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EXECUTIVE SUMMARY 
 
Number of biogas plants in Europe: 
Today there are some 4,242 farm-scale and more than 26 centralised biogas plants in EU, but 
with wide differences from one EU member state to another. Biogas production is most 
developed in Germany, Belgium, Austria and Denmark. In most countries farm scale biogas 
plants are predominant, but Denmark has the largest share of its production on centralised 
biogas plants.  
 
The potential for biogas production based on manure in the EU is 827 PJ whereas today some 
about 50 PJ is produced from both animal manure, energy crops and organic waste added to 
these agricultural biogas plants. 
 
Biogas and energy production: 
The annual biogas production from agricultural biogas plants in Europe by mid 2007 is 
estimated at 1.85x109 m3 of biogas (containing 65% methane). 
 
The total energy production from agricultural biogas plants in Europe by mid 2007 is estimated 
at 50.02 PJ. 
 
The biogas and total energy production is presented as a total (for both Farm Biogas Plants and 
Centralized Biogas Plants) as there are only separate data for the different types from one 
country. 
 
Yield per type of biogas plant: 
The total profitability in a typical EU farm-scale biogas plant is € ÷32,238, and in a typical EU 
centralised plant € ÷572,467. Monetary yields include value of the biogas itself in the form of 
heat and electricity and value of increased field effect of nitrogen in livestock manure.  
 
Biogas plants that are larger and receive external biomass would have the possibility for income 
from fertiliser value of N, P and K in external biomass, value of "gate fees", and value of CO2e 
reduction.  
 
In some EU member states biogas plants have the possibility to generate income from sale of 
Green Certificates. 
 
The operational costs are on the cost side most decisive for the profitability of the biogas plant, 
while sale of electricity is of greatest importance on the revenues side.  
 
• Operational costs include mainly labour costs, electricity consumption, and costs for service 

agreements on the CHP unit.  
• The electricity price used in the calculations is an approximated, artificial price of € 0.095 

per kWh, which includes the raw electricity market price of around € 0.035 per kWh, and a 
capitalised value of various typical support available to biogas plants in different EU 
member states, for instance subsidised electricity prices, investment support, value of Green 
Certificates, end support for advice.  
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The centralised plants have in relation to farm scale plants a positive economy, but the 
operational costs are higher due to investment and running costs for transport equipment and for 
separation of the digested slurry.  
 
Typical farm-scale biogas plants and centralised plants are built with a two stage methaogenic 
system with complete stirring, continuous feeding of biomass with dry matter content up to 
12%, retention time 20 days, and a CHP unit for conversion of the biogas to electricity and heat. 
Farm-scale biogas plants are normally designed to operate at mesophile temperatures (37ºC), 
while centralised plants typically operate at termophile temperatures (52 - 55 ºC).   
 
The farm-scale and the centralised biogas plant scenarios assume operation on livestock manure 
alone. The current trend in grain prices on the World market makes energy crops less 
competitive as energy source in a biogas plant. Biowastes from for instance food processing 
industries can be economically attractive in the biogas production, but reception of biowastes 
require more investments and operational costs for the biogas plant, and supply of biowastes 
seems difficult to rely on in terms of financial budgets. 
 
Potential environmental problems: 
Animal manure, municipal sewage sludge and to some extent agro industrial waste products can 
contain substances that are potentially harmful to animals, humans and the environment. 
Precautions have to be taken in order to avoid contamination and spreading of diseases. Mainly 
due to the heating process in the biogas plant a large number of bacteria, virus and parasites are 
destroyed. Viruses are only reduced to a limited degree in the biogas reactor. The level of 
organic substances, such as phthalates, is only reduced very limitedly in the anaerobic 
environment in a biogas reactor, and heavy metals are not reduced at all. 
 
Advantages of biogas plants: 
The physical and chemical change that happens in a biogas reactor improves the fertilizer value 
of nitrogen in the manure. This leads to a reduction in the use nitrogen in mineral fertilizer and 
to a reduction in the leaching of nitrate. In the biogas reactor a lot of organic compounds are 
broken down and converted into biogas. Many of the compounds that contribute to the well 
known obnoxious odour of slurry are amongst the compounds that are broken down. As a 
consequence the potential of odour problems is reduced after application of digested slurry. 
Biogas plants contribute to a reduction in the emission of green house gasses in several ways. 
The emission of carbon dioxide, methane and nitrous oxide are all reduced due to substitution of 
fossil fuel, reduced emission of methane from storage facilities and a reduction of emission of 
nitrous oxide after application of manure to the fields.  
 
Biogas plants increase the risk of emission of ammonia due to an increase in pH and due to the 
fact that the natural crust on storage tanks is limited. Extra precautions are necessary when 
storing and handling digested slurry.  
 
Legislation: 
The agro-environmental legislation that has an influence on the feasibility of biogas technology 
is first of all the EU Nitrate Directive (91/676/EEC), the IPPC Directive (96/61/EEC), the 
Sewage Sludge Directive (86/278/EEC), and the Water Framework Directive (60/2000/EEC).  
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The legislation has seemingly been developed without taking the perspectives of the biogas 
production technology in mind, but has nevertheless a great and positive impact on the 
feasibility of the biogas technology: 
 
• The Nitrate Directive makes the investment in a biogas plant relatively cheaper for farms 

that are required to build storage facilities for livestock manure anyway, and similarly it 
makes the value of the increased field effect of nitrogen in digested manure a great 
advantage.  

• The IPPC Directive makes the investment in a biogas plant favourable because it can 
diminish neighbours' concerns for smell from the production.  

• The Sewage Sludge Directive makes it more favourable to use sewage sludge as fertiliser on 
the fields if it has undergone an anaerobic digestion first.  

• The Water Framework Directive has the potential to impose the same rules as the other 
directives do, even in a stricter way.     

 
The banning of use of meat and bone meal (MBM) as feed material for most livestock in 1994 
created a need for identification of alternative use of products from the rendering plants.  
 
The Animal By-products Regulation (1774/2002/EEC) provides the basis for use of animal by-
products as biomass in a biogas plant.  
 
Among the different renewable energy sources currently available, biomass has the largest 
growth potential in the near future, but the use of biomass for energy purposes has not yet been 
developed to its full potential in the EU. 
 
Although almost all countries have plans and/or policies to raise the use of renewable energies, 
as required by the EU, there are in some cases no specific targets for using biomass. Work is 
continuing on the development of the EU policy and legislative framework, which will 
encourage the use of sustainable energies. 
 
Technical difficulties: 
From the survey, the general conclusion is that technical difficulties are of minor importance 
when it comes to dissemination of biogas, compared to legal and economical barriers. One 
important non-technical barrier has been reported to be lack of possibilities to sell or utilize the 
heat produced from cogeneration of biogas. 
 
Evaluation of legal problems: 
The implementation and especially the enforcement of the EU agro-environmental legislation 
lags much behind the plans, especially in the 12 new EU member states, but also in a country 
like Italy. Common problems in relation to the implementation of the Nitrate Directive are 
related to the designation of Nitrate Vulnerable Zones (NVZ), to the establishment of Action 
programmes for farming in the NVZ's, and to the insufficiency or complete lack of enforcement 
in practice. Another example is Latvia, where the EU Commission has shown its disagreement 
to the designation of Nitrate Vulnerable Zone, and where control with farms' fulfilment of most 
of the Nitrate Directive legislation only exists on the theoretical level. Because EU's agro-
environmental legislation is favouring biogas production, and because biogas production can be 
considered as a Best Available Technology for complying with EU's agro-environmental 
legislation, the lack of enforcement also means lack of incentive to invest in biogas production.    
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The theoretical possibility to trade CO2e reductions is for small traders like biogas production 
hindered by transition costs, and more flexible trading mechanisms should be found.  
 
Most EU member states find the IPPC approval of the biogas plants a major obstacle for 
establishing of new plants, and actions should be taken in order to ensure quicker and easier 
approval of biogas plants without compromising pollution hazards.     
 
The development of the biogas production should happen on a fair and justified basis. In 
Austria, and probably also several other EU member states, a farm with a biogas plant is able to 
fertilise much more than allowed due to the restrictions given by the Nitrate Directive 
legislation. Nitrogen in biomass other than livestock manure is not considered to contribute to 
the fertilising of the fields by the legislation, and the farmer can in this way get around the 
fertilisation restrictions to the disfavour of the environment and to the sole benefit of his own 
production economy. This practice is not possible in for instance Belgium, Holland and 
Denmark, where official fertiliser norms must be respected when digested slurry is used for 
fertilising of fields. 
 
Analyses of economic hindrances: 
The profitability in biogas production as shown in section 1.1.f. is an economic hindrance for 
the interest to invest in biogas production.  
 
Break-even, shadow and scenario analyses show that there are different feasible options to bring 
the biogas production into economic balance. 
 
The analyses show that the value of the CO2e could almost bring the economy of farm-scale 
plants in balance, and cover around half of the economic loss for the centralised plants, given 
the model calculation assumptions. Removal of the transition costs for trade with CO2e would 
not only benefit the profitability of the biogas production, but also the national accounts for the 
CO2e production.  
 
Provision of financial support via the electricity price is of great interest because it has a 
considerable effect on the profitability of biogas production, because it is easy to administrate, 
and because, in principle, it is most correct and effective to provide support to the product rather 
than to the inputs or the investments.   
 
Assessment of actions to promote biogas: 
Subsidising of biogas plants is a strong, efficient and necessary tool for promoting biogas plants. 
The most common way to subsidise biogas production in the EU is subsidising the sale of 
electricity from biogas plants. Less effort is made to fund research, development and 
demonstration, which all contribute to make biogas plants more efficient, cheaper and 
financially profitable. The activities contribute to reduce the need for public subsidies to for 
example electricity production or even to make them unnecessary. Subsidies must be balanced 
in order to find a natural balance between research, product improvement and subsidies.  
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Proposals: 
In order to provide better incentives for investments in biogas production the following 
measures could be considered: 

• Simplifying the procedures for trade with CO2e, for instance considering replacing the 
compulsory elaboration of Project Design Documents and Monitoring plans with 
standards for CO2e reductions made by biogas plants based on correlations fixed to the 
gas, electricity and/or heat production.  

• Through EU regulation enforce the EU member states to: 
o Set specific targets for the agricultural biogas share of the target for renewable 

energy production, for instance in the form of the share of the livestock manure 
that is digested, and considering the agricultural conditions and situation in the 
member state. 

o Organise annual statistics on agricultural biogas production in order to be able to 
follow up on the targets. 

o Designate a number of feasible sites for establishing of biogas plants that 
complies with the targets for the production – this would allow a considerable 
quicker environmental approval procedure. 

o Ensure that EU member states adapt national and regional planning in a way that 
no legal hindrances are present. For instance natural gas or other fossil fuels 
should not have preference in areas that are feasible for selling heat to district 
heating. 

• Organic waste can boost the economy of biogas plants (received gate fees, increased 
biogas production and increase in the fertilizer value). Also the socio economic benefits 
will increase. All suitable waste should consequently be used in biogas plants and no 
legal hindrances should limit the use. 

o Limit values on heavy metals, organic substances etc. have to be respected for 
each waste product prior to use in the biogas plant in order to avoid 
environmental hazard. If the limits are respected application of digested slurry to 
crops should be allowed with no further restrictions. 

• Fiscal incentives: 
o Subsidising electricity production is a very efficient way of promoting biogas 

production in a short perspective. In order to boost the current biogas production 
it could be considered to subsidise electricity production sufficiently in all 
member states. 

o In a long perspective it should considered to change the green tax system. For 
instance attaching CO2 tax to the fuels (e.g. coal, oil or natural gas) in stead of the 
energy products (e.g. electricity or diesel). 

o It is, based on the analyses in section 2.3, recommended that the Member States 
ensure a minimum payment for electricity of 102 €/MWh for farm scale plants 
and 124 €/MWh for centralised biogas plants. The payment could be higher in 
order to ensure the necessary incentive to invest in a biogas plant, and a part of 
the payment could be ensured via Green Certificates. As an alternative to the 
fixed prices it would probably be better if an independent organ like EUBIA 
annually calculate the break-even prices for electricity payment to biogas plants 
for each Member State. 
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• Research, development and documentation in biogas should be supported: 
o Technical development is continued to improve productivity to a point where 

biogas production on animal manure alone is economically feasible without 
subsidies to for example establishing or selling electricity. 

o Utilization of biogas for other purposes than cogeneration should be strongly 
promoted. For example for transport or fuel cells. 

o Upgrading biogas to the same quality as natural gas and injecting it into the grid. 
o Documentation, follow up and demonstration in order to speed up the 

dissemination of knowledge about biogas and avoid repetition of failures.  

• In the future we think that biogas primarily is produced on the basis of animal manure. 
Consequently it is necessary that farmers have incentives to join or establish biogas 
plants. Besides the economic output of a biogas plant these incentives could include: 

o The agricultural and environmental benefits of biogas production others than 
reduction of green house gasses (e.g. reduced odour and nitrate leaching) must be 
assessed positively in the case of an environmental approval procedure on the 
farm. 

o Increasing the awareness of: 
 The positive agronomic effects of applying digested manure compared to 

untreated manure. For instance reduction of the requirement of nitrogen 
in mineral fertilizer. 

 The possibility to combine biogas production with other manure 
treatment systems (for instance slurry separation, acidification) in order to 
improve the utilization or distribution of nutrients on a farm, regional or 
national level. 
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1. Recent data at EU and Member State level, given a technical overview of 
biogas plants in agriculture and of the biogas capacity installed and 
planned 

 
1.1.a. Number and type of biogas plants 
 
Definitions: 
Farm biogas plants (FBP): Biogas plants, almost always located on a farm and in principle 
treating biomass from that farm, i.e. animal manure and/or energy crops. For instance organic 
waste from the food industry is sometimes added to boost biogas production. Heat production 
from the plant is typically used at the farm and/or cooled away in order to optimize the 
electricity production sold to the public grid. 
 
Centralized biogas plants (CBP): Biogas plants, not necessarily located on a farm and treating 
biomass from several farms. For instance organic waste from the food industry is sometimes 
added to boost biogas production. Heat production from the plant is typically used for district 
heating or in some cases for industrial purposes. Electricity production is sold to the public grid. 
 
Studies: 
The number of agricultural biogas plants in Europe has increased drastically since 2000, mainly 
because of the development in Germany and to some extent Austria. Several other countries 
have elaborated plans for increasing the biogas production but these initiatives have not paid off 
yet. And in some countries such as Denmark the increase in number of biogas plants has 
stagnated since 2000, and no political measures have been taken to overcome this. 
 

