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Biogas production is beneficial not only to society in ge-
neral but also to the individal farmer specifically. Not only 
because of the energy produced, but also for the following 
reasons: 

 X the farmer retrieves more nutrients from the manure
 X  the obnoxious smells are reduced
 X  the environment is protected against unnecessary CO

2

 X  organic waste is adequately recycled.

This pamphlet aims to present the principles of biogas 
production in a simple way. It focused on centralised 
biogas plants owned jointly by a number of farmers, as it is 
anticipated that such plants will have a predominant role 
when developing new biogas plants in the years to come. 
The pamflet has particular emphasis on the benefits to 
the farmers who deliver raw slurry to and receive digested 
slurry from the biogas plant.

Biogas plants
offer many advantages 
to agriculture
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Because of the 
societal benefits, it 

is possible to secure 
financial support for 

the 
biogas 

production.

A cow is able to 
produce energy cor-
responding to 250-
375 litres of heating 
oil a year.

With degassed slurry, it 
is possible to exploit the 
nitrogen better than when 
using untreated pig slurry 
and cattle slurry.

Start a new centra-
lised biogas plant or 
become a member of 
an existing centra-
lised biogas plant.
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A centralised biogas plant receives animal manure from several 
farms. The largest Danish centralised plants manage several hund-
reds of thousand tons of slurry, waste and energy crops (in generic 
terms called biomass) a year, and up to 150 farmers are affiliated.

In 1984, the first centralised biogas plant was taken into use in 
Denmark, and since 2001, 21 plants have been in operation. Bio-
gas is CO2 neutral energy. When burning off biogas, fossil-bound 
carbon is not released unlike e.g. coal, oil and natural gas. In addi-
tion, the change of the slurry during degassing leads to a reduction 
of emission of the greenhouse gasses, i.e. methane and nitrous 
oxide, from the manure during storage and after spreading. Thus, 
bio-gas plants have a high and cost-effective reducing influence on 
the climate impact.

Production of these energy types is subsidised by society. In the 
most recent energy action plans the Danish government has 
emphasized biogas production in particular. The goal of the Green 
Growth 2009 declaration is to apply half of the animal manure 
for energy purposes in 2020. The bulk of this rise is expected to 
originate from centralised biogas plants.

In spite of the political and financial support the development 
of the centralised biogas plants has been limited during the past 
years. A reason may be that the business economics have been too 
disappointing making funding of new plants difficult.

The 21 Danish centralised biogas plants manage approx. 1.6 mil-
lion tons animal manure per year. This corresponds to 4-5 per cent 
of the total amount of animal manure in Denmark. The vast ma-
jority of the applied manure is slurry. In addition, about 400,000 
tons organic waste is processed, mainly from the food industry.

In addition to centralised biogas plants, 60 farm biogas plants and 
a number of other plants produce biogas in waste-water treat-
ment plants and waste disposal sites.

Centralised biogas plants 
in Denmark

Climate friendly
Biogas plants reduce the 
climate impact by:
 producing CO

2
 neutral 

energy
 reducing emission of met-

hane from manure storage
 reducing emission of nitrous 

oxide from the soil after 
spreading of slurry.
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Biogas applications
 Own combined self-supply heat 

and power station, in which the 
biogas is converted to 35-40 
per cent electricity and 40-50 
per cent hot water suitable for 
district heating. The remainder 
is lost as heat.

 Own gas-fired furnace, where 
the biogas is transformed into 
hot water suitable for district 
heating.

 Sale of gas by means of pipeline 
to combined heat and power 
stations or district heating po-
wer plants.

 Cleaning of the gas (upgrading) 
and sale of gas through the 
natural gas network.

The dry matter in animal manure consists among others of carbon. 
The biogas process transforms the carbon into a gas compound of 
methane (CH

4
) and carbon dioxide (CO

2
) by means of bacteria, and 

the reaction typically takes place in a liquid suspension. The gas, 
including mainly methane and CO

2
, is called biogas, and it leaves 

the reactor as a gas, whereas the nutrients and non-digested 
carbon remain in the liquid biomass. Today, all centralised biogas 
plants receive animal manure as well as industrial organic waste. 
Some biogas plants also receive energy crops such as corn silage 
and grass silage, and a few now receive straw. Usable industrial 
organic waste may prove to be scarce in the future, since the best 
quality waste is consumed at existing plants. Thus, solid and liquid 
animal manure, energy crops and straw may become the normal 
compound in new plants. 

