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PREFACE 
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Collective Research project AGROBIOGAS  “An integrated approach for biogas production 
with agricultural waste” which is co-financed by European Union’s the 6th Framework 
Programme. The report was elaborated under leadership of the Deutsche Gesellschaft für 
Sonnenenergie e.V. (DGS) with assistance from the following partners: 
 

· COAG (Spain) 
· DAAS (Denmark) 
· GBA (Germany) 
· PAS (Greece) 
· ASAJA (Spain) 
· EUBIA (Europe) 
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1. Introduction 

The growing awareness of the pollution problems, associated with inadequate management of 
animal manure and organic waste, emphasises the need for appropriate solutions to deal with 
the problem. A strengthening of the overall policy on environmental protection, as regards 
waste as well as manure handling, with well defined enforcement measures, will stimulate the 
dissemination of the appropriate biogas technologies. 

The application of animal manure, organic waste and other types of biomass as energy 
sources will depend to a large extent on availability. Availability and implementation is 
strictly dependent on governments and EU agricultural, environmental and energy policies. 

1.1 Why biogas in agricultural applications? 

Co-digestion of animal manure and other types of suitable organic waste in biogas plants is an 
integrated process. On the background of renewable energy production, the process includes 
intertwined environmental and agricultural benefits, such as: 

�� savings for the farmers, 
�� improved fertilisation efficiency, 
�� less greenhouse gas emission, 
�� cheap and environmentally sound waste recycling,  
�� reduced nuisance from odours and disease vectors, 
�� possibilities of pathogen reduction through sanitation, 
�� income generation through renewable energy production. 
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1.2 Present and past developments in Europe 

 

1.2.1 European Union  

The production of Biogas in the European Union is affected by a multitude of regulations 
from the agricultural but also the environmental sector. In general the following policies apply 
on the supranational level in the European Union. 
 
White Paper on Renewable Energy Sources, EU Commission (1997)  

This policy and strategy document from the European Commission calls for an 
increased usage of Renewable Energy Sources from 6% present in 2001 to 12% by the 
year 2010 in the EU 15 nations. The sector bioenergy from biomass and waste is 
supposed to take on 2/3 of this gross consumption and is mainly targeting heat.  

 
Kyoto Protocol, Obligations to the EU nations, 1997 

The Kyoto Protocol tailored at fighting climate change obliges the nations of the 
European commission to a reduction in green house gas emissions. Hence the 
increased usage of renewable energies is implicitly called for.  

 
EU Commission paper on Security of Energy Supply COM (2000) 769  

This policy and strategy paper of the European Commission calls for Europe to 
develop a stable and secure energy supply system. The Usage of renewable energy 
from agricultural wastes is explicitly mentioned as on of many options.   

 
EU Directive 2001/77/EC on RES-e 

This directive calls for an increase in the share of renewably based electricity in the 
European Union. The following targets are named for the European Union. The share 
of renewable electricity is supposed to rise from 14% to 21% until the year 2010. 

 
EU Directive 2003/30/EC – promotion of biofuels for transport 

This directive calls for 2% of overall transport fuel usage in the European Union to be 
from renewable energy sources by 2005. By 2010 this is supposed to be 5,75%. 
Biogas for transport is explicitly included in the biofuels definition for this directive. 

 
Directive 2004/8/EC – cogeneration for heat and power 

This EU directive calls for a cogeneration quota of 18% by 2010 in the European 
Union power generation system. Biogas to electricity systems on agricultural 
applications can contribute to this quota.  

 
Directive on renewable heat – under preparation in 2006 
 The directive on renewable heat is under preparation.  
 
Directive 96/61/EC on Integrated Pollution Prevention and Control 

The directive on integrated pollution prevention and control acknowledges the special 
role of agricultural biogas systems in emissions reduction by possessing a special 
provision for renewable energy sources. 
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Directive 2003/87/EC on establishing a trading scheme for greenhouse gas  
The directive contains the framework for the establishment of a trading scheme for 
greenhouse gas emission rights in the European Union. Since agricultural Biogas is a 
major factor in the reduction of green house gas emissions the directive also applies in 
essence for agricultural biogas plants. 

 
Directive 91/676/EEC on nitrates 

This directive is covering strategies for the reduction of disposal of animal slurries on 
agricultural lands. Nitrates are a large problem in untreated animal manures which can 
leach into ground- and river water contamination if overly exposed to the water cycle 
by uninhibited land treatment.  

 
EC Animal by-products regulation (1774/2002)  

This regulation is covering health rules concerning the proper treatment and discarding 
of animal by-products not intended for human consumption. The regulation is 
important with the joint treatment of animal wastes such as meat in biogas 
installations.  

 
General EU Policies and Targets for Biogas 

In general the DG TREN admits that there is no particular policy on Biogas. A mixture 
of measures, policies and action plans have been adopted by the European 
Commission to cater the needs of the sector in an appropriate manner. It summarises 
the actual Biomass Action Plan of which Biogas is a part of the content.  
 
Apart from agricultural Biogas landfill gas is also considered a similar asset which is 
not resulting from agricultural production efforts but for waste management. The 
policies of waste management in the European Union are governing this method of 
biogenic gas generation.  

 
Best Available Techniques (BREF 96/61/EC)  

The best Available technique (BREF) catalogue is a joint effort of the trades to 
generate a good engineering practice catalogue for integrated pollution prevention and 
control. Within this catalogue Biogas is mentioned as a potential treatment method of 
agricultural residue.  
 