Based on the available data as listed in table 1.1, the total number of agricultural biogas plants 
in Europe by mid 2007 is estimated at: 
 

• 4242 farm biogas plants 
• 26 centralized biogas plants (this figure doesn't include Germany) 

 
 
Data from several countries are taken from The European Anaerobic Digestion Network (AD-
NETT) and is thus from 2005. Since 2005 the development in the number of biogas plants has 
been almost totally limited to Austria and Germany, these two countries now accounting for 
app. 92% of the total number (and Germany alone for more than 83%). And as the figures from 
Germany and Austria are up to date it is assumed, that the total figure is rather precise. 
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Table 1.1. Number of biogas plants in Europe and amounts and types of biomass 
substrates. Where no data were available the estimates are typed in red fonts 

Country No of Biogas Plants Substrates References 
Austria 119 - 231 FBP (2005) 

(expected 300-323 in 
2006) 
(350 in mid 2007) 
(Differrent sources 
gives different figures) 

2.05 mill. t Total 
estimated in mid 2007  
Animal manure 62 
mass% 
Organic waste 24.5 
mass% 
Energy crops 8.5 
mass% 

85 % 2 step digesters 
15% 3 or more steps 
(AD-NETT, 2005) 
(Resch et al., 2004) 
(Rudolf Braun, 2007) 

Belgium 5-7  FBP (2005)  
 

65,000 t animal manure 
6,000 t energy crops 
39,000 tons food 
industry waste 
 

(AD-NETT, 2005) 
(Au Pays de 
l'Attert,asbl, 2006) 
(Biogas-E vzw, 2006) 
(ValBiom, 2006) 

Czech Republic 10 FBP(2004) 200,000 t animal 
manure and sewage 
sludge 

(AD-NETT, 2005) 

Denmark 19 CBP (2005/6) 
56 FBP (2005/6) 
 

2.14 mill. t, Animal 
manure 
0.24 mill. t, Organic 
waste  

(University of Southern 
Denmark, 2006) 
(Danish Energy Agency, 
2007-1) 

Estonia 1 CBP (2005/6)  40,000 t  
Animal manure 

(ECON, 2005) 

Finland 2 Agro-industrial plants 
(2005) 
5 FBP (2005) 
 

4,500 t (est.)  
Animal manure  
 

(Hansson, 2006) 
(AD-NETT, 2005) 

France 5 FBP (2005) 
Several being built in 
2006  

25,000 t (est.) (AD-NETT,2005) 

Germany 3.279 (12/2006)  
(expected 500-600 new 
in 2007) 

81.3 mio tons 
(estimated) 
50% Animal manure 
25% Energy crops 
25% Organic waste 

(Fachverband Biogas, 
2006) 
(Institut für Energetik, 
2007) 
ELBE Bioenergie, 
2007) 

Greece 1 FBP (2005)  <10,000 t (est.) (AD-NETT, 2005) 
Hungary 1 FBP (2004)  <10,000 t (est.) (BMWA, 2004) 
Ireland 5 FBP (2007)  31,000 t (Methanogen Ltd., 

2007) 
Italy 67 FBP (1999) 

5 CBP (1999) 
 

200,000 t (est.) Animal 
manure for FBPs 
1.16 mill. t (only CBPs) 
of animal manure, 
agroindustrial waste and 
municipal sludge  

27 Completely stirred 
tanks 
24 Plug flow reactors 
16 Covered lagoons 
(Piccini, 2004) (AD-
NETT, 2005) 

Latvia 0 0 (Foged, 2007) 

Lithuania 1-4 FBP (2005)  70,000 t (est.) (Austrian Energy 
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Country No of Biogas Plants Substrates References 
Agency, 2005) (AD-
NETT, 2005) 

Luxemburg 10-22 FBP/CBP (2005) 
 

60,000 t (est.) Animal 
manure, energy crops 
 

(European renewable 
Energy Council, 2006) 
(Au Pays de l'Attert, 
asbl, 2006) 

Netherlands 40 FBP (2006) 
(70 expected in mid 
2007) 
 

1.5 mill. t 
50% Animal manure  
15% Energy crops 
35% Biowaste 
(estimated mid 2007) 

(SenterNovem, 2007) 

Norway 2 FBP (2006) >10,000 t (est.) Animal 
manure and fish waste 

 

Poland 15 FBP (2004/5)  160,000 t (est.) (Thiel, 2004) 
(AD-NETT, 2005) 

Portugal 100 FBP (2005)  300,000  (est.) (AD-NETT, 2005) 
Slovakia 1 FBP (2005)  60,000 t  

Animal manure 
(TÜV Österreich, 2005) 

Slovenia 2 FBP (2004) 
 

<10,000 t (est.) (ESV,2004) 

Spain 2 FBP (2004)  <10,000 t (est.) Animal 
manure 

(Austrian Energy 
Agency, 2005) 

Sweden 11 FBP (2006)  70,000 t Animal 
manure, farm waste, 
energy crops and 96,000 
t agroindustrial waste 

(Hansson, 2006) 

Switzerland 69 FBP (2005) 
 

207,000 t (est.) (AD-NETT,2005) 

United Kingdom 15 FBP (2007) 
 1 CBP (2007) 

160,000 t 
Animal manure, 
slaughterhouse and food 
waste 

(Methanogen Ltd., 
2007) 
 

 
1.1.b. Amounts and type of input material per type of biogas plant 
 
Precise data for the amounts and types of input material are only available from a few countries, 
see table 1.1. From other countries types of biomass have been described, whereas for others 
again no data has been found. 
 
Therefore the total amount of biomass used in European agricultural biogas plants is a rough 
estimate based on the available data on amounts, the number of biogas plants and some 
considerations regarding the amount of input material per biogas plant. The distribution between 
the different types of substrate/biomass is even more of an estimate. 
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The total amount of biomass substrate for European agricultural biogas plants is estimated at 
23.0 mill tonnes. 
 
An estimated distribution between main types is: 

• 12.7 mill t (55%) animal manure 
• 4.8 mill t (21%) energy crops 
• 5.5 mill t (24%) other organic waste from food industry 
• (<1%) municipal waste 

 
 
In table 1.2. the different types of input material reported are listed. 
 
Table 1.2. Types of biomass substrates for agricultural biogas plants 

Type of biomass 
Animal manure 

• pig manure/slurry 
• cow/cattle manure/slurry 
• poultry manure 
• deep litter 

Energy crops 
• Maize 
• Green harvested crop 

Agroindustrial waste 
• Slaughterhouse waste 
• Waste from dairies 
• Waste from fish industries 
• Glycerine 
• Vinasse 
• Waste from plant oil production 

(Bentonite bound oil) 
• Molasses 
• Meat and bone meal 

Municipal waste 
• Source sorted household waste 
• Municipal sludge (from waste water 

treatment plants) 
 
1.1.d+e.  Total biogas production and total energy production per type of biogas plant 
 
Definitions: 
The following factors have been used to calculate between m3 biogas, PJ and ktoe (kilo tonnes 
oil equivalents): 
1000 m3 of biogas = 22 GJ 
1 GJ = 23.87 x 10-6 ktoe 
 
When estimating the 2007 annual biogas and total energy production, an average biogas yield of 
20 m3 per tonne of biomass is foreseen. 
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Methodology: 
Only a few European countries have precise figures for their annual biogas production – and 
thus also for the total energy production - from agricultural biogas plants. Often, figures are 
given for total biogas production, including landfill gas and biogas from municipal and 
industrial waste water treatment plants. 
 
The most precise figures for biogas production from Farm Biogas Plants and Centralized Biogas 
Plants are from Denmark, where the plants report their production to the Danish Energy Agency 
on a monthly basis, but this is a very rare situation. 
 
In table 1.3, the data for annual biogas production and the total energy production as obtained 
from different sources is listed country by country. The main reference for the biogas production 
is (AD-NETT, 2006) showing figures from 2005, whereas data from Energy production come 
mainly from (EurObserver51, 2007) giving data from 2006. These figures include the biogas 
production from municipal solid waste plants and are thus not precise figures for agricultural 
plants.  
 
In order to estimate the actual annual biogas production in the different countries, the data 
obtained from the references in table 1.3 is combined with data in table 1.1. in order to make a 
projection to mid 2007 figures. These estimated figures are shown in the right column in table 
1.3. As production data split between Farm Biogas Plants and Centralized Biogas Plants could 
be obtained only from Denmark, the 2007 estimates have been calculated only as a sum for both 
plant types. 
 

The total annual biogas production in Europe by mid 2007 is thus estimated at  
1.85 x 109 m3 
 
The total energy production is estimated at 50.02 PJ. 
 
 
According to (Eur-Observer51, 2007) 53.67 PJ (1,281 ktoe) of biogas has been produced in 
2006 on agricultural biogas plants and municipal solid waste plants. Compared to this, the 
estimated figure of 50.02 PJ seems reasonable. 
 
According to (Holm-Nielsen, 2007) the biogas potential from pig and cattle manure in EU-27 is 
827 PJ.  
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Table 1.3. Biogas and total energy production from agricultural biogas plants in Europe 

Country Biogas production 
m3 x 106 

Energy production 2007 estimates - for 
agricultural biogas 
plants 

Austria 67.94 (AD-NETT, 
2005) 

4.33 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
41.0 x 106 m3 
Total energy 
production: 
0.90 PJ 

Belgium 56.13 (AD-NETT, 
2005) 

0.33 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
2.2 x 106 m3 
Total energy 
production: 
0.05 PJ 

Czech Republic 5.23 (AD-NETT, 2005) 0.15 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
4.0 x 106 m3 
Total energy 
production: 
0.09 PJ 

Denmark FBP 41.2 
CBP 76.3 
Figures are for 2006 
(Danish Energy 
Agency, 2007-2) 

FBP 0.9 PJ 
CBP 1.7 PJ 
Figures are for 2006 
(Danish Energy 
Agency, 2007-2) 

Biogas production: 
117,5 x 106 m3 
Total energy 
production: 
2.59 PJ 

Estonia 0.6 (estimated, based on 
Winterberg and Wilke, 
2006) 

? Biogas production: 
0.8 x 106 m3 
Total energy 
production: 
0.02 PJ 

Finland ? ? Biogas production: 
0.1x 106 m3 
Total energy 
production: 
0.00 PJ 

France 213.49 (AD-NETT) 0.17 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
0.5 x 106 m3 
Total energy 
production: 
0.01 PJ 

Germany 1144.53 (AD-NETT) 41.06 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
1.625 x 106 m3 
Total energy 
production: 
35.74 PJ 

Greece 70.59 (AD-NETT, 
2005) 

1.5 PJ 
hereof 0.0 PJ from 
agricultural plants 
(Winterberg, Seela and 
Wilke, 2006)  

Biogas production: 
<0.2 x 106 m3 
Total energy 
production: 
 0.00 PJ 

Hungary 0 (estimated) 0.13 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 

Biogas production: 
 < 0.2 x 106 m3 
Total energy 
production: 
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Country Biogas production 
m3 x 106 

Energy production 2007 estimates - for 
agricultural biogas 
plants 

2007) 0.00 PJ 
Ireland 9.26 (AD-NETT) 0.19 PJ  

agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
1.0 x 106 m3 
Total energy 
production: 
0.02 PJ 

Italy 282.21 (AD-NETT) 1.76 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
27.2 x 106 m3 
Total energy 
production: 
0.6 PJ 

Latvia 1.8 (Madsen and Al 
Saedi, 2006) 
0 from agricultural 
plants (Foged 2007) 

0 PJ from agricultural 
plants 
(Foged 2007) 

Biogas production: 
0.0 x 106 m3 
Total energy 
production: 
0.0 PJ 

Lithuania 11.5 (AD-NETT, 2005) ? Biogas production: 
1.4 x 106 m3 
Total energy 
production: 
0.03 PJ 

Luxemburg  0.37 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
1.2 x 106 m3 
Total energy 
production: 
0.03 PJ 

Netherlands  1.23 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
2 x 106 m3 
Total energy 
production: 
0.04 PJ 

Norway   Biogas production: 
<0.2 x 106 m3 
Total energy 
production: 
0.00 PJ 

Poland  0.02 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
3.2 x 106 m3 
Total energy 
production: 
0.07 PJ 

Portugal  0.39 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
6.0 x 106 m3 
Total energy 
production: 
0.13 PJ 

Slovakia 7 (estimated, based on 
inforse, 2006) 

0.03 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
1.2 x 106 m3 
Total energy 
production: 
0.03 PJ 
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Country Biogas production 
m3 x 106 

Energy production 2007 estimates - for 
agricultural biogas 
plants 

Slovenia  0.02 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
< 0.2 x 106 m3 
Total energy 
production: 
0.00 PJ 

Spain  1.08 PJ  
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
< 0.2 x 106 m3 
Total energy 
production: 
0.00 PJ 

Sweden  0.04 PJ 
agricultural plants and 
municipal solid waste 
plants (Eur-Observer51, 
2007) 

Biogas production: 
1.4 x 106 m3 
Total energy 
production: 
0.03 PJ 

Switzerland  ? Biogas production: 
4.1 x 106 m3 
Total energy 
production: 
0.09 PJ 

United Kingdom 462.39 (AD-NETT, 
2005) 

"Neglegible" 
(Winterberg, Seela and 
Wilke, 2006) 
 

Biogas production: 
4.0 x 106 m3 
Total energy 
production: 
0.09 PJ 

 
1.1.f.  Yield per type of biogas plant and economic profitability in the agricultural sector 
 
Definitions: 
The following definitions of farm-scale plants and centralised plants are made in order to be 
able to assess the yields and the profitability, being well aware that normal biogas plants do not 
exist.  
 
A farm-scale plant is in this study defined as follows: 

• Two stage methaogenic system, continuous feeding and biomass DM up to 12%, 
retention time 20 days, mesophile process (37º), stirring. 

• Reception tanks / facilities for biomass, fermentation tank and after-fermentation 
tank/tanks for digested slurry with 6 months capacity, pumps, stirrers, gas scrubber, 
SCADA system, flare, temporary biogas store, electricity generator (co-generation) with 
connection to grid. 

A centralised plant is in this study defined as follows: 
• Two stage methaogenic system, continuous feeding and biomass DM up to 12%, 

retention time 20 days, thermophile process (52 - 55 ºC), stirring.  
• Reception tanks / facilities for biomass, fermentation tank and after-fermentation tank, 

pumps, stirrers, tanks for digested slurry with 6 months capacity, gas scrubber, SCADA 
system, flare, temporary biogas store, electricity generator (co-generation) with 
connection to grid.  

• Trucks for pick up and delivery of slurry or other kinds of biomass at farms. 
• Separation unit for post-separation of the fibre fraction. 
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The definitions are made on the basis of expectations to the selection of processes and 
technologies for biogas plants that will be built in the next years, evaluated on basis of mega-
trends in the technological, economic and political environment. It is for instance expected that 
the requirements from the EU to fully implement the Nitrate Directive, the Water Framework 
Directive and the IPPC Directive would increase the interest for centralised biogas plants with 
possibility for after-separation of the fibre fraction. It is also expected that increased refining of 
the food and feed processing along with increased demands for organic wastes from the 
processing industry will make it more and more difficult to base investments in biogas 
production on availability of external biowastes.  
 
Biomass comprises livestock manures and biowastes. Biowastes comprise energy crops, 
Category II, Category III and other types of biomass from the food and feed processing 
industry.   
 
The agricultural sector is in this context defined as the biogas plant itself, the farm that owns 
the biogas plant, or the farms that supply livestock manure or other biomass to the biogas plants 
and/or receive digested slurry back. 
 
The yield is understood as the quantifiable, monetary income that is generated by the biogas 
plants from both energy production and other directly income-generating or cost saving effects.  
 
Yields from biogas plants comprise: 

# Yield types 
1 Value of the biogas production itself, here under value of heat and electricity produced. 
2 Increased value of the plant nutrients in digested slurry compared to the value of plant 

nutrients in untreated livestock manure. This includes additional N, P and K in received 
biowastes from external sources, which would otherwise not be used as fertiliser for crops. 

3 Reception of "gate fees", i.e. payments for accepting organic wastes from industries, whose 
alternative is to pay more to get the organic waste processed by waste processing companies 
like for instance rendering plants.  

4 Value of CO2e emission reductions. 
5 Value of the sale of Green Certificates. 
 
Non-monetary yields are mentioned under section 1.1.i.  
 
Profitability is here understood as the economic surplus of the yield with deduction of expenses 
and costs for investments, maintenance and daily operations of biogas plants.  
 
Methodology: 
The profitability is estimated by use of model plants, i.e. scenarios for a typical farm plant and a 
typical centralised plant, established on the basis of information from sections 1.1.a to 1.1.d., 
and extrapolated to cover the entire agricultural related biogas production in the EU. 
 
The economy of the model plants is estimated on the basis of a static analysis without 
consideration to inflation or price development. Therefore the calculated profitability describe 
the expected difference between expenses + costs and income + yields in an average year during 
the expected lifetime of the biogas plant. 
 
The model plants are dimensioned and modelled according the information in sections 1.1.a. to 
1.1.d., as well as the applied technology is determined according to other models of biogas 
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plants by Christensen et al. (2007), ProBiogas (several reports), and Winterberg, Seela and 
Wilke (2006). Concerning size and applied technology the centralised biogas plant is modelled 
as scenario 1 in Christensen et al., (2007).  
 
