 
and, if the Federal State is interested in the investment, up to 80% of investments for 
environmental protection can be refunded. In Baden-Württemberg there is a small scale 
funding programme for SMEs and private consumers under the Climate Protection Plus 
programme with a 50 EUR subsidy for each investment to reduce one tonne of CO2 per 
year.13 

5.5 Sweden 

Sweden is one of the countries with the highest number of plants for the feed-in of biogas in 
the gas grid. The biogas is however produced from biogenic wastes and waste water treatment 
slurries which are not relevant for this study of the raw materials. However the country's 
experiences with biogas are important for the new generation of biogas technologies with ley 
crops digestion in the high-solid reactors. 

In Sweden there is also the approach of high-solids reactor designs for biogas. In this case the 
volumetric efficiency increases, and handling and heating costs are reduced since no extra 
water needs to be added (Legrand/Jewell 1986). This enables processes to be scaled down, 
which is advantageous in various respects: Increased utilisation of the biogas potential 
available, which is important in a rather sparsely populated country such as Sweden 
(Nordberg et al. 1998). 

The research is on laboratory and pilot scale. A first calculation of cost effectiveness is given  
in (Svensson et al. 2005); “Cost analysis shows that conventional farming would not be 
economical if the farmers did not value their own work very  cheaply (Sundberg et al. 1997). 
Reductions in investment costs can be estimated by employing the concept of learning curves, 
also known as teaming curves: the teaming rate expresses the constant percentage 
improvement in a technology for each doubling of the technology's cumulative installed 
capacity (McDonald/Schrattenholzer A. 2002). The concept is only applicable to emerging 
technologies, in this case the container reactors and the vehicle fuel disposal equipment. A 

                                                      
13 http://www.fachverband-biogas.de/ 



conservative teaming rate would be 5 %. If the SBT of southern Sweden were fully utilised 
together with ley crops according to the 67 kW scenario, 486 installations of 201 kW could be 
supported. Starting at 10 installations, the costs could thereby be reduced by 25 %. 
Employing the technology in other countries with SBT would further decrease the costs; The 
2560th installation would cost 34 % less. If a teaming rate of 10 % could be expected, the 
costs would be decreased by 44 and 57 % respectively.” 

5.6 UK 
The review of information shows that the focus in Great Britain seems to be on biofuels such 
as biodiesel. There are examples of the production of biogas from organic wastes in landfills. 

5.7 Netherlands 
The biogas technology in Netherlands is established as central feed-in units to the gas grid 
which use landfill gas and biogenic wastes. The production costs are about 0.14 € per Nm3 .   

5.8 An example from USA 
 

United States Department of Agriculture  
Natural Resources Conservation Service14 
 

Information about the Conservation Innovation Grants (CIG) awardees for fiscal year 2004 is 
found below. The information includes the State(s) in which the project will be carried out, 
the total amount of NRCS funding provided, the project title, and a project summary.  

 
TMF Biogas, LLC (Oregon) 
$1,000,000 
Thermophilic Anaerobic Digestion Process 

 
There are a number of environmental challenges inherent in the operation of a large dairy 
concern. These challenges include air pollution (including greenhouse gas emissions), odor 
emissions, and groundwater contamination due to nutrient leaching. The purpose of this 
project is to mitigate these issues and promote sustainable farming practices on a large dairy 
operation through the testing and evaluation of an innovative anaerobic digester system that 
will produce renewable energy, return concentrated nutrients back to the farm, and 
substantially reduce the environmental impacts of concentrated animal agriculture operations. 
 

5.9 Market factors 
The examples cited illustrate the different range of possibilities and technology development. 
It is not an exhaustive list but it already shows that the most important market factors which 
are identified for farm biogas plants which are relevant to this study are: 

·  Regulation and tariffs for feed-in to the gas grid and green electricity feed-in 
·  Standards of the natural gas quality in the grid which influence standards for biogas 

(Standards in Netherlands are lower because of the quality of natural gas resources) 
·  Pressures which act as drivers for the use of biogas such as intensive agriculture 

(USA), the odour of manure 
·  Needs for a better nitrogen management of the soil, needs for organic fertilizers for 

organic farms 
·  Need to use ley crops to preserve the cultural landscape, which is also important for 

the tourist industry 

                                                      
14 http://www.nrcs.usda.gov/programs/cig/2004grants.html 
 



6 The current state of policies, policy instrument use and policy 
processes  

 
This chapter aims to note what is already in place and measures already in the pipeline. The 
aim is not only to understand what instruments have already worked, but also to present a 
starting point from which our suggested policy instruments will build. This also notes the 
pressures leading to the policy instrument choice. 
Today there are no guidelines concerning ‘Biobased Products’ in the European Union. 
However after the adoption of directives for bioenergy and biofuels, such a decision is on the 
political agenda15. The ‘biofuels’ directive already includes ethanol, methanol, dimethylether, 
hydrogen and biomass pyrolysis, which are fundamental product lines of the future biobased 
chemical industry. In the year 2003, an initiative group called 'Biobased Industrial Products' 
consisting of members from industry, small and medium-sized enterprises as well as research, 
and development facilities met and formulated a strategy paper, under the name 'BioVision 
2030'16. 
The Biomass Action Plan fixes as one of the first official documents on the European level the 
biorefinery as one of the “most important areas of work”17.  
According to information of the World Wide Fund the European Commission is planning to 
establish in 2007 an intersectoral working unit on biomass. (diese information kann nicht 
bestätigt warden) 
The different European Renewable Energy laws are of special importance for biogas 
production, a "state of the art" process,. Germany is at the forefront, but countries like Ireland 
and Poland have also established such laws. 
 
The actors from very different areas could potentially benefit from the technology.  
 

1. Mention must be made of the agricultural sector and the farmers who could acquire a 
new source of income.  

2. In addition, there is the tourist industry that in the case of Austria has an interest in a 
survival of the cultural landscape with grassland-fields.  

3. Mention must be made of the nation states that must satisfy quotas for the use of 
renewable energies and the reduction of CO2- emissions18. 

                                                      
15 In Europe there are current regulations regarding substitution of non-renewable resources by 
biomass in the area of biofuels for transportation (Directive 2003/30/EC 2003)) besides the German 
‘Renewable energy law’ of the year 2000 (EEG 2000). According to the EC-Directive “On the 
promotion of the use of biofuels” the following products are considered as ‘biofuels’: 

a)‘bioethanol’, b) ‘biodiesel’, c) ‘biogas’, d) ‘biomethanol’, e) ‘biodimethylether’,  

f)  ‘bio-ETBE (ethyl-tertiär-butylether’ on the basis of bioethanol,  

g) ‘bio-MTBE (methyl-tertiär-butylether)’ on the basis of biomethanol,  

h) ‘synthetic biofuels’, i) ‘biohydrogen’ , j) pure vegetable oil 

16 (BioVision 2030, 2004) 

17 CEC, 2005, COM(2005) 628 final, Biomass Action Plan, 
http://europa.eu.int/comm/energy/res/biomass_action_plan/doc/2005_12_07_comm_biomass_action_p
lan_en.pdf   

18 “Kyoto-Protocol” <http://unfccc.int/resource/docs/convkp/kpeng.pdf> and European Parliament and 
Council, 2001, Directive 2001/77/EC on the promotion of electricity produced from renewable energy 
sources in the internal electricity market, 
<http://europa.eu.int/eurlex/pri/en/oj/dat/2001/l_283/l_28320011027en00330040.pdf> 



4. Potentially, the European chemical industry benefits from the biorefinery as it lead to 
more independence from the scarce primary product oil. 

5. The same can be said about energy production. The renewable energy source biogas 
creates more independence from oil.  

6. Some scientific institutes19 have worked for a longer period on biorefineries. 
7. DG Environment, which manages the European Technology Action Plan, is 

responsible for progress in the innovation of clean technologies. 
There are several powerful players that could have an interest in promoting biorefinery 
technology. But, as shown below, most potential supporters and potent players do not belong 
to the coalition that supports the development and the implementation of biorefineries 
combined with biogas. The support for the green biorefinery is non-existent, very weak or 
only exists on a conceptual, abstract level. The supporting coalition has so far apparently not 
had the resources and the power to push the innovation of biorefineries combined with biogas. 
 

6.1 Policy pressures, drivers 
 
The biorefinery combined with biogas is an innovative technology that promises to solve 
several context-specific problems at the same time. 

1. Biorefineries have a potential to reduce the pressure on natural resources. Biomass is 
a renewable raw material. It offers an alternative source for the production of energy 
and substances like proteins and lactic acid useful in the chemical industry.  
Biorefineries are regarded as an essential contribution to the transition from a 
currently hydrocarbon-based economy (fossil oil, coal, natural gas) towards a 
carbohydrate-based economy (renewable bio-based feed stocks). The potential for 
CO2 reduction should also be mentioned. 

2. Biorefineries also have the potential to improve the quality of life for European 
citizens. Because of overproduction in the food sector and a change in the manner of 
animal breeding, the pasture areas are decreasing. This has a major impact on the 
cultural landscape in most of the agricultural dominated areas in the EU. The 
consequence is that a lot of agricultural crop land will lie unused. If grass can be 
taken as biomass for treatment in biorefineries, the cultural landscape could be 
maintained.  

3. Biorefineries could be a new source of income for the agricultural sector and 
stimulate economic growth and the creation of jobs. They would be a new income 
source for farmers. Farmers would not remain in their old role as suppliers of raw 
material, they would manage the cultivation of crops for biomass and conversion into 
energy. (Karpenstein-Machan 2001)   

4. Food products like sugar, milk etc are highly subsidised. The reforms of the Common 
Agricultural Policy (CAP) show that agricultural subsidies are more likely to decrease 
than to increase. The production of biomass can offer a rural development alternative 
and in the knowledge based industry (research and development). It offers the 
chemical sector new sources of material and strengthens the European position in the 
area of renewable energies. 

 
As a result of different barriers such as high development costs and low market demand, no 
biorefinery combined with biogas pilot plant has as yet been established in the European 
Union. This leads to the main question of the report: 
Which policy measures should be taken to promote the development and the implementation 
of biorefineries combined with biogas in the EU? 
The policy measures which relate to the biorefinery combined with biogas are rare. Therefore 
in this report we use an actor-oriented approach to identify relevant actors and direct or 
indirect policy measures. 
                                                      
19 “Biopos” <http://www.biopos.de/>, “Institut für Technikfolgenabschätzung” <http://www.oeaw.ac.at/ita/> , 
“Johanneum Research Forschungsges. mbH”  <http://www.joanneum.ac.at/de/joanneum/news.php> 



Within these fields the main actors are defined as (1) the administrative power represented by 
the different Directories General of the European Commission, (2) the “legislative” power 
represented by the different Committees of the European Parliament related to this field and 
(3) private actors represented by lobby and interest groups, companies and scientific 
institutes. The position of these groups are analysed for the agriculture, energy, industry, 
environmental and research policy fields. 
The objective of the actor analysis is to identify those strong actors as “biorefinery-
supporters” or “biorefinery-ignorants”. Their position is investigated by reading official 
documents. 
 

6.2 Positions of the selected actor groups 
 

6.2.1 Agriculture/ Rural Development (CAP) 
On 26 June 2003, EU farm ministers adopted a fundamental reform of the Common 
Agricultural Policy (CAP). The Agriculture Council reached political agreement in 2005 on a 
regulation that will drastically change the way in which the Common Agricultural Policy will 
be financed from 2007 onwards. Bringing the different existing rules together under one 
single regulation will considerably simplify CAP financing. The new system will reinforce 
and modernise the management and control of CAP finances, and will strengthen budgetary 
discipline. It will also improve possibilities for recovering irregularly spent EU money. The 
new regulation creates two funds that will apply the same rules wherever possible: the 
European Agricultural Guarantee Fund (EAGF), and the European Agricultural Fund for 
Rural Development (EAFRD). 
 
DG Agriculture and Rural Development 

The European Commission's Directorate-General for Agriculture and Rural Development is 
currently under the authority of Commissioner Mariann Fischer Boel. led by Director-General 
José Manuel Silva Rodríguez, it is responsible for the implementation of agriculture and rural 
development policy, the latter being managed in conjunction with the other DGs which deal 
with structural policies. Both policies areas are the main items in the EU´s budget.  
 
Position: 
The recent and ongoing reforms of the Common Agricultural Policy towards more market 
mechanisms strengthen the pillar of rural development. Resources should not be spent on 
subsidies for agricultural products but more on the financing of public goods such as rural 
development or the preservation of the cultural landscape. 
In the strategy report “Community strategic guidelines for rural development” the European 
Union fixed the policy targets for the future rural development for the programming period 
2007-2013. The report emphasises as policy goal the protection and enhancing of EU´s 
natural resources and landscape rural areas. Non-food-production should also be supported by 
“investment and training”. The creation of innovative new outlets for production will help 
“the development of renewable energy materials, biofuels and processing capacity.”  
The biorefinery is not named as such but the report describes problems and targets that can be 
solved and achieved by the implementation of the biorefinery with biogas. 
On a strategic planning level, the integration of the Common Agricultural Policy (CAP) with 
environmental policy is an important goal formulated at the Council of Helsinki in 1999. This 
is a sign of favourable preconditions for the biorefinery combined with biogas. 
In the current agenda of the CAP other topics dominate the discussion. Behind the long-term 
strategies, the communication of the recent reforms of the Common Agriculture Policy 
towards more market-orientation, the next WTO negotiations, and the general reforms of the 
different food areas (at the moment sugar-policy) dominate the agenda.  
To revise the hypothesis that the industrial use of renewable raw materials is not judged to be 
important within European agricultural policy, we read the speeches by the Agricultural 



Commissioner Mariann Fischer Boel. From November 2004 to August 2005 about 25 
speeches are available. The expression “renewable raw materials” is hardly used and mostly 
in combination with its energy-related and not its industrial use. However she underlines the 
biofuels directive.  
 