The following BREFs are currently in action in the European Union and are 
mentioning anaerobic digestion: 

 
1.) Intensive Rearing of Pigs and Poultry (2003) 
This BREF addresses all aspects of intensive farming of pigs and poultry. It describes 
procedures for manure and slurry processing on pages 286 until 287. Anaerobic 
treatment as a best practice is described on pages 252 and 253. Anaerobic digestion is 
recommended by this BREF document in markets where green energy is possible to 
sell to the electricity grid. Also co-digestion of other sources is mentioned to be of 
importance.  

 
2.) Slaughterhouse and Animal Byproduct Industries (2005) 
This BREF addresses al aspects of slaughterhouse operations and proper treatment of 
all animal based by-products not intended for human consumption. It describes the 
anaerobic digestion process briefly on page 88-90 and on pages 355 until 358. 
However it does not specify best available techniques in this document.  
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Biomass Action Plan COM 2005 / 728 final1 from the DG TREN 
 

The DG TREN of the European Commission has recently announced a substantial 
Biomass Action plan whose content is summarised in the following lines: 

 
Energy is key in helping Europe achieve its objectives for growth, jobs and 
sustainability. High oil prices put the spotlight on Europe’s increasing dependency on 
imported energy. The Union needs to respond strongly to this challenge. The central 
importance of energy policy in helping Europe to meet the challenges of globalisation 
was confirmed by the Union’s heads of state and government at the informal Hampton 
Court summit in October 2005. 

 
With this in mind, the Commission is carrying out a fundamental review of its energy 
policy. This will be the subject of a Green Paper in spring 2006, with three main 
objectives – competitiveness, sustainability and security of supply. Essential elements 
of this policy are, within the context of stronger economic growth, the need to reduce 
energy demand1; increase reliance on renewable energy sources, given the potential to 
produce them domestically and their sustainability; diversify energy sources; and 
enhance international cooperation. These elements can help Europe to reduce 
dependence on energy imports, increase sustainability and stimulate growth and jobs. 
Success requires a coherent management of these objectives, within appropriate 
timetables. The process will include mechanisms to involve Member States, 
representatives of the European Parliament and stakeholders. It is in this wider context 
of an integrated and coherent energy policy and, in particular, of the promotion of 
renewable energy sources that the Commission is presenting this action plan. It is just 
one component of the measures needed to achieve the objectives set out above – but 
an important one, since biomass presently accounts for about half of the renewable 
energy used in the EU. 

 
In its 2004 communication on the share of renewable energy in the European Union, 
the European Commission committed itself to produce a biomass action plan, 
highlighting the need for a coordinated approach to biomass policy that increased use 
of renewable energy is essential for “environmental and competitiveness reasons, 
while the European Parliament recently noted “that biomass has many advantages over 
conventional energy sources, as well as over some other renewable energies, in 
particular, relatively low costs, less dependence on short-term weather changes, 
promotion of regional economic structures and provision of alternative sources of 
income for farmers”.  

 
This action plan sets out measures to increase the development of biomass energy 
from wood, wastes and agricultural crops by creating market-based incentives to its 
use and removing barriers to the development of the market. In this way Europe can 
cut its dependence on fossil fuels, cut greenhouse gas emissions and stimulate 
economic activity in rural areas. This action plan is a first, coordinating step. It sets out 
measures to promote biomass in heating, electricity and transport, followed by cross-
cutting measures affecting biomass supply, financing and research. 

                                                 
1 http://ec.europa.eu/energy/res/biomass_action_plan/doc/2005_12_07_comm_biomass_action_plan_en.pdf 
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1.3 Inventory of European Biogas potential in 1993-1996 

Table 1 presents the status of animal manure, organic fraction of municipal waste and sewage 
sludge in the 15 EU countries.  

Table 1. The status of digestible biomass in the 15 EU countries. 

Animal manure Municipal waste 
generation 

  Total 
cattle 

manure 
(1993) 

Total 
ping 

manure 
(1993) 

Total 
manure 
(1993) 

Population 
(humans) 

(1993) 
Total waste 

(450 
kg/capita) 

Organic 
waste 

(30% of 
total) 

Sewage 
sludge 
(1990) 

Industrial 
organic 
waste 

 
digestible 

<35 % DM 
(100 kg/cap)* 

  mill. t mill. t mill. t mill. t mill. t mill. t mill. t  mill. t 
 Austria 25 8 32 7,7 3,5 1 2,3** 0,8 
 Belgium 35 14 49 9,9 4,5 1,3 0,7 1 
 Denmark 22 22 44 5,1 2,3 0,7 1,3 0,5 
 Finland 14 3 17 5,1*** 3,1*** 0,7 0,1 0,5 
 France 211 26 238 56,5 25,5 7,6 0,6 5,7 
 Germany 167 51 218 62,7 28,2 8,5 1,8 6,3 
 Greece 6 3 9 10 4,7 1,4 - 1 
 Ireland 66 3 69 3,5 1,6 0,5 0,6 0,4 
I taly 80 15 95 57,6 25,9 7,8 3,4** 5,8 
 Luxembourg 2 0,2 2 0,4 0,2 0,02 0,02 0,04 
 Netherlands 48 28 77 14,9 6,7 2,0 0,3 1,5 
 portugal 14 6 20 10,3 3,4*** 1,0 - 1 
 Spain 53 37 89 38,9 17,5 5,3 10 3,9 
 Sweden 19 5 24 8,6 3,9 1,2 0,2 0,9 
 U. Kingdom 125 16 141 57,3 25,8 7,7 1 5,7 

Total EU :   887 237 1.124 348,5 156,8 46,9 22,32 35,04 

* These figures are estimated on background of fixed data from Denmark, Finland and the 
Netherlands 

** 1994 data 

***  1996 data 
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1.4 Estimated potential of energy production from biogas - year 2020 in Europe 

Table 2 presents the estimated potential of energy produced on biogas, considering biomass 
data in the previous table and a minimum gas yield of 25 Nm3 biogas per ton biomass. 