Studies: 
The value of the biogas production is much dependent on the following factors:  
 

• Biogas yield per m3 biomass: Conventional technology can handle dry matter contents 
in the biomass up to 12%, and the higher dry matter content the higher biogas yield per 
m3 biomass. The biogas yield of the biomass is therefore much dependent on the level of 
volatile solids (VS) in the biomass, and fats have an energy content that is higher than 
other constituents – fats or fat containing biomass types are therefore advantageous. 
According to Christensen et al. (2007) it is necessary to operate with a biogas yield of 
more than 30 m3 biogas per ton biomass in order to obtain a reasonable economy under 
Danish conditions.  

• The electricity price. Although co-generation requires extra investments in generator 
and gas scrubber as well as connection to the grid, and although a maximum of  40% of 
the biogas energy can be converted to electricity, it is in general profitable to produce as 
much electricity as possible. The raw production price of electricity on the market varies 
considerably, but could typically be € 0.035 per kWh. Presently Danish biogas plants can 
obtain a payment of 8.0 cent (60 Danish øre) per kWh for electricity in 10 years, and 
thereafter 5.4 cent per kWh. Discussions are going on as to raising the price to 9.5 cent 
in Denmark. An estimate is that European countries pay € 0.07 per kWh on average for 
electricity produced by biogas plants (ProBiogas, 2007). Many countries have different 
ways for subsidising biogas production, apart from subsidised electricity prices.  

 
The AgroBiogas and ProBiogas projects as well as the survey show a diversified picture of the 
price systems for green energy from biogas plants in the Member States. Some Member States 
offer direct subsidy to the energy production, some provide this support via Green Certificates, 
some provide an indirect subsidy via subsidies for feasibility studies and other parts of the 
investment, while several Member States provide no subsidy at all.  
 
Furthermore, the situation is that in several cases the subsidy is based on decrees and annual 
budgets or calculations rather than on the legislation, and this makes the subsidy change from 
year to year.  
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Table 1.4. Examples based on the survey illustrate the diversified price systems 

Member 
State 

Basic price of 
electricity by sale to 
the grid from a 
biogas plant, €/kWh 

Subsidy for sale 
of electricity 
produced by a 
biogas plant, 
€/kWh 

Subsidies 
available for 
building of biogas 
plants, and in case 
up to which limit 
in € or % of the 
investment 

If Green 
Certificates then 
market price 

Greece 75,82 €/MWh for continental 
Greece/87,42 €/MWh for islands 

Yes. Unlimited. 
The subsidies vary 
from 20%-50% of 
the total 
investment budget, 
depending on the 
incentive zone. 

- 

Sweden The price depends on 
the deal made with 
the distributor of 
electricity. Normally 
around 43 €/MWh 

Green ceretificates Up to 30% of the 
investment cost 

Presently 22 – 33 
€/MWh 
 

Ireland 63  9 - - 
Denmark 80 €/MWh for 10 years – thereafter 54 

€/MWh 
- - 

Spain Eight different scenarios dependent on 
amount and selection of fixed or variable 
prices, for instance for P≤500 kW: 133 
€/MWh for the first 15 years – thereafter 
66 €/KWh 

Only loans (euribor 
+ 0,3%) even for 
the 100% 
depending for the 
cases 

- 

Holland € 40-60/MWh € 9,7 /MWh for 
operational plants 
subsidized by the 
MEP 

EIA/Vamil 
(reduction of tax) 

There is a market, 
but the price is 
zero (it is a 
certificate which 
guaranties that the 
electricity is 
generated from 
sustainable origin. 

Belgium 35 €/MWh No subsidies but 
green certificates 
on the electricity 
produced from 
biogas (+ extra 
GC if heat 
efficiently used) 

Subsidies for 
investments: 15% 
for small scale 
farm units (11% 
for bigger firms) 
- Subsidies for 
consultancy: max. 
12 500€ 

Yes, market price 
(2007): 90.60€ 
Minimum 
guaranteed price 
(if sold to the 
regional 
government): 65€ 
The “green” elect. 
Producer receives 
1 GC/ 456 kg of 
CO2 avoided 
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Bulgaria 80 % from the price 
of domestic energy 
for previous year + 
unregulated 
allowances 
 

- 20 % from 
European investing 
bank 
 

- 

Lithuania 57.9 34.7 No subsidies for 
building. 40 % of 
connection fee to 
the grid are 
subsidies for the 
electricity, which 
are produced in 
biogas plant 

Certificates will be 
introduced from 
2010 

Finland None. Nordpool 
prize applies for 
larger producers. 
Smaller could expect 
to get about 20 
€/MWh. 

- In practise none. In 
theory the 
percentage varies 
according to the 
main project. Limit 
is for the total 
project. This 
applies on farm 
production. 

Not for on farm 
production cause 
they are too small. 

Italy For electrical power plants ≤ 1 MW: 
95 (until 500,000 kWh/year) 
80 (from 500,000 to 1,000,000 kWh/year) 
70 (from 1,000,000 to 2,000,000 
kWh/year) 
For greater production the prices are 
administrated by the “Acquirente Unico”. 
The mentioned prices are special tariffs 
required by the Decree n. 387 of 
29/11/2003 and established by Electrical 
Energy and Gas Authority to promote 
energy production from renewable energy 
sources. 

- The price fixed for 
2006 of a Green 
Certificate was 
125.28 €/MWh 
(VAT not 
included). 
“Bersani” Decree, 
updated by L. 
239/04 and Decree 
387/03, forces 
those who 
introduce in the 
grid more than 
100 GWh/year to 
buy at least 2% of 
green electricity. 
This percentage is 
upgraded from 
time to time. 
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Latvia According to regulations of Cabinet of 
Ministers Nr.503, 2007, electricity price 
for biogas plants is calculated by formula: 
C = ((Tg x k) ; 9,2) x 4,5 
C – el. purchase price (LVL/MWh) 
Tg  - approved natural gas sales tariff, 
according to gas consumption 
(LVL/th.n.m³) 
k – coefficient depending on biogas 
electricity production capacity  
Example: biogas plant with electricity 
capacity 200 – 400 kWh  
C=83,30 LVL/MWh~ 119 €/MWh 
 

- - 

 
The consultant suggests that the most cost-effective way to subsidise biogas production is via 
the direct payment for electricity. This is easy to administrate and control. A disadvantage is, 
although of minor importance, that this policy leaves no room for biogas plants that don't 
produce electricity.  
 
The Green Certificates is probably a politically sound instrument that ensures that the renewable 
energy is produced in the cheapest way. However, the disadvantage seen from the biogas plant 
owners' point of view is that they do not provide the basis for a stable and foreseeable economy 
in their investment.  
 
On the basis of these remarks it could be claimed, that for instance the Finnish payment for 
electricity from a biogas plant does not give any incentive to invest in biogas plants, while the 
conditions in Spain are more favourable. However, it might be unfair to judge Finland as a bad 
example and Spain as a good example, because the situation in the Member States is very 
differentiated and it is therefore also reasonable that each Member State defines what is good an 
bad for them.      
 

• Price or value of the heat produced: it would normally be possible to use 30 % of the 
biogas for heat production in a co-generation plant. Small farm-scale plants would 
typically be able to consume a part of the heat themselves, although with large variations 
in heat consumption over the year, because the consumption is used for heating the 
living house, for drying grain, to heat stables, etc. Heat that is consumed on the farm 
saves purchase of conventional heat or energy for heating. Danish biogas plants that sell 
biogas for heating typically get 27 cents per m3 biogas (Christensen et al., 2007), but 
have to invest in pipes and other installations to deliver the biogas to the buyer.  

• Price of commercial fertiliser: the value of increased field effect of the nitrogen in 
livestock manure depends of course on the price of plant nutrients in commercial 
fertiliser. The market price is currently around 0.7 € per kg N, 1.4 € per kg P and 0.35 € 
per kg K.  

• Size of gate fees: Gate fees means the price paid for biomass used to fuel the biogas 
plant: 

o Livestock manure would normally not have a gate fee price, as it would be 
delivered back to the supplier after digestion. 
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o Energy crops would typically have a negative gate fee, meaning that it would 
have an alternative, positive value if not used in the biogas plant. The alternative 
value is much dependent on roughage prices on the commercial market, which 
again is influenced by the grain prices. According to Danish Agricultural Advisory 
Service, National Centre (2007) production of maize silage would cost app. € 37 per 
ton, including machine operation costs, including alternative gross margin for 
grain, including subsidies etc. but excluding storage costs. It is therefore 
reasonable to calculate with a "negative gate fee” for energy crops of 60 € per 
tonnes.  

 
The current dramatic increase in grain prices will increase the price of energy crops – see 
table 1.5. 

 
Table 1.5. Price of maize silage with wheat prices as in 2006 and September 2007  

 2006 wheat prices Wheat prices 
September 2007 

Yield, tonnes dry matter 11.7 11.7 

Variable costs per ha, € 485 485 

Machine operation costs per ha, € 437 437 

Alternative use of the area (gross margin of winter 
wheat) per ha, € 

194 1518 

Total price of maize silage, € per ha 1,116 2,440 

Total price of maize silage, € per ton dry matter   62  136 
 

o Category II waste is for instance dead animals or slaughterhouse waste. It would 
typically cost rendering plants € 83 – 121 to process this type of waste (Dakas 
homepage - http://www.dakabio-industries.dk). If the biogas plant has facilities 
for the pre-processing of the waste according to 1774/2002/EEC, then they would 
be able to accept this type of waste for up to those prices. If they require pre-
treated material, then they must pay € 25 to get this material delivered.  

o Category III waste is typically food remnants from canteens and restaurants, food 
from supermarkets that has passed the last sales date, etc. – in any case of animal 
origin or mixed with food of animal origin. The waste must be treated according 
to 1774/2002/EEC before biogas digestion, and it is estimated that prices and 
costs are about half of those for Category II waste. 

o Other types of biomass would be flotation sludge, pulp, oils of vegetable origin, 
by-products from alcohol production, etc. It would typically be necessary to pay 
to get rid of such waste, and biogas plants can offer to receive the waste for a 
price slightly cheaper than the conventional waste treatment. Prices vary 
according to costs of alternative waste treatment, energy value of the biowaste in 
a biogas plant, etc. The gate fees are of course much dependent on the degree of 
implementation and enforcement of EU's waste legislation in the specific EU 
member state.  
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• Value of Emission Reduction Units (ERU): The market price on CO2e can be followed at 
http://www.pointcarbon.com/  and was on 24 August 2007 € 18.85 per tonnes CO2e. Due to 
the need for a validated Project Design Document (PDD), including a Monitoring Plan, in 
order to be able to trade CO2e, normally no deals should be made below 125,000 tonnes 
CO2e in the assignment period, for instance 25,000 tonnes per year in 5 years.  

• Value of Green Certificates: Green Certificates is an instrument for supporting renewable 
electricity production according to the EU energy legislation (2001/77/EEC). The Green 
Certificate instrument is used in United Kingdom, Poland, Italy, Belgium and Sweden.  

 

Example from Belgium 
 
A Green Certificate is a transferable certificate issued to producers of green power for a 
number of kWh generated which is equal to MWh divided by the carbon dioxide saving rate.  
 
The carbon dioxide saving rate is calculated by dividing the carbon dioxide gain achieved by 
the system under consideration by the carbon dioxide emissions of the traditional reference 
electric system (steam and gas turbine), the emissions of which are defined and published 
annually by the Walloon Commission for Energy. This carbon dioxide saving rate is limited to 
1 for generation units producing over 5 MW, and 2 below that limit. 
 
The value of the Green Certificates are minimum 65 € per MWh for a period of 15 years. The 
market price has in a period been 92 € per certificate.  

 
In principle a Green Certificate functions like a market based investment support, levelling out 
the extra costs of investing in (certified) green energy production compared to conventional 
energy production. It ensures the money flows to the most profitable renewable energy 
production. The Green Certificate does not ensure support to the operational costs of a biogas 
plant, neither a stable price for electricity sold. The Green Certificate would be a hypothetical 
instrument unless it is combined with an obligation for either the electricity producer or the 
consumer to issue a number of certificates or to purchase a number of certificates in relation to 
their production or consumption of electricity. In UK, for instance, the producers of electricity 
must base 10% of their energy resources on renewables by 2010.  
 
Other countries like Germany and Denmark for instance, favour feed in tariffs, which 
effectively subsidize all power production from renewable by guaranteeing a premium price for 
all power produced by eligible plants. In Germany the feed in tariff is paid by the relevant local 
distribution company into whose grid the green power is fed. Feed in tariffs is not target driven 
and therefore place no limits on the amount of capacity installed, since any plant that qualifies 
as renewable under the scheme is eligible for the feed in tariff.   
Denmark for instance, has as an alternative to the Green Certificate chosen to include a green 
tax for everybody on the electricity price, but the biogas sector is not ensured, what they 
consider their fair share of this, but electricity from biogas plants is subsidised – see above.   
 
The profitability is dependent on: 

• Financing costs: The size of the investment is important as well as the expected durability 
of the investment. We have selected to work with an average, linear depreciation time of 15 
years, while in practice we would assume the equipment would be depreciated over 10 
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years, the buildings over 30 years and the biomass tanks over 15 years. It would in some 
countries be possible to get subsidies for the investment in different ways.  

 

Examples of subsidisation of investment 
 
40 % of connection fee to the grid is subsidised in Lithuania. 
  
There are no earmarked subsidies for investments in biogas technology in for instance Italy, 
Finland, Bulgaria and Latvia.  
 
It is in Belgium possible to obtain up to 75% of € 12,500 subsidisation of consultancy in 
connection with the planning of biogas plants. They also offer tax deductions of up to 40% for 
energy audits and CHP systems.  It is also possible to get 15% support for the investment in a 
small-scale plant and 11% in a centralised plant. 

 
We calculate with costs for maintenance that are equal to 2.5% of the gross investment.  

• Operational costs: Operating costs are first of all labour costs and costs for service 
agreements on the CHP unit, but also costs for consumables like electricity and water, 
analyses, subscriptions, meetings, security systems, etc. The operating costs would increase 
in case of add-ons, for instance use of transport materiel would require purchase of fuel, 
adding separation would require increased use of electricity etc.  

 
Discussion: 
The farm-scale and the centralised biogas plant scenarios assume operation on livestock manure 
alone. The consultant is well aware that this is not the situation at many biogas plants built so 
far. The situation is, however, that  

• The current trend in grain prices on the World market makes energy crops less competitive 
as energy source in a biogas plant, considering that it is relevant to consider the lost gross 
margin of a grain crop as a cost in the production of roughage.  

• Biowastes from for instance food processing industries can be economically attractive in the 
biogas production, but reception of it require more investments and operational costs for the 
biogas plant, and it seems difficult to rely financial budgets on supply of biowastes. 

 
It is therefore imperative for dissemination of the biogas technology in the EU member states 
that the economic and legal environment make it profitable to produce biogas on the basis of 
livestock manure alone.  
 
Discussion about energy crops: 
The selection of model scenarios is deliberately made without consideration to use of energy 
crops as fuel in the biogas plants. There are several reasons for that: 
 
Economy: 
The positive effects of energy crops are related to the increase of the dry matter content of the 
biomass as compared to pig and cattle slurry which is used in the model scenarios. This means 
that if for instance 25,000 tonnes pig slurry are replaced with 25,000 tonnes maize silage, then 
the production of CO2e is so high that with the present transition costs for trade of emission 
reduction units (ERU) it is realistic to sell the ERU's. The energy crops would also provide a lot 
of plant nutrients (nitrogen, phosphorus and potassium) that could replace the plant nutrients 
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that should otherwise be purchased in commercial fertiliser for fertilising the fields, and the 
larger amount of VS that is treated will produce more biogas, etc.  
 