Conclusion 
On a conceptual level the “player” DG Agriculture and Rural Development supports 
innovation of environmental technologies and the use of renewable raw materials. The 
industrial use of renewable raw materials is not present in the position. We conclude that DG 
Agriculture and Rural Development do not yet form part of a biorefinery-supporting-
coalition.  
 
Committee of Agriculture and Rural Development of the European Parliament 

The regular meetings of the committee admit a deeper discussion of issues related to 
agricultural policy. The committee consists of 42 members and is chaired currently by the 
French deputy Joseph Daul. In the European Parliament represented by the Committee of 
Agriculture and Rural Development, there is apparently no group that could form at the 
moment part of the biorefinery-coalition. 
 
The farming lobby, COPA and COGECA 

According to their own information, COPA and COGETA represent millions of agricultural 
holdings, their owners and employees at European level.  
 
Position 
The potential winners of the implementation of biorefineries are the farmers. It is said that 
biorefineries are a new income source for them. Looking closer at the discourse of COPA and 
COGECA, support for the biorefinery as such is not to be found. Renewable raw materials are 
predominantly linked to its use for energy.  
The farming lobby has a fixed position on the use of raw materials. In a position paper on the 
use of raw materials, they point out that biogas plants “can play an important role in a 
sustainable EU energy policy“. The use of renewable raw materials has entered into the 
position of the farmers lobby.  
In their opinion, there are concrete policy measures to be taken. The farming lobby is in 
favour of the implementation of a “task force for renewable raw materials within the 
European Commission”. This task force should bring “coherency in the measures taken 
by the European Union and in Member States, especially in the tax area.”  
To coordinate the policy the task force should be set up within the Directorate General 
for Agriculture, which is responsible for the production of renewable raw materials, 
with the cooperation of the Directorates General on Taxes, Energy and Transport, 
Research, Budgetary Matters, Enterprises, Environment, Consumer Protection and the 
Regional Policy.  
These proposals should be seen as general promotional factors for the use of renewable raw 
materials and not biorefinery specific. 
 
Conclusion 
We conclude that the farming lobby could form part of the supporting coalition for 
biorefineries combined with biogas, if they combine task forces for energetic use and 
industrial use of renewable raw materials. 
 

6.2.2 Energy 
In this section we examine more closely the link between the support of the use of raw 
materials for energy purposes and their industrial use. 



Renewable energies and biogas have acquired prominent support from the Directive for the 
Promotion of Renewable Energies, which lays down that a quota of 12% of the domestic 
energy consumption must be produced from renewable energies in 2010. For electricity 
production, it lays down an average quota of 22.1%. This means for Great Britain that the 
electricity consumption from renewable energies must be increase from 1.7% of the total 
electricity production in 1997 to 10.0% in 2010. In Germany the increase should be from 
4.5% in 1997 to 12.5% in 2010, France should increase its electricity production from 
renewable energies from 150% to 21.0%. This regulation pushes the member states to adopt 
instruments as energy input feeding regulations for the promotion of renewable energies. The 
quota will probably not be achieved whatever approach towards more use of renewable 
energies is taken. 
The release of the Green Book on “a european strategy for sustainable, competitive and 
secure energy“20 shows the importance that is given to energy questions on a European level. 
This concerns bioenergy as biogas or biofuels. 
 
 
DG Energy and Transport 

The Directorate-General for Energy and Transport is responsible for developing and 
implementing European policies in the energy and transport field. Its mission is to ensure 
energy and transport in the European Union. Its policy fields include the sector of renewable 
energies.  
 
Position 
In the Green Paper “Towards a European Strategy for the security of energy supply” (COM 
2000/ 769) the dependence on oil is outlined to be a strategic weakness in the securing of the 
energy supply. The promotion of renewable energies is one way out of this dependence, and 
within the long-term strategy it is a precondition to maintain economic growth and guarantee 
the national independence of the Union’s member states. 
In the green paper a clear statement on the usefulness of renewable energies can be found. 
Directive 2001/77/EC contains the promotion of all types of renewable energies including 
biogas. 
The big step made by the Directive is to determine national indicative targets for all member 
states. For the whole Union this means that by 2010 22.1% of domestic electricity production 
and 12% of total energy production should come from renewable energies. 
The member states are obliged to publish “every two years a report which includes an 
analysis of success in meeting the national indicative targets” .The role of the commission is 
to control the progress in achieving the national indicative targets. It also publishes a report 
every two years. The regulation is a strong constraint on the promotion of renewable energies 
but not on a wide use of renewable raw material in industrial and energy production. 
Directive 2001/77/EC leaves the member countries at liberty to choose their instruments for 
the promotion of renewable energies as long as they are effective and contribute to achieving 
the national indicative target. What can be seen at European level is the slow growth of 
biomass energy. That is why an inter-sectoral biomass action plan has been implemented. The 
Community Biomass Action Plan is intended to ensure the achievement of this objective.   
 
Conclusion 
Renewable energies and biogas have entered into daily politics. As seen in the energy-supply 
strategy, resources are being mobilized to promote them. In the renewable energy policy, we 
did not find an obvious link to the industrial use of renewable raw materials.  
 

                                                      
20 CEC, 2006, COM (2006) 105 final, A European Strategy for Sustainable, Competitive and Secure 
Energy  http://europa.eu.int/comm/energy/green-paper-energy/doc/2006_03_08_gp_document_en.pdf 



Committee on Industry, Research and Energy  

The institutional design of this European parliamentary committee appears to be favourable to 
the biorefinery. The use of renewable raw materials in energy production and in industry as 
well as research toward it could be dealt with in the committee. 
 
Position 
In an examination of the draft agenda since the implementation of the new Commission in 
Nov 2004, we have not found any accentuated initiatives on the use of renewable raw 
materials in industry. Renewable energies are a topic that arises regularly in the committee 
sessions. The environmental technology action plan is treated twice a year. Reporters on “eco-
subjects” are always the same persons, the deputies Rebecca Harms and Claude Turmes, both 
members of the Green Alliance. 
 
Conclusion 
As for DG Transport and Energy we conclude that biogas and biofuels are important topics, 
but the link to the industrial use of renewable raw materials has not been made, even if the 
institutional design is favourable.  
 
The biogas-lobby 

There is a growing group of firms (above all small and medium sized) and associations that 
are involved in renewable energies. The biogas lobby forms one part of this group. 
Information is mainly available in the form of lists of conferences and publications. Example:  
Fachverband Biogas e.v. (Biogas association) was established in 1992 in Germany and has 
2000 members amongst developers, users and researchers of biogas technology. The 
Fachverband Biogas represents the interest of the use of renewable resources for energy 
purposes and proposes to provide an intensive information exchange between relevant actors.  
http://www.fachverband-biogas.de/navi/verband.html 
 

6.2.3 Industry 
 
DG Enterprise and Industry 

The Enterprise and Industry Directorate General sees its political goal in contributing to the 
competitiveness of EU enterprises and assurance that EU policies facilitate job creation and 
economic growth. 
 
Position 
DG Enterprises and Industry and the European Renewable Resources & Materials 
Association (ERRMA) have created a joint working group in which experts of EU industry, 
research organisations and national renewable raw materials agencies work together to 
develop appropriate measures to the sustainable use of natural resources. As a first result of 
this co-operation, the report "Current situation and future prospects of EU industry using 
renewable raw materials" was published in 2002. 
The report formulated several measures to be adopted for the implementation of the use of 
renewable raw materials: 
The uses of renewable raw materials are “still at an early stage of development”. Therefore 
products should only be introduced into the market “when the manufacturer is confident that 
they are ‘fit for the purpose’, otherwise a poor renewable raw materials image will be 
created.” Universally recognised quality standards are needed. 
On the supply side it is essential to reassure industry of a consistent and reliable supply of 
appropriate quality raw materials. There is a clear need to set up new supply chains to enable 
bio-based products to find the most effective route to market. 
 



6.2.4 Environmental and technology policy 
 
DG Environment: 

DG Environment coordinates the environmental policy in the EU. Its main role is to initiate 
and define new environmental legislation and to ensure that measures which have been agreed 
are actually put into practice in the Member States.  
 
Position 
Regarding high politics in the DG Environment, examining the speeches given by 
Commissioner Dimas since November 2004, we can see two main themes dominating the 
political agenda: Climate protection and the Kyoto Protocol followed by the chemical 
management policy REACH. 
The third major subject is the Lisbon strategy and within it the role of sustainability for its 
main targets, the contribution to economic growth. DG Environment is responsible for 
managing the Environmental Technology Action Plan and supports studies on the analysis of 
innovative environmental technologies. 
 
Conclusion 
The industrial use renewable raw materials are a new field of political action and not 
established in stable institutions yet. Even in DG Environment there is no action plan towards 
the change from oil-based production methods to renewable raw materials based production 
methods.  
 
 
NGOs 

The Green 10 group consists of the nine leading environmental non-governmental 
organisations like Greenpeace, the WWF or Friends of the Earth, active at European level. 
According to their own information, they represent the view of millions of European citizens 
and thousands of local associations. 
 
Position 
The environmental Non-Governmental-Organisations have taken the subject of the use of 
renewable raw materials into their action agenda. At the same time they mention potential 
risks of intensive agriculture. 
The NGOs' political agenda is however influenced by current political discussions and 
concentrates in the area of biomass for the moment on questions related to biofuels.  
 
Conclusion 
There is a need to intensify the Participation of NGOs in the design of clear agendas for use of 
renewable raw materials. 
 
Legislative initiatives for environmental technologies 

German Bundestag 
In 2005 the social-democratic and the green parties submitted an amendment to the German 
Bundestag entitled “Creating general conditions for the industrial use of renewable raw 
materials in Germany”.  
As concrete action, the amendment suggests new strategies for the promotion of the industrial 
use of renewable raw materials. This contains a roadmap elaborated by the government, 
industry and scientists towards the introduction and implementation of renewable raw 
materials.  



6.2.5 Research and innovation 
 
European and national funds 

This issue is a growing field and will be presented under the emerging policy issues. 
 
 
Research institutes 

There is a growing community of researchers occupied with the industrial use of renewable 
raw materials.  
Mention should be made of the biopos institute in Teltow (Germany), a new masters 
programme in “renewable resources and biorefineries” that is been set up at the university of 
Ghent (Belgium), the bureau of technology assessment at the German Bundestag in Berlin, 
the “innovation center rural space” in Feldbach (Austria) on biorefineries as well as the 
Joanneum Research in Graz (Austria).  
Taking biopos as an example, its research interest is on biorefinery systems and, within them, 
bioactive polymer systems. In addition, the institute is in contact with policy-makers and 
therefore promotes the technology. The institute puts the research under the guiding idea of 
“oil is of yesterday”. It combines its scientific research with lobbying for the biorefinery 
concept. 
 
Conclusion 
Even if individual research institutes are not powerful enough in the game, they can be 
counted as members of a biorefinery-supporting coalition. 
 

6.3 Emerging Policy Initiatives in Europe 
 
EU policy is currently in a state of flux, with major changes taking place in terms of funding, 
emerging innovation mechanisms such as ETAP, the CAP especially regarding sugar, and 
expected amendments of the biofuels Directive and the Green Electricity Act. It is important 
that these changes are taken into consideration when identifying the best way forward for 
biorefinery combined with biogas in terms of future policy initiatives and developing the 
market further. 

6.3.1 EU Funding  
 
The current EU funding period will shortly come to an end, with funding provisions 
extending until the end of 2006. The Financial Perspective for 2007 to 2013i i.e. the EU’s 
budget for this later period, is currently being negotiated between Member States. Although 
an agreement on the level of funds to be allocated is still going through a protracted period of 
negotiation, the Commission has released proposals for the seventh research framework 
programme and other funding instruments including a Competitiveness and Innovation 
Framework Programme, Rural Development and Structural development funds. These 
potentially all provide for the funding of the development of biorefinery combined with 
biogas albeit at different points in the process. 
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Table 5.2 - Outlining different funding mechanisms and potential for supporting biorefinery combined with biogas development and innovation 
 

Funding 
Measure Reference Description of the Measure 

Description of application to biorefinery combined with biogas and 
the stakeholders that might benefit 

Seventh Research 
Framework Programme 

(7RFP) 

COM(2005)119 – 
expanded on in 

COM(2005)440 and others 

The 7RFP, along with other EU funding measures, is 
intended to progress Europe towards becoming a 
knowledgeable economy and society. The 
programme’s justification is that ‘research, technology, 
education and innovation are significant in creating 
jobs in a long term and sustainable manner….They are 
also the key to economic growth, competitiveness, 
health, quality of life and the environment’. There are 
four specific programmes proposed under 7RFP, 
Cooperation, Ideas, People and Capacities.  The 7RFP 
will be administered by DG Research 

The 7RFP specific programme for cooperation is the main funding strand of interest regarding 
biorefinery combined with biogas. Centred on nine thematic areas, including food, agriculture and 
biotechnology, energy, environment and transport, the cooperation strand has a proposed budget of 
€44,432 million.  
·  Food, agriculture and biotechnology – this strand would be focused on bringing together science 

that addresses social and economic challenges including the sustainable production and use of 
renewable bio-resources. Non-food products and processes are highlighted as of importance 
including the strengthening of the knowledge base and developing advanced technologies for 
terrestrial … biomass production for applications in energy and industry. It should be noted that 
there is also an emphasis on life-cycle analysis for bio-products and also sustainable management, 
production and use of biological resources.  