Table 2. Estimated potential of energy production from biogas - year 2020  

  Total biomass 
Mtonnes 

Total energy from 
biogas TWh/year 

Total energy biogas 
PJ 

 Austria 36,1 6,1 22,0 
 Belgium 52,0 8,8 31,7 
 Denmark 52,5 8,9 32,0 
 Finland 18,5 3,1 11,3 
 France 251,9 42,7 153,7 
 Germany 234,6 39,8 143,2 
 Greece 11,4 1,9 7,0 
 Ireland 70,5 11,9 43,0 
 Italy 112,0 19,0 68,3 
 Luxemburg 2,08 0,4 1,3 
 Netherlands 80,8 13,7 49,3 
 Portugal 22,0 3,7 13,4 
 Spain 108,2 18,3 66,0 
 Sweden 26,3 4,4 16,0 
 U. Kingdom 155,4 26,3 94,8 

Total EU :  1.234,3 209 753,0 
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1.5 Number of biogas plants based on animal manure in EU countries and biogas 
production 

The figures in the following table originate in AD-Nett database, and shows the number of 
plants and the biogas production. The table shows that Germany has the largest amount of 
plants, dominated by small scale farm plants, while Denmark has the largest biogas 
production of 1,05 PJ, originating manly from co-digesting slurry with an average of 25 
percent agro-industrial wastes, in large scale plants, the so called joint biogas plants. Sweden 
has also a large biogas production, of about 0,4 PJ. 

Table 3. Number of biogas plants based on animal manure in EU countries and biogas 
production 

  Number of biogas 
plants 

Biogas production 

 Austria 23 1.410 32.900 
 Denmark 39 45.150 1.052.090 
 Germany 500 - - 
 Greece 2 0,001 33 
 Netherlands 3 1.960 45.630 
 Italy 70 6.880 160.250 
 Norway 4 0,620 14.450 
 Portugal 16 1.520 35.300 
 Spain 6 0,026 625 
 Sweden 12 19.430 452.700 
Switzerland 59 1.790 41.700 
 U. Kingdom 31 - - 
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2. National Biogas Facts 
 

2.1 Austria  

State of the biogas sector in Austria in 1995/96 : 

In the federal states Upper Austria and Lower Austria there are regions with excess of cattle 
manure. The animal production sets free about 260.000 t CH4 every year. Regions with more 
than 7 tons C14 per km2 will benefit from centralised biogas plants. The potential of biogas 
from agriculture is about 23 PJ, 78% based on cattle manure and 18% on pig manure. Only 
0,1 % of it is used in the year 1996. 

There is no national programme for biogas in Austria in 1996, but the federal states, the 
Ministry of Agriculture and the Ministry of Environment support the new plants, under 
specific circumstances. The support differs between federal states. Financial support of the 
installation costs of biogas plants is given by federal agricultural organisations and by the 
"Osterreichsche Kommunalkredit Bank". The main Austrian companies offering anaerobic 
digestion plants for manure are: ENTEC Environment Technology GmbH, ESU 
Energiesparunternehmen GmbH and VSP Anlagenbau. 

The planning and building of biogas plants is stimulated by standardisation of the plants. This 
is carried out with national and EU- support (ALTENER- project: "Typenpläne für 
Biogasanlagen"). Education and training courses for the operators of the biogas plants are 
starting to take place. 

46 biogas plants, mainly farm scale, are operating in Austria in 1997, most of them having 
CHP-production (40-80% CH4; 14-50 days retention time; 14-29 MJ/m³). None of them are 
connected to the gas grid. Co-digestion of manure with other waste is not taking place in 
Austria. One plant in Salzburg digests separate collected biowaste, MSW and sewage sludge 
in 1997. Centralised plants with a wider range of suitable substrates are proven to be more 
economic than farm scale plants, but subsidies on the investment costs are necessary for both 
of them. Anaerobic digestion and composting are seen as complementary technologies. 
However, most of separate collected biowaste from the municipal collection system is 
composted. 

The driving force to integrate biogas in the energy sector will come from solving 
environmental and energetic aspects. The target was to increase the number of biogas plants 
to 150 until year 2000. 

The lack of public information about the environmental benefits of using biogas, together 
with the economical reasons, were the main barriers in Austria. Odour, emission problems as 
well as legal problems are also limiting the development of biogas. The public acceptance of 
biogas plants is very good in Austria, in opposition to waste incineration plants. 
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State of the biogas sector in Austria in 1997/98 : 

The biogas sector in Austria was expanding, as in 1997 10 farm scale biogas plants ( about 
100 t/a) and 5 large scale biogas plants ( 3.000-5.000 t/a) have been built. 15 more biogas 
plants are expected to be taken into operation in 1998. However, most of the separately 
collected bio-waste, from the municipal collection, is composted. 