However, in order to be able to handle energy crops it is necessary to establish a unit for mixing 
the energy crop with slurry or other biomass. Such a unit, including housing and equipment 
installations could cost a basic price of € 75,000 plus a variable investment, based on the size, of 
€ 5 per cubic metre biomass that the unit must treat per year. Additionally the unit would 
increase the operational costs due to labour for supervision and consumption of electricity. We 
estimate that the additional operational costs would be € 0.05 per cubic metre biomass.  
 
Given the mentioned price assumptions and conditions that are used in the model scenarios it 
would not be economic to use energy crops despite the positive effects. The break even price of 
energy crops is a price of around 50 € per tonne. Table 1.4 in the draft report indicates that we 
are far above this break even price, even with "old" grain prices. 
 
The use of energy crops in biogas plants in Germany is subsidised. 
 
Future trends in grain prices:  
The dramatic increase in the World market grain prices that we have seen in 2007 was not a 
result of a temporary situation with drought or crop diseases in a major grain producing country, 
but just the beginning of further increases in food prices triggered by global warming and 
population growth.  
 
We see that energy prices and grain prices correlates increasingly. This is due to the huge 
growth in production of ethanol and bio-diesel, along with increasing prices on fossil fuels.  
 
The population on Earth is expected to increase by 50 percent over the next 30 years 
(International Alliance Against Hunger - http://www.iaahp.net/home2_en.html), but the 
production of grain is not at all able to follow the increasing demand for food, also due to global 
warming and increasing scarcity of water. 
 
See more information about these issues at http://www.fao.org and http://www.ifpri.org.  
 
Pressure on permanent pastures: 
The EU Commission has, due to the recognition of the environmental and biodiversity values of 
permanent pastures, introduced measures to conserve the permanent pastures in the member 
states by use of the instrument called Good Agricultural and Environmental Condition (GAEC) 
which was introduced as part of the CAP reform of 2003 (1782/2003/EEC). 
 
In case the EU Commission wishes to encourage to, or even provide financial incentives for, 
growing of energy crops, then the Commission will work against its own policies behind the 
GAEC's, because the situation, according to the above, is that energy crops set a pressure on 
areas with permanent pastures.  
 
Ethical questions: 
Estimates say that right now there are 840 million starving people on our planet (International 
Alliance Against Hunger - http://www.iaahp.net/home2_en.html). Who can conceive of a 
number that enormous? We can say it is one out of six people on earth.  
Many people think that under such circumstances it is un-ethical to use areas for growing energy 
crops, where food crops could be grown in stead.   
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1.1.g. Technical developments 
 
In this chapter, the state-of-the-art for biogas technology is described. 
 
System configuration: 
Winterberg, Seela and Wilke (2006) define three main concepts for digester/reactor 
configuration of which only two concepts are widespread in agricultural biogas production: 
 
One stage methanogenic system: 
This system is used for both plants for animal manure as for instance in Denmark and for 
fermentation of energy crops, seen in many plants in Germany. In case of larger digester 
volumes, two or more digesters are often run in parallel. The biomass is pumped directly from a 
fore tank (in the case of animal manure) to the digester, whereas energy crops are typically fed 
directly into the digester(s). And the bio fertilizer is transferred/pumped directly from the 
digester(s) to storage tanks. 
 
Two stages methanogenic system: 
 In this system, the biogas production takes place in two digesters running serially (main/post 
digester). In most cases, the main digester has a high organic loading rate and a short retention 
time. The main function of the main digester is equalisation, homogenisation and solids 
degradation, while the post digester is typically run with a longer retention time, thereby 
obtaining the remaining part of the biogas potential.  
 
Two stages configuration with separated acidification phase: 
The third system known from the anaerobic treatment of waste water or in the field of municipal 
waste digestion, has hardly ever been applied in the agricultural sector. 
 
Besides these systems based on substrates that – at least when mixed inside the digester – are 
pumpable/liquid, there are also systems for fermentation of substrates with a high solids 
concentration. These are, however, not widespread in the agricultural sector. 
 
Feeding strategy: 
At present, virtually all modern biogas plants are built for – and run by – continuous feeding.  
 
Retention time: 
Average retention time for the substrates in the digester(s) depend on the type and degradability 
of the substrates. For biogas plants based on animal manure or animal manure+organic 
industrial waste products, the typical retention time is between 15 (some thermophilic plants – 
see temperature strategy) and 40 days. For biogas plants based on energy crops as main biomass 
substrate, the typical retention time is between 60 and 100 days.  
 
Temperature strategy: 
At present, biogas plants are run either at mesophilic temperature – around 35-37ºC – or 
thermophilic temperature – around 52-55ºC. It is important, that the temperature within the 
digester(s) is kept constant at either of these temperatures, as the methanogenic bacteria are very 
sensitive to temperature fluctuations.  
 
When choosing between the two temperature ranges, the following considerations must be 
made: 
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• Process sensitivity: The thermophilic process tends to be more sensitive to different 
process parameters like high ammonia content in the digester, organic loading rate etc. 
The risk of process instability (or even process breakdown) is thus larger in  
thermophilic plants 

• Energy consumption: The energy needed to heat up the biomass to (and maintain a 
temperature of) 52-55ºC is obviously larger than to 35-37ºC.  

• Degradation speed: The degradation of the substrates is substantially faster under 
thermophilic conditions than under mesophilic. This means, that the retention time can 
be shorter in a thermophilic plant than in a mesophilic plant.  

• Hygienisation: Exposing pathogens and weed seeds to 52-55ºC for a given time is 
much more effective than 35-37ºC. 

 
Few plants have been run in the psycrophilic range (15-20 ºC), but as to our knowledge, this has 
not been applied to modern agricultural biogas plants. 
 
Feeding systems and hydraulics: 
Biomass substrates with TS of 12% or less are handled and fed into digesters by pumps, 
sometimes these feeding pumps are also used for external stirring of the digesters.  
 
Biomass substrates with TS higher than 12% are typically fed into digesters by screws. 
Winterberg, Seela and Wilke (2006) also list conveyor belts as a means of feeding solid 
substrates into the digester, but this is difficult to do without biogas escaping from the system. 
 
Pasteurisation: 
Besides the effect of the temperature in the digester on pathogens and weed seeds, additional 
pasteurisation may be necessary – especially for centralised biogas plants, where typically the 
digestate is distributed to several farms. For some animal by-products (according to the EC 
directive 1774/2002) pressure sterilisation is necessary in order to use these as substrate in 
biogas plants. 
 
Stirring systems: 
For many years stirring the biomass inside the digester has been one of the focus points for 
optimising the operation of biogas plants. The many different substrates used do indeed have 
different characteristics, potentially resulting in the formation of a floating layer or 
sedimentation. So the stirring system must be designed in accordance with the planned use of 
biomass substrates. 
 
Handling of digestate: 
The traditional way of utilising digestate as a bio-fertilizer is well-documented, the breakdown 
of the organic substances in the substrates typically resulting in the mineralization of the 
nutrients, thus making these more easily available to the plants (see 1.1.i). However, the 
mineralization also results in nitrogen being present as ammonia in the digestate to a higher 
degree, and therefore the risk of ammonia volatilization increases, compared for instance to 
traditional animal slurry.  
 
Furthermore, there might still be some methane production from the digestate after it has left the 
digester. 
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Therefore it is important to take proper measures to avoid ammonia-, methane- and other 
emissions from the digestate by covering storage tanks and securing fast incorporation (direct 
injection or ploughing down) of the digestate into the soil upon spreading. 
 
There is a growing interest in technologies for further treatment of the digestate – like for 
instance slurry separation or acidification. This interest stems from the desire to further increase 
the utilization of animal manure and thereby reducing losses to the environment. Furthermore 
the concentration of nutrients by slurry separation offers possibilities of easier removal of 
surplus nutrients for single farmers or perhaps even at regional level. 
 
Biogas purification and storage: 
In order to use biogas for most purposes, removal of hydrogen sulphide (H2S) to an acceptable 
level is crucial. There are several well-developed methods of de-sulphurisation, including air-
injection into the digester, chemical de-sulphurisation and activated carbon adsorption. 
 
Storage of biogas typically takes place in low-pressure systems like large PVC-bags or double-
layered air-supported membranes. High-pressure storage is normally only applied for biogas use 
in vehicles. 
 
Further development of biogas technology: 
Winterberg, Seela and Wilke (2006) describe, that the technological development in the biogas 
sector is mainly driven by country specific regulations. This is especially evident in Germany, 
where a special "electricity-price bonus" is given to plants producing biogas on energy crops, 
resulting in intensified development of plants and technology for handling and processing these 
substrates.  
 
Co-generation with production of electricity and heat is considered to be state-of-the-art in 
biogas utilisation. Alternatives such as: 

• biogas for vehicles, 
• injection into the natural gas grid, and 
• biogas use in fuel cells, 

belong to the important fields of further research and development.  
 
1.1.h. Potential environmental problems 
 
Animal manure, municipal sewage sludge and to some extent agro industrial waste products can 
contain substances that are potentially harmful to animals, humans and the environment. 
Precautions have to be taken in order to avoid contamination and spreading of diseases 
(Forslund et al., 2007). These precautions are enforced by EU regulations (for example Sewage 
Sludge Regulation 86/278/EEC) or by law in Member States on handling and application on 
agricultural land. 
 
This section deals with the potential content of harmful substances in materials that are used as 
biomass in biogas plants. It also deals with the potential reduction capacity of biogas plants. 
 
Groups of harmful substances: 
The harmful substances are divided into five groups: bacteria, virus, parasites, heavy metals, and 
environmentally harmful organic substances. 
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Bacteria: 
Animal manure contains millions of bacteria per ml. Almost all of them are harmless and 
essential to the animal's digestion (Bendixen, 1995). However, if the animal was sick from a 
bacterial infection (such as Salmonella), this bacteria will also be found in the manure. The 
same applies to human faeces and municipal sewage sludge. 
 
Virus: 
A group of diseases are caused by virus. Examples are Foot and Mouth Disease, Bovine Virus 
Diarrhoea (BVD), Porcine Parvovirus (PPV) and Bovine enterovirus. These viruses will be 
excreted by the infected animal, and will stay infectious in the manure for a shorter or longer 
period (Guardabassi & Dalsgaard, 2003). 
 
Parasites: 
Animals can be infected by parasites such as nematodes and roundworm. These will often need 
to use the animal as a part of their life circle. Infecting materials such as eggs will be excreted 
and swallowed by another animal or a human with new infection as a result. Just one egg can be 
enough to infect a new individual (Forslund et al., 2007). 
 
Heavy metals: 
Heavy metals are known to be toxic in relatively low concentrations. Animal manure has a low 
and harmless natural content of heavy metals. This is due to the feedstuff's, i.e. the plant's, 
uptake from the soil. Contents of copper or zinc may be observed. This is due to the use of 
copper or zinc as growth promoters. Waste products, such as municipal sewage sludge, can 
potentially contain a very high concentration of heavy metals from for example household waste 
or residues from industrial production. As shown in section 1.2.a the EU regulates the contents 
of heavy metals in feedstuff according to Regulation 1334/2003 to ensure that the content of 
heavy metals in animal manure consequently will be kept at an acceptable low level as well. 
 
Environmental harmful organic substances: 
A large number of potentially environmentally harmful organic substances, such as phthalates, 
which are used as plastic softeners, can be found in especially waste products from industry and 
households. By spreading waste products onto agricultural land these chemicals can be spread in 
the environment and lead to hormone disruption in ecosystems, animal and human (Swan et al., 
2005).  
 
Reduction in biogas plants: 
Mainly due to the heating process in the biogas plant a large number of bacteria, virus and 
parasites are destroyed. An example is shown in figure 1.1, which shows the relation between 
temperature and reduction of faecal streptococci in a biogas reactor. Faecal streptococci are 
often used as indicator bacteria known to infect animals and humans. Table 1.6. shows the 
reduction of different types of bacteria, virus and parasites at different temperatures. 
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Figure 1.1. Relations between temperature and retention time in order to reduce the 
number of faecal streptococci to a level of 1/10,000 of the original content. At 52°C this 
reduction is obtained after 7.5 hours (Bendixen, 1995) 
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Table 1.6. Hygienisation of slurry measured as the reduction to a level of 10 percent of the 
original level (T90) as a function of temperature and the duration of the treatment. 
Indicated in days (Bendixen, 1995) 

Group Type 5°C 20°C 35°C 55°C 
Bacteria Salmonella 

E. coli 
Faecal Streptococci 

 14 
14 
 

2.4 
1.8 
2 

0.03 
0.02 
0.05 

Virus Foot and Mouth Disease 
Aujeszky’s decease 

>98 
98 

14 
14 

1 
0.2 

0.05 
0.01 

Parasites Nematode egg   21-35 0.2 
 
Bendixen (1995) concluded: "Infectious bacteria and virus in slurry can be killed in thermophile 
biogas reactors within 6-10 hours, also when the load of bacteria or virus is high". He also 
concluded: In mesophile biogas reactors only a moderate reduction of infectial bacteria can be 
obtained... If treating high load organic waste it should be treated in separate tanks for 
hygienisation at 55 °C or above." 
 
Lund et al. (1995) made a study of reduction of virus in a biogas reactor. They concluded that 
Bovine enterovirus was killed extremely rapidly at 55 °C (less than 6 minutes for a reduction to 
1/10,000), but also rapidly at 35 °C (20-24 hours). The thermo resistant Porcine parvovirus was 
only reduced slowly even at 55 °C (42-66 hours). 
 
Studies have indicated that the level of organic substances, such as phthalates, is only reduced 
very limitedly in the anaerobic environment in a biogas reactor (Mai et al., 1999). The reduction 
occurs much faster in an aerobic environment such as a composting facility or in soil 
(Hedeselskabet, 2000). High levels in manure and waste can be avoided by reducing the use in 
industry and households. Sampling and testing procedures can be introduced to assure that no 
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biomass with too high a level is used for biogas production or land application as suggested by 
Seadi, et al. (2006).  
 
Heavy metals are obviously not reduced in biogas plants. As in the case of organic substances 
sampling and testing procedures can be introduced to ensure that only biomass with an 
acceptable level is used for biogas production. Nordberg & Edstrom (2002) found that the levels 
of seven common heavy metals in typical Swedish digested biomass were only 4-17 percent of 
the limits indicated in the Danish regulation for the use of waste for fertilizer purposes 
(Anonymous, 2006).  
 
Contents of harmful substances in biomass used in biogas production: 
Table 1.7. shows a list of biomasses used in European biogas plants (see section 1.1.b), and the 
potential contents of harmful substances. 
 
It is indicated that manure has a high risk of containing a harmful level of bacteria, virus and 
parasites. It is important to notice, that a high level is not necessarily correlated to a high risk of 
new infection. During cautious storage and after application to the fields the level will be 
reduced relatively quickly. This is due to the effect of sunlight, heat, and drought etc.  
 
Table 1.7. Types of biomass used in European biogas plants with indication of a potentially 
harmful level of each type. xx = high risk of harmful level, x = low risk of harmful level, 
empty = very low or no risk of harmful level. Thermophillic digestion is assumed in order 
to get an efficient hygienisation  
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Pig manure xx xx xx x x  x  x x 
Cattle manure xx xx xx x x  x  x x 
Poultry manure xx xx xx x x  x  x x 
Deep litter xx xx xx x x  x  x x 
Maize silage           
Green harvested crops           
Slaughterhouse waste xx xx xx x   x  x  
Waste from dairy           
Waste from fish industry    x     x  
Glycerine           
Vinasse           
Waste from plant oil production    x     x  
Molasses           
Meat and bone meal*)           
Source sorted household waste xx   xx xx    xx x 
Municipal sewage sludge xx  x xx xx    xx x 
*) Treatment at 133°C for minimum 20 minutes at 3 bar according to EU-regulation 1774/2002. 
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Composition of biogas: 
The composition of biogas varies according (mainly) to the biomass digested, but "a typical" 
biogas produced from a mixture of animal manure and other organic waste products. Se table 
1.8. 
 