Manure, waste and possibly energy crops are mixed in the plant 
pretank before the mixture is heated to a temperature at between 
35-52°C. In some cases, liquid industrial waste is kept in another 
or even in several other pretanks. Without additional pre-proces-
sing, the mixture or the different mixtures are pumped into the 
anaerobic digestion tank (the reactor), in which the actual biogas 
production takes place. Thus, the contents in pretanks must be so 
fluid that it can be pumped. All through the plant the liquid mix-
ture is transported in a closed piping system by means of pumps. 
In few cases, plants have equipment for dosing solid biomass 
directly into the reactor tank.

The biomass is kept in the reactor for 2-4 weeks or at some plants 
even longer, after which 30 to 50 per cent of the dry matter has 
been transformed into biogas. The remaining dry matter is so dif-
ficult to metabolise that it is usually uneconomical to prolong the 
retention time in the reactor any further.

However, even after the slurry compound has left the reactor, a 
certain production of biogas still takes place. A considerable part 
of this production may be collected in a covered slurry storage 
tank before the slurry is returned to the farmers. This means that 
the biogas may be collected both from the reactor and from the 
slurry storage tank. The gas is usable in several different ways. The 
use depends on the possibilities and needs of the local area.

How does a centralised
biogas plant work?
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Danish agriculture produces approx. 35 million tons of animal 
manure per year. This is clearly the largest, most important and 
cheapest resource for the future production of biogas!

It is part of the dry matter of the manure that is converted into bio-
gas. It is a principal rule that the higher dry matter content in slurry 
and waste, the more biogas is produced. Thus, e.g. chicken manure 
contains higher biogas potential than slurry. It is also possible to 
produce a high amount of biogas from separated manure fibre 
fractions, energy crops, straw and most types of organic waste. The 
major part of animal manure in Denmark, however, is slurry and, 
thus, slurry accounts for the highest supply rate for biogas plants.

To ensure a high gas yield and low transport costs, slurry with a 
high dry matter percentage is desirable. Thus, the following rules 
for slurry to be delivered to the plant must be complied with:

 Slurry must be collected straight from the pretank
 The slurry must be as fresh as possible
 The waste of water in the stable must be reduced as much as 

possible
 Rainwater, washing water etc. should be channelled directly to 

the slurry final storage tank

Slurry with high dry matter content reduces transport costs and 
increases the capacity of the biogas plant, and this is certainly in 
the interest of farmers, as it reduces the amount of slurry to be 
stored and spread.

From the green fact table appears that only one ton of animal 
manure can produce energy equivalent to 12-17 litres of heating 
oil. Since a cow produces approx. 22 tons of slurry per year, the cow 
has a capacity to produce energy equivalent to 250-375 litres of 
heating oil per year - that is if all the slurry is collected and used for 
biogas production!

The energy mentioned in the green fact table is gross energy. This 
means that when calculating the actual energy production of the 
plant, the gross energy should be deducted from the diesel oil con-
sumption for transporting the slurry as well as the electricity and 
heat consumption for the production process. Energy for transport 
and production process is only 15-20 per cent of the total energy 
production.

Animal manure is        

35.000.000 tons

the most important 
biomass source
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Good quality biomass produces 
this much gas

Fewer trips with 
lorries
In case of an average 
increase of the dry matter 
content by one per cent, a 
biogas plant with an annual 
delivery of 200,000 tons 
slurry may cut down the an-
nual number of truck trips 
by 750.

fa
ct

s

Unsuitable for 
biogas production
The following types of animal 
manure are not suitable for biogas 
production:
 Slurry with a high content of 

sand, e.g. from boxes in cow 
sheds

 Acidified slurry - however ap-
plicable in small quantities

 Very dilute slurry, e.g. sow 
slurry from some livestocks

 Manure types containing very 
much straw may require special 
feeding equipment at the 
biogas plant.