The main possibilities to increase the number of biogas plants in Austria, are seen in 
expanding the biogas technology in farm scale plants, eventually connected to with co-
digestion of organic industrial waste and MSW. 

The building of 11 landfill gas utilisation plants will be finished in 1998 and 10 more plants 
are in planning stage. In 17 landfill sites, the gas is just collected but not used to energy 
production, for the time being. 

The aim of the federal authorities is to install additional landfill gas collection systems at the 
existing landfill sites. The problem is to utilise the collected gas, as the majority of the sites 
are rather small and located in sparsely populated areas.  

Concerning financial incentives, there is no national support for biogas plants in Austria, but 
the federal States and the Ministry of Environment support the new plants under specific 
circumstances. The target is to increase the number of biogas plants from 67 to 150, until year 
2000. 

Research & development activity focuses on improving anti odour measures at biogas plants, 
by using bio-filters, improving the purification and utilisation of biogas and making available 
the long distance gas supply systems for the purified biogas. 

 

Source R. Braun IEA task 37  

The following figure shows the current inventory of Biogas plants in Austria. 
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Source R. Braun IEA task 37 

Further results of the country study is that Austria possesses an extensive energy crop 
digestion rate:  

 

Source R. Braun IEA task 37 

Broken down to the different substrates utilised in the biogas present in that country the 
following picture can be generated: 
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Source R. Braun IEA task 37 

The hydraulic retention time and organic load in the national Austrian biogas plants can be 
characterised the following way: 

 Source R. Braun IEA task 37 
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The plant sizes and reactor volume distribution of the Austrian Biogas plants can be displayed 
in the following manner: 

 

Source R. Braun IEA task 37 

In Austria the utilisation of the fuel energy is characterised in the following way: 

 

Source R. Braun IEA task 37 
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The following methane yields are standards in Austrian Biogas plants: 

 

Source R. Braun IEA task 37 
An analysis for the currently displayed investment costs of the Biogas plants in Austria was 
graphically displayed in the following manner. It showed an extensive degradation of the 
costs over the increase of the plant sizes. 

 

Source R. Braun IEA task 37 
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2.2 Denmark 

State of the biogas sector in Denmark: 

The concept of centralised biogas plants has been developed in Denmark since 1987. At  
present 19 plants are operating, with capacities ranging from 50 to 500 tonnes biomass / 
feedstock per day. Approximately 80% manure, mainly as slurry, is co-digested with 20% 
organic wastes from abattoirs, other food industries and municipalities. A few plants co-digest 
sewage sludge or the organic fraction of source-separated household waste, as well. The 
resulting biogas is mainly used for combined heat and power generation, and the digested 
biomass is redistributed to a wide range of crops at farms, as nutritionally defined fertiliser.  

Since 2000, no new centralised biogas plants have been established. 1 plant is however now 
under construction. 

All the plants received investments grants, ranging from 30-40% in the late 1980s to 20% 
today. The aim is to continuously reduce the investment grants, as the technological and 
economical improvements are achieved. 

About 70 farm-scale biogas plants were built from 1980 up to now, most of them co-digesting 
animal manure and small amounts of organic waste. Of these 58 is in operation today.  New 
actions concerning farm scale biogas plant development from 1995 up to 2000 resulted in 
many plants being established; after 2002 however, no new plants has been established (due 
to unfavourable economical conditions), except for 1 plant now under construction at The 
Danish Institute for Agricultural Sciences. Special targets are large scale pig farms in 
Denmark with a high consumption of heat and power. 

Besides the plants based on animal manure listed above there are 26  plants based on land fill 
gas with an annual production of app. 24 mill m3 gas. Furthermore 64 anaerobic digestion 
plants are in operation at municipal waste water treatment plants. 

Operational experience shows considerable improvement in the working economy of the 
centralised biogas plants. Gas production has increased, primarily due to co-digestion of 
manure and suitable organic wastes. 

The focus is now on further economic improvements that will enable new plants to be built 
without public investment grants. Operational and capital costs as low as DKK 50 per tonne 
of feedstock are attainable. In addition, renewable energy equivalent to 20-25 litres oil per 
tonne is produced. This shows that centralised biogas plants can provide the link to a 
recycling option, which is often cheaper than traditional waste treatment and other 
biotechnological treatment.  

Biogas, as a renewable energy source, is exempted from Danish state taxes, whereas taxes are 
paid for the energy produced on fossil fuels. 

As mentioned above, very few biogas plants are built in Denmark at the moment. The 
framework conditions have not been favourable for the last couple of years. Prices for the 
electricity produced are moderate, and there are no possibilities for grants for the establishing 
of new plants. The potential for biogas production in Denmark is estimated at 39 PJ (where 
80% is represented by animal manure), of which only about 10% (3.7 PJ) presently is 
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exploited. At the moment, there are however no political goals for the expansion of the 
Danish biogas sector 
 
There is no biogas grid in Denmark (except for local grids or single pipes made for a specific 
biogas plant). The present feed in of electricity from biogas cogeneration to the grid amounts 
to app. 150,000 MWh/year. The "electricity grid companies" have to accept any feed in of 
electricity from biogas 

2.3 Finland 

State of the biogas sector in the past in Finland:  

There are 6.631 pig farms in Finland, totalling approximate 1,3 million pigs. The total amount 
of manure is 14 million tonnes per year. The farms are reasonably small and located relatively 
far from each other. There are no problems with excess manure and the costs of transport 
would be very high in a centralised biogas plant situation. Biogas production is almost non-
existent because of the current legislation, that allows cheaper ways to handle animal manure. 
The common method of manure treatment is composting. ASJ Stormossen biogas plant in 
Vaasa, produces about 1,7 mill. Nm3 biogas per year (10.200 MWh) by processing MSW. 
Some experimental farm scale biogas plants processing animal manure are operating as well.  

