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Sammanfattning 
I Sverige byggs idag cirka en ny gårdsanläggning per år. De jordbrukare som har 
satsat på gårdsbaserad biogasproduktion i Sverige uppger att de har gjort detta av 
energi- och växtnäringsförsörjningsskäl. Koppling till ekologisk produktion finns 
ofta, eftersom rötning av vallgrödor medger ett effektivare växtnäringsutnyttjande 
än gröngödsling samt större möjlighet att styra gårdens tillgängliga växtnäring.  

I konventionella ekonomiska kalkyler kommer intäkterna som ska finansiera en 
gårdsbaserad biogasanläggning från den producerade biogasen. I denna studie har 
dessa ekonomiska kalkyler utökats och inkluderar även den ekonomiska påverkan 
som användningen av producerad rötrest som gödselmedel vid växtodling medför  
för en gård med ekologisk produktion. Det antas att gården bedriver mjölkproduktion 
och att det på delar av arealen även odlas spannmål och sockerbetor som avsalu-
grödor samt kvävefixerande klövervall som gröngödslingsgröda. Studien bygger 
huvudsakligen på uppgifter från en svensk gård med en gårdsbaserad biogas-
anläggning. 

Den ekonomiska konsekvensen för två olika gödslingsstrategier av den ekologiskt 
odlade arealen har jämförts. Den ena strategin baserar sig på att kväveförsörjningen 
av arealen sker genom att delar av arealen gröngödslas, dvs. att den odlade kväve-
fixerande vallgrödan plöjs ner vid vallbrottet. Den andra strategin baserar sig på att 
gröngödslingsarealen istället skördas och rötas i en gårdsbaserad biogasanläggning. 
Till biogasanläggningen tillförs även producerad gödsel samt ett vegetabiliskt avfall 
från en livsmedelsindustri. Tillförseln av avfall till biogasanläggningen medför dels 
att gasproduktionen ökar, dels att extra växtnäring tillförs gården. De ekonomiska 
jämförelserna bygger på att skördarna av avsalugrödor ökar med en biogasstrategi 
jämfört med en gröngödslingsstrategi. 

Summary 
In this Master’s thesis, the economic effects of the integration of a biogas plant  
in an organic farm were studied. With the goal of evaluating advantages and dis-
advantages, the farm economy was compared with and without the installation of 
a biogas plant. Two different systems were modelled: System A did not include  
a biogas plant and system B included a biogas plant. Most conditions were taken 
from a specific real farm, Hagavik Farm in Skåne. However, to make the study 
applicable to many cases, some conditions were adapted to better represent farms 
for which investment in a biogas plant would be appropriate.  

Biogas production was calculated and a financial analysis made for the biogas 
plant. The results showed that the minimum price of the energy that could produce 
a positive balance compared with the green manure system was SEK 0.17/kWh. 
As this is a relatively low price, it means that the investment in the biogas plant 
was justified. However, the most important motivation for introducing the biogas 
plant into the farm was the nutrient implementation in an organic system.  

Compared with Germany and Denmark, where the prices for electricity are 0.1 
Euro/kWh (Weiland, personal communication) and DK 0.6 DK/kWh (Dansk 
bioenergi) respectively, the electricity price is much lower in Sweden. So, if the 
purpose is to sell electricity, the motivation in Sweden to build a farm scale biogas 
plant is lower.  
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Introduction 
A farm scale biogas plant could be defined as a biogas plant related to a single 
farm but could also belong to several farms and digest all the manure from these 
farms (Krieg & Fischer, 2001). The implementation of regulations during the 
1990s favoured the economics of renewable energy and particularly of biogas 
plants in Germany (Krieg & Fischer, 2001). Germany has about fifteen years of 
experience in the planning and construction of farm scale biogas plants and today 
there are 18 000 plants in operation (Weiland, personal communication).  