·  Energy – The intention of this funding stream is to transform the current fossil fuel based energy 
system.  

·  Environment –The general comments made regarding environmental technologies are here 
relevant, i.e. those preventing or reducing environmental risks, mitigating climate change. 

·  Transport – The aim of the transport stream is to develop integrated ‘greener’, ‘smarter’ and safer 
pan European transport systems. Although biofuels are not specifically mentioned, there is a 
reference to promoting the use of alternative fuels. 

 

Competitiveness and 
Innovation Framework 

Programme (CIP) 
COM(2005)121 

The CIP is intended to bring together Community 
programmes critical to boosting European productivity, 
innovation capacity and sustainable growth, whilst 
simultaneously addressing complementary 
environmental concerns. The programme is designed to 
boost the EU’s efforts in terms of increased 
competitiveness under the Lisbon strategy. The 
programme will incorporate the existing Intelligent 
energy – Europe programme. 

There are three specific thematic programmes under CIP including the entrepreneurship and innovation 
programme and the intelligent energy-Europe programme – including energy in transport. At present 
the proposal envisages a total of €4212.6 million for the CIP’s implementation. The CIP will focus on 
activities such as: financial instruments for SME’s; bringing together networks of stakeholders; pilot 
projects, market replication and other measures to support the take up of innovation; policy analyses, 
development and coordination with participating countries; information sharing and awareness raising.  
There appear to opportunities under the CIP, although the exact extent will depend on the content of 
calls issued annually by the Commission.  
It is important that demonstration plants for biorefinery combined with biogas can be supported 
through CIP-Programme. 

EAFRD  

The EAFRD proposal is designed to provide support 
for rural development contributing to achievement of 
the following goals: improving the competitiveness of 
agriculture and forestry by means of support for 
restructuring; improving the environment and the 
countryside by means of support for land 
management; and improving the quality of life in rural 
areas and encouraging diversification of economic 
activity. Under the proposal each Member State would 
submit a national strategy plan to the Commission 
outlining spending priorities. This would then be used 
to develop rural development programmes. 

The current EAFRD text is relatively vague; however, reference is made to the importance of non-food 
crops and energy crops in terms of diversification of farm incomes. Biorefinery combined with biogas 
could be a priority field due to its potential for maintenance and generation of jobs in the agriculture 
and tourism sector as well as potential for preservation of cultural landscape. 
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Other Structural 
Funds 

   

National Research 
programme in 

Austria: „Factory 
of the future“  

 

 

The programme of the Austrian government started in 
2000 facilitates research on innovative clean 
technologies.  
 

The biorefinery has been one of these projects. The Johanneum Institute conducted tests on the 
optimisation of the essential process unit, the mechanical fractionation of the primary raw material 
“green biomass” into a liquid and a solid – fibres containing – fraction. The problem of the programme 
for biorefineries is the discontinuity of the financial aid. As a consequence no pilot plant has been 
implemented as yet even if the demonstration of exemplary products and production processes is one 
of the programme's main targets. 
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6.3.2 CAP reform 
 
Regarding the emphasis of the role of technology and innovation in the CAP reform, recent 
years have seen to the assumption that the reform will facilitate large efficient farms because 
“efficient production management is not possible without efficient high capacity production 
technology” (Lehtonen 2003). The idea of the critical mass of resources and knowledge which 
are necessary for the improvement of efficiency could however be achieved through networks 
within a region and the participation of farmers and various relevant public and private sector 
actors. The CAP reform should be regarded as a reform to improve the regional development 
and could improve the agriculture in regions with a well-developed networking structure. 

6.3.3 ETAP and innovation – technology platforms 
In the context of supporting policy measures the Environmental Technologies Action plan 
represents an important step forward. Whereas the action plan promotes a number of general 
objectives, such as the removal of obstacles to the diffusion of clean technologies or the need 
for Europe to take a leading role in this area, it also focuses on a number of selected specific 
technologies. “The environment technology dimension should be given more attention in 
traderelated technical assistance/capacity-building activities. This is particularly necessary in 
areas such as agriculture where research institutions supported by public and non-commercial 
organisations are a key source for technology development and technology diffusion in 
developing countries, and countries in economic transition.” ETAP21 
 
With regards to the policy objectives and appropriate measures to meet them, the ETAP 
proposes 28 actions, which are grouped along a few main categories: 
 

·  The need to strengthen the link from research to markets 
·  The establishment of a verification system for environmental technologies 
·  The development of performance targets for key products/processes/services 
·  The facilitation of access to financing 
·  The development and implementation of market based instruments 
·  Procurement of environmental technologies 
·  Activities to raise awareness 
·  Taking into account the global dimension 

 
Amongst these main categories, 8 actions are directly dedicated to the issue of facilitating the 
access to financing, 7 actions address the need to create markets. Only 2 actions support the 
further development of technologies through improved R&D efforts. This indicates that 
environmental technologies are regarded as a rather mature area with a broad range of 
developed technologies at hand, which now needs to be supported in becoming competitive. 
The results of the POPA project show that R&D efforts are still necessary for a range of 
environmental technologies. 
 
European Technology Platforms 

Apart from the general concept of the above mentioned action plans a number of more 
specific technology supporting measures exist. Most prominent amongst them is the concept 
of European Technology Platforms, which have been created in the recent years. The main 
aim of European Technology Platforms is to define R&D priorities, timeframes and action 
plans for addressing major technological challenges in specific areas in co-operation with 
industry, the research community and the financial sector. A mid term objective of European 
Technology Platforms is to transform into Joint Technology Initiatives, providing long-term 

                                                      
21 http://europa.eu.int/eur-lex/en/com/cnc/2004/com2004_0038en01.pdf 
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public-private partnerships based on legal structures, and being covered at least partly by FP7. 
Currently around 30 European Technology Platforms are under development, some of them 
being particularly relevant for white biotechnology.  
 
• Sustainable Chemistry Technology Platform SCTP 
This is the Technology Platform which is relevant for biorefinery. The objective of the SCTP 
is to boost chemistry and chemical engineering research, development and innovation in 
Europe. It is intended to meet this objective in three ways: 1) through a strategic research 
agenda, identifying the most promising research areas for potential funding, 2) developing a 
strategy to remove technological, economic, regulatory and societal barriers, and 3) 
establishing a constructive stakeholder dialogue. 
The SCTP comprises three sub-platforms: Industrial Biotechnology, Materials Technology 
and Reaction & Process Design. For the sub-platform of industrial biotechnology, three focal 
points have been identified: the replacement of fossil fuel by bio-based renewable resources, 
the replacement of conventional chemical processes with biological ones, and the 
development of new bio-products (e.g. antibiotics). 

6.4 Policy Conclusions 
From the actors analysis we come to the following intermediary conclusions: 
 

·  No major actor (industry, administrations, parliamentary group) on the European 
level with enough financial and/ or political resources push at the moment the 
biorefinery technology. 

·  Industrial use of renewable raw materials in general and the biorefinery combined 
with biogas in particular are only starting to enter into the perception of the big 
players and the political arenas . 

·  The use of renewable raw materials for energy purposes has gained much more 
support and is much more advanced than the industrial use of renewable raw 
materials. For the moment the perspective of biogas combined with biorefinery seems 
much more realistic than biorefinery combined with biogas. 

·  Emerging policy areas include chances for the development of biorefinery combined 
with biogas. 
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7 Existing barriers and drivers – summary from WP2   
This is a summary of what is noted in detail in WP2. In short a summary of the barriers and 
drivers from the interviews and the questionnaires. This therefore creates the background to 
the need for policy instruments.  
See also tables in the WP2-report on barriers and drivers for different phases of the 
technology. 
 
Drivers 
Several groups of drivers and their interactions are cited in interviews. Referring to economic 
aspects, cost effectiveness depends on other drivers like  

·  regulations for green electricity,  
·  an available market (for fibres),  
·  the market price for biogas products, lactic acid, proteins,  
·  the possibility of additional income for farmers and  
·  the financing of complementary projects for innovative processes and demonstration 

plants. 
In the context of personal attitudes the interviewees named  

·  interest in regional development,  
·  an environment-friendly development and technology policy and the willingness of 

the potential users of the technology.  
A change in the lifestyle away from dependency and time pressure in big companies and 
towards a simpler lifestyle was mentioned. It was mentioned that the people aged between 35 
and 50 in Europe support the idea of sustainability because of their increased awareness of 
quality instead of quantity in their lifestyle. Education as participation in adequate schools and 
training activities can support the success of the technology. Communication in media and 
reporting can provide a basis for public awareness of priorities (e.g. information on climate 
change and environmental pollution) 
Regulative drivers are the utilisation of natural resources as a political requirement (not only 
as a compensation for cows), a stable regulative framework for clean products and processes 
and subsidies.  
External requirements and drivers like tourism demands, the search for alternate feedstock for 
the chemical industry and independence from fossil resources from politically unstable 
regions are also mentioned. 
Awareness of the benefits of the technology plays a key role. In the framework of research 
programmes the Ministry of Innovation and Technology in Austria works on the development 
of the technology, organising conferences and publishing research reports to publicise the 
technology. 
 
Representatives from new member states did not see any drivers. 
 
Barriers 
Economic barriers mentioned are  

·  lack of capital and funds,  
·  the development of raw material prices,  
·  higher prices for land, insufficient prices for conventional energy.  
·  synthetic products are cheaper due to available subsidies. 

To adopt a new technology it is always necessary to have a well-functioning business and an 
R&D budget for innovations. In addition the adoption of biorefinery combined with biogas 
depends on agricultural funds for regional issues and available markets for the products. A 
further argument is the current raw materials prices (oil). Only if they are high enough to 
make products from renewable resources competitive will biorefineries be competitive, too. 
At the moment the technology is not mature for the market, so it cannot be implemented yet. 
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In the context of attitudes,  
·  Mention is made of the lack of public understanding of the value of biomass use and  
·  the discrepancy between willingness and realisation.  
·  Both courage and precaution are important requirements.  
·  A lot of regulative and policy barriers were mentioned.  
·  Unclear goals and visions in the EU and a lack of political interest lead to a lack of 

financial attractiveness.  
·  Furthermore, the energy policy gives insufficient impulses for alternatives. 
·  The regulation is no longer appropriate for biogas (Ammonia-N Regulation).  
·  There is even a lack of programmes and initiatives at national level.  
·  Referring to subsidies it is said that there is a lack of appropriate information or 

access to tenders or subsidies. Subsidies for polluting products and processes should 
also be mentioned here.  

7.1 Overview of types of barriers and drivers for biorefinery combined with 
biogas 

 
Some barriers for development and implementation of biorefineries: 
 
Economic 
• Higher price of renewable raw materials: For the production of bulk products, renewable 
raw materials usually have an economical disadvantage as they are priced higher than fossil or 
mineral resources, compared to their respective product yield (Halasz et al. 2003). 
 
Technological 
• Medium stage of technology development: Technology is still in a medium stage of 
development. Final statements about feasibility are not yet possible (Kromus et al. 2004). 
 
Organisational 
• Lack of appropriate logistics: Raw material production is decentralized, transport densities 
are low and shelf life is usually short. There is a challenge in regard to the organisational 
structure (combination of central and decentralized units), logistics as well as storage 
technologies (Kromus et al. 2004).  
• Goal conflicts: Different actors have different expectations of the implications of the 
technology. Furthermore, different goal conflicts such as cost effectiveness and environmental 
protection need to be discussed and solved (Schidler 2003). 
 
Some drivers for development and implementation of biorefineries: 
 
Economic 
• New sources of income for farmers: Farmers do not remain in their old role as suppliers of 
raw material, they manage the cultivation of crops for biomass and conversion into energy 
(Karpenstein-Machan 2001). 
• Bio refineries as multi-product plants, thus increasing the efficiency of the use of the 
available biomass. Using low price or waste materials and utilising these resources to the 
utmost possible degree. This will compensate for the inherent economic disadvantage of 
renewable resources and allow these technologies to compete with conventional processes on 
the base of fossil resources (Halasz et al. 2003). 
• Creation/maintenance of jobs: Decentralizing could generate jobs in rural areas, thus 
considerably reinforcing the economic structure of these regions as well as raising the skills of 
the workforce in these regions, since operating this technology needs up-to-date technical 
knowledge especially in the field of chemical engineering (Kromus et al. 2004). 
• Market potential: “Grassland industry” could take second place behind the timber industry 
in the non-food sector based on renewable resources (Kromus et al. 2004). 
 
Economic/technological/market 
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• Development of key-technologies in the bio-industry field: Biorefineries involve among 
other things biochemical processes, the separation of enzymes, membrane technology and 
other important technologies for bio-technology (Kromus et al. 2004). 
• High market potential: Lactic acid from biorefineries is the organically based platform 
chemical of the future (Kromus et al. 2004). 
 
Technological/organisational 
• Innovative solutions: Storage and first processing steps may be located on farms, leading 
to a new approach to the “site” of production –resulting in an innovative combination of 
decentralized and centralized process units (Halasz et al. 2003). 
• Solution for using grassland: Abandoned grassland (feedstock for green biorefineries) will 
become a serious surplus problem for agriculture (Halasz et al. 2003).  
• Improvement/maintenance of cultural landscapes: The exploitation of grassland pasture 
might have intriguing side effects like the conservation and improvement of cultural 
landscapes or the so-called “stay option” for farmers (Kromus et al. 2004). 
 