There is no actual national program on biogas, but the association "Biogas Centre" is 
promoting the use of biogas. The University of Joensuu is doing some research about 
anaerobic digestion. Feasibility studies concerning establishment of new centralised to plants 
are going on, but no decision has been made so far. Support on R&D and demonstrations 
programmes can be obtained. 

Organic waste is land filled and four of the sites are now equipped for landfill gas collection. 
The practice of landfill gas collection is expected to increase in the near future, while the 
development of co-digestion will be slower. In order to promote biogas development, 
environmental aspects are to be taken into consideration.  

The main barriers for implementation of biogas technologies are: the current Finnish 
legislation that allows cheaper ways of treating manure, relatively low price level for 
electricity and fuels compared with other European countries and the high costs of biogas 
caused by the relatively dispersed location of the farms. The public opinion is favourable to 
landfill gas collection, while centralised waste treatment in large plants is considered less 
attractive, because of traffic and odour problems. Farm scale biogas in systems will probably 
develop. 

Environmental legislation will be stricter in the future, and landfill will be avoided. Energy 
production is allowed as a possible solution of waste handling. 

State of the biogas sector in the past in Finland in the present (2004): 

�� 26 biogas plants in operation (5 of this are farm waste based) 
�� 27,4 Million Nm³ of biogas produced 
�� 23,3 Million Nm³ of biogas used  
�� Average methane content 64,3% 
�� 30,6 GWh of electrical power produced 
�� 94,8 GWh of heat produced 
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�� 2,4 GWh of mechanical energy generated 

The Finnish Biogas plants in graphical display with current data: 

 

Source IEA task 37 Finish Country Report 
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New developments in the Finish legal systems affecting Biogas as summarised by the IEA 
task 37 country report: 

 

Source IEA task 37 Finish Country Report 
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2.4 Germany 

Power generation from gaseous biomass has been greatly expanded in Germany in the last 
few years, and has developed into its own independent sector within the fast growing 
bioenergy industry. By the end of 2005, 2.700 biogas systems were installed in Germany, 
with an overall electrical capacity of 650 megawatts. The German Biogas Association (FvB) 
estimates that by the year 2020, this capacity could grow to up to 9.500 megawatts.  

 

Medium to large-scale biogas plant | Photo: Schmack Biogas AG 

German industry is the world leader in the biogas technology sector. German businesses offer 
a range spanning the entire value chain, from designing and building biogas systems to 
operating and maintaining them. Many years of experience in operation, in process biology 
and in corresponding laboratory services guarantee a successful system operation. Technically 
mature products are also available for storage and tank systems, for specialised combined heat 
and power plants and for biogas analysis technology. In future, biogas will also be used in the 
fuel sector to substitute or supplement natural gas. 

The German Electricity Feed Act for renewable energy sources is the most important market 
opener and driving growth factor for this industry. By the end of 2005, the German biogas 
industry had invested around 650 million euros in system building, and had created around 
8.000 jobs. The German Biogas Association estimates that by the year 2020, 85.000 people 
could be working in this sector alone. Not only directly in the biogas industry has there been a 
positive effect on job availability, but in the entire value chain, from agriculture and forestry 
to system building and maintenance. Especially in rural areas, crucial inspiration is being 
given for the creation of sustainable structures.  

Based on the fast developing domestic market, the German biogas industry’s export share is 
also growing. German industry exports in this sector totalled around 27 million euros in 2004, 
which corresponds to an export share of approximately 10 percent. An increase of this share 
to over 30 percent is forecast over the long term.  

In Germany after careful estimates over 220.000 farm and central biogas plants could be 
realised purely with the input of farm waste. There would be a capital investment of 50 to 80 
billion DM (US$ 21,7–34,7 billion). Farmers could earn a subsidy free income and rural areas 
cold be economically strengthened. It is estimated that small and medium sized businesses 
and suppliers could create 130.000 new jobs in the short and medium term. 

Based on the existing figures of animal husbandry in Germany there are 16 mil. cattle, 26 mil. 
pigs, 114 mil. poultry and about 4 mil. horses and sheep. Their excrements of 57.500 t organic 
dry substance per day could be digested. Technically from an organisational and economical 
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point of view over half of the excrements from farm animals could be used energetically in 
farm or centralised biogas plants.  

Unrecorded biogas potential In communities, in landscape maintenance, in food processing 
and canteens organic waste is produced to a rising extent, which can't be easily disposed off 
via the traditional ways of composting, dumping, animal feeding or further processing. 
Reasons are high environmental standards, full landfill sites as well as the spreading of animal 
diseases. 

Biogas from waste of food processing and preparing Organic waste from the food processing 
industry as well as left over food from canteens were seen as waste which had to be disposed 
and rarely came into further processing. The energy potential of organic waste from industry 
is difficult to estimate, because the digestibility of some substrates is not yet examined 
enough. On the other hand the recycling paths and also the availability of the substrates can 
change very quickly. Experts reckon, that the available amount for anaerobic digestion will 
reach 25% in the long run on those kind of substrates.  