35.000.000 tons Danish agriculture produces this much animal manure a 
year - this may result in an extensive production of biogas

the most important 
biomass source  Amount of biogas Equivalent to 

 per ton biomass, m3 heating oil, litres
Pig slurry 20-30 12-17
Cattle slurry 20-30 12-17
Poultry manure 135-150 80-90
Fibre fraction from slurry separation 70-90 40-55
Gastrointestinal waste from 
slaughterhouses 40-60 25-35
Glycerine 400-450 240-270
Corn silage 90-100 55-60
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Basically, revenue from gas sales is not competitive with the price of fossil 
fuels such as coal, oil and natural gas. However, due to the many societal 
advantages (e.g. reduced environmental impact and consistency in energy 
supply), it is possible to achieve financial support for the biogas produc-
tion. Tre funding opportunities are:

 Subsidies for the construction of the biogas plant
 Improved credit facilities
 Subsidies for power production  
 Duty-free heat sales.

The economy is dependent on a number of facts, including which prices 
to charge for gas, electricity and heating. Regardless of this, however, it is 
of vital importance to secure a high biogas production relative to biomass 
amount for the biogas plant. This means that organic waste, fibre fraction 
from separated slurry, deep bedding or energy crops have to be added to 
the slurry, and these additions often account for the biggest share of the 
biogas production.

The economy 
of centralised biogas plants

Learn more 
about the economy of 
biogas plants at the biogas 
project website of Know-
ledge Centre for Agriculture.
The website is currently up-
dated with new regulations 
and possibilities: 
landbrugsinfo.dk/biogas

Most plants are established as limited liability cooperatives on the initiative of 
a group of farmers. Thus, the owners’ financial risk is very limited. On the other 
hand, the profit is not paid directly to the cooperative members.

Farmers have primarily been interested in the indirect economic benefits and the 
advantages as to operation, environment, image and enhanced fertiliser 
efficiency, which involvement in the biogas plant entails.

How do involved farmers benefit?
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The digested mixture of slurry, organic waste and energy crops, which is 
produced at the biogas plant, is often called digested slurry. A few biogas 
plants separate the slurry after the degassing process to obtain a liquid mass 
fraction and a firm fibre fraction instead of digested slurry.

Digested slurry must be transported, stored and spread in the same way 
as slurry that has not been used for biogas production. However, there are 
some important differences. The distinctive features of digested slurry are 
that:

 it includes a mixture of several types of slurry and waste 
 the organic material of the slurry (incl. certain odorants) is partly 

metabolized (please see page 14)
 part of the slurry’s organic nitrogen has been converted into ammonium
 the pH value of slurry increases during the biogas production process.

The green box below shows some typical analytic numbers for untreated 
slurry and for a digested compound of equal parts cattle and pig slurry. The 
box also shows a common analysis of the liquid fractions and the fibre fracti-
ons occurring in case the biogas plant separates the slurry at the plant.

The liquid fraction is very dilute as a big part of the dry matter ends up in the 
fibre fraction. The liquid fraction has an almost normal content of nitrogen 
and potassium, however, the phosphorus content is low.

Degassing changes the 
characteristics of the slurry

Efficient utilisation 
of nitrogen
Digested slurry has the 
potential of high utilisation 
of nitrogen, as the share of 
ammonium nitrogen is high 
and the percentage of dry 
matter is low.

Typical contents in different animal fertilizers

 Dry Total-N NH
4
+-N P K pH Share of  

 matter kg/t kg/t kg/t kg/t factor NH
4
+-N

 pct.      pct.
Cattle slurry 6,0 5,0 3,0 0,8 3,5 6,5 60

Pig slurry 4,0 5,0 3,5 1,0 2,0 7,0 70

Digested slurry 2,8 5,0 3,8 0,9 2,8 7,5 75

Liquid fraction 1,2 4,5 3,8 0,2 2,8 7,5 85

Fibre fraction 30 8,0 3,8 8,0 2,8 7,5 50 
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Some biogas plants separate the slurry in a liquid 

mass fraction and a firm fibre fraction. The liquid 

fraction is very dilute.
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The physical and chemical changes of the slurry in the biogas reactor result 
in a changed manure effect in the field. The most significant change is the 
increase of the content of the plant-available ammonium nitrogen. This is 
an advantage, as the plants primarily utilise the ammonium nitrogen. 