7.2 Barriers and drivers for biorefinery combined with biogas – Study 
statistical insights 

 
The technology system Biorefinery combined with biogas includes  

·  production and preparation of raw materials,  
·  initial processing of raw materials,  
·  production of products and  
·  marketing of products.  

An interpretation of the results of the survey could be: 
 

Table 6: A summary of the interpretation of models 

Technology phases Linear regression 
Relevant results of 
models for innovation 
behaviour (WP2) 

Partial least square 
Relevant results of 
models for 
innovation 
behaviour (WP2) 

interpretation 

Capability of strategic alliance (AL) has a lower 
level than capability of formation of networks 
Organisational learning (L) and formation of 
networks (NWK) have a strong impact on each 
other. 

There are different rules 
and traditions in 
agriculture and industry 
which are not compatible 
for strategic alliances 
Relevant actors are at the 
moment mostly SMEs. 

Preparation of raw 
materials through 
agriculture 

Perceived regulatory pressure is seen as being 
more supportive in the next 5 years (RP) 

Current regulations which 
contribute to subsidies 
without regarding 
environmental standards 
has a negative impact 

Initial processing of 
raw materials through 
agriculture and 
industry 

Formation of research 
networks seen as 
playing a dominant role 
(NWK) 
Organisational learning 
(L) has a strong impact 
on formation of 
networks. 
 

Research networks 
will be much 
important than other 
factors in the next 5 
years 
Organisational 
learning (L) has a 
strong impact on 
formation of 
networks. 

Improvement of 
knowledge is necessary 
SMEs need a well 
functioned network for 
research and their supply 
chain management 
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Technology phases Linear regression 
Relevant results of 
models for innovation 
behaviour (WP2) 

Partial least square 
Relevant results of 
models for 
innovation 
behaviour (WP2) 

interpretation 

 Growing importance of perceived regulatory 
pressure (RP) in the next 10 years 

Green electricity act is an 
important impulse for 
biogas and important 
regulatory pressure. 
Regulation has a positive 
impact in this case 
Cogeneration directive is 
another important factor 
for biogas development 

Formation of research networks is regarded as 
one of the most important drivers for the 
development and implementation of the 
technology 
The dominance of research networks is 
expected in the next 5 years 

Improvement of 
knowledge is necessary 
until the technology is 
mature 
Supply chain 
management should be 
optimised 

Production processes 
of  refinery and biogas 
through industry and 
energy sector 

Green electricity act and 
cogeneration directive 
are important impulses 
for biogas and important 
regulatory pressure 

 Regulation has a positive 
impact in this case 

Perceived community 
pressure is regarded as 
being negative 
(negative coefficient of 
CP) Lack of market and 
community pressure 

Perceived 
community pressure 
does not have an 
importance at the 
moment.  
Market pressure will 
increase in the 
future. 

Market and community 
pressure are only present 
for organic food. 
Customers of products of 
biorefinery combined with 
biogas are other 
industries that do not 
emphasise 
environmentally friendly 
products and processes. 
There is a need for a 
good supply chain 
management. 

Marketing of products 
through companies  

Perceived regulatory 
pressure is regarded as 
being negative (RP) 
Lack of appropriate 
regulation and 
standards 

The perceived 
regulatory pressure 
is not high. 

There is no regulation 
which prescribes the use 
of products of biorefinery. 
For biogas there is 
already a regulation basis.  

 

7.3 Barriers and drivers for biorefinery combined with biogas – which are the 
important ones to be addressed  

To ensure the adoption of the technology, there is a need for a clear strategy for renewables 
and biomass production for the farmers (with subsidies) and producers, and technology 
improvement. Other policy instruments are a change in regulations in order to promote clean 
technologies and products and therefore a concentration of research in the field of renewables. 
This can be achieved through the initiation of an impulse centre for the use of renewable 
resources and clean technologies with a long-term financing programme or, at a higher level, 
a European Technology Platform for Renewable Materials, as recently issued by CEFIC and 
EuropaBio. These instruments are mainly regarded as potential drivers. 
From the technical point of view, the barriers identified are the difficult separation of 
ingredients and fibres and the high volume of green biomass which is important for transport 
and storage. 
Current national research carried out in Austria includes research on the different concepts of 
biorefinery, work on the development of key technologies (separation technologies), the 
combination of individual processes, the identification of potential products, biogas 
(improvement of efficiency and feeding of biogas to the pipeline technologies, refining of 
biogas for mixing with natural gas), biological gasification of biomass.  
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Additional research needs to address the utilisation of amino acids and their 
derivatives, the question of fibres and their utilisation, separation technologies, 
material properties, market analysis and cost effectiveness, gas refining to increase the 
efficiency of biogas use.  
The development of demonstration plants, concepts for using green areas in big cities, unit 
standards, the research for implementation of biorefineries in the local context, research on 
plant seeds to develop regional solutions for more efficient resource production are further 
topics to be worked on. Training courses for potential users should be developed.  
This should happen in the context of the strengthening of regional and local development, 
sustainable development, and protection of biodiversity and creation of jobs at the local level. 
Organisational barriers are seen in building up adequate logistics because established 
conventional logistics and industry cannot be changed in a short time. Particular attention 
must also be paid to biomass wastes from food production and the resulting “liquid manure 
tourism” over long distances. 
The question whether the adoption of the technology is a strategic decision is answered 
mainly in the affirmative. The reasons given are the long-term view, also in terms of 
sustainability, the dependence on land use and in this context the pressure to preserve the 
cultural landscape and economic and ecological aspects and risks.  
Another explanatory statement is that the industrial use of renewable resources would 
revolutionize the chemical industry's raw materials base and the chemical industry as such. 
Technical questions were decisive, such as the fermentation of residues or the reduction of 
nitrogen. Modification of the local energy supply and agriculture input and output changes 
were other explanations. 
For other barriers created by institutions or people, some of the interviewees think it is too 
early to talk about this issue (research, administration) or that there are none. Others name 
uncertain and inefficient research funds, fragmentation of the research in Europe and the need 
for standards and a definition for biogas produced from biomass. A lack of priorities and of a 
focus on biomass use, legal restraints on biogas and the different funding for different 
substrates were mentioned at national level. At European level the EU Hygiene Directive (for 
animal by-products) is seen as a barrier. 
There are some national programmes in Germany funded by the Ministry of Agriculture 
(BMVEL) in Austria the Ministry of Innovation and Technology in Austria supports the 
development of the technology within the framework of the Sustainable Development 
Research Programme. 
However there is no strong publicly sponsored R&D effort for biorefinery at European level. 
The importance of the topic is not reflected in FP6.   

 
 
 



- 36 - 

8 Options for policies and instruments     
This is basically the long list of instruments and policies options that can be considered. This 
includes a structure by the ‘level 3 headings’ in the Montalvo analysis framework (what we 
call the bubble diagram). There is no point noting policies or instruments that are obviously 
irrelevant. Though useful to note those that may be seen as relevant even if we then argue that 
they should be rejected. The main focus of course should be the relevant ones. The aim of 
noting all possibly relevant policies and instruments is to ensure that we do not suffer from 
‘lock-in’ to our particular perceptions.  
 

8.1 What options are available   
 
Box 8.1: Range of Instruments (not comprehensive: but indicative of the range of options) 

 

 
 
This document takes as its starting point the list of generic instruments set out for each of the 
Level 3 categories of the analysis, and indicates how these can be developed with respect to 
the specificities of biorefinery combined with biogas development and implementation. This 
is first addressed from a theoretical perspective; however the fourth column of the table also 
notes specific examples and case studies identified in the research that fit into each of the 
categories identified. The third column identifies key policy linkages, i.e. where 
complementary or synergistic effects can be identified between different instruments. The 
final column includes notes of specific aspects of biorefinery combined with biogas that will 
affect the nature or extent of the possible application of each instrument with respect to 
biorefinery combined with biogas. 
There are two important remarks to be made. 

Choosing Instruments – what are the options?

(Adapted from Long, B. OECD, 97)

Awards / Recognition

Public Information / Education

Life-Cycle Analysis

Environmental Accounting / Reporting

Eco-Audit / Management

Product Labelling

Right to Know

Negotiated Environmental Agreements

Regulatory reforms

Liability Rules

Public procurement rules

Pro-environmental subsidies

Subsidy Removal

Marketable Permits

Eco-Taxes / Tax reform

Environmental Impact Assessment

Trade Restrictions

Ambient, Emissions and Technical Standards

Licensing / Permitting

(Purchase) Obligations or Bans

Information-Based Tools

Incentive-Based Instruments

Direct Regulation (also known as 
‘command and control;

Choosing Instruments – what are the options?

(Adapted from Long, B. OECD, 97)
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Right to Know
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Regulatory reforms

Liability Rules

Public procurement rules

Pro-environmental subsidies

Subsidy Removal

Marketable Permits

Eco-Taxes / Tax reform

Environmental Impact Assessment

Trade Restrictions

Ambient, Emissions and Technical Standards

Licensing / Permitting

(Purchase) Obligations or Bans

Information-Based Tools

Incentive-Based Instruments

Direct Regulation (also known as 
‘command and control;
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1. As the biorefinery combined with biogas is a technology in development, neither 

member states nor the European Union have any coherent and integrated policy 
strategy, nor any elaborated policy instruments for the promotion of the biorefinery 
combined with biogas. This distinguishes the technology clearly from others like 
wind-energy or biofuels. Therefore there is no clear picture of diversity of policy 
practice for the biorefinery combined with biogas technology. 

 
2. The biorefinery combined with biogas is a complex technology which integrates 

production of raw materials, processing and production of products.  As outlined in 
the title, the biorefinery combined with biogas is about the transformation of biomass 
into energy (biogas) and substances for industrial use (proteins, lactic acids). 
Both technologies exist independently of each other and are at very different levels of 
technological development and density of regulation and policy instruments. The 
biogas part of the biorefinery is much more developed. Biogas plants form one option 
for the production of renewable energies and benefit from wide regulations and 
economic incentives (Renewable Energies Directive 2001/77/EC, feed-in-tariffs) 
The green biorefinery is for the moment a concept that is not in commercial use.  

 
The integration of different technologies and different sectors such as agriculture, 
industry and energy sectors make the biorefinery combined with biogas an interesting 
case to study. Because much more has been said about renewable energies and the use 
of renewable raw materials for energy purposes than about the industrial use of 
renewable raw materials, this section is mainly about policy instruments on the 
industrial use of renewable raw materials. 

 
 
Even if there is no picture of diversity of practices in the field of the industrial use of 
renewable raw materials policy it does not mean that the biorefinery cannot learn from the 
innovation process of other (similar) technologies.  
 
Note that additional measures specific to the technology in question, but which do not fit 
easily into the generic classification of instruments, are also included where appropriate as 
additional cells/rows in the table. 



- 38 - 

 
 

Table 7: Long List of Policy Instruments and their Potential Use for Biorefinery combined with biogas   

 
 

Generic Instrument Specific application of 
instrument 

Linkages Examples if any Notes on technology-specific aspects 

Category A Perceived Environmental Risk 
Clarify risks: 
understand risks better: 
science and research;  

N/A   Principal risk is global warming – not specific to the 
technology. 

Communicate risks: 
information campaigns. 
name and shame 
instruments 

As above    

Increase the perception 
of risks to make 
responses stronger. 

Campaigns to emphasise risk of 
global warming,  

  Climate awareness a major issue in itself and not 
always understood; hence difficult also to make the 
link to a technology that is itself complex and poorly 
understood. 

Category B Perceived Economic Risk 
Liability provisions Liability provisions relevant to 

use of GM crops may be 
relevant, e.g. for use of 
modified maize, rapeseed or 
soy. 

  Apparently low risk of liability except with respect to 
use of GM crops. Liability for climate change or 
biodiversity loss probably too diffuse to be relevant? 

Liability notification 
requirements in report 
and accounts 

Pressure for carbon accounting 
in company accounts. 

  Again, generic concerns over carbon unlikely to be 
linked specifically to one technology  

Emissions trading (can 
be +ve or –ve 
depending on whether 
buy or seller; grand 
fathered or auctioned) 

Include oil sector as buyers, or 
biogas producers as sellers, in 
EU ETS or other trading 
regimes. 
 
Allow trading as alternative to 
meeting company-level 
obligations/quotas, e.g. for 
energy suppliers. 

Accreditation 
or certification 
schemes; 
quotas or 
obligations on 
energy 
suppliers. 
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Subsidies and 
allowances  

Subsidy for crop production 
within CAP – use of set-aside 
land 
 
Subsidies and advance capital 
allowances, etc, for building 
and/or operating biogas 
production plant. 
 
Regional or rural development 
funding. 

  Particularly important for establishing plant with high 
capital costs. 
 
Experiences with biofuels can be used. 

Change of available 
subsidies for polluting 
products and processes 

    

Start up funds     
Funds for support of 
pioneers (farmers, 
SMEs, researcher) 

    

Category C Perceived Market Pressure 
Subsidies and 
allowances 

See above    

Access possibilities 
(e.g. electricity feed in 
laws) 

The “Energie-Einspeise-
Gesetz”: The case of Germany 
As indicative targets but not the 
instruments are fixed at 
European Level a closer look 
has to be made at the national 
policies.  