Table 1.8. Average composition of biogas 

Chemical compound Content, percent 

Methane, CH4 55-75 

Carbon dioxide, CO2 25-45 

Carbon monoxide, CO 0-0.3 

Nitrogen, N2 1-5 

Hydrogen, H2 0-3 

Hydrogen sulphide, H2S 0.1-0.5 

Oxygen, O2 Traces 
 
Methane (CH4), being the major component of biogas, might be the biggest potential 
environmental hazard when considering the utilization of biogas as a renewable energy source. 
Methane is a very aggressive green-house gas compared to for instance carbon dioxide, and leak 
of methane/biogas from a plant should thus be prevented; for example it is important to have 
flare for "getting rid of" excess amounts of biogas, for instance during maintenance of 
cogeneration engines. 
 
However, production of biogas (and thus methane) in a closed controlled system like a biogas 
plant – and the subsequent utilization of the biogas as renewable energy source through 
combustion - actually has a very positive effect on the "green house emission account": 

• Under normal circumstances there will be a considerable methane emission from storage 
and application of animal manure; by collecting the biogas through biogas installations, 
the total methane emission from agriculture will be reduced compared to no biogas 
plants ( see section 1.1.i). 

• By converting the methane into energy and carbon dioxide through combustion, there is 
a "reverse" input to the green house effect account, because CO2 is by far less harmful 
than methane, and because the energy from the biogas combustion replaces fossil energy 
sources. 

 
Carbon dioxide (CO2) is the most important greenhouse gas, and CO2-emissions should 
therefore be avoided whenever possible. However, CO2-emissions from renewable energy 
sources (like combustion of straw, wood and biogas are considered neutral, because the same 
amounts of CO2 which are emitted upon combustion have basically been assimilated by green 
plants in the first place to produce the biomass. So the CO2-content in the biogas – and the 
further amounts emitted after combustion of the methane - is not considered a problem for the 
environment. 
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Hydrogen sulphide (H2S) is probably the substance in biogas which is given most focus, when 
talking about potential hazards. This is because H2S is deadly poisonous to man even in small 
concentrations and because it damages the cogeneration plants through corrosion (after reacting 
with oxygen during combustion, creating sulphuric acid). Therefore different methods are used 
to reduce the concentration of H2S in the biogas; either the biogas is cleaned itself, for instance 
in a scrubber, or a small amount (approximately four percent) of fresh air is added to the biogas 
in a tank - for instance a covered, gas-tight slurry storage tank - where bacteria at the surface of 
the slurry take up the H2S. A further advantage of this is that the sulphur remains in the slurry 
for later plant nutrition. 
 
Besides these three important gasses, other substances may be present in small amounts in the 
biogas. Nitrogen (N2) and oxygen (O2) may be present in concentrations up to a couple of 
percent (this would typically be the case if fresh air is added to the biogas for desulphurization), 
but these gasses are obviously not an environmental hazard. Hydrogen (H2) may also be present 
in small amounts, but will be eliminated during combustion. Two potentially 
dangerous/hazardous gasses, carbon monoxide (CO) and ammonia (NH3) may also be present 
in trace amounts. Carbon monoxide is again a potentially lethal poisonous substance, but the 
hazard of this is overshadowed by the H2S; furthermore by a clean combustion, CO would be 
eliminated, but traces of CO in the flue gas may be the result from a poor combustion. Also 
traces of ammonia could be in the flue gas from biogas combustion, but the amount is negligible 
compared to the potential for reduction of nitrogen to the environment resulting from the 
improved utilization of the bio fertilizer compared to untreated slurry.   
 
So in general, if leak of biogas from the installations is prevented effectively, and if the 
combustion of the biogas is carried out under optimal or near-optimal conditions (and there is no 
reason why it shouldn't) the overall effects on emissions from converting organic biomass to 
biogas through anaerobic digestion are indeed positive. Not only by reducing CO2-emissions 
from using fossil fuel, but also by a net reduction in other emissions (methane etc.) from animal 
manure etc. compared to a situation without a biogas plant (see section 1.1.i) 
 
Environmental aspects of different renewable energy sources 
When comparing the environmental effects of renewable energy sources, a number of different 
parameters can be taken into account: 

• The total account for a given renewable energy plant – so-called Life Cycle Analysis 
(LCA). This includes for instance the "environmental costs" of producing the plant (e.g. 
use of resources, energy etc.). 

• Factors considered a nuisance by man (or at least some people) but not necessarily 
affecting the environment (e.g. "visual pollution" from wind turbines in a beautiful 
landscape, odour emissions etc.). 

• Qualitative evaluation of emissions and other factors with potential negative effects on 
the environment.  

 
LCA's of different renewable energy sources/plants are beyond the scope of this study, and the 
subjective issues are not relevant here. But a short qualitative evaluation on the emission aspects 
will be given here. 
 
Obviously there are no emissions from the energy production from wind turbines, thermal or 
photovoltaic solar plants or wave energy plants, compared to plants involving combustion of 
biomass or biogas. 
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Anyway, as mentioned earlier, leak of biogas to the surroundings should be avoided in order to 
obtain the most positive net environmental result of agricultural anaerobic digestion.   
 
1.1.i.  Advantages of biogas installations 
 
When installing a biogas plant, digesting manure and organic waste and using digested manure 
as a fertilizer instead of untreated manure a lot of things will change in the way the manure is 
handled and utilized. The farmer will experience a lot of advantages; of which some can be 
"moneyterised" and others must be considered as externalities. Even though the advantages are 
in absolute majority the farmer will also experience a few disadvantages. In this section the 
advantages and disadvantages will be listed and explained.  
 
Increased utilization of nitrogen as fertilizer: 
The physical and chemical change that happens in a biogas reactor improves the fertilizer value 
of nitrogen in the manure. This fact has to be taken into consideration when making fertilizer 
plans in order to save money on purchase of mineral fertilizer and in order to reduce the 
negative impact on the environment. 
 
In the biogas reactor organic matter is broken down and converted into biogas. During that 
process organic nitrogen is concerted into plant available ammonium, which means that the 
content of plant available ammonium in digested manure is higher than in untreated manure. 
When organic matter is broken down in the biogas reactor, the viscosity of the manure 
decreases, and the manure becomes a very light fluid, that infiltrates the soil relatively fast after 
application. In the soil the ammonium is protected from ammonia volatilization, and the 
fertilizer value in the manure is maintained (Hansen et al., 2004). 
 
In Denmark a large number of field trials have demonstrated the improvement of the fertilizer 
effect of nitrogen after digestion of manure. In a series of trials in winter wheat the nitrogen 
effect of surface applied pig slurry, cattle slurry or digested slurry was compared to the effect of 
nitrogen in mineral fertilizer. A so-called field effect was calculated for each slurry type, and the 
utilization of nitrogen in mineral fertilizer was defined as field effect index 100. The field effect 
for the three slurry types were calculated as the following (Pedersen, 2001): 
 

Cattle slurry  50 
Pig slurry  63 
Digested slurry 80 

 
The digested manure used in the trials was typically a digested mixture of 50 percent pig slurry, 
25 percent cattle slurry and 25 percent organic waste. The field effects demonstrate clearly, that 
the fertilizer value of digested slurry is higher than that of untreated slurry. A farmer using 170 
kg total-N per hectare in digested slurry instead of pig slurry can save nitrogen in mineral 
fertilizer equivalent to about 20 € per hectare and about 36 € per hectare, if he uses digested 
manure instead of cattle slurry. 
 
In the project, Probiogas, model calculations showed an increase in the value of nitrogen in the 
slurry up to 35 € per hectare (Christensen, 2007). 
 
Digestion of slurry is a means to maintain yields using less mineral fertilizer. This also means 
that the total load of nitrogen in the field decreases, and the nitrogen balance improves. A 
reduced input of nitrogen results in a decrease of leaching of nitrate from the root zone. Under 
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Danish conditions a reduction of the input of nitrogen in mineral fertiliser of 1 kg per hectare 
results in a decrease of 0.25 kg nitrogen in nitrate leaching (Jørgensen, 2004). In the above 
mentioned example the nitrate leaching will be reduced by 8 and 13 kg nitrogen per hectare 
respectively by using digested slurry instead of pig slurry and cattle slurry. 
 
Digestion reduces the odour after application of manure in the fields: 
In the biogas reactor a lot of organic compounds are broken down and converted into biogas. A 
lot of the compounds that contribute to the well known obnoxious odour of slurry are amongst 
the compounds that are broken down. As a consequence the potential of odour problems is 
reduced after application of digested slurry. 
 
Hansen et al., (2004) measured the concentration of selected organic compounds (volatile fatty 
acids, VFA) known to contribute significantly to the odour in slurry. They measured both in 
untreated slurry and in digested slurry from the same farm. The concentrations of VFA were 
reduced 85-100 percent during the biogas process.  
 
Powers et al. (1999) measured the odour of samples of digested slurry several times during the 
digestion process by using a human odour panel. On a scale from 0 to 10 the odour intensity 
decreased gradually from 6.88 to 3.08 during a 20 day period of digestion. 
 
Also after application it has been demonstrated that application of digested slurry creates less 
odour problems than untreated slurry (Hansen et al., 2004; Bang, 2005) 
 
Digestion reduces the emission of greenhouse gasses: 
Climate change and global warming may be due to increased concentrations of so called 
greenhouse gasses (GHG) in the atmosphere. Carbon dioxide, methane and nitrous oxide are 
amongst the greenhouse gasses, and digestion of nitrogen in biogas plants influence the amount 
of emission in several ways. 
 
Production of renewable energy (substitution of fossil fuel): 
In a biogas plant renewable energy is produced as methane, and this energy can substitute fossil 
fuels such as coal, oil and natural gas. During the process energy is consumed for transport of 
slurry (centralised plants) and processing on the biogas plant (pumping heating etc.). Only less 
than 20 percent of the produced energy is consumed during the process (Birkmose, 2000). Thus 
a large surplus of energy is produced, and a large substitution of fossil fuels is obtained. 
  
Reduction of methane emission from storage tanks for manure: 
In slurry storage tanks the slurry is stored anaerobic. The slurry contains easily degradable 
organic compounds. A part of these compounds will be concerted into methane by anaerobic 
bacteria, and the methane will escape into the atmosphere. The process is equivalent to the 
process in a biogas plant, but the process in a slurry storage tank is slower due to lower 
temperatures. In a biogas plant the organic compounds are degraded in a controlled way and the 
produced methane is collected as biogas. Due to lack of easily degradable organic compounds 
the emission of methane from a store with digested slurry is lower than from tanks with 
untreated slurry (Sommer et al., 2001). 
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Reduction of emission of nitrous oxide after application of manure to the fields: 
Emission of nitrous oxide from applied slurry is also dependent on the presence of easily 
degradable organic compounds. As it is the case for methane emissions from stores, lack of 
easily degradable organic compounds in digested slurry results in a reduced emission of nitrous 
oxide from applied slurry (Sommer et al., 2001). 
 
Emission of methane from biogas plant: 
Counteracting the positive effect of biogas production on the reduction of greenhouse gasses is 
the fact that methane escapes from leaks in the biogas plants and goes unburned through the 
engines of the biogas plant. Sommer et al., (2001) expected three percent of the produced 
methane in a biogas plant to escape into the atmosphere. Christensen (2007) assumed that one 
percent of the methane went through the engine unburned. They also mention that technology 
that can eliminate this problem exists. 
 
The net result of biogas plants on emission of greenhouse gasses is clearly positive. Sommer et 
al., (2001) calculated that digestion of slurry results in a reduction of greenhouse gasses of 35-
116 kg CO2-equivalents pr. ton of slurry depending on preconditions in Denmark. The 
corresponding figure for digestion of organic waste is 213-233 kg CO2-equivalents pr. ton. If all 
slurry in Denmark was digested a reduction of 3 percent of the total emission of greenhouse 
gasses in Denmark could be achieved.  
 
In the project, Probiogas, the reduction of greenhouse gasses was calculated for six countries, 
and the emission was divided into carbon dioxide, methane and nitrous oxides. In table 1.9. the 
results are shown. 
 
Table 1.9. Estimated greenhouse gas reduction in six countries. Reduction of ton CO2 
equivalents per year. In ( ) the percentage of the total reduction. Christensen, 2007 

 France Ireland Spain Greece Belgium Netherlands
Ton biomass 
treated per 
day 

120 144 460 93 200 600 

Reduction: 
Carbon 
dioxide 
Methane 
Nitrous oxide 

 
6,735 (83) 

582 (7) 
839 (10) 

3,340 (90) 
-78 (-2) 

446 (12)

12,278 (62)
1,124 (6)

6,365 (32)

2,729 (48) 
2,436 (43) 

465 (8)

 
3,223 (84) 

115 (3) 
507 (13) 

18,787 (60) 
5,726 (18) 
6,737 (22)

Total 8,155 3,709 19,767 5,630 3,845 31,250
Reduction, kg 
CO2 eq per 
ton 

186 71 118 166 51 142

 
Table 1.7. shows that a major contribution to the reduction of greenhouse gasses is due to the 
reduction of carbon dioxide emission, which is a result of the substitution of fossil fuels. 
However, in average one third of the contribution is due to a reduction of methane and nitrous 
oxides mainly in the agricultural sector.  
 
Among the six countries there is a huge variation in the reduction of carbon dioxide equivalents 
per ton of biomass treated. Especially Ireland and Belgium have low reductions, which is due to 
a relatively low production of energy caused by a relatively low input of waste with a high 
potential for methane production. 
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Hygienisation of slurry: 
In the biogas plant the biomass is heated at typically 35 °C (mesophile) or 52-55 °C 
(thermophile) for two to three weeks. During that period the contents of bacteria, virus, and 
weed seeds etc. will decrease significantly due to the heating of the biomass, as shown in section 
1.1.h. The higher the temperature the faster and more efficiently the decrease can be expected.  
 
Increased risk of ammonia volatilization: 
During the biogas process organic volatile fatty acids are degraded. That is one of the reasons 
for reduction of odour emission. When acids are broken down the pH of the slurry increases. 
Hansen et al., (2004) measured an increase of pH from 7.4 to 8.1 and from 7.2 to 8.1 by 
digestion of slurry in 2002 and 2003 respectively. Even though it doesn't seem much it has a 
dramatic effect on the content of free ammonia in the slurry. A one unit increase of pH increases 
the concentration tenfold. As ammonia is volatile (in contrary to ammonium, which is non-
volatile) the potential of ammonia volatilization from digested slurry is higher than from 
untreated slurry during storage and after application to the field. Hansen et al. (2004) measured 
the nitrogen losses from stored slurry with and without digestion and with and without cover. In 
table 1.10. the results are shown. 
 
Table 1.10. Monthly losses (percent) of nitrogen due to ammonia volatilization at storage 
of untreated and digested slurry (Hansen et al., 2004) 

 Untreated slurry Digested slurry 
With cover (15 cm of Leca*)) 0.8 0.9 
Without cover 2.5 4.4 

*) Light Expanded Clay Aggregate 
 
The results show that the risk of ammonia volatilization from digested slurry is higher than from 
untreated slurry, but the risk can be eliminated by an efficient cover during storage. Sommer 
(1997) also found that a cover during storage was efficient. He measured a decrease in ammonia 
volatilization by 92-96 percent by covering the manure with straw or Leca. 
 
Hansen et al. (2004) measured the ammonia volatilization after application to the field. They 
found that the volatilization actually decreased after digestion despite the increase in risk. They 
explained that by the fact that digested slurry has a lower viscosity due to a lower content of dry 
matter (dry matter is converted to biogas). Digested slurry with a low viscosity will infiltrate the 
soil faster than untreated slurry and in the soil ammonia is protected from ammonia 
volatilization. 
 
The results show that extra precautions are necessary when handling digested slurry. If 
application to the fields is done on a day with great potential for ammonia volatilization (for 
example during hot, sunny and windy conditions) injection of the digested slurry or fast 
incorporation can be advised. 
 