In Sweden there are less than 10 farm scale biogas plants in operation or under 
construction, of which half are new constructions (Edström, personal communi-
cation). 

There are three main reasons for building a farm scale biogas plant: 

• Energy production 

• Better utilization of nutrients in organic farming 

• Organic waste treatment. 

In Germany the energy production aspect is very important because of the high 
cost of energy there. However, in Sweden the cost of energy is low, so therefore 
the most important reason for building a farm scale biogas plant in Sweden is to 
increase the nutrient utilization in organic farming. The interest in increasing the 
nutrient utilization, using digestate as a fertilizer, was the motivation of this study. 
This Master’s thesis evaluates how the change in the nutrient utilization as a result 
of the introduction of digestate as fertilizer affects the economy of an organic 
farm.  

Background 
History of biogas development 

In the history of anaerobic digestion, it is possible to find evidence showing how 
biogas was used in Assyria during 10th Century BC and Persia during the 16th 
Century BC for heating water. In later centuries, scientists determined some 
relationships between flammable gases and organic matter. In 1808, Humphrey 
Davy determined that methane was present in the gases produced during the 
anaerobic digestion of cattle manure.  

The first digestion plant was built in Bombay in 1859 (Lusk, 1998). In anaerobic 
digestion technology, farm-based facilities are the most common. The first full-
scale biogas plant was developed in 1938 in Algeria and operated on solid waste. 
The further development of solid waste systems was stepped up during the Second 
World War, when fuel was limited and anaerobic digestion was popular again.  
In France there were more than 40 small-scale digesters in operation at that time, 
increasing to up to 800 by the end of the 1950s. In Germany, there were around  
48 large-scale plants in operation and half of the gas was utilised to run vehicles 
(Wellinger, 1997). 
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The first boom for biogas utilization was during the 1950s and 1960s. Later, 
during the period 1973-1984, a new boom caused by the oil crisis led to a very 
rapid advance in biogas plant technology (Köberle, 1997; Wellinger, 1997). 

The historical development of biogas utilization is closely associated with the 
technique used in the plants. In Germany in 1997 around 400 plants were in 
operation, with a biogas plan included. In China, four to six million family-sized, 
low technology digesters are used to provide biogas for cooking and lighting and 
to sanitise manure. 

Increasing awareness of pollution problems together with the reality of an 
inadequate management of animal manure and organic waste have been important 
influences in creating environmental regulations that consider methods to reduce 
the environmental impacts of these products. Over-applying manure nutrients to 
land is considered to be a major cause of nitrates, converted from manure ammonia 
sources while in the soil, leaching to groundwater and contributing to surface runoff 
of N and P, which contaminates surface waters (Van Horn, 1997). The availability 
and implementation of alternative waste disposal methods depend on agricultural, 
environmental and energy policies (Holm-Nielsen & Seadi, 1998; Lusk, 1998). 

Characteristics of biogas systems 

Probably the most important reason for using anaerobic digestion is to treat 
organic waste and thus reduce its environmental impact (Wellinger, 2000).  
Co-digestion of animal manure and other organic waste in biogas plants is  
an integrated process (Figure 1) that includes environmental and agricultural 
benefits: 

• Saving for the farmers. Farmers make or save money through sale of energy 
and fertiliser. Energy produced from biogas offsets the cost of the investment. 

• Improved fertilisation efficiency. 

• Less greenhouse gas emission into the atmosphere. 

• Cheap and environmentally sound waste recycling. 

• Reduced nuisance from odours, flies and rodents. 

• Possibilities of pathogen reduction through sanitation. 

• Reduced water polluting potential of wastes. 

• Improved manure and nutrient management and replacing mineral fertiliser. 

• Local employment and retention of money in the local economy. 

• Digested manure is more liquefied than raw manure, making it easier to pump 
long distances. 

• Emissions of methane from liquid manure storage areas are reduced. 