When using digested slurry, the possibilities are 

 a higher crop yield, or
 a reduction of nitrogen in artificial fertilisers.

The dilute and rather fluid slurry percolates relatively fast into the ground. 
This contributes to reducing the ammonia evaporation risk.

For many years, Knowledge Centre for Agriculture has undertaken field 
trials in various types of slurry as to the utilisation of nitrogen in a.o. winter 
wheat. The figure shows that digested slurry is utilised better than pig 
slurry and significantly better than cattle slurry and that the liquid fraction 
from separation, however, keeps the highest value.

The ratio of phosphorus to potassium in digested slurry is often approx. 
1:3 (please see table page 9). This ratio lends itself pre-eminently to a crop 
rotation with e.g. grain and rape, which often requires about 20 kg phos-
phorus and about 60 kg potassium. If, on the other hand, the crop rotation 
is dominated by roughage, extra fertiliser with potassium must be applied 
when using digested slurry, however, not when using digested cattle slurry.

Fertilising value 
increases by 
degassing

1. The slurry tank must 
always have a floating or 
fixed cover.

2. Be aware of the nitrogen 
content (analysis) and the 
exact amount of slurry.

3. When planning to which 
crops digested slurry 
should be applied, the 
succession should be 
as follows: Spring-sown 
crops, winter crops, grass.

4. Slurry must be injected 
or harrowed into the soil/
ploughed in immediately 
after it has been spread 
onto the bare ground.

5. Slurry must be spread 
evenly onto the field.

6. Avoid spreading slurry 
onto the ground in warm, 
sunny, windy or dry wea-
ther.

pieces of useful 
advice on 
nitrogen effect

6
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Digested slurry
 As to appearance, 

composition and effect of 
nitrogen, digested slurry 
is largely more similar to 
pig slurry than to cattle 
slurry. 

 The liquid fraction, 
however, resembles liquid 
manure more than slurry. 
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Nitrogen utilisation in winter wheat during field trials
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Higher risk of ammonia evaporation 
The degassing process results in two changes in the slurry, which means 
that the risk of nitrogen loss in the form of ammonia evaporation is higher 
than before the slurry treatment.

 Approx. half of the organic matter is decomposed. Thus, the tendency 
to form a floating fibre layer is reduced. Often, digested slurry does not 
have a natural floating layer at all.

 The rise in the pH factor increases the transformation of ammonium 
(NH

4
) into ammonia (NH

3
).

Ammonia is a volatile kind of gas and evaporates rapidly, if the digested 
slurry is in direct contact with the atmosphere. This weakens the fertilising 
value and has an impact on the environment.

According to the legislation on animal manure storage, the slurry storage 
tank must always be provided with a cover or a floating cover. Moreover, 
it is economically rational to establish an artificial floating cover, if it is not 
formed in a natural way.

Lower risk of nitrate leaching
The fertilising value of the manure increases during transformation of 
organic nitrogen into ammonium, because am-monium is more plant-
available than organic nitrogen. Thus, the amount of additional fertiliser 
may be reduced without loss in crop yield. The risk of nitrate leaching may 
be reduced by reducing the amount of fertiliser.

The environmental impact 
will change
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Ammonia evaporation from slurry tanks with 
digested slurry with or without floating layer
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The leaching of 
nitrate is reduced

Calculations from the Danish 
National Environmental 
Research Institute show 
that the leaching of nitrate 
decreases by 3 kg nitrogen 
per hectare by degassing 
pig slurry and reducing the 
need for additional fertiliser 
by an amount equal to the 
increased nitrogen efficiency 
of the slurry.

If the amount of fertiliser is 
not reduced, the effect on ni-
trate leaching will, however, 
only be modest.
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Biogas plants are also
suitable for organic farmers

A green production 
line 
As the green production 
goes up, increasingly more 
centralised biogas plants 
show interest in establishing 
a green line at their plants 
to keep conventional and 
organic biomass separate.