Reduced crust on storage tanks: 
As documented by Sommer (1997) and Hansen et al. (2004) the risk of ammonia volatilization 
is higher from digested slurry than from untreated slurry. During storage solid cover or a natural 
or artificial crust is very important. Unfortunately digested slurry has a low tendency to create a 
natural crust during storage, because a part of the solid material, which forms the crust, is 
broken down during the biogas process. Danish experience shows that it is generally necessary 
to establish an artificial crust of for example straw or Leca if a solid cover is not available. If an 
artificial crust is established there will be no increase in risk of ammonia volatilization. 
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Digested slurry seems to be easy to trade: 
From a farmers point of view a lot of advantages can be obtained by using digested slurry 
instead of untreated slurry. Danish experience shows that plant producers are more willing to 
use digested slurry on their field than untreated slurry. That leads to a better and more even 
distribution of nutrients in the area, and an overall reduction in the use of mineral fertilizer. The 
project Probiogas showed that a substantial increase in value can be obtained if the manure is 
evenly distributed in the area. In the two countries with the highest potential for a better 
distribution, an increase of the value of phosphorus and potassium were increased by more than 
22 € per hectare (Christensen, 2007). 
 
Advantages and disadvantages of farm-scale and centralized biogas plants 
Not all advantages can be obtained from both farm-scale and centralized biogas plants. In table 
1.11. a number of advantages and disadvantages of the two types are listed. 
 
Table 1.11. Advantages and disadvantages of farm-scale and centralized biogas plants  

 Advantages Disadvantages 
Farm-scale 
biogas 
plants 

• Technical simplicity; in principle a 
digester/biogas reactor can just be 
"inserted" between a farm's pre-tank 
and storage tank. 

• Low operational costs compared to 
centralized plants. 

• Heat utilization; it is often difficult 
to utilize heat produced from co-
generation at the farm, especially in 
summer. 

• The farmer must have considerable 
technical skills and needs to be 
interested in operating the plant. 

• The farm must be of a considerable 
size in order to make a biogas plant 
potentially feasible. 

Centralized 
biogas 
plants 

• Both large and small farms can 
participate in centralized plants. 

• Recirculation of organic waste 
products; centralized plants often 
have the ability to receive many 
types of industrial and agricultural 
organic waste. 

• Skilled staff with focus on the biogas 
production.  

• Distribution of digested slurry; 
compared to farm-scale plants, 
centralized plants typically 
facilitates a better distribution of 
nutrients in the area. 

• Economy of scale; treating large 
amounts of biomass, typically the 
price of for instance digester tank 
would be lower per tonne of biomass 
treated. 

• Better possibilities of utilizing heat 
production through district heating 
systems. 

• Technically more complex; 
transportation, receiving and 
loading facilities have to be 
established. 

• Higher costs; especially operational 
costs (e.g. transportation costs etc.) 
are considerably higher per tonne of 
biomass treated than for farm-scale 
plants. 

• It is often difficult to find a suitable 
location for the plant. 

• Veterinary aspects; although this 
has never been the case yet, there is 
a potential danger of spreading of 
disease between farms receiving 
digested slurry. 
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Advantages of co-operation between agricultural stakeholders: 
Biogas plants are multi-functional plants with the potential of solving challenges for several 
possible partners/stakeholders. The importance of the interaction between these partners is 
varying between "minor" and "great", depending on the situation: 

• For farmers with animal production, the main advantage would typically be a better 
fertilizer product for his own plant production (if any) and/or better possibilities of 
getting rid of surplus nutrients, because the digested slurry is a more attractive product 
than untreated manure/slurry.  

• The arable farmers will have the possibility of either receiving a much better fertilizer 
product instead of untreated slurry/manure, or replacing mineral fertilizer with digested 
slurry (see 1.1.i). 

• The food industry; even though the tendency goes toward increased utilization or 
reformation of waste products for higher value products (industrial purposes, feed 
products etc.) the utilization in biogas plants is for many industries still an economically 
and ecologically sound way to get rid of waste products. 

 

1.2.  Legislation 
 
Methodology: 
The studies are based on review of reports from the ProBiogas and the AgroBiogas projects as 
well as own material, including own biogas feasibility studies (for instance DAAS, 2003), 
supplemented with literature search and information collected through a survey performed in 
connection with this study. 
 
We have given priority to formulate a summary of essential elements in the legislation, with 
examples from the individual member states, especially related to the problems faced in relation 
to the application of the newest biogas plant technologies.  
 
Only legislation or parts of legislation that directly or indirectly:   
 

• promotes or enable biogas production, or which  
• disfavour or hinders biogas production. 

 
are taken into consideration. 
 
1.2.a. Environmental legislation (water, soil, emission) 
 
Studies: 
The legislation has in most cases been developed without taking the perspectives of the biogas 
production technology in mind, and may therefore unintentionally play a role in the possibility 
for biogas production. 
 
The agro-environmental legislation that first of all is related to the EU Nitrate Directive 
(91/676/EEC) and the IPPC Directive (96/61/EEC) is in general giving incentive to employ 
biogas technology.  
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The Nitrate Directive: 
Essentially, the legislation states that farms in Nitrate Vulnerable Zones and farms with large 
livestock productions must invest in installations for storage of livestock manure and ensure that 
there is harmony between the amount of livestock manure produced and the cultivated area 
where this is spread as fertiliser. These decisions are clearly favouring the biogas technology 
because  
 
• the extra cost for building a biogas plant is relatively small if the farm have to build 

manure stores anyway  
 

Example 
The livestock storage facilities for the Estonian pig farm EKSEKO are estimated at M€ 1.2 
(Danish Agricultural Advisory Service, National Centre. 2003).  

The additional price of a biogas plant, of basic technological solution (GOSMER) and with an 
annual capacity of 130,000 tonnes per year, is estimated to be about 21 € per m3 or in total M€ 
2.7.  

The total storage capacity plus a biogas plant would cost M€ 3.9.   
 

• The Nitrate Directive prescribes that for farms in Nitrate Vulnerable Zones official 
fertiliser norms must be defined, that max. 170 kg nitrogen in livestock manure can be 
spread per ha and that requirements to the field effect of the nitrogen in the manure must 
be defined - this makes the field effect of livestock manure important for the crop 
production economy and gives advantage to digested livestock manure which has a 
substantially higher field effect – see section 1.1.i for the effect of the anaerobic digestion 
on the field effect. 

 
The IPPC Directive: 
The IPPC Directive's requirement for involvement of the public (Article 15) in environmental 
permit procedures (of large livestock units) makes it advantageous to deal with biogas due to the 
much reduced smell of digested slurry as compared to un-digested slurry (The Danish 
Agricultural Advisory Centre, 2000) and section 1.1.i. 
 
The Sewage Sludge Directive: 
The Sewage Sludge Directive 86/278/EEC seeks to encourage the use of sewage sludge in 
agriculture and to regulate its use in order to prevent harmful effects on soil, vegetation, animals 
and man. It prohibits the use of untreated sludge on agricultural land unless it is injected or 
incorporated into the soil. Treated sludge is defined as having undergone "biological, chemical 
or heat treatment, long-term storage or any other appropriate process so as significantly to 
reduce its fermentability and the health hazards resulting from its use". In order to provide 
protection against potential health risks from residual pathogens, sludge must not be applied to 
soil in which fruit and vegetable crops are growing or grown, or less than ten months before 
fruit and vegetable crops are to be harvested. Grazing animals must not be allowed access to 
grassland or forage land less than three weeks after the application of sludge. The Directive also 
requires that sludge is used in such a way that the nutrient requirements of plants are taken into 
account and that the quality of the soil and of the surface and groundwater is not impaired. With 
regard to heavy metals the directive is especially concerned about pollution of soils with 
cadmium, lead, zinc, nickel, chrome, and mercury. 
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A thermophile biogas plant, which anyway processes all biomass according to the requirements 
for Category 3 animal by-products waste according 1774/2002/EEC, would comply with the 
above mentioned requirements to treatment of sewage sludge.  
 
Legislation on heavy metals: 
Legulation 1334/2003 sets upper limits for content of some heavy metals in feed, namely iron, 
cobalt cupper, manganese and zinc, to ensure that this would not accumulate in the soil via the 
livestock manure. Similarly EU has set limits on the use of selenium in feeds (1831/2003/EEC). 
Anaerobic digestion would not change the content of heavy metals in the livestock manure.  
 
The Water Framework Directive: 
The Water Framework Directive (60/2000/EEC) might have similar impacts on the feasibility of 
biogas plants as other mentioned agro-environmental legislation. However, the more specific 
impact of this legislation is diffuse, as the precise legal requirements to farming in specific river 
basins would be decided by the Member States that are related to the specific river basin. 
However, the instruments that the river basin management plans would employ would be much 
comparable to those employed by other agro-environmental legislation.    
 
Other: 
COM 231(2006) declares EU's concerns and intentions in relation to soil protection and lists up 
a number of measures that will be undertaken, including reviews of the Sewage Sludge 
Directive and the IPPC Directive in 2007. 
 
1.2.b.  Food hygiene and food-stuffs legislation 
 
Studies: 
The EU food hygiene and foodstuff legislation in relation to biogas comprise the following: 
 
• A ban of the use of meat and bone meal (MBM) as feed material for farmed animals was 

introduced in July 1994 after outbreak of the BSE (bovine spongiform encephalogy, or 
more popular: mad cows disease).  

 
Currently, the Regulation (EC) No 999/2001 of the European Parliament and of the Council of 
22 May 2001 lays down rules for the prevention, control and eradication of certain transmissible 
spongiform encephalopathies (TSEs) and prohibits feeding animal protein to farmed animals, 
with the exception of certain animal proteins.   
 
The ban of use of MBM as feed material for most livestock created a need for identification of 
alternative use.  
 
• The Animal By-products Regulation (1774/2002/EEC) provides the basis for use of 

animal by-products as biomass in a biogas plant.  
 
Category 2 material (dead animals, slaughterhouse waste and alike, except Category 1 material) 
must before digestion be processed to a particle size of max. 50 mm, heated to 133 ºC for at 
least 20 minutes under 3 bar pressure produced by saturated steam.  
 
Category 3 material (food residues and leftovers etc.) must prior to digestion be processed to a 
particle size of max. 12 mm and exposed to 70 ºC for at least 60 minutes.  
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The processing must happen at a pasteurisation/hygenisation unit that cannot be by-passed, and 
which is equipped with temperature monitoring, recording devices, safety systems, as well as 
facilities for cleaning and disinfecting vehicles and containers before leaving.  
 
It is not mandatory for biogas plants that receive already processed Category 2 and 3 materials 
to have a unit for pasteurisation/hygenisation.  
 
Sampled digestion residues must be under certain thresholds for content of salmonella and 
enterobacteriaceae.    
 
1.2.c.  Energy legislation 
 
Studies: 
The EU policies and legislation concerning energy supply that deals directly or indirectly with 
biogas production are all in favour of increased biogas production:  
 
• The EU White Paper set the target of increasing renewable energy resources from 6% in 

1995 to 12% by 2010, whereof 17% of the increase should be contributed from livestock 
production, sewage treatment and landfills, 33% from agriculture and forest residues, 
and 50% from energy crops. 

• The EU Green Paper forecasted an increased dependence of 70% on imported energy by 
2030 if no measures were taken.  

• The RES-E Directive (2001/77/EEC) establishes the goal of increasing the share of 
electricity produced on renewable energy resources from 13.9% in 1997 to 22% in 2010, 
and provides instruments for that, here under the Green Certificates, which the Member 
States may employ to reach the goals.  

• COM 366 (2004) emphasizes that the Member States have to do more to support the 
production of electricity on the basis of bioenergy in order to reach the goal for 2010. 

• COM 627 (2005) says that more than half of the Member States give too little support to 
green electricity and calls for optimisation of support schemes and removal of barriers.  

• The Biomass Action Plan (COM 628, 2005) contains a number of measures to increase 
the development of biomass from agricultural crops, waste and wood, creating incentives 
to their use and removing barriers for the development of the market. An Impact 
Assessment says that the Plan would reduce greenhouse gas emissions with 209 million 
tonnes CO2e, provide direct employment of up to 300,000 people, and reduce reliance on 
imported energy from 48 to 42%.  

• The amended Biomass Action Plan of 2006 (COM 34, 2006) takes into consideration the 
reduction of green house gases from the transport sector.  

 
The legislation has in most cases been developed without taking the perspectives of the biogas 
production technology into consideration, and may therefore unintentionally play a role in the 
possibility for biogas production. 
 
The Renewable Energy Act in Germany has a large effect on the promotion of biogas in 
Germany and is the reason for a strong focus on energy crops; it determines that biogas 
produced on the basis of livestock manure or energy crops is supported with up to 21.16 cent per 
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kWh for small plants, and minimum 10.03 cent per kWh for larger plants with an effect of more 
than 5 MW (AgroBiogas, 2006). The support is additional to the basic electricity price.  
 
For Austria a similar effect is seen from the "Strömgesetz", which also subsidises biogas 
produced on bio waste.     
 

Example from Denmark (AgroBiogas, 2006) 
 
Since 2005 landfilling of organic waste has been banned in Denmark, because it was not 
considered sustainable. Hence, other treatment methods were considered. Anaerobic co-
digestion and incineration have been implemented, where appropriate. 
 
Incineration of waste is subjected to a tax of EUR 44 per tonne. In addition, the residue from 
the incineration plant is subjected to a tax of nearly the same amount, when landfilled. 
Recycling of organic waste is not subject to any tax. 
 
 
Today the situation is that trade of CO2e requires a so-called Project Design Document (PDD) 
and a monitoring plan except from dedicated institutions to handle the trades. This costly system 
is not considered profitable for trades below maybe 25,000 tonnes CO2e produced per year.  
 
It is suggested in stead that the CO2e trade is made directly correlated to the production of 
electricity (or biogas). The correlation between the CO2e reduction and the amount of electricity 
and/or biogas can easily be established if it is accepted that there are small variations dependent 
on the type of digested biomass etc. The system would be easy to administrate and it would 
ensure that both investors and Member States benefit from the actual reduction they make of 
greenhouse gases.  
 
Belgium has established a clear correlation between the Green Certificates and the reduction of 
the CO2e production. The Belgian example concerning Green Certificates could be an 
inspiration for the development of a new CO2e trading system within the EU, and could have the 
potential to get approval from third countries. 
 
Finally, the correct and more logic principle would be to impose CO2e tariffs on fossil fuels 
rather that to trade ERU's, but at the same time we recognise that it would be difficult to change 
the ERU trading mechanisms already implemented in both EU and the rest of the World.     
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2.  Appraisal of the obstacles faced the development of agricultural biogas 
technology and for more extensive installations in the EU 

 
2.1. Review of technical difficulties 
 
The main technical challenges are: 
 
Handling of biomass substrates: 
Handling of biomass rich in dry matter/Total Solids (e.g. maize silage and other energy crops) 
may still be a challenge. In Germany and Austria where use of energy crops as the main or only 
biomass source is widespread, biogas plants and components have been developed to overcome 
these challenges. Whereas for instance in Denmark, where until now agricultural biogas plants 
have been based on the use of animal slurry as the primary biomass source, the hydraulic 
features of the plants (stirring and pumping systems) determine the upper limit to the amount of 
Total Solids in the biomass. 
 
Biogas utilization – cogeneration: 
Cogeneration systems for production of electricity and heat have earlier on been one of the main 
challenges in running biogas plants. However with the high number of plants installed over the 
last couple of years – especially in Germany and Austria – the cogeneration systems have been 
further developed, and with many standard products on the market and a high level of service, 
this part of the technology no longer presents a special problem. 
 
Odour problems: 
In some countries biogas plants have had a bad reputation for causing odour problems in the 
surroundings. Ff course this is especially a problem for plants located near towns or villages, 
whereas at Farm Biogas Plants, the smell from the biogas plant itself is often difficult to 
differentiate from the smell caused by the animal production itself. In some countries like 
Denmark this has led to difficulties in finding acceptable locations for new centralised plants.  
 