Sources: (Holm-Nielsen & Seadi, 1998; Wellinger, 2000; Leggett et al., 2001) 
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Figure 1. Integrated process (Holm-Nielsen & Seadi, 1998). 

The anaerobic digestion process 

Biogas is formed through the activity of bacteria (Lusk, 1998) and the composi-
tion of the biogas depends on the kinds of wastes being digested and the length of 
the retention period in which the waste undergoes digestion (Walsh et al., 1998). 
In the same way, biogas plant design is affected by the primary end uses of the 
process, for example energy production, sludge reduction, or pollution control 
(Nyns, 1986).  

The purpose of the anaerobic process is to convert sludge to end products of liquid 
and gases while producing as little biomass as possible. The process is much more 
economical than aerobic treatment (Clisso, 2002). 

Anaerobic digesters are typically used for treating biological sludges, manures 
and other high solids wastes (Figure 2) (Walsh et al., 1998). Methanogenesis is  
a microbiological anaerobic process in which organic matter is progressively 
degraded through microbial populations to methane and carbon dioxide (Nyns, 
1986).  

The classical description of anaerobic degradation divides the process into three 
steps (hydrolysis, fermentation and methane formation), by at least four different 
groups of bacteria (Wellinger, 2000). However, there is an additional step 
between fermentation and methane production, the fermentation of acetate and 
hydrogen from volatile fatty acids. Therefore the process now can be described  
in four steps (Clisso, 2002): 

• Hydrolysis: In the solid material the long chain substrates are broken down  
by exo-enzymes to soluble molecules, which are taken up by the bacteria 
(Wellinger, 2000). 

• Fermentation: The products from the hydrolysis are degraded by fermentative 
bacteria to volatile fatty acids (VFA) (Wellinger, 2000). 

• Acetogenesis: Breakdown of volatile acids to acetate and hydrogen (Clisso, 
2002). 

• Methane formation: Around 70% of the methane is formed from VFA, and 
30% from hydrogen and CO2 by methanogenic bacteria (Wellinger, 2000). 
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Figure 2. Anaerobic digestion process (Wellinger, 2000). 

The typical composition of this biogas is: 60-70% CH4, 30-40% CO2, and less 
than 1% H2S but the production of biogas digesters is influenced by various 
factors (Walsh et al., 1998): 

• Temperature: Psychrophilic temperature from 10°C to 25°C, mesophilic 
temperature range of 25°C to 40°C. Mesophilic methanogenesis occurs 
optimally at 35°C and thermophilic from 50°C to 65°C. 

• Retention time: The minimal hydraulic retention time is dependent on the type 
of material to be digested; the rate limiting step for agricultural waste is the 
hydrolysis. The speed of degradation increases in the order: cellulose, hemi-
cellulose, proteins, fat, and carbohydrates. The hydraulic retention times (HRT) 
for mesophilic digestion are: Cattle manure 12 to 18 days, cattle manure with 
straw bedding 18 to 36 days, pig manure 10 to 15 days.  

• Air: Should be excluded because it is toxic for anaerobic processes. 

• Bacteria: Depends on the type of waste and the temperature, Methanosarcina 
might be preferred for high rate methane production. 

• C/N ratio: Less than 43:1. 

• C/P ratio: Less than 187:1. 

• pH: Between 6.0-8.0, optimum over 7.0. 

• Organic loading rate (OLR): Describes the amount of organic material that is 
fed daily per m3 of digester volume. The optimal OLR for mesophilic reactors 
is: Cattle manure 2.5-3.5 Kg VS/m3.d, cattle manure with co-substrates 5.0-7.0 
Kg VS/m3d, pig manure 3.0-3.5 Kg VS/m3d. 

• Volatile acids: Bicarbonate alkalinity should exceed volatile acid alkalinity. 

• Solids content: Optimum 7-9% by weight but can be higher. 

• Toxic substances: It is important to be aware of certain cations and heavy 
metals. 