Biogas from grass and green cuttings More and more towns and communities have to deal 
with landscape- and road edge- maintenance. The grass and other organic cuttings have to be 
composted with considerable effort. If the costs for composting raise over 100,- EUR/t, 
anaerobic digestion in many cases can be the preferred option. For the reduction of food 
surplus especially in Germany agricultural land has been taken out of production through EC-
regulations. On this area of land biomass such as grass, maize, fodder beets and other energy 
crops are already grown and used for energy production through anaerobic digestion; in the 
year 2000 almost 200 operators in Germany have utilised these crops for energy production. 
The recycled slurry and the constant soil cover have a positive influence on soil structure, 
humus build up and plant growth. The biomass can be produced in an organic nutrient cycle 
without additional fertiliser. All together from the known potential 8,7 bil.m3/a of biogas 
could be obtained. The energy could cover 3% of the present end use of stationary consumers 
or the equivalent of 11% of the gas consumption in Germany. 86% of the technical biogas 
potential can be obtained through agricultural organic waste such as liquid and solid manure. 
Out of the available possibilities of using grass, green cuttings and biomass as well as organic 
waste from food processing and left over food additional 3% of the present energy 
consumption in Germany could be covered. 

At present in Germany over 1.500 decentralised biogas plants are contributing 2,3 % to the 
total electricity production from renewable energies. In the recent years the most farm scale 
biogas plants were realised with the farmer as the building owner and a biogas engineer as the 
planner in co-operation with local craftsmen and agricultural traders. Industrially 
manufactured components like slurry pumps and manure technology are used as well as 
normal steel or concrete storage tanks, which are combined to a biogas plant with slight 
modifications. The experiences of the last 15 years have shown, that up until today the best 
way to realise economically viable biogas plants is, to support and co-ordinate the local 
building activities together with the farmer or the site owner through a biogas planner or a 
specialised firm.  

Each of these plants must be individually fitted to the farms operation and be compiled from 
standardised components. To cut further costs, up to an average of 30% of the work can be 
done by the building owner himself. Recently a further standardisation for on farm biogas 
plants has been taken place, where farmers with little technical skills can also produce biogas 
through low cost turn key plants.  
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Turn key plants are applied mostly in industrial and communal as well as in big agricultural 
enterprises. These plants are digesting a big amount of animal excretions and residues from 
the food processing industry. In areas of a high biogas plant concentration, residues of high 
energy value like animal fat from slaughterhouses and food waste are becoming a rare 
commodity and have to be transported from far a field.  

 

Now the German Biogas industry is in the stage of its biggest upswing with over 150 
companies offering systems and services around the technology. The first companies offering 
large scale biogas systems are already registered in the new market at the stock exchange. The 
reason for that is the recently passed Renewable Energy Law, where a fixed minimum price 
of 0,102 EUR for electricity from farm biogas plants up to 500 kW is available. Electricity 
from biogas plants over 500 kW to 5 MW is fetching 0,092 EUR and from 5 MW to 20 MW 
capacity 0,087 EUR. Landfill gas and sewer gas has a guaranteed minimum price of 0,076 
EUR up to 500 kW and 0,066 EUR over that limit. This remuneration is guaranteed for a 
duration of 20 years.  

In Germany until the year 2003 30 Mio. DM are granted each year, which would mean 600 
average size agricultural biogas plants could be built each year and by that time the number of 
biogas installations would be almost 4 times as high as in 1999. Also regional governments in 
Germany and European neighbouring countries have additional subsidy programmes for 
biogas plants.  
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The current German market statistics in the year 2006: 

 

Source P. Weiland IEA Tasks 37 
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2.5  Italy  

State of the biogas sector in the past in Italy: 

There are three regions in Italy (Emilia Romana, Lombardia and Umbria), where the density 
of manure is higher than the capacity for land utilisation. 

Five centralised biogas plants are built or under construction in Italy, and more than 150 farm 
scale plants. Approximately 50 of the farm scale plants are still, operating. The number of 
biogas plants has increased in the last two years. Pre and post treatment systems are under 
development. The post treatment systems aim at an improvement of the AD by reducing the 
dilution of waste. 

There is no longer a program on biogas in Italy, but the Electric Company of Italy is obliged 
to buy the electricity produced from biogas, at almost 80% more than the electricity price for 
end users. 

The legal problems connected with the reutilisation of the treated water is considered to be the 
main barrier concerning biogas development. A reinforcement of a recycling post treatment 
program of the digested manure is needed. Cleaner technologies to post treatment of the 
digestate, resulting in exp. clean water, organic and inorganic fractions, are to be integrated. 

2.6  The Netherlands 

State of the biogas sector in the past in the Netherlands:  

At present all centralised biogas plants for manure digestion are closed for financial reasons, 
as a consequence of expensive processing and transportation of biomass and low value of the 
product. Among them was PROMEST B.V., in Helmond, the national demonstrations plant 
for pig manure digestion, with a designed capacity of 100.000 tonnes. It started operating in 
1990 with a to steps process, anaerobic digestion in a 4.000 m3 digester, followed by 
processing the digested manure to dry granules. 