It is, however, generally accepted, that it is possible to build new biogas plants with a very 
limited odour emission by establishing low-vacuum facilities at the biogas plant, in buildings 
where substrates are handled as well as from storage tanks etc. The air taken out from these 
facilities is then purified though biological filters.  
 
Feasible sites for biogas plants: 
Centralized biogas plants; there are a number of issues to be addressed in order to point out 
feasible sites for centralized plants: 

• Biomass resources and logistics; transport costs are a heavy burden on centralized biogas 
plant economy. Therefore a plant should be localized in animal dense areas or where 
other types of biomass are readily available. Furthermore much heavy traffic will occur, 
so the traffic facilities (road size etc.) must be considered.  

• Utilization of heat production; the income from sale of electricity is more or less given, 
depending on national legislation. Therefore the possibility of optimizing income for the 
plant lies within selling the heat from the cogeneration at the highest possible price.  

• Potential odour problems; from time to time (for example during maintenance), odour 
emissions will escape from a biogas plant. To avoid public resistance, it is therefore 
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important to locate biogas plants so that other people are affected as little as possible, 
when this occasionally happens. 

 
Farm-scale biogas plants; in general there's no problem in having the farm-scale biogas plant 
located and integrated at the farm; occasional odour emissions from the plant will mix with other 
emissions from the farm and probably not be recognized. If there are possibilities of selling 
heat/energy at a high price to for instance a village or an institution, the cogeneration unit could 
be separated from the biogas production facilities, the biogas being piped to the consumption 
site. 
 
2.2.  Evaluation of the legal problems  
 
Methodology: 
The studies are based on sections 1.2.a, 1.2.b and 1.2.c. 
 
The specific survey has been useful for collection of data and information about legal problems 
on national level. 
 
Studies: 
The legislation is generally favouring biogas production. However, in the following are listed up 
examples of un-necessary legal obstacles that could be dealt with: 
 
• The spreading of digested biomass on the fields as fertiliser requires in Belgium that the soil 

is thoroughly tested for organic matter, minerals and heavy metals. This soil analysis costs 
2,000 €. Likewise, the digested biomass must be analysed for many parameters twice a year, 
and this analysis costs € 1,000 (AgroBiogas, 2006). Another example is from the survey, 
where Ireland reports, that: "Irish ABP Regulations consider catering waste, former 
foodstuffs and raw former foodstuffs to be 3 separate categories requiring different 
management methods. Catering waste and former foodstuffs may be treated by biogas plants 
when treated in accordance with EU Directive 1774, raw former foodstuffs may not. 
However, although digestate products from catering waste may be spread on pasture land 
with a 3 week grazing delay, digestate containing former foodstuffs (other than raw FF) may 
only be spread on land where animals will not have access or eat the crops from for at least 3 
years. In theory this looks manageable, but in practice means that there is little or no waste 
suited to a biogas plant that is integrated with livestock, and there are few locations were 
sufficient arable land is available to support a large catering waste only facility. This is 
because of the need to keep waste collection systems economically sustainable, which 
means household food waste is collected with commercial waste which almost always has 
raw meat in it." Similar is seem from Holland, where digestate "in case of a mix of > 50% 
waste and manure may not be used as fertiliser. Replacement of chemical fertiliser by 
digestate is not allowed. (Survey)". 

 
The principle must in stead be that: 

• Livestock manure and digestate hereof is to be considered as fertiliser for crops and used 
according to manure standards and fertiliser norms. 

• Suppliers of external biomass must declare that the product complies with specified 
maximum values of heavy metals and other potential substances that could pollute the 
soil or the food chain.    
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• The cost of connecting to the electricity grid is very high in Belgium and totally in the 
charge of the owner of the biogas plant: around 25,000 to 50,000 € (medium voltage) for 
a farm unit (AgroBiogas, 2006). The principle must be that: 

o The conditions for being connected to the grid is regulated by law in order to 
ensure a fair treatment of the biogas plant, keeping in mind that the renewable 
energy production most often is considered as a competition to the energy 
companies that are in charge of energy delivery. 

 
In order to maximise the profitability of investments in oil drilling in the North Sea the Danish 
Government favoured use of natural gas and has made this the compulsory source of energy for 
heating in many regional plans, thus taken the choice away from the consumers. One legal 
hindrance can occur on the national level, when the government takes measures to promote 
certain energy forms or fuels. In Denmark for instance district heating systems for villages and 
small towns are well developed, and these are very well suited for renewable energy sources like 
biogas. However the Danish government in the 90'es sent out to the municipalities "Papers of 
prerequisite" (in Danish: 'forudsætningsskrivelser') defining which types of fuel district heating 
plants could use in different areas. Many places close to the natural gas grid, these papers 
prescribed natural gas as the only fuel allowed for district heating cogeneration plants, thus 
making it impossible to establish Centralised Biogas Plants in those areas, because there would 
be no ways of selling the heat from the cogeneration of the biogas. 
 
On the other hand, the structure with these cogeneration plants based on natural gas could 
potentially serve as an ideal basis for Centralised Biogas Plants, if the politics are changed to 
allow free choice of fuel for the plants; virtually all the plants could be transformed from natural 
gas to biogas fired plants with very small modifications. 
 
So the National/Local energy planning can serve as a very strong means of promoting biogas 
production – or it could be a prohibitive hindrance   

• Time consuming and complicated authority approval of new biogas plants. 
 

Example 
 
Restriction on the zone where building of a biogas plant is allowed (not in agricultural zone if 
exogenous substrates) (from Survey – Belgium) 
 
 

• The enforcement of agro-environmental legislation is not yet effective, especially in new 
EU countries 

 
Examples 
 
The DG ENV has in letter of 2 February 2006 informed Ministry of Agriculture in Latvia 
about the designated Nitrate Vulnerable Zone that "Latvia needs to correct this omission".  
 
There is no control of the harmony rules of the Nitrate Directive in Bulgaria (Survey).  
 
 

• The awareness of the legal possibility to use biogas as a BAT in connection to the 
establishment of rendering capacity in especially new EU member states is not 
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understood, and the established rendering capacity lags behind needs. In old Member 
States the rendering capacity is already established using conventional technologies and 
it would probably be difficult for biogas technology to compete with those established 
systems in the short run, also because the conventional rendering plants have established 
well functioning logistics for collecting animal by-products.  
 

• The energy market in EU is not yet functioning, here under the possibility to trade green 
certificates.  

 

Example 
 
Liberalisation of the energy market is proceeding very slowly in Greece, and PPC retains the 
leading position in power generation and supply (Probiogas, 2006).   
 
 

• The transition costs for ERU trade is much too expensive for the biogas production and 
other trade mechanisms needs to be found. 

• Digested biomass is categorised as sludge in Wallonie, Belgium (AgroBiogas, 2006), 
where demands to the absence of various components are so high that it in practice is 
impossible to use it on the fields as fertiliser.  

• The development of biogas production should happen on a fair and justified basis. In 
Austria, and probably also several other EU member states, a farm with a biogas plant is 
able to fertilise much more than allowed due to the restrictions given by the Nitrate 
Directive legislation. Nitrogen in biomass other than livestock manure is not considered 
to contribute to the fertilising of the farms' fields by the legislation and the farmer can in 
this way get around the fertilisation restrictions to the disfavour of the environment and 
to the sole benefit of his own production economy (Kroiss, 2007). This practice is not 
possible in for instance Belgium (AgroBiogas, 2006), Holland and Denmark, where 
official fertiliser norms must be respected when digestate is used for fertilising of fields.   

 
As seen from section 1.2.c the situation is that the Commission has White Paper, Green Paper, 
RES-E Directive, a Biomass Action Plan and some COM's. However, there is in fact no 
legislation developed that sets targets or requirements to the Member States in relation to the 
biogas production.  
 
It is therefore suggested that the role of biogas production in the energy supply be clarified via a 
completely new EU Regulation on Biogas Production. The Regulation should include the 
following:  

• Set specific targets for the agricultural biogas share of the target for renewable energy 
production, for instance in the form of the share of the livestock manure that is digested, 
and considering the agricultural conditions and situation in the member state. 

• Organise annual statistics on agricultural biogas production in order to be able to follow 
up on the targets. 

• Designate a number of feasible sites for establishing biogas plants that complies with the 
targets for the production – this would allow a considerably quicker environmental 
approval procedure. 
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• Ensure that EU member states adapt national and regional planning in a way that no 
legal hindrances are present. For instance natural gas or other fossil fuels should not have 
preference in areas that are feasible for selling heat to district heating. 

• Issue about subsidisation – see below. 
 
We do not see any need for amending the present legislation, such as the IPPC directive and 
other. 
 
2.3.  Analysis of the economical hindrance  
 
Methodology: 
The studies are based on sections 1.1.f. 
 
The models established in section 1.1.f. are used for scenario, shadow and break-even analyses, 
varying on the most important economic criteria as for instance the payment for electricity 
produced. 
 
Studies: 
The profitability in biogas production – see section 1.1.f. and Annex H – is clearly a major 
economic hindrance for the development of the biogas production. In the following is shown 
some break-even, shadow and scenario calculations that reveal which economic incentives that 
are needed in order to motivate investments in biogas plants.  
 
With reference to Annex H the following parameters have been found of major relevance to 
focus on in the analysis of the profitability in biogas technology: 
  

• Costs and expenses: 
o Depreciation. 
o Interest payment. 
o Maintenance costs. 
o Operational costs. 

• Values and income: 
o Sale of electricity. 
o Sale of (biogas for) heat. 
o Increased field effect of N in livestock manure. 
o Value of N, P and K in external biowastes. 
o Value of gate fees. 
o Value of CO2e reductions. 

 
However, some of the parameters are not relevant to make break-even and shadow analyses for, 
because of the following:  

 
• Operational costs and maintenance costs: Those are directly related to either the 

investment or the biogas production, and any reaction on the break-even or shadow 
analysis results of those parameters would therefore naturally involve the investment size 
or the biogas production. 
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• Operational costs, maintenance costs, value of own consumption of heat: Subsidies to 
support those parameters would be difficult to administrate. 

• Value increased field effect of N, P and K, value of N, P and K in external biowastes, 
value of gate fees, potential value of CO2e reductions: These parameters are related to 
biology and wider market forces that are difficult to interfere in. 

 
Hence, the parameters that are relevant and important to analyse are those, which via 
legislation or other economic policies could be altered via amended policies.   
 
Results of shadow and break-even analyses for these parameters are shown in the table 2.1. 

 
Table 2.1. Break even and show analyses of the most important parameters for the 
profitability of biogas production 

Break even point Shadow analysis # Economic parameter Baseline 

Farm-
scale plant

Centralised 
plant 

Change Farm-
scale plant 

Centralised 
plant 

1 Replacement of pig 
slurry with flotation 
sludge slaughterhouse, 
pigs, % 

No bio wastes 2.4 4.4 ± 1% bio 
wastes  

± 13,332 ± 130,692 

2 Depreciation, i.e. % 
subsidisation of the 
investment 

No 
subsidisation 

30 45 ± 10% ± 10,750 ± 128,100 

3 Interest rate, i.e. 
subsidisation of the 
interest rate on loans to 
cover the entire 
investment 

Real interest 
rate of 3.25 % 

3.01 4.49 ± 1% ± 10,750 ± 128,100 

4 Value of electricity, € 
per kWh 

0.095 € per 
kWh 

0.132 0.144 ± 0.01 € / 
kWh 

± 8,815 ± 117,311 

5 Value of biogas sold for 
heating purposes, i.e. € 
per m3 biogas  

0.27 € per m3 0.72 0.69 ± 0.01 € / 
m3 

± 1,070 ± 13,538 

6 Potential value of CO2e 
reductions, € per year 

Threshold of 
25,000 ton 
CO2e 

- - ÷ 
threshold 
of 25,000 
ton CO2e 

+ 21,660 + 276,316 

 
The survey and other information available from the ProBiogas and AgroBiogas projects show, 
that most EU Member States focus on the electricity payment as a way of supporting biogas 
production. The table above confirms that this has a great effect. Support to the interest rate on 
loans or to investments has also effects, but it can be feared that those ways of support are 
difficult to administrate, and that support in this way would be harvested by smart investors and 
banks. The principle of supporting the product is correct, and it is very easy to control how 
much electricity a plant produces.  
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The large effect of replacing pig slurry with flotation sludge is because it contributes in different 
ways:  

• Flotation sludge of the chosen type makes a much higher biogas production per tonnes 
VS. 

• It is anticipated in the calculations that the biogas plant will receive a gate fee of 20 € per 
ton of flotation sludge it receives. 

• The flotation sludge has a content of plant nutrients, which also has a value for the 
biogas plant. 

 
It is recommended that any biogas plant use the available, external biomass it can get hold of, 
because it will improve the profitability of the biogas production. The experience is, however, 
that it is too risky for the production economy to rely on stable deliveries and stable prices of 
external biomass.  
 

Example 
 
Quality of substrates - few opportunities to mix cattle effluent with other substrates with a 
higher methane yield (mentioned as example of difficulties in Survey – Belgium) 
 
 
The potential values of the CO2e reductions are probably the most interesting figures in the 
above table with analysis results. There is a great political will to CO2e reductions, but the 
problem for biogas plants is that the value of this seldom can be capitalised due to the large 
transition costs. This is not only a problem for the biogas plant itself, but also for the entire EU 
which according the Kyoto Protocol have to reduce the CO2e outlet with 8% as a whole. The 
analyses shows, that the value of the CO2e almost could bring the economy of farm-scale plants 
in balance, and cover around half of the economic loss for the centralised plants, given the 
model calculation assumptions.  
 
Table 2.2. Calculation of the value of CO2e reductions for the centralised biogas plant 
model, provided the threshold for sale is removed 

 
 
An interesting scenario would therefore be a combination of the removal of the threshold 
volume of CO2e and an increased electricity price.  
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Table 2.3. Break-even electricity price given the threshold for trade with CO2e is 
eliminated 
 Farm scale biogas plants Centralised biogas plants 
Break-even given the threshold 
for trade with CO2e is eliminated, 
€ per kWh 

0.102 0.124 

 
Costs for animal manure processing with and without biogas plants:  
The following components must be considered when calculating costs for animal manure 
processing without a biogas plant: 

1. A pre-tank for collecting the slurry from the stable(s). 
2. Pumping system (pump and pipes) between pre-tank and storage tank. 
3. Storage tank. 
4. Stirring and pumping system (either internal in the storage tank or external) for loading 

of the slurry. 
5. Transport equipment for transport of slurry from storage tank to the field (often the 

slurry is loaded directly into the spreading equipment, so no transport equipment is 
needed). 

6. Spreading equipment. 
 
A similar system can be considered for handling of solid manure. 
 
So the costs for processing of the manure without a biogas plant can be calculated considering 
these investments plus the operational costs. 
 
For farm-scale biogas plants (FSB), the costs for processing the manure from the stable to the 
application in the field are basically not affected by the introduction of a biogas plant. The 
amount of animal manure is not reduced, so the costs for collecting, storing and application will 
be the same. Of course, there will be additional costs for establishing and running the biogas 
plant, but there is income as well, so in this case, it is reasonable just to regard the economy of 
the biogas as "isolated". Only when additional treatment – like slurry separation – is added to 
the system, there will be differences with regard to storage, transportation and application costs. 
 