Sources: (Walsh et al., 1998; Wellinger, 2000). 
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Important parameters for plant design 

Organic loading rate  

The organic loading rate (OLR) describes the amount of organic material that is 
fed daily per m3 of digester volume (Wellinger, 2000). In agricultural digesters it 
is defined as: 
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where df is daily flow, VS is volatile solids, lv is sludge volume of the digester and 
HRT is hydraulic retention time. 

Hydraulic retention time 

The hydraulic retention time (HRT) describes the average time the substrate 
remains in a digester (Wellinger, 2000). It is defined as: 
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HRT depends on the type of material to be digested. The speed of degradation of 
the basic compounds increases in the following order: cellulose, hemicellulose, 
proteins, fat and carbohydrates (Richards et al., 1991; Wellinger, 2000). 

HRT can be calculated using the inflow data or using the outflow data. In the 
present study, the calculations followed the outflow line. That means that the 
calculations were made with the data on the digestate. 

Planning of biogas plants for agriculture 

In the planning of biogas plants, many factors should be considered, for example 
type of input substrate, quantity of input substrate, local circumstances, heat use, 
pasteurisation, automation, etc. Based on these concrete data for the farm in 
question, the next step in the design process is to make an approximation of the 
following factors: gas prognosis, Combined Heat and Power Station, gas engine 
size, digester size, flow-sheet and cost assessment. The next step is to choose  
the most appropriate technology; a decision should be based on consideration of: 
mesophilic or thermophilic process temperature, one- or two-stage process, type 
of mixing and type of heat input (Krieg & Fischer, 2001). 

The basic design of a biogas plant is shown in Figure 3. The manure is collected 
in a sump close to the digester, from where the digester is fed by a pump. The 
digester can be made of concrete or steel, but should always be well insulated to 
maintain an optimum internal temperature, which depends on the type of process.  
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Figure 3. Basic design of a biogas plant (Krieg & Fischer, 2001). 

Systems for feeding digesters 

Concerning the feed method, it is possible to distinguish two different types of 
plants: 

• Batch plants 

• Continuous plants 

Batch plants are filled once at the beginning of the process and then emptied more 
or less completely after a fixed retention time. Some of the digested material can 
be left as inoculum. 

Continuous plants: e.g. digesters, which are continuously charged and discharged. 
Continuous plants empty automatically through the overflow. In this way the 
substrate is flowable and uniform. Continuous plants are more suitable for rural 
households and are more prevalent. Gas production is constant and higher than in 
batch plants. 

Material flow inside the digester 

Continuously stirred tank rector (CSTR): A digester that is continuously charged 
and discharged and homogeneously mixed at all times. This design can handle 
manure with 2-10% solids. 

Plug flow system: A continuous process carried out without mixing. This design 
handles 11-13% solids and typically employs hot water piping through the tank  
to maintain the necessary temperature. 

Types of mixers 

Inside the digester, an agitator mixes the digester contents (Krieg & Fischer, 
2001). The power necessary for this mixing varies according to the size and shape 
of the digester (Figure 4) (Wellinger, 1997). 

At the same time, the microorganisms must be fed with necessary nutrients. The 
hydraulic retention time inside the digester depends on the substrate, but during 
this time the microorganisms metabolise organic substances. When the process  
is finished, there are two output substances, biogas and digested material. Both 
substances need a special storage tank; the biogas needs a special gas storage tank 
that has a continuous connection to a gas or diesel gas engine where electricity 
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and heat are produced. The digested material is stored in a standard manure 
storage tank (Krieg & Fischer, 2001). 

There are several reasons for mixing (Wellinger, 1997; Balsam, 2002): 

• Inoculation of the fresh substrate with digestate 

• Maintaining contact between the bacteria and the manure 

• Distribution of heat to achieve an even temperature throughout the digester 

• Avoiding or disrupting scum and sediment formation 

• Release of biogas bubbles trapped in the substrate 

 
Figure 4. Different types of mixing; A) horizontal paddle stirrer, B) vertical paddle stirrer, 
C) adjustable propeller mixed, D) propeller mixer on a swivel arm, E) hydraulic mixing 
and F) airlift (Wellinger, 1997). 