Around the year 1980 more than 30 farm-scale biogas plants were installed. The high 
operation costs and low fertiliser value of the digested manure led to today's situation when 
most of the plants are no longer in operation. No new plants were built since then. Some 
innovations in farm scale pig manure treatment has been made concerning volume reduction 
(drying/de-watering) in which pig manure is directly pumped away, NH3 is converted and 
produces distilled water in a two steps process. Manure volume is reduced by 90% and NPK 
fertiliser with high dry ash content is produced. Anaerobic digestion is at present mainly used 
for sludge treatment and for waste water cleaning. A large scale plant for organic industrial 
waste is operating in Breda and a number of pilot plants are operating in Balk. Two large 
scale AD-plants are planned to be installed at Moerdjik and Grononge, as national demo-sites 
for the digestion of the mechanically separated organic fraction of MSW (municipal solid 
wastes). Both initiatives are still very uncertain. An implemented technology is the one 
promoted by BIOCEL, consisting in a three steps process for treatment of solid wastes: pre-
processing, digesting (15 days , at 35°C) and product valuation, implemented in Lelystad at 
Heidemij, the first anaerobic digester for VGF (vegetables/garden/fruit). National anaerobic 
digestion - VGF measuring programmes were implemented at two locations Tilburg and 
Lelystad aiming to examine the advantages of AD over composting, the current practice in the 
Netherlands. Conclusions are expected to be drawn in January 1998. 
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For many years, a discussion concerning a large scale introduction of anaerobic technologies 
for the treatment of the organic fraction of MSW has taken place in the Netherlands. The 
discussion is closed for the time being, and DAAD, the largest Dutch organisation of 
companies offering AD systems has recently ended all activities. The current choice made in 
the Netherlands are in general not in favour of AD- solutions. For the future of AD as a 
treatment method for the organic fraction of MSW, it will be relevant to find out whether AD 
can offer an alternative for composting, by producing biogas and a better quality compost. AD 
combined with mechanical separation of the organic fraction of MSW can have a major 
impact on the Dutch waste infrastructure. 

The main parameters affecting feasibility of biogas plants are: 

- The legislation concerning introducing minerals into the soil is very strict in the 
Netherlands. Value of digested manure is very low. 

- The same legislation strictly prescribes the high quality of compost, and implies import 
restrictions on bringing digested manure to the market. 

- The main focus concerning manure policy is on ammonia reduction (Ammonia Reduction 
Plan-ARP. December 1995). 

- Co-digestion of manure with other organic wastes is not allowed. 

- Values of biogas and heat are low in the Netherlands. 

The main barriers for introducing biogas based energy systems in the Netherlands, that makes 
the large scale transition to anaerobic digestion technologies unlikely within 5 years, are 
assessed to be the already established infrastructure of aerobic composting of VGF 
(vegetables/garden/fruit), completed in 1995-'96 and the low price of natural gas. 

The IEA task 37 sums the political situation for Biogas in the Netherlands in the following 
manner 

 

Source IEA Tasks 37 Country Report - The Netherlands 
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2.7 Portugal 

State of the biogas sector in the past in Portugal:  

In Portugal there are regions with high concentration of pig farms in Santarem, Leiria, 
Montijo and Rio Maior. In these regions are operating 4 centralised biogas plants at 
Lourinh.q, Rio Major and Leiria. About 60 farm scale plants are operating in the central and 
the southern part of the country. 

The centralised biogas plants operate with not very satisfactory results, due to an 
inappropriate choice of treatment method. The most common used technologies are anaerobic 
digestion with biogas production (plug-flow, up-flow anaerobic sludge blanket, conventional 
digestion and anaerobic filter), activated sludge, composting treatment lines. Co-digestion of 
manure and other substrates do not takes place in Portugal. The actual distribution of biogas 
systems in each economical activity are shown in the following table. Actual distribution of 
biogas systems, in each economical activity: 

Table 4. Actual distribution of biogas systems in each economical activity in 
Portugal. 

Economical activity Installed systems 

 Pig-breeding 71 
 Poultry 8 
 Bovines 5 
 Milk-food 3 
 Distilleries 1 
 ETAR (Integrated systems in domestic 
               sludge treatment stations) 

12 

The national programme "Energia" supports the biogas production activities as part of the 
renewable energy production. Further support projects are promoted by public or private 
entities. Workshops are a usual method to promote and stimulate biogas production. 
Environmental benefits as well as the possibility of the initial investments amortisation, in 
reduced periods of time (3 to 7 years), with the commercialisation and/or use of the produced 
energy, are underlined as the driving force to integrate biogas in the energy sector. 

The main problems are the insufficient incentives, high investment costs and low income. The 
lack of monetary incentives affects the possibilities of improving the technical knowledge and 
results in a low quality of constructions and equipment, a low level of maintenance of the 
existing plants and a deficient control and exploration of the systems. 

There is optimism in Portugal about the future of biogas, even though there is very little 
public awareness about it. The public is aware of the problems concerning water effluent 
pollution and everybody wish solutions to be found. That brings biogas in a favourable 
position, as a possibility of non-pollution and energetic valorisation of drains built by 
combined agricultural and food-industries and sludge from domestic effluents' treatment 
stations. 
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2.8 Spain 

State of the biogas sector in the past in Spain:  

The importance of waste treatment is increasing. Environmental aims are the main driving 
force. Currently, there is no activity in this area in Spain. However, sizeable subsidies were 
given ten years ago for constructing anaerobic digestion plants. 

There is also very little public awareness about biogas from anaerobic digestion. The efforts 
in information dissemination will increase, as more environmental measures will be 
implemented. 