By participating in centralized biogas plants (CBP), the costs for the farmer for manure 
processing may be affected; typically the slurry or manure will be collected by trucks owned by 
the CBP from the pre-tank, and digested slurry will be delivered back to the storage tank. 
Pumping from the pre-tank to the storage tank is therefore not necessary for the farmer. The 
amount of digested slurry, which the farmer receives, is not necessarily the same as delivered in 
the first place; surplus amounts may be transported directly to arable farmers needing the 
digested slurry as bio fertilizer. Furthermore, the digested slurry may be delivered to de-central 
storage tanks, thereby reducing the transportation costs for the farmer. In table 3 it is indicated, 
which handling operations can be totally or partially taken over by the biogas plant. 
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Table 2.4. Indication of costs for farmers and biogas plants for handling of manure 

No biogas plant Centralized biogas plant  
Costs for farmer Costs for farmer Costs for CBP 

Pre-tank + + - 
Pumping + - + 
Storing + +1) -1) 

Stirring and pumping 
from storage tank 

+ +1) - 

Transport + -2) +2) 

Application + +3) - 
 
1) The amount stored by the farmer may be reduced, because often "surplus" slurry may be transported by the 
Biogas Plant trucks directly to arable farm receivers upon digestion. Furthermore the biogas plant may have storage 
capacity which reduces the need for capacity by the farmers. 
 
2) The costs for transport may be reduced for the farmer, if: 

• Some of the slurry from the farm is sold from the biogas plant to arable farmers. 
• The slurry is collected by the biogas plant truck at the farm and upon digestion. 
• Delivered in a de-central storage tank closer to the application site.  

On the other hand, there will be transportation costs for the biogas plant, so in most cases the total transportation 
costs for "the system" will be higher than without the biogas plant. 
 
3) If some slurry from the farm is sold through the biogas plant to arable farmers, the costs for application will 
obviously be lower for the farmer; but again overall, there will be no reduction in the total costs for application, as 
the digested slurry will have to be applied anyway, just somewhere else. 
 

2.4.  Assessment of actions to promote the use of biogas in the agricultural sector 
 
The use of biogas solely as a commercial source of energy in competition with fossil fuels such 
as oil and coal is not profitable without financial support or subsidies. This has been 
demonstrated in several projects. Never the less, biogas production contributes with a lot more 
than energy (the most important agricultural benefits are illustrated in section 1.1.i). By adding 
all benefits in a socio economic analysis, biogas often turns out to be socio economic profitable 
(Nielsen et al., 2002; Christensen, 2007). Therefore society has an interest in biogas production, 
and a number of means can be taken in use to promote biogas and to encourage farmers and 
others to produce biogas. This can be done by supporting biogas production financially directly 
or indirectly. 
 
The actions to promote the use of biogas in the agricultural sector can be divided into three 
groups: 
 

1. Funding demonstration, research and development. 
2. Subsidies to planning and building of biogas plants. 
3. Subsidies to the running of biogas plants. 

 
Assessment of the three means: 
This section lists advantages and disadvantages of different ways to support, subsidise and 
promote biogas production. 
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1. Funding demonstration, research and development: 
Biogas production is a multi functional operation, and a lot of processes are involved. 
Furthermore the biogas process is highly biological and only partly understood scientifically. 
Still there is a huge potential to optimize the process and increase the yield of biogas. 
Developments require research at university level. Typically research at this level requires 
public funding, as the research results have only a small chance of generating an income. 
 

An example 
 
One of the reasons of the poor financial profitability of biogas production is that organic dry 
matter is converted only partly into biogas (about 50 percent). If the efficiency of the biogas 
process can be improved, the biogas production will increase and consequently the economic 
profitability will increase as well. This will involve basic research in for example chemistry, 
microbiology and enzymes. 
 
Engineers have been developing biogas plants for a number of years. These engineers are 
typically employed by specific companies and developments are often financed by those 
companies and consequently protected. In other cases development projects are solely or partly 
publicly financed, and the results have to be published and shared by anybody. Typically such 
development projects are conducted in co-operation between for example a biogas plant, a 
private company, a university and a consultancy or an adviser. 
 
As a multifunctional operation biogas production offers benefits for a large number of interested 
parties. Most of these parties have to recognise the benefits in order to accept and eventually 
subsidise the biogas production. This requires a high level of documentation and information.  
 

An example 
 
During the 1990's the Danish Energy Agency supported the Danish Development Program for 
Biogas. The aim of the program was partly to encourage new biogas projects by collecting 
experiences from existing plants and disseminating these experiences together with new 
research and development to new plants. The program also encouraged managers and owners of 
biogas plants to share experiences in study tours, seminars etc. New plants were financially 
subsidised and the plants had to share information, experiences and production data in return. In 
this way new ideas were disseminated very fast and errors were not repeated in new projects. 

 
All activities in research, development and demonstration contribute to make biogas plants more 
efficient, cheaper and financially profitable. The activities contribute to reduce the need for 
public subsidies to building and running biogas plants or even making them unnecessary.  
 
2. Subsidies to the planning and building of biogas plants: 
An operation which is not financially profitable will not be started and consequently no one will 
benefit. One way of making a non profitable operation profitable is subsidising the planning 
process and/or the building costs. Prior to the building process a relative long and thorough 
planning process must be accomplished. Typically this process is made in co-operation between 
farmers (often the farmers take the initiative), a company and a consultancy or an adviser. To 
encourage as many potential biogas projects as possible the planning process can be paid partly 
or solely by public subsidies. These subsidies will not be enough to make a biogas plant 
profitable, but it will ensure the farmers that they will not have to spend money on a non 
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profitable project. Viable projects can be continuous, non viable projects can be terminated 
without too high a loss. 
 

Examples 
 

• In the Belgium region Walloon subsidies are given for feasibility studies. 
• In Lithuania 40 percent of the fee for grid connection is subsidised. 
• In Greece a subsidy of 20-50 percent of the total investment budget can be received, 

depending on the incentive zone. 
• During the nineties the Danish Ministry of Energy subsidised a large number of 

feasibility studies. Each study was typically subsidised with € 13,500. Also subsidies 
were given to building plants in the nineties. Typically a subsidy of 20 percent of the 
investments was given. 

 
A non profitable project can turn viable if the costs of building the plan are reduced. One way is 
to pay some of the building costs with public subsidies, in order to reduce the costs of interest 
and repayment of loans.  
 
Subsidies to building biogas plants will not necessarily encourage cheaper and more efficient 
biogas plants in the long run. Contrary the costs can be maintained at an artificially high level, 
as the subsidies guarantee the profitability of the operation. 
 
3. Subsidies to the running of biogas plants 
Another way to make a non profitable operation profitable is to increase the income. This can be 
done by subsidising the commodity of the operation. In case of a biogas plant, subsidy to the 
energy produced and sold. As documented in section 2.3 these means are very efficient. 
 

Examples 
 

• In the Walloon region biogas plants get Green Certificate premiums, which can be sold 
at market price. The consumers have to buy a certain amount of Green Certificates. This 
is not considered a direct subsidy but an "added value" because society is willing to pay 
extra for "green electricity".  

• In Sweden Green Certificates are received for electricity production. Presently 0.2 - 0.3 
SEK per kWh. 

• Subsidising electricity production bases on biogas is by far the most common type of 
subsidy. This is done in countries like Germany, Holland, Austria, Ireland, Italy, 
Lithuania and Denmark. 

• In Denmark heat for central heating can be sold to institutions and private houses with 
no tax added. Consequently the heat can be sold at a higher price as it has a competitive 
advantage compared to other sources of energy, such as oil or natural gas. 

 
As it is the case of subsidies to planning and building biogas plants, subsidies to energy 
production will not necessary lead to cheaper or more efficient plants. There is a risk that the 
subsidy will be included in the building price and will lead to an artificial and too high price. 
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Subsidising of biogas plants is a strong, efficient and necessary tool for promoting biogas plants. 
The subsidies must be balanced in order to find a natural balance between research, product 
improvement and subsidises.  
 
Simplification of the administrative: 
The administrative procedure is often long, and many farmers get exhausted during that process, 
and too often projects are given up, due to lack of time and money for planning. Typically, a 
Danish project on centralized biogas plant takes 4-5 years. Farm scale biogas plants can be 
planned and built in a shorter period. In Spain it has taken about 5 years to build to biogas plants 
in Juneda. In France no centralized plants have been established yet, but two projects have been 
in progress for 6-7 years and they are still not completed. Table 2.5 gives examples of 
procedures that can be altered in order to simplify administrative procedures and reduce the time 
for planning and establishing a biogas plant. 
 
Table 2.5. A biogas project typically includes the following steps 

 Phase Time consuming element Suggestion to reduce time 
1 Pre-study including 

organisation of farmers, 
collection of biomass data, 
possibility of sale of energy, 
draft of budget and making a 
basis for decision. 

Organising not experienced 
farmers.  

Facilitate professional, 
experienced assistance to new 
projects. Economic grants 
could be given. For example 
through projects under the 
Leader Programme. 

2 Finding a suitable location, 
including a phase of public 
hearing.  

If the public opposition is too 
high, an alternative location 
has to be found. 

Municipalities pre-designate a 
number of feasible sites for 
establishing biogas plants. The 
phase of public hearing would 
be completed beforehand. 

3 Making final budgets and 
raise funds for the project 

A poor economy is often 
presented and external 
financing is difficult (if 
possible at all) 

Ensuring economic 
preconditions in order to 
attract investors. 

4 Environmental approval and 
other official approvals 

Biogas plants are new 
industries and often the case 
officers in municipalities are 
unfamiliar with for example 
environmental risks and 
aspects, and therefore spend 
lot of time seeking 
information.  

Spreading relevant and 
documented information to 
municipalities and other 
instances, so discussions and 
decisions can be made without 
seeking new information. 

5 Contracts with contractor Farmers are often 
inexperienced in negotiating 
with contractors. 

Facilitate professional, 
experienced assistance. 

6 Dimensioning and building Biogas plants are new 
industries, and contractors' 
experience may be limited.  

Facilitate professional, 
experienced assistance to 
contractor. 
Spread experience from 
existing projects. For example 
in the form of demonstration 
projects. 
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3.  Conclusions on the positive impacts of biogas on agriculture and proposals 
for future development 

 
Biogas production has a number of positive impacts on energy production, agriculture and 
environment. 
 
The situation is that today there are some 4,242 farm-scale and more than 26 centralised biogas 
plants in EU, but with wide differences from one EU member state to another. Biogas 
production is most developed in Germany, Belgium, Austria and Denmark. In most countries 
farm scale biogas plants are predominant, but Denmark has the largest share of its production on 
centralised biogas plants.  
 
Among the different renewable energy sources currently available, biomass has the largest 
growth potential in the near future, but the use of biomass for energy purposes has not yet been 
developed to its full potential in the EU. 
 
The potential for biogas production based on manure in the EU is 827 PJ whereas today some 
about 50 PJ is produced from both animal manure, energy crops and organic waste added to 
these agricultural biogas plants. 
 
In order to provide better incentives for investments in the biogas production the following 
measures could be considered:  
 

• Simplifying the procedures for trade with CO2e, for instance considering replacing the 
compulsory elaboration of Project Design Documents and Monitoring plans with 
standards for CO2e reductions made by biogas plants based on correlations fixed to the 
gas, electricity and/or heat production. It could in this connection be relevant to study the 
Wallonian (Belgian) administration of the Green Certificates, which corresponds to 456 
kg per CO2e reduced.  

• Through EU regulation enforce the EU member states to: 

o Set specific targets for the agricultural biogas share of the target for renewable 
energy production, for instance in the form of the share of the livestock manure 
that is digested, and considering the agricultural conditions and situation in the 
member state. 

o Organise annual statistics on agricultural biogas production in order to be able to 
follow up on the targets. 

o Designate a number of feasible sites for establishing of biogas plants that 
complies with the targets for the production – this would allow a considerable 
quicker environmental approval procedure. 

o Ensure that EU member states adapt national and regional planning in a way that 
no legal hindrances are present. For instance natural gas or other fossil fuels 
should not have preference in areas that are feasible for selling heat to district 
heating. 

• Organic waste can boost the economy of biogas plants (received gate fees, increased 
biogas production and increase in the fertilizer value). Also the socio economic benefits 
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will increase. All suitable waste should consequently be used in biogas plants and no 
legal hindrances should limit the use. 

o Limit values on heavy metals, organic substances etc. have to be respected for 
each waste product prior to use in the biogas plant in order to avoid 
environmental hazard. If the limits are respected application of digested slurry to 
crops should be allowed with no further restrictions. 

 
• Fiscal incentives: 

o Subsidising electricity production is a very efficient way of promoting biogas 
production in a short perspective. In order to boost the current biogas production 
it could be considered to subsidise electricity production sufficiently in all 
member states. 

o In a long perspective it should considered to change the green tax system. For 
instance attaching CO2 tax to the fuels (e.g. coal, oil or natural gas) in stead of the 
energy products (e.g. electricity or diesel). 

o It is, based on the analyses in section 2.3, recommended that the Member States 
ensure a minimum payment for electricity of 102 €/MWh for farm scale plants 
and 124 €/MWh for centralised biogas plants. The payment could be higher in 
order to ensure the necessary incentive to invest in a biogas plant, and a part of 
the payment could be ensured via Green Certificates. As an alternative to the 
fixed prices it would probably be better if an independent organ like EUBIA 
annually calculate the break-even prices for electricity payment to biogas plants 
for each Member State.  

 
This must be contained in the above suggested EU Regulation on Biogas Production. 

 
• Research, development and documentation in biogas should be supported: 

o Technical development is continued to improve productivity to a point where 
biogas production on animal manure alone is economically feasible without 
subsidies to for example establishing or selling electricity. 

o Utilization of biogas other purposes than cogeneration should be strongly 
promoted. For example for transport or fuel cells. 

o Upgrading biogas to the same quality as natural gas and injecting it into the grid. 

o Documentation, follow up and demonstration in order to speed up the 
dissemination of knowledge about biogas and avoid repetition of failures.  

• In the future we think that biogas primarily is produced on the basis of animal manure. 
Consequently it necessary that farmers have incentives to join or establish biogas plants. 
Besides the economic output of a biogas plant these incentives could include: 

o The agricultural and environmental benefits of biogas production others than 
reduction of green house gasses (e.g. reduced odour and nitrate leaching) must be 
assessed positively in the case of an environmental approval procedure on the 
farm. 
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Increasing the awareness of: 

 The positive agronomic effects of applying digested manure compared to 
untreated manure. For instance reduction of the requirement of nitrogen 
in mineral fertilizer. 

 The possibility to combine biogas production with other manure 
treatment systems (for instance slurry separation, acidification) in order to 
improve the utilization or distribution of nutrients on a farm, regional or 
national level. 
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Annexes 
 
Annex A. Assumptions for the typical EU farm-scale biogas plant and the typical 
EU centralised biogas plant  
 
The model plants are described with the technological solutions that typically are selected for 
plants that are planned for building today. The used models give possibility to add-on various 
advanced technologies.  
 
Assumptions: 
 
• Biogas plants have the same installation, maintenance and daily operations cost in all EU 

member states.  
 
• The installation price is best described as a basis price + a price per capacity unit.   
 
• The division of the investment cost in a basic price and a price per tonnes biomass assumes 

an economy of scale. Typically larger tanks and other constructions are relatively cheaper 
than smaller tanks and constructions, and small biogas plants need to have some components 
that are similar in type and price as larger biogas plants, for instance flares and SCADA 
systems, and also the authority approval of the plants may be relatively cheaper for the 
larger plants.  
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Annex B. Biomass characteristics 
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Annex C. Biomass types and amounts 
 
Annex C.1. Farm-scale biogas plant scenario 

 
 

 
Annex C.2. Centralised biogas plant scenario  
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Annex D. Investment size 
 
Annex D.1. Farm scale biogas plant scenario 

 
 
Annex D.2. Centralised biogas plant scenario 
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Annex E. Expenses and costs 
 
Annex E.1. Farm scale biogas plant scenario 

 
 
Annex E.2. Centralised biogas plant scenario  
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Annex F. Value of electricity and heat production 
 
Annex F.1. Farm scale plant scenario 

 
 
Annex F.2. Centralised biogas plant scenario 
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Annex G. Value of increased field effect 
 
Annex G.1. Farm scale biogas plant scenario 

 
 
Annex G.2. Centralised biogas plant scenario 
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Annex H. Total economy 
 
Annex H.1. Farm scale biogas plant scenario 

 
 
Annex H.2. Centralised plant scenario 
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