  Germany: The feed-in-tariff instrument is seen as a 
widely accepted instrument that stimulated a very 
dynamic development of renewable energies in recent 
years. The “Energie-Einspeise-Gesetz” fixes 
guaranteed prices for each energy form produced from 
renewable energies.  
The recent reform of the law included staggered tariffs 
for biogas-electricity. Firstly the feed-in-tariff depends 
on the power of the biogas plant (between 8.4 and 11.5 
Cent/kWh). A bonus of 2.5 to 6 cent/kWh is given for 
the exclusive use of renewable raw materials. For the 
combination of heat and power an extra bonus of 2 
Cent/kWh is paid. 2 Cent/kWh is additionally paid for 
the use of “innovative technologies”. The means of 
innovative technology does not include the facilitation 
of biorefineries but seems to be an unbureaucratic way 
for the support of biorefineries combined with biogas. 
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EMAS and ISO Encourage or mandate 
environmental management 
systems as means to promote 
best practice in crop 
management, biorefinery and 
biogas production, fuel and fleet 
management, etc. 

   

Public reporting Require growers to meet 
agricultural best practice 
guidelines. 
 
 

Targets and 
norms. 

  

Permit requirements 
and links to life 
cycle/raw material use 

    

Awards for pioneers    Biorefinery combined with biogas is at a stage which 
can be well shaped by awards for pioneers 

Category D Perceived Community Pressure 
Information campaigns 
and surveys 

Informing farmers of the 
additional opportunities offered 
by biorefinery combined with 
biogas and likely future 
markets. Also information and 
guidance to spread best 
practice. 
 
Campaigns to inform businesses  

   

Presentation of clear 
goals for use of 
renewable resources 

    

National programmes 
should be developed 

    

Category E Perceived Regulatory Pressure 
Info campaigns to 
highlight cases of 
response to non-
compliance 

 (see above)    

Fees and fines and 
court cases 

General legal and 
administrative effort to improve 
enforcement of all mandatory 
norms and standards. 

Standards; any 
mandatory 
norms 
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Quotas and purchase 
requirements 

See above    

Liability laws See above    
Standards: emissions, 
ambient quality, 
technology etc 

New technologies for using 
biomass are under pressure 
relative to mature technologies 
using fossil resources  
 
 

   

Emissions trading See above    
Compatible regulation    Ammonia-N-regulation is not productive for biogas  
Category F Technological Capabilities 
Subsides – grants, 
accelerated 
depreciations etc 

See above    

Research Additional research into 
advanced techniques for 
separation, membrane 
technology 

   

Address perception of 
technology risk – pilot 
projects 

Pilot projects to implement 
demonstration plants 

  Development and demonstration particularly important 
as these are still seen in many areas as ‘novel’ 
technologies;  

Start up funds See above    
Creation of academic 
careers for researchers  

    

Category G Organisational Learning 
Information 
campaign/workshops 
etc 

See above re agricultural best 
practice, demonstrating new 
technologies, etc. 

   

Voluntary agreements  Targets   
Category H Strategic Alliances 
Technology platforms Coordination of research and 

development to focus on 
advanced methods for 
innovation. 
Impulse Center for the Use of 
Renewable Resources with a 
long term financing programme 

   

National green 
foresight committees 
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Supply chain 
requirements – link to 
EMS, IPP etc 

    

Other Promoting best practice in 
cooperation e.g. through new 
designs of contracts in the 
supply chain to reflect long-
term needs to develop the chain. 

  New experience and practices needed to facilitate new 
fuels entering the supply chain. 

Category I  Networks of Collaboration 
Technology platforms See above    
National green 
foresight committees 

See above    

OMC type activities See above    
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8.2 Special items for biorefinery combined with biogas 
 

It is very difficult to make a clear distinction between policy instruments that influence a 
technology and policy instruments that do not have an impact on the biorefinery combined 
with biogas or other environmental technologies. 
The example can be taken of foreign and security policy. It does not form part of the policy 
instrument list we thought about, but it definitely affects prices of raw materials on the world 
market and has therefore an impact on the biorefinery combined with biogas and above all on 
renewable energy technologies.  
This difficulty to make a clear cut distinction between relevant and not relevant policies is 
always present. 
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9 A proposed short list of instruments  
 
This is basically the suggested list of instruments to encourage the development and uptake of 
the technology in question and innovation within the sector. This is a key chapter that was the 
basis for some discussion with the expert interviews and the workshop of WP4.  
 

 
Instruments that are directly related to the biorefinery combined with biogas are research 
funds that support the innovation of environmental or sustainable technologies, regulations 
which contribute to generate sensitivity to the importance of environmental technologies in 
the agricultural sector, cooperation networks and structural funds. EU campaigns and national 
activities are presented in this chapter. 
 
A national example which contains a list of activities is described bellow: 
The Biomass amendment in the German Bundestag 
 
In February 2005, the parliamentary group of the Social democrat and the Green parties 
introduced an initiative entitled “Creating general conditions for the industrial use of 
renewable raw materials in Germany”(Wicklein 2005). 
 
The amendment wants to address the following points: 
 

- ending of fossil resources 
- climate change and Kyoto targets 
- transformation of the economy towards ecologically and economically reasonable 

production 
- decrease dependency on oil 
- promotion of rural development and protection of the cultural landscape 
- creation of new jobs in agriculture and horticulture. 

 
As concrete policy instruments it suggests: 

- elaboration of new strategies for the industrial use of renewable raw materials 
- expansion of the EU policy on biofuels and bioenergy for the industrial use of 

renewable raw materials 
- Introduce research on the industrial use of biomass into the 7th Research Framework 

Programme of the EU 
- Elaborate a road map with the economy and other stakeholders to transform 

production towards the industrial use of renewable raw materials 
- Continue existing policies that support products and research of the industrial use of 

renewable raw materials. 
- Engage in research and lectures on the industrial use of renewable raw materials at 

universities. 
 
As can be seen, the policy instruments address the shaping of the industrial use of renewable 
raw materials on a very conceptual level without focusing on one single technology such as 
the biorefinery combined with biogas. 

 

9.1 National Innovation funds 
 

In the following examples (Austria “Nachhaltig Wirtschaften”/ Germany: Biomass 
Programme / Great Britain: The Sustainable Technology Initiative) an external advisory board 
or institution is responsible for the management of the funds. 

 
The ideas behind of these funds are always the same. Market imperfections, caused for 
example by high investments in research and development spending without a certain 
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guarantee for returns on the investment, make it necessary for the public hand to intervene on 
the market. 
The biorefinery combined with biogas is at the moment in a pre-market phase. For the 
moment it is not clear how and in which form the biorefinery combined with biogas could be 
implemented widely on the market. Research on the technology is therefore producing costs 
while the absence of sales does not lead to benefits. The return on the investment made is for 
the moment zero. To engage in biorefinery combined with biogas innovation project is a risky 
activity (Caro 2003), because success is uncertain. Most of research and development 
spending goes on staff and general expenditures. There is no security for the financing actor 
that the money will be recovered in the event of failure. 
Uncertainty leads to the imperfections of the capital market, a disadvantageous stage above all 
for small and medium sized enterprises. Often they have no possibilities to finance research 
and development from their own funds. 
The imperfection of the market is also caused by the tendency to see knowledge as a public 
good from which it is difficult to exclude others and also to be non-competitive since its user 
value may not suffer from the fact that others use it. (Ludvall/Borrás 2005: 613)  
Direct financing of innovation means that the state intervenes on the market. This is in 
contradiction with the idea of a free and single market, the basis of the first pillar of the 
European Union treaties. A restriction on the quota for financial aid is therefore imposed by 
the European framework for state aid for research and development22. The Frameworks 
follows the principal that subsidies decrease,  the closer research and development comes to 
the market. For basic research there is a possible support of up to 100%, while if research has 
reached to a “pre-competition stage” the limit is 25%. 
The existence of such programmes is of course no guarantee that the biorefinery combined 
with biogas will benefit from it. This technology is always in competition with other 
technologies that may be more interesting, strategically more important or just better in line 
with the worldview of the persons who decide on public spending. 
 
A closer look at the country examples may provide more information about the functioning of 
the programmes. 
 

Table 8: Programmes in European Union countries of concern for the biorefinery combined 
with biogas23 

Country Programme Title Budget per year Start of 
Programme 

Number 
supported 
projects 

Austria Factory of tomorrow 10,9 million Euro24 2000 8825 (2004) 
Belgium  Sustainable Technology Development ** 34 million Euro 2002 200 
Denmark Programme for Cleaner Products 11 million Euro 1999 500 
Germany Sozial-ökologische Forschung  

Forschung für Nachhaltigkeit  
Forschung für die Produktion von morgen 
Nachwachsende Rohstoffe  

8 million Euro 
36 million Euro 
6 million Euro 
26,1 Million  Euro 

2000 
1997 
1999 
1993 

99 
450 
110 

Finland SUNARE - Sustainable Use of Natural 
Resources 
Research Programme for Environmental 
Policy 
 

2,5 million Euro 
 
2,5 million Euro 

2001 35 
 
90 

Great Science in Society Programme of the 2,5 million Euro 2002 25 

                                                      
22 http://europa.eu.int/scadplus/leg/en/s12002.htm  

23 Paula, M., 2004, Zwischenbilanz 2004 Impulsprogramm Nachhaltig Wirtschaften, Wien, p. 52.  

24 Untill Mai 2004: http://www.rat-fte.at/UserFiles/File/FORNE_Strategie_final.pdf 

25 http://www.bmvit.gv.at/innovation/downloads/bmvit_bilanz04.pdf 
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Country Programme Title Budget per year Start of 
Programme 

Number 
supported 
projects 

Britain Economic & Social Research Council 
(ESRC) 
Sustainable Technologies 
Initiative 
Technology Programme ** 

 
 
3 million Euro 
 
150 Million Euro 

 
 
2000 
 
2004 

 
 
75 

Ireland Environmental Research and  
Technological Development 
and Innovation Programme 

4,5 million Euro 2000 230 

Netherlan
ds 

Ecology, Economy and Technology 
(EET) 
Environment and Technology Programme 
(ETP) 
Innovation Subsidy for Innovation 
Projects ** 

38 million Euro 
 
4,8 million Euro 
 
90 million Euro 

1996 
 
1989 
 
2004 

320 
 
750 

 
**Programme not only for sustainable technologies 

 

9.1.1 Austria: „Nachhaltig Wirtschaften“  
 

This research and technology programme has been developed by the Austrian Federal 
Ministry of Transport, Innovation and Technology (BMVIT)26. It initiates and supports 
research and development projects in the field of sustainable technologies and the 
implementation of exemplary pilot projects. It is subdivided into three major programme 
lines, though the one under the name „factory of tomorrow“ has financed research activities 
of the biorefinery combined with biogas. 
Projects in the field of biorefinery have been supported five times; the next step would be to 
install a demonstration plant. Internal discussions are for the moment preventing further 
spending on the biorefinery, so that the development has been shelved. 
 
According to the evaluation report (Paula 2004) the results of the “factory of tomorrow" 
programme are so far: 
- 13 published final reports of projects 
- 100 publications (55 out of 100 are scientific publications) 
- one new product and one new licence 
 
Between 2000 and 2004 only one product has been newly introduced onto the market, and the 
question arises if this legitimises the spending of the funds. 
The external evaluater27 of the “factory of tomorrow” has an optimistic opinion and concludes 
that,  

…die Programmlinie in ihrer Konzeption und bisherigen Laufzeit neue Möglichkeiten für 
marktfähige Innovationen eröffnet und daher für mittelfristige Wirtschaftsentwicklungen relevant ist, 
für langfristige Entwicklungen hingegen sogar eine entscheidende Rolle spielen kann. (Jansen 2004: 
90)  
 
He also concludes that it is difficult to solve the problem between high technological progress 
and the high market potential of a new product. 

…Die Herausforderung für die Programmlinie Fabrik der Zukunft liegt darin, die Spannung 
zwischen den Polen „mutige innovative Technologiesprünge“ und „hohes Marktpotential“ so 
zu lösen, so dass beide zu sinnvollen Komponenten der Technologieentwicklung werden. 

                                                      
26 Contact Person in the Austrian Federal Ministry of Transport, Innovation and Technology: Michael 
Paula 

27 Prof.em.Dr.Ir. J.L.A. Jansen 
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9.1.2 Germany: The Biomass Programme (BMELV 2003) 
 

Even if this programme especially emphasises technological research for the use of biomass 
(renewable raw materials), that is to say agricultural and forestry products that can be used for 
energetically or industrially in the non-food sector, the biorefinery has not yet benefited from 
it. 
 

9.1.3 Great Britain:  The Sustainable Technology Initiative28 
 
This British programme that could potentially support innovation of the biorefinery has now 
closed. The Sustainable Technology Initiative supported around 70 projects29 but no research 
on the biorefinery combined with biogas.   
All further research projects funded by the British Department of Transport and Industry will 
now be funded by the technology programme30. The programme´s objective is to “help drive 
forward innovation and create prosperity for the UK economy“. For this purpose the 
technology priorities are defined by a technology advisory board formed mainly of senior 
business representatives. 
The industrial use of biomass cannot be found among the key technologies. The biorefinery 
could eventually profit from the funding of renewable energies. 
 