Increase yield with 
vegetable biomass
Generally, the nitrogen ef-
fect of vegetable biomass is 
relatively low, because the 
nitrogen in a ploughed-in 
vegetable biomass is not 
particularly plant-available, 
when the succeeding crop 
needs it. When harvesting 
the vegetable biomass 
instead and utilising it in a 
biogas plant, the availability 
of nitrogen will be in- 
creased, and the appli-
cation of the digested 
vegetable biomass for the 
succeeding crop may be ti-
med more accurately. This, 
too, will boost the crop yield 
significantly.

It may be particularly advantageous to green 
farmers to deliver biomass, including animal 
slurry, to biogas plants and use digested 
slurry. This way, the farmers will achieve 
better fertiliser efficiency and thus higher 
yields. It takes, however, a parallel plant to 
handle green biomasses as most traditional 
centralised biogas plants receive organic 
waste, which must not be a part of the green 
manure. Thus, green and conventional bio- 
masses must be kept separate for the green 
manure to maintain its green status.

Clover from green plant growers is a good quality crop for 
degassing. The crop rotation on the farm is very good, the gas 
yield high, and after degassing the slurry is rich in nitrogen. 
The opportunities are multiple for different green farms (cattle 
farms, pig farms, poultry farms and plant growing farms) to 
enter cooperation on a centralised organic biogas plant.
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All countryside residents know the unpleasant and acrid smell of slurry. Especially 
during and after the spreading of slurry the obnoxious smell is often very strong. 
During degassing, many odorants are decomposed and end up in biogas or slurry.

Experiences of many farmers and neighbours of farmers show that degassing re-
duces obnoxious smells considerably. This is documented in scientific researches 
confirming that

 the amount of odorants in digested slurry is considerably lower than in unpro-
cessed slurry, and that

 the odour nuisance from the digested slurry diminishes the longer the slurry is 
processed in the reactor.

Thus, the risk of neighbour complaints is far less 
when using digested slurry instead of untreated 
slurry. The farmer achieves both a larger freedom 
of action when spreading slurry and a better repu-
tation in the local community, if he chooses to use 
digested slurry instead of untreated slurry.

Digested slurry smells less Odorants turn 
into biogas
Slurry contains large 
amounts of strongly smel-
ling, volatile acids such as 
butyric acid and sulphur 
compounds. In the biogas 
plant, these substances will 
turn into biogas and fertili-
ser components.  This is one 
of the reasons for the reduc-
tion of obnoxious smells 
after spreading of digested 
animal manure, including 
slurry and solid biomass.
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The figure illustrates the spread of ob-

noxious smells after spreading in a field 

with northwesterly wind, depending 

on use of either untreated or degas-

sed slurry. 12 hours after spreading of 

digested slurry the obnoxious smells 

have almost gone. 



15

Most centralised biogas plants guarantee that digested slurry 
is sanitised. In reality, this means that the slurry should not 
contain any infective germs.

When farmers transport slurry between properties, there 
is always a risk that infection will spread from one farm to 
another. The infection may be carried with the slurry and the 
vehicles used for transport. 

If digested slurry is used, the risk of spreading infection is 
very modest. Firstly because of the sanitation, and secondly 
because requisite cleaning of the transport vehicles is always 
carried out.

In order to monitor that the sanitation process is efficient 
enough, many centralised biogas plants carry out laboratory 
control of the slurry bacteria content. 

Reduced risk of infection 

With digested slurry and efficient 

cleaning of the transport vehicle, 

the spread of the infectious 

disease is modest.

Sanitation
Implies that the slurry is 
heated to a temperature of at 
least 70°C for an hour or that 
the guaranteed retention 
time in the reactor (the time 
between pumping sequen-
ces) is at least 10 hours at a 
temperature of 52°C. Most 
centralised biogas plants 
observe these instructions.
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The many advantages of digested slurry facilitate 
the sale of slurry to e.g. plant growers. Especially 
large plant growers prefer to buy slurry from a 
biogas plant rather than directly from farmers, as 
they can buy a big, homogenous amount of slurry, 
including declaration label. Mediated by the biogas 
plant, this reallocation is made flexible and more 
efficient by the establishment of a sort of inter-
mediary body to manage slurry surplus from the 
biogas plant. This way, the production manager 
can assist livestock farmers in creating contact and 
contracts with plant growers and vice versa.

Intermediary body 
for the slurry surplus 

Most farmers handling animal manure know that slurry transport ex-
penses may be very high.