2.9 Sweden 

State of the biogas sector in the past in Sweden:  

Sweden has problems with inefficient utilisation of manure nutrients, resulting in leaching to 
lakes and sea along the western coast. Part of this nutrients originates from pig manure. The 
number and the production of the Swedish biogas plants are shown in table 3.The potential 
energy production is estimated to 3 TWh/year for the year 2005, and 5-6 TWh/year for the 
year 2020. 

Several actors are showing interest in anaerobic digestion. Increased at-source separation of 
MSW and industrial waste demands sustainable solutions for treatment of organic waste. 
Stricter regulations for landfilling and the expected introduction of a landfill tax are also 
anticipated to lead to the development of alternative treatment methods for waste. The 
agricultural sector have an interest of using the residues from anaerobic digestion of crops and 
clean organic waste, in order to return nutrients to the soil and to decrease the dependence on 
mineral fertiliser. 

Table 5. Biogas plants and production in Sweden in 1996.  

Type of biogas plant Amount of plants Production  
TWh/year 

Production 
PJ 

 Wastewater treatment plants 134 0,18 2,92 
 Landfill plants 59 0,43 1,55 
 Industrial waste treatment plants 8 0,09 0,32 
 Centralised biogas plants, co-digestion 4 0,02 0,07 
 Farm scale plants 6 < 0,01 < 0,04 
Total :   211 1,36 4,9 

A number of technologies, mainly regarding MSW and organic waste from industries, A 
restaurants and households are put into practice. Manure is a minor fraction of the substrate in 
all cases. The technologies are mainly traditional sludge in continuous reactors, combinations 
of composting with limited biogas production and landfill gas collection. In 1997 NUTEK 
intends to start a R&D programme regarding Energy from waste, including anaerobic 
digestion. Since 1993, NUTEK/Swedish Farmers Foundation for Agricultural Research, are 
jointly operating a development programme for biogas from crops. Research, development 
and demonstrations efforts also concern landfill gas. During recent years, the interest in 
building biogas plants has increased, aiming energy supply as much as environmental 
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benefits. There is also a growing interest in using residue from anaerobic digestion for soil 
improvement. This implicates the digested material must fulfil strict environmental demands, 
such as sanitation, free of hazardous residues etc. Under this circumstances, the public 
acceptance of biogas is generally good. The main driving force in Sweden are a combination 
of several factors such as the restriction on using landfill and the taxes on CO Additional 
taxes on other emissions 2' NO,, ) would increase the market value of biogas as motor fuel. 
The main barriers for biogas development in Sweden are the low value of electric power and 
the abundance of woody fuels at low costs used for district heating. The Swedish 
Environmental Protection Agency have developed an Action Plan for Waste (Aug. 1996), 
where more specific goals for waste management are suggested, such as to ban landfill of 
organic waste by the year 2005. This will most likely increase the interest for anaerobic 
digestion and composting. 

State of the art 1997-98 : 

A new research programme, with funding of 10 MSEK per year, will start in 1998, managed 
by the Swedish National Energy Administration ( which is, from now one, replacing 
NUTEK). The programme is motivated by the changes in waste management and waste 
streams, and will focus on system analysis, changed conditions for waste incineration, and 
production and utilisation of biogas from anaerobic digestion and landfill gas. 10 pilot 
projects are selected for the first phase of the programme, 1998-99. 3 or 4 new installations 
for anaerobic digestion are expected to be taken into operation in 1998. Biogas is used in 
Sweden as vehicle fuel. Seven units for upgrading and filling of biogas are in operation at 
present. the cost of upgrading biogas to vehicle fuel standards is between 0,15-0,2 SEK per 
kwh. 

More developed systems for at-source separation will facilitate material recovery but also 
create cleaner fractions of waste for anaerobic digestion. A landfill tax will come into force, 
which will create increased economic incentives for other forms of waste management. 

2.10 United Kingdom 

The main concentration of pig manure is in Yorkshire, Humberside and Suffolk areas. 

At the present no centralised anaerobic digestion plants (CAD) are operational in UK, but 18 
applications are included in the Non Fossil Fuel Obligation (NFFO) programme. 

40 farm scale plants were built, but only 20 are operational. Governments grants for 
construction of manure storage capacities are available. 

Considering the implemented technologies, the current NFFO round (IV) allows up to 20% 
(dry weight) food processing waste to supplement agricultural waste. Co-digestion of MSW 
and agricultural waste is not tacking place, due to waste licence implications and to 
implications for marketing the fibre and the digested material. 

Stimulation of AD has been principally through three mechanisms: 

1. Extensive support of biogas projects for research and development as well as 
demonstrations. The renewable energy programme has covered all sectors of the biogas 
industry, including farm scale plants, landfill gas extraction, AD of MSW and digestion 
of industrial effluents. 
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2. The NFFO has provided a premium electricity price to schemes ranging from landfall 
gas and digestion of source separated organic fraction of MSW to digestion of 
agricultural and food processing wastes. 

3. Increasing the costs of management disposal through the increased licensing 
requirements on waste producers, landfill tax and increased standards of landfill. 

The value of energy from AD is low in comparison to the value of environmental benefits. 
However, the energy contribution to the economic performance of the plant is necessary for 
the system to be viable. Both aspects are considered to be needed environmental benefits and 
energy sales. UK Government energy policy is to encourage renewable energy production to 
1.500 MW, through NFFO and the renewable energy programme. 

The public reaction to AD is variable and depends of previous experience and the amount of 
exposure to the technology. 
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