 

The US Biomass Research and Development Act 
 
With the adoption of the “Biomass research and development act of 2000”31 the US opted for 
a new institutional setting to regulate research and development better The act is of relevance 
as it addresses problems that can also be identified for the biorefinery, such as the low 
coordination of the different “administrative universes” (cf. actual state of the play). In 
European agricultural and rural development policy there is for the moment almost no link to 
a clear concept of the promotion of clean technologies based on agricultural primary products. 
Even if in energy policy biomass and consequently biogas is one major topic, the linkage to 
the industrial use of renewable raw materials has not been made yet. 
The American biomass act focuses on the establishment of structures that favour cooperation 
and coordination and that are stable over time with defined tasks.  
The Secretary of Agriculture and the Secretary of Energy are requested to “coordinate 
policies and procedures that promote the research and development leading to the production 
of biobased industrial products”. (Biomass Resarch & Development Initiative 2000: sec. 305), 
A Biomass Research and Development Board has been established, composed of high-level 
members of the different related administrations (Department of the Interior, Environmental 
Protection Agency, National Science Foundation, Office of Science and Technology) that 
work together with the Department of Agriculture and Department of Energy. Its task is to 
“coordinate research and development activities relating to biobased industrial products” and 
to “provide recommendations to the points of contact concerning administration”.32 

                                                      
28 http://www.dti.gov.uk/sti/  

29 The complete list of the supported projects: http://www.oakdenehollins.co.uk/fund/index.html 

30 http://www.dti.gov.uk/technologyprogramme/ 

31 <http://www.bioproducts-bioenergy.gov/bio_act.html> 

32 Sec. 305, (Biomass Resarch & Development Initiative 2000) 
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Alongside the administrative coordination committee, the Biomass Research and 
Development Technical Advisory Committee33 has been established as a second forum. This 
expert committee is composed of individuals from industry, science, environmental protection 
agencies etc. 
The advisory committee cooperates with the Secretary of Energy and the Secretary of 
Agriculture, who have to establish a Biomass Research and Development Initiative34 under 
which “competitively awarded grants, contracts, and financial assistance are provided to, or 
entered into with, eligible entities to carry out research on biobased industrial products.”35 
 

9.2 Regulation: 
 
The central question is how much and what sort of regulation causes the maximum of 
innovation of the biorefinery combined with biogas combined with reasonable costs.  
 
The public sector has different options for action, limited by constitutional law. Generally 
speaking the options are between free market idea to ordering the implementation of the 
biorefinery combined with biogas (strong state, command-and-control). When it comes to an 
assessment of the policy instrument regulation, there are mainly two answers to be given. 
Either the answer is that regulation affects innovation positively or the answer is that 
regulation restrains innovation.  
One of the potential key players in the innovation process of biorefineries combined with 
biogas is the chemical industry. An analysis of its beliefs about the effect of regulation on 
innovation reveals a critical position towards regulation. 
According to Hamprecht there is a negative correlation between regulation and the 
competitiveness and innovation of the German chemical industry. To assure the innovation 
force of the German chemical industry it is therefore necessary to create the framework for 
market competition (Hambrecht 2005). 

 
Durch Wettbewerb entstehen die besseren Innovationen als durch staatliche Quoten und 

Vorgaben. 
 

A research project (Blind 2004) by the Fraunhofer Institute for Systems and Innovation 
Research comes to the opposite result. Within the Fifth Research Framework Programme on 
behalf of the Innovation Policy Unit of DG Enterprise of the European Commission, the 
Fraunhofer Institute for Systems and Innovation Research investigated the interrelation 
between regulation and innovation with a case study in environmental technologies (waste 
water and wind energy). 
Thus the results of the environmental technologies case studies indicate „that environmental 
regulation indeed has fostered environmental innovations. “ (Blind 2004: 183) When it comes 
to the question of the utility of the different policy instruments the results are not quite clear. 
This is no doubt due to methodological difficulties. Because different policy instruments are 
used in parallel, the measurement of the effect that one single policy instrument has on the 
innovation of environmental technologies „becomes complicated“ (Blind 2004: 184). 
 
From this short discussion we conclude that regulation has to make the balance between 
allowing companies the widest possible liberty to innovate and indicating clear pathways to 
the shaping of the biorefinery combined with biogas. 
 

                                                      
33 Sec. 306, (Biomass Resarch & Development Initiative 2000) 

34 Sec. 307, (Biomass Resarch & Development Initiative 2000) 

35 Sec. 307 (a), (Biomass Resarch & Development Initiative 2000) 
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Examples for relevant regulations for biogas: 

Directive ���������������(�& of the European Parliament and of the Council of 11 February 
2004 on the promotion of cogeneration based on a useful heat demand in the internal 

energy market and amending Directive �������������(�(�&. 

“The objective of this Directive is to establish a transparent common framework in order to 
promote and facilitate the installation of cogeneration plants where demand for useful heat 
exists or is anticipated. This overall objective translates into two specific aims: 

·  in the short term, the Directive makes it possible to consolidate existing cogeneration 
installations and promote new plants;  

·  in the medium and long term, the Directive should serve as a means to create the 
necessary framework for high efficiency cogeneration, aimed at reducing emissions 
of CO2 and other substances, to contribute to sustainable development .  

There are already examples of regulatory developments in some Member States, such as 
Belgium (green certificates and cogeneration quotas), Spain (new decree on the sale of 
cogeneration electricity) or Germany (new law on cogeneration). 
The Commission must establish harmonised efficiency reference values by 21 February 2006 
for separate production of electricity and heat. The Commission will review the harmonised 
values for the first time on 21 February 2011, and every four years thereafter, to take account 
of technological developments and changes in the distribution of energy sources. 
Member States must ensure, on the basis of the harmonised efficiency reference values and 
within six months of their adoption that the origin of electricity produced from high-
efficiency cogeneration can be guaranteed according to objective, transparent and non-
discriminatory criteria laid down by each Member State.”36 
 
Directive 2001/77/EC of the European Parliament and of the Council of 27 September 
2001 on the promotion of electricity from renewable energy sources in the internal 
electricity market (Official Journal L 283 of 27.10.2001). 
 
The Directive follows up the White Paper on renewable sources of energy (RES) which 
confirmed a target of 12% of gross inland energy consumption from renewables for the 
Community as a whole by 2010, of which electricity would represent 22.1%. It also 
constitutes an essential part of the package of measures needed to comply with the 
commitments made by the EU under the 1997 Kyoto Protocol on the reduction of greenhouse 
gas emissions. 
 
Scope  
It concerns electricity produced from non-fossil renewable energy sources such as wind, solar, 
geothermal, wave, tidal, hydroelectric, biomass, landfill gas, sewage treatment gas and biogas 
energies. The definitions in Directive 96/92/EC concerning common rules for the internal 
market in electricity are also applicable to this Directive. 
 
National targets for consumption of electricity from renewable sources of energy  
The Member States must adopt and publish, by 27 October 2002 at the latest, and every five 
years subsequently, a report setting the indicative Member State targets for future RES-E 
consumption for the following ten years and showing what measures have or are to be taken 
to meet those targets. The Member State targets must take account of the reference values set 
out in the Annex to the Directive for Member States' indicative targets concerning the share of 
electricity produced from renewable energy sources in gross electricity consumption in 2010. 
They must also be compatible with all the national commitments entered into as part of the 
commitments accepted by the Community at Kyoto. 
 

                                                      
36 http://europa.eu.int/scadplus/leg/en/lvb/l27021.htm 
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Evaluation of national targets and measures  
This evaluation will be undertaken at national and Community level. 
 
Evaluation at national level  
Member States are required to publish on 27 October 2003, and every two years subsequently, 
a report which includes an analysis of success in meeting the national targets. The report 
should also indicate what climactic factors are likely to affect meeting the targets and to what 
extent the measures taken are consistent with national commitments regarding climate 
change. 
 
Evaluation at Community level  
At Community level, the Commission will publish a biannual report, the first on 27 October 
2004, based on the national reports assessing the extent to which: 
 

9.3 Building up networks 
 
The network concept in discussion 
 
The literature survey37, empirical examples and the findings in work package 2 have 
underlined the importance of networks for the research and development process, for 
innovation and for economic growth. 
 
On the issue of network building, we should start with the statement that there is no clear 
answer about the factors that generally cause and factors that induce the change or 
development of networks.  
 

“The absence of a clear development pattern and the recognition that network forms have 
multiple causes and varied historical trajectories suggest that no simple explanation ties all the 

cases together.”38  
 
The origin and development of networks seem to differ from case to case, patterns seem to be 
“idiosyncratic”. There may be a long and stable network of people, and there may be a short 
lasting connection between some researchers in a concrete and limited research project. It is 
important to know the variety of network types, because it indicates that there are no 
theoretically-based patterns that would predict a “successful” innovation-network for 
biorefineries combined with biogas. 
 

9.3.1 Different forms of network-like cooperation favouring economic activity and 
innovation: 

 
Recently it was M. Porter (Porter 1990) who made the term cluster popular in the scientific 
discussion. The question he addresses is why nations maintain their competitive advantages in 
determined sectors of the economy over a long period. 
As factors of success, Porter names a strong network of subcontractor and sales relationships, 
a network of professional education aligned to the demand of the companies, a research 
network between companies and universities, an extensive offer of specialised services and 
the support by economic policy and measures of infrastructure. (Gassler/Polt 2003: 61)  

                                                      
37 Compare for example Powell, W./ Grodal, S.,2005, Networks of Innovaters, in: Fagerberg, J. et al. 
(ed.): The Oxford Handbook of Innovation, Oxford, p. 56-85 

38 Powell, W., 1990, Neither market nor hierarchy : network forms of organization, in: Research in 
Organizational Behavior, Vol.12, p. 295-336, here p.323 
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A cluster is defined as a group of companies in spatial proximity in a determined sector of 
economy that is linked by reciprocal relations in information, technology or service networks. 
(Gassler/Polt 2003: 61)  
Companies that compete with each other benefit from network-externalities due to a node of 
similar companies. Mention can be made of the common use of public goods like the 
infrastructure, a common specialised labour market, advantages from a market for special 
services and products, the transfer of knowledge and experience via moving employees etc. 
(Gassler/Polt 2003: 61)  
 
Examples of successful high-tech clusters: Silicon Valley and Finland 
 
One of the most popular examples of a successful cluster building is the history of the so 
called “Sillicon Valley”. In the 1950s, the Californian valley lived from fruit-growing, but 
was transformed within a few decades into a micro-electronics high-tech region. The history 
of Silicon Valley also shows that was first the state, that is to say the military and the 
aerospace industry that over a decade generated demand for semiconductor products. 
(Gassler/Polt 2003: 68) This is an important issue. No doubt more effective research on the 
technology may accelerate the innovation process of a technology, but alongside the 
improvement of supply is an important issue for the biorefinery combined with biogas. 
The case of Finland with its technology-industry cluster around Nokia shows the importance 
of public action in the innovation process and the construction of a developed technology 
industry. As a factor for the Finnish success, Himanen and Castells name the welfare state 
offering a “public, free and high-quality education system.”39 It was again the state advised by 
the Science and Technology Policy Council that increased public investment in research and 
development from 1 percent of GDP at the beginning of the 1980 to 3.6 percent of GDP by 
2001.40 
 
This examples show that a strong relation between universities, industry and agriculture, the 
chemical industry, users and producers of biogas technology is a primordial precondition for a 
cluster of biorefineries combined with biogas. 
 

9.3.2 Technology platforms 
One network-like structure for the innovation of technologies could be the European 
Technology Platform. 
Around 25 Technology Platforms have been established to date in the European Union. The 
question is if the concept as a whole or parts of it could be an option for the future of the 
biorefinery combined with biogas technology.  
Following the definition of the European Research Advisory Board,41 a technology platform 
is a “major, pan-European, mission-oriented initiative aimed at strengthening Europe´s 
capacity to organise and to deliver innovation”. The platform is to “bring together relevant 
stakeholders to identify the innovation challenge, develop the necessary research programme 
and implement the results.” 
The Technology Platform has to tackle a major European need, challenge or problem, “rather 
than simply seek to implement a technology” such as the biorefinery with biogas. The 
biorefinery combined with biogas could play one role within a wider technological platform 
on sustainable technologies in agriculture or technologies for the industrial use of renewable 
raw materials. 

                                                      
39 http://www.minedu.fi/opm/ministerio/organisaatio/haatainen_puheet/roomanklubi.html  

40 http://www.minedu.fi/opm/ministerio/organisaatio/haatainen_puheet/roomanklubi.html Himanen/ Castells 
2004: 67 

41 European Research Advisory Board, 2004, European Research Advisory Board Report on European 
Technology Platforms, <http://europa.eu.int/comm/research/eurab/pdf/recommendations9.pdf> 
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The Technology Platform requires a road map which develops a medium to longer-term 
vision of what is needed for Europe, a strategy for achieving this vision and meeting the 
challenges as well as a detailed action plan. The action plan should not only consist of 
research activities but also develop and support strategic innovation activities. 
The development of a vision, a road map and an action plan is of course not bound to a 
technology platform, but can be applied to other forms of cooperation for the biorefinery 
combined with biogas. 
Technology Platforms deal with a financially and organizationally sizable activity, rather with 
a broad set of technologies than with the generation of one specific technology.  
It is necessary that the key players are engaged in the platform to bring the technology 
successfully onto the market. The leadership must rest with the stakeholders rather than with 
the European Commission.  
The structure of the technology platform should be flexible and vary from one to another 
reflecting political, industrial and market structures. 
As Platforms have to change substantially established practices they need political awareness, 
political support and thus a high-level of public and political visibility. 
Besides this general structure, the European Commission has identified key factors for the 
success of European Technology Platforms42. Not all the key factors are valid for the current 
state of play in the biorefineries combined with biogas subsystem.  
Contrary to the idea of non hierarchical structures in a network, the report states that “it is 
essential that European Technology Platforms have strong leadership with the credibility to 
bring together and mobilise stakeholders.” To this end the involvement of industry is 
important. 
This key factor has for the moment not been accomplished for the biorefinery combined with 
biogas, nor for the industrial use of renewable raw materials in general. The analysis of the 
current state of play shows that there is apparently no leading industry or company who could 
take the leadership for the governance of a technology network. 
Secondly the Technology Platform should be open to avoid becoming “closed shops” vis-à-
vis all relevant stakeholders, including notably small and medium-sized enterprises as well as 
groups representing wider society interests. 
A Platform should have the freedom to determine the most appropriate organizational 
structure. 
Platforms should avoid becoming “talking shops" but should have a clear operational focus 
from an early stage so that research activities begin concretely. 
 