The establishment of a centralised biogas plant brings about an exceptio-
nal opportunity of achieving cost savings. The organisation and logistics of 
the biogas plant can also contribute to these savings.

The prerequisite of these savings is a careful coordination of the slurry 
transport. The usual transport procedure is that the transport vehicle ar-
rives at the farm with a load of digested slurry, which is pumped into the 
storage tank. Subsequently, fresh raw slurry is loaded from the pretank, 
and the transport vehicle returns to the biogas plant where the raw slurry 
is “exchanged” with a new load of digested slurry. In this way, the transport 
vehicle never drives with empty tank.

Normally, the farmer himself transports slurry to the fields. However, if the 
transport route is long the farmer may ask the biogas plant to deliver the 
digested slurry at a new location. Thus, the digested slurry may be delive-
red to a storage tank that is built closer to his fields.

Transport optimisation 

The farmer may ask the biogas 

plant to deliver the digested 

slurry directly at the slurry tank 

wherever it may be situated.
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Most centralised biogas plants are established on farmers’ initiative. If a group of 
farmers are interested in establishing a centralised biogas plant, the procedure will 
normally be as described below.

The initiative group will contact a consultant in the DLBR special advisory service on 
biogas and slurry separation (please see next page). The consultant may present the ini-
tial information on establishment and operation of a biogas plant. The consultant may 
also make the preliminary calculations of the finances of the planned plant and arrange 
a visit to a relevant centralised biogas plant. Based on these initiatives, it will be decided 
whether to proceed. 

In the affirmative, the consultant and the initiate group in cooperation will thoroughly 
undertake a more technical and financial examination of the project to estimate the 
feasibility of the project. If feasible, the work will proceed to identify a suitable location 
for the plant, to acquire funding and make applications to authorities for necessary 
permits.

With successful results, a contract can be signed with a supplier of biogas plants and the 
building activities may start up. Usually, the building and implementation phases last at 
least a year.

Find the biogas specialist advisers of DLBR  
at dlbr.dk/biogas

How to start Get inspired
You may find a detailed 
description of the process 
of establishing a centralised 
biogas plant in the “Ma-
nual for Establishment of 
Biogas Plants” published 
by INBIOM, the Innovation 
Network for Biomass.
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Kogebog for etablering af BIOGASANLÆG

Med Grøn Vækst-pakken fra juni 2009 er det regeringens intention, at 50% af hus-

dyrgødningen i 2020 anvendes til produktion af energi – herunder bl.a. biogas.

For at opnå dette mål skal der etableres mange nye, store biogasanlæg hvert år.

 
Kogebogens målsætning er at gøre processen fra idé til første spadestik for et 

biogasanlæg mere overskuelig og konkret ved at henvise til erfaringer og ek-

sempler – velvidende, at forudsætningerne oftest er forskellige. Kogebogen vil

blive opdateret og kan findes på www.inbiom.dk.

KogebogBiogasOMSLAG16112010.indd   1

19/11/10   13.27

New suppliers
Many existing biogas plants 
currently increase their 
capacity to associate new 
suppliers. Call your local 
biogas plant to learn more 
about your opportunities 
to join.
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Useful websites
Knowledge Centre for 
Agriculture

DLBR Specialist advi-
sory service for biogas 
and slurry separation

AgroTech

Danish Biogas Plant 
Association

Danish Biogas 
Association

The Danish FishAgri 
Agency (Ministry of 
Food, Agriculture and 
Fisheries of Denmark)

Danish Energy Agency

vfl.dk
landbrugsinfo.dk/
biogas

dlbr.dk/biogas

agrotech.dk 

biogasdk.dk 

biogasbranchen.dk 

naturerhverv.fvm.dk 

ens.dk 

Advisory services within all operating units 
of the agricultural industry. Have a special 
website on biogas.

Advisory services on a.o. authorities consi-
deration, establishment and operation of 
biogas plants.

Approved Technological Service Institute 
participating in development projects on 
biogas. 

Professional body for owners of biogas 
plants in Denmark.

Professional body working for the pro-
motion of biogas plants in Denmark and 
abroad.

Administers and provides grants for the 
establishment of biogas plants.

Responsible for energy policy issues in 
Denmark.
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