The involvement of national authorities in European Technology Platforms is essential.  
Furthermore the Platforms should be proactive in identifying sources of financing. They 
should not only focus on public funding sources but should also identify potential sources of 
private funding. 
The points mentioned make it clear that according to the report the private leadership of a 
credible player is of greater importance for a successful structure similar to a technology 
platform.  
We see mainly two options that should be investigated more deeply:  
 

1. The first option is a technology platform or a strong cooperation on a regional 
or national level, where there are key players wanting to work together on the 
biorefinery combined with biogas. 

2.  The second option would be to create a Europe-wide technology platform in a 
wider context. Following the structure of POPA-CTDA there could be a 
platform for sustainable technologies for the rural sector. This seems to be a 
good policy pathway, because it fits together with recent reforms of the 
Common Agricultural Policy towards more emphasis on rural (sustainable) 
development. 

                                                      
42 Commission of the European Communities, Report on European Technology Platforms and Joint Technology 
Initiatives: Fostering Public-Private R&D Partnerships to Boost Europe´s Industrial Competiveness, SEC(2005) 
800, Brussels 
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9.3.3 Regional innovation networks (RIN) 
 
RIN are one of the important catalysts in the improvement of regional innovation potential. 
Such networks include market-based and financially remunerated R&D co-operation as well 
as non-market-related interactions for exchange of ideas and transfer of knowledge. The 
European Regional Innovation Survey (ERIS) was carried out between 1995 and 1997. 
Collected data came from 4,200 questionnaires from manufacturing firms, more than 2,500 
from service firms and more than 1,900 from research institutes. With regard to innovation 
networking, it can be concluded from the ERIS data that  

·  innovation networking plays an important role in the innovation process in all 11 
European regions analysed,  

·  co-operating firms are economically more successful than firms which do not co-
operate,  

·  spatial proximity between the co-operation partners is less important for customer-
supplier relations, but plays a distinct role in horizontal networking between firms 
and research institutes.(Koschatzky et al. 2001) 

 
The analysis shows that small and medium-sized firms need regional innovation networks to 
access research institutes and the support of their regional environment. Therefore the 
developing technologies such as biorefinery combined with biogas with the participation of 
small and medium-sized firms could profit from RIN. 
 
Costs/ Winners and Losers/ Practicability 
 
It is not easy to predict potential winners and losers of a network in general. Networks are not 
about the distribution of a financial budget, but about the flow of information. Generally 
speaking the losers of a network are those who are out but want to be in. 
This can be avoided by open structures making clear that all stakeholders that want to 
participate have access to meetings, seminars and all kinds analysed of information.  
 

9.4 Using structural policy for financing research and innovation of the 
biorefinery combined with biogas. 

 
This section seeks to discuss whether cohesion and structural policy in the changing light of 
the Lisbon agenda can be used to create innovation of the biorefinery combined with biogas. 
As will be presented in the following section, the Lisbon strategy has had a major impact on 
future structural policy in favor of research and innovation. 
 
For the current programming period (2000-2006), structural policy concentrates its spending 
on initiatives with a specific European added value: 

- transnational, cross-border, and interregional cooperation to stimulate economic 
development and encourage balanced ergional planning at the European level; 

- rural development especially to explore bottom-up approaches to the creation of 
opportunities in rural areas as complement to the top-down market policies of the 
Common Agriculture Policy; 

- transnational cooperation to develop new ways to combat all types of discrimination 
in the labour market (Mairate/Hall 2000). 

 
For the next programming period (2007-2013) a change on the focus of spending is planned. 
The Lisbon targets are also influencing the structural policy so that there are several 
indications that the structural funds can be used in future to finance innovation activities such 
as development and implementation of the biorefinery combined with biogas. 
For the moment (October 2005) no unanimity has been reached between the EU member 
states on the budget of the European Union for the next period 2007-2013. The 
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communication of the Commission on the Community Strategic Guidelines for the Cohesion 
Policy Period 2007-2013 (CEC 2005) is therefore not a legal text, but a comment on the 
current state of the discussion on future structural policy. 
 
The priorities for the coming programme period are: 
1. Improving the attractiveness of Member States, regions and cities by improving 
accessibility, ensuring adequate quality and level of services, and preserving their 
environmental potential; 
2. Encouraging innovation, entrepreneurship and the growth of the knowledge economy by 
research and innovation capacities, including new information and communication 
technologies; and 
3. Creating more and better jobs by attracting more people into employment or 
entrepreneurial activity, improving adaptability of workers and enterprises and increasing 
investment in human capital.  
It is mainly the second priority target that provides a different concept for the future structural 
policy, because it emphasises the possibility for financing innovation through the structural 
funds.  
The first target is in line with a more traditional cohesion policy focusing on the financing of 
infrastructure projects, transport networks etc. 
Even if the main support line for the biorefinery is concentrated under the second target, the 
third line could also give some support for the biorefinery combined with biogas because it 
strengthens the investment in training and human capital. Two action targets will be: 
 
“- Expand and improve investment in human capital 
- Adapt education and training systems in response to new competence requirements.”  
In a later period when potentially it will be time to implement the biorefinery on the market 
and when different players will need to interact, training programmes for bringing together 
potential users (farmers) and producers could be an appropriate measure. 
Under the second guideline Improving knowledge and innovation for growth, one can find 
various arguments that are in line with our previous findings and transform the cohesion and 
structural funds into an accurate policy instrument for the biorefinery combined with biogas.  
The guidelines diagnose a widening innovation gap between the US and within Europe. "as 
the Union too often fails to transform technological development into commercial products 
and processes”.  
The guidelines conclude therefore that the cohesion policy „can help to address the main 
problems behind Europe’s underperformance in innovation, including ineffective innovation 
systems, insufficient entrepreneurial dynamism or slow business adoption of ICT 
(information and communication technologies).“  
 
The guidelines propose a number of policy instruments that would support the creation of 
knowledge and innovation “to promote faster growth and more jobs.” (p.18)  A strong 
emphasis is put on the support for collaboration/ cooperation and the establishment of 
networks. 
Eco-efficient technologies are named within the guidelines as a priority action target: 
“Eco-innovations should be promoted, together with the improvement of SME practices 
through the introduction of environmental management systems. By investing in this area 
now, EU businesses will be in a strong position in the near future when other regions 
appreciate the necessity of such technologies.” 

 
Conclusions 

The new guidelines for the cohesion policy for the next programming period have widely 
adopted the discourse and the targets of the Lisbon agenda. To name research and 
development activities within the structure policy represents a major political change. 
This may be a chance for eco-efficient technologies and for research and development in this 
field. 
It remains to be seen how the management of the funds will handle research projects and 
which special link projects will have to make to regional development or regional cohesion. 
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Taking the current proposals, the guidelines can contribute to the shaping of the biorefinery 
combined with biogas. 
 

9.5 Strategic Integration of Planning and Socio-economic Assessment in 
Regional Networks 

9.5.1 Introduction 
This section aims to provide proposals for those regions that intend to adopt the biorefinery 
combined with biogas concept and to implement a demonstration plant. Some of the main 
findings of the research so far are: 

·  The results of the survey show that potential adopters of the technology are not 
convinced of the economic benefits of the technology because of insufficient 
information and uncertain price conditions of raw materials and products. There are 
also a range of various interests and values for the use of renewable resources which 
should be addressed in the framework of local and regional development strategies. 

·  There exist different options (central-decentralised) of how to design the biorefinery 
combined with biogas and each site should be optimized to the regional structure. 
There is a need for a comprehensive definition of benefits for a local or regional 
project.  

·  For the moment there is a lack of comprehensive supply management strategies. 
SMEs and big industry players do not cooperate easily. The development of 
demonstration plants for biorefinery combined with biogas needs the collaboration of 
a wide spectrum of different actors. The participation of SMEs needs special forms of 
communication. 

 
To conclude: The success of the development of the biorefinery combined with biogas 
depends not only on the technology itself. It depends strongly on the regional policies, on the 
beliefs of the main actors, developers (technicians), users (farmers), customers (industry) and 
planners (e.g. regional administration), on their willingness to work together and to establish 
forms of interaction that lead to a continuous optimisation of the biorefinery combined with 
biogas concept.  
Therefore it is not possible to suggest one “right” procedure and one package of “good” 
policy-measures for the biorefinery combined with biogas that would be applicable in general.  
On the contrary: The biorefinery combined with biogas is not only about the production of 
marketable products (chemical intermediates, biogas). It is about the sustainable development 
of a region, about maintaining a high living standard in the rural space and the protection of 
the European cultural landscape in the regions (non-tradable goods). The combination of 
industrial use and use for energy purposes of renewable resources is a challenge for the 
technology developers to move toward sustainable technologies. 
In the tradition of bottom-up policies we strongly recommend that procedures should be 
found in which the biorefinery combined with biogas concept can be integrated into local/ 
regional strategies. Different options and their potential risks and benefits should be assessed. 
The biorefinery combined with biogas has its value in its potential to solve problems such as 
sustainable rural development, protection of the cultural landscape, creation of jobs, 
substitution of fossil raw materials and energy supply through renewable resources, 
environmental protection. It remains to be proven if the concept is able to address those 
problems at reasonable cost and minimum negative side effects or if other alternatives are 
available. Potential risks are seen mainly in the economic risks and partly in the capability to 
build successful strategic alliances between SMEs, farmers and big industrial players. A 
socio-economic assessment is therefore necessary to compare potential benefits and risks.  
This section aims to present one existing assessment procedure (“strategic environmental 
assessment”) and to modify it for a potential regional collective decision-making process on 
the adoption of the biorefinery combined with biogas.  
This decision-making process is integrated in the planning phase and could be integrated in a 
regional networking process. The processes could be financed partly by regional and 
infrastructural funds. European Structural and rural development funds have recently adopted 
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the Lisbon targets as priority action targets for the next programming period (2007-2013). It 
should be discussed and investigated how a procedure involving a participative and collective 
assessment of innovative technologies such as the biorefinery combined with biogas concept 
could benefit from these funds. 
 

9.5.2 The Strategic environmental assessment process 
The instrument of a strategic environmental assessment is based on the Directive of the 
European Parliament and the Council 2001/42/EC43. The directive obliges the member states 
to make a strategic environmental assessment of certain plans and programmes that are 
elaborated by the administrative authorities on a national, regional or local level. 
The strategic environmental assessment serves a systematic description of significant effects 
on the environment of plans and programmes. It does not assess single projects but is fixed on 
a higher planning level. 
In its basic conception it includes the assessment of environmental effects. It is generally 
possible to include also economic or social assessment criteria. 
According to Koblmüller et al. an essential criterion for the success of a strategic 
environmental assessment is the integration of the assessment into the planning process itself. 
This could avoid cost-intensive failures in the planning. In addition the integration of the 
interested and qualified public increases transparency and the acceptance of new plans and 
programmes (Koblmüller 2004). 
Directive 2001/42/EC provides only the key issues of a strategic environmental assessment 
procedure, leaving the European member states the possibility of elaborating a clearer 
structure. The key points of the directive are: 

·  The obligation to integrate a strategic environmental assessment “during the 
preparation of a plan or programme and before its adoption or submission to the 
legislative procedure“ (§4.1) 

·  The obligation to prepare an environmental report „in which the likely significant 
effects on the environment of implementing the plan or programme, and reasonable 
alternatives taking into account the objectives and the geographical scope of the plan 
or programme, are identified, described and evaluated.“ (§5.1) The report shall 
include all relevant information on the environmental impact of a plan or programme. 

·  The public and the authorities „shall be given an early and effective opportunity 
within appropriate time frames to express their opinion on the draft plan or 
programme and the accompanying environmental report before the adoption of the 
plan or programme or its submission to the legislative procedure.“ 

9.6 Next steps, priority packages of instruments 
 

1. Firstly, policy-makers in the EU, and at national and local level should take a general 
decision on the future of public support for the biorefinery combined with biogas. 
There are different options. 

 
 

2. Secondly independently of the biorefinery combined with biogas there is a need for 
the discussion of a coherent strategy to assure the supply of raw materials in the 
future. Knowing about the limited amount of oil resources that are at the moment 
primordial in the chemical industry, a convincing strategy with concrete action targets 
should be elaborated. Biomass and its industrial use could be one pillar within a raw 
material supply strategy. However the use of renewable resources needs a 
comprehensive strategic strategy. Further research should be made, addressing the 
question of the optimum transformation towards an industrial production based on 
renewable raw materials. 

 
                                                      
43 European Parliament and European Council, 2001, Directive on the assessment of the effects of 
certain plans and programmes on the environment 2001/42/EC, Brussels  
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3. The Cohesion Funds will very probably be a new instrument to finance innovation in 

environmental technologies. That means: 
 

9.7 Proposed Priority packages of instruments – suggested in interviews 
Strategic programmes for the combination of industrial use and use for energy purposes of 
renewable resources which contributes to: 

·  establishment of networks 
·  specification of available research funds on industrial use of renewable resources 
·  market incentives for products from renewable resources 
·  pro environmental regulation and subsidies  
·  awards for pioneers  
·  access to land for pioneers 
·  taxes for polluting products and processes 
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10 Conclusions, Recommendations 
 
From the survey and actors analysis we come to the following intermediary conclusions: 
 

·  Generally there are a number of funding instruments at EU level which could be used 
for the promotion of biorefinery combined with biogas. In practise the industrial use 
of renewables is not included in the specification of programmes. The handbook for 
environmental project funding contains an overview of instruments available until 
2006: COHESION FUND, EUROPEAN AGRICULTURAL GUIDANCE AND 
GUARANTEE FUND, EUROPEAN REGIONAL DEVELOPMENT FUND, 
EUROPEAN SOCIAL FUND, INNOVATIVE ACTIONS, INTERREG III 14, 
LEADER, THE 6TH RTD FRAMEWORK PROGRAMME (FP6)44. These 
instruments are modified partly for 2007-2013. The WWF Handbook for EU funding 
for environment, a handbook for the 2007-2012 programming period45 presents the 
programmes in a problem-oriented structure. It also presents a list of national best 
practices for application of opportunities through funding programmes for 
environmental preservation. The relevant examples for use of renewable resources 
are: Alps-Adriatic Region: Integrative Protected Area Management, Austria: Nature 
Protection Plan for Farmers, Italy : Integrating Environment and Tourism, Finland: 
Nature Conservation and Rural Development, Germany: Biomass Heating, 
Germany and Switzerland: Water Management and Sustainable Agriculture on Lake 
Constance, Germany: Renewable Energy on the Isle of Föhr, Germany: Job 
Creation in Nature Conservation, Italy : Sustainable Development around National 
Parks, Scotland (UK): Improving Access to EU Funds for Local Environmental 
Initiatives.  

·  No major actor (industry, administrations, parliamentary group) on the European 
level owning enough financial and/ or political resources is at the moment willing to 
push the biorefinery technology. The perceived economic risk for biorefinery 
combined with biogas is mainly through a majority of involved SMEs with a lack of 
venture capital in the agriculture and engineering sector. The need for a “task force 
for renewable raw materials within the European Commission” was mentioned by the 
farming lobby. 

·  Renewable raw materials in general and the biorefinery combined with biogas in 
particular have not entered into the perception of the big players and the political 
arenas yet. 

·  The use of renewable raw materials for energy purposes has gained much more 
support in research programmes and is much more advanced than the industrial use of 
renewable raw materials. For the moment the perspective of biogas combined with 
biorefinery seems much more realistic than biorefinery combined with biogas. 

·  Emerging policy areas such as the new guidelines for the cohesion policy for the next 
programming period (2007-2013) include chances for the development of biorefinery 
combined with biogas. To identify research and development activities within the 
structure policy represents a major political change. This may be a chance for eco-
efficient technologies, for research and development on it. It has to be seen how the 
fund's management will handle research projects and which special link projects will 
have to make to regional development or regional cohesion. Taking the current 
proposals the guidelines can contribute to the shaping of the biorefinery combined 
with biogas. 

·  Examples of relevant regulations for biogas: Directive 2001/77/EC of the European 
Parliament and of the Council of 27 September 2001 on the promotion of electricity 
from renewable energy sources in the internal electricity market (Official Journal L 

                                                      
44 http://europa.eu.int/comm/environment/funding/pdf/handbook_funding.pdf 
45 http://assets.panda.org/downloads/eufundingforenvironmentweb.pdf 
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283 of 27.10.2001) and Directive 2004/8/EC of the European Parliament and of the 
Council of 11 February 2004 on the promotion of cogeneration based on a useful heat 
demand in the internal energy market and amending Directive 92/42/EEC. The survey 
and interviews results show that respondents regard these regulations in the next ten 
years as very important. National decisions on the reduction of support of green 
electricity or cogeneration are regarded as a serious barrier. An EU and national 
regulation on feed-in to the gas-grid is regarded as a driver for expansion of the 
market for biogas. We regard Directive 2001/42/EC with key issues of a strategic 
environmental assessment procedure as an important framework to elaborate an 
appropriate structure for decision making and planning of biorefinery combined with 
biogas in a regional network of SMEs. The pressure of rapid changes should be 
compensated through networks in the region with a critical mass of knowledge and 
capacities for innovations. The strategic environmental assessment serves a 
systematic description of significant effects on the environment of plans and 
programmes. It does not assess single projects but is fixed on a higher planning level.  

10.1 Market factors 
The study illustrates the different range of possibilities and technology development. The 
most important market factors which are identified for farm biogas plants combined with 
biorefinery which are relevant to this study are: 

·  Regulation and tariffs for feed-in to the gas grid and green electricity feed-in 
·  Standards of the natural gas quality in the grid which influence standards for biogas 

(Standards in Netherlands are lower because of the quality of natural gas resources) 
·  Pressures which act as drivers to use biogas such as intensive agriculture (USA), 

odour of manure 
·  Needs for a better nitrogen management of the soil, needs for organic fertilizers for 

organic farms 
·  Need to use ley crops to preserve cultural landscape which is also important for 

tourism industry 

��������

10.2 Recommendation for a Strategic Integration of Planning and Socio-
economic Assessment in Regional Networks 

10.2.1 Introduction 
 

·  The results of the survey show that potential adopters of the technology are not 
convinced of the economic benefits of the technology because of insufficient 
information and uncertain price conditions of raw materials and products. There are 
also a range of various interests and values for the use of renewable resources which 
should be addressed in the framework of local and regional development strategies. 

·  There exist different options (central-decentralised) of how to design the biorefinery 
combined with biogas and each site should be optimized to the regional structure. 
There is a need for a comprehensive definition of benefits for a local or regional 
project. Biogas can be used for cogeneration of heat and power or be fed into the gas 
grid. Biorefinery can be combined into different types of biogas plants.  

·  For the moment there is a lack of comprehensive supply management strategies. 
SMEs and big industry players do not cooperate easily. The development of 
demonstration plants for biorefinery combined with biogas needs the collaboration of 
a wide spectrum of different actors. The participation of SMEs needs special forms of 
communication. 

 
To conclude: The success of the development of the biorefinery combined with biogas 
depends not only on the technology itself. It depends strongly on the regional policies, on the 
beliefs of the main actors, developers (technicians), users (farmers), customers (industry) and 
planners (e.g. regional administration), on their willingness to work together and to establish 
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forms of interaction that lead to a continuous optimisation of the biorefinery combined with 
biogas concept.  
Therefore it is not possible to suggest one “right” procedure and one package of “good” 
policy-measures for the biorefinery combined with biogas that would be applicable in general.  
On the contrary: The biorefinery combined with biogas is not only about the production of 
marketable products (chemical intermediates, biogas). It is about the sustainable development 
of a region, about maintaining a high living standard in the rural space and the protection of 
the European cultural landscape in the regions (non-tradable goods). The combination of 
industrial use and use for energy purposes of renewable resources is a challenge for the 
technology developers to move toward sustainable technologies. 
The biorefinery combined with biogas has its value in its potential to solve problems such as 
sustainable rural development, protection of the cultural landscape, creation of jobs, 
substitution of fossil raw materials and energy supply through renewable resources, 
environmental protection. It remains to be proven if the concept is able to address those 
problems at reasonable cost and minimum negative side effects or if other alternatives are 
available. Potential risks are seen mainly in the economic risks and partly in the capability to 
build successful strategic alliances between SMEs, farmers and big industrial players. A 
socio-economic assessment is therefore necessary to compare potential benefits and risks.  
This section aims to present one existing assessment procedure (“strategic environmental 
assessment”) and to modify it for a potential regional collective decision-making process on 
the adoption of the biorefinery combined with biogas.  
This decision-making process is integrated in the planning phase and could be integrated in a 
regional networking process. The processes could be financed partly by regional and 
infrastructural funds. European Structural and rural development funds have recently adopted 
the Lisbon targets as priority action targets for the next programming period (2007-2013). It 
should be discussed and investigated how a procedure involving a participative and collective 
assessment of innovative technologies such as the biorefinery combined with biogas concept 
could benefit from these funds. 
 
 

��������



- 61 - 

11 Annex: 

11.1 Interview structure 
 
Box A:  Level 3 Categorisations 
 
A - Perceived Environmental Risk 
B - Perceived Economic Risk 
C - Perceived Market Pressure 
D - Perceived Community Pressure  
E - Perceived Regulatory Pressure 
F - Technological Capabilities 
G - Organisational learning 
H - Strategic Alliances 
I - Networks of Collaboration 
 

 

·  Which of the options (the long list) do you think are (BOX B): 

i. Realisable – politically and practically:  See Box B 

ii. Offer the greatest benefits: See Box B 

iii.  Are cost effective: Very complex issue 

iv. Should be supported and by who – EU, Member State (nationally, locally etc): See 
above 

v. Should be dropped? No instrument is per se contra productive 

vi. Are there an obvious top 1 or top 3 instruments and which are they and why are they 
best? See Box B 

vii.  What package of instruments would you regards as ideal and how could it be made 
to work? See Box B 

 

·  For those that you view as realistic constructive options: 

i. Which barrier or driver does this instrument respond to? (BOX A) See Box B 

 

ii. What would the benefits be – i.e. what can be achieved by when? See Box B The 
next questions can be answered, if there is a more specific definition of 
instruments and options. 

 

iii.  What research needs could support the process. The policy packages should be 
developed in detail. Each option stands for a group of options. 

 

·  stakeholders if there are any others that need to be included: Sozial partner:… 
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11.2 A new FP6-Call 
European and Internat ional Programmes 
SUSTAINABLE DEVELOPMENT, GLOBAL 
CHANGE AND ECOSYSTEMS 
6.1 SUSTAINABLE ENERGY SYSTEMS 
6TH 
EU-FRAMEWORK PROGRAMME FOR RESEARCH, TECHNOLOGICAL DEVELOPMENT AND 
DEMONSTRATION (2002-2006) 
LAST CALLS IN THE FIELD OF FP6 – ENERGY IN 2005 
TARGET GROUP 
Companies, research institutions, universities, municipalities, international organisations, EEIG 
… 
II) DG RESEARCH, MEDIUM AND LONG TERM (FP6-2005-ENE RGY-4) 
4TH CALL: 22. SEPTEMBER 2005 
DEADLINE: 10. JÄNNER 2006 
RESEARCH AREA: 
1. A: Preparing the transition to FP7 and support to t he running of technology platforms “biofuels 
for transport”, “electricity networks of the future” and “zero emission fossil fuel power plants”: SSA 
B: Networking and coordination of research and inno vation activities: “Fuel cell”, “CO2 capture 
and storage”, “Stable organic PV cells and modules”: CA 
C: Supplementary proposal: HyCELL-TPS: SSA 
2. Enhancing strategically important international coo peration : SSA, STREP (mainly in the area of 
hydrogen and CO2 capture) 
3. Strategically important topics not well covered by running projects : IP, STREP, SSA (Concept 
of biorefinery, Standardisation on solid biofuels, Manufacturing of thin-film silicon PV, Installation of 
stationary hydrogen and fuel cell-based systems, CO2 storage with enhanced coal bed methane, The 
potential for a hydrogen-oriented economy, PEMFC CHP systems/1 to 5 kW) 
BUDGET 4. Call DG RESEARCH 
Total: all instruments (preferably CA, SSA, STREP, IP) 20 million € 
MAXIMUM FUNDING RATES OF ELIGIBLE COSTS 
(FC/FCF= Full Cost Model, AC= Additional Cost Model) 
Integrated Projects (IP): 
Research activities: FC/FCF: 50 %, AC: 100 % 
Demonstration activities: FC/FCF: 35 %, AC: 100 % 
Training activities: 100 % 
Management activities: 100 % (up to 7 % of EC-contribution) 
Specific Targeted Research Projects (STREP): 
See Integrated Projects, no funding for training activities 
Co-ordination Actions (CA) and Specific Support Act ions (SSA): 
up to 100 % of the budget 
MINIMUM NUMBER OF PARTICPANTS: 
Instrument Minimum number of participants 
IP, STREP and CA 3 independent legal entities from 3 different MS or AS, 
with at least 2 MS or ACC 
SSA One legal entity from a MS or AS 
FIND A PARTNER 
Finding the right partners and setting up the collaboration or consortium is a key preparatory task. FFG/EIP - 
as the Austrian National Contact Point (NCP) - supports you in finding Austrian project partners. As soon 
as FFG/EIP receives your project ideas they will be disseminated directly to selected target groups 
(researchers and developers from companies, universities, research organisations and other entities). 
The FFG/EIP database contains more than 27.000 contact persons in 14.000 organisations . 
FFG/EIP is actively involved in different national and international service networks, the European 
network of Innovation Relay Centres (IRC) as well as brokerage initiatives. 
LINKS 
FFG Energy information http://www.ffg.at/index.php?cid=330 
CORDIS http://www.cordis.lu/sustdev/energy 
DG TREN http://europa.eu.int/comm/energy/index_en.html 
DG RESEARCH http://europa.eu.int/comm/research/energy/index_en.htm 
DG RESEARCH Publications http://europa.eu.int/comm/research/energy/nn/nn_pu/article_1078_en.htm 
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