Farm scale digesters 

During the period 1973-1984, the oil crisis created a new boom that saw very 
rapid advances in plant technology. Many different digester designs in concrete  
or steel were produced by companies that traditionally built slurry tanks or silos, 
but that made a rapid shift to manufacturing biogas equipment. Almost all plants 
built to date have been based on do-it-yourself designs combined with individual 
planning. The result is a series production with individual planning. The principle 
consists of following parts (Köberle, 1997): 

• Individual planning by a specialist engineer 

• Prefabricated parts as building-kit 

• Engagement of local craft shops and workers 

• Possibility for do-it-yourself work 

With these concepts four main digester types were developed (Köberle, 1997): 

1. Horizontal plug-flow-digester made of steel, using a standard steel tank with 
sizes from 50-150m3, and useful for all kind of substrates (Figure 5) (Köberle, 
1997; Krieg & Fischer, 2001). 
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Figure 5. Horizontal digester (Krieg & Fischer, 2001). 

2. Vertical steel-digester, stock made in the same production line as slurry tanks 
or grain tanks (Köberle, 1997). 

3. Vertical storage-digester made of concrete with concrete roof, using a 
standard slurry tank as a digester as well as storage (Figure 6) (Köberle, 1997). 

 

Figure 6. Concrete storage digester (Köberle, 1997). 

4. Vertical storage-digester, with mostly concrete walls but covered with flexible 
membrane and light roof for use as digester and storage, with sizes up to 
1000m3 (Figure 7) (Köberle, 1997; Krieg & Fischer, 2001). 

 

Figure 7. Standard digester in agriculture (Krieg & Fischer, 2001). 



 

 JTI – Institutet för jordbruks- och miljöteknik 

16

Environmental considerations 

The environmental impact of intensive farming has been considered and discussed 
for some years. Cultivating the soil always leads to a higher loss of nutrients to  
the surrounding environment than the loss recorded from natural areas (Knudsen 
& Birkmose, 1997). The environmental impacts of anaerobic digestion should  
be divided into two parts - farmers’ interests and public interests. For farmers 
(Figure 8) the process clearly has many advantages: quality improvement of 
organic fertiliser and reduction of mineral fertiliser, reduction of phytotoxic 
substances, reduction of use of pesticides, and stabilisation and improvement  
of soil fertility and reduction of desertification. On the other hand there is one 
serious disadvantage, the risk of increased NH4 loss. For the public interest, the 
advantages are clear: reduction of pollutants, reduction of odour, positive impact 
on resource protection, positive impact on climate protection, and also positive 
emissions as a consequence of biogas properties (Klingler, 2000). 

 

Figure 8. Environmental impacts of anaerobic digestion for farmers’ interests (Klingler, 
2000).  

Fertilizer system: green manure 

Green manuring is the tilling of green, growing plant residues into the ground to 
improve the condition of the soil (Barker, 2003). The major benefits arising from 
the use of green manure include (Warman et al., 2002): 

• Addition of organic matter 

• Addition of nitrogen 

• Conservation of nutrients 

• Protection of soil against erosion 

Nitrogen is added to the soil if the green manure crop is a legume. Nitrogen 
fixation (Figure 9) is a symbiotic process by which legumes incorporate nitrogen 
gas from the air into ammonia (Barker, 2003). The amount of nitrogen added 
varies greatly with legume species depending on the amount of dry matter that  
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is produced (Table 1). A crop suitable to as a green manure should (Warman et al. 
2002): 

• Be inexpensive to plant 

• Be easy to establish 

• Produce succulent tops and roots rapidly 

• Generate good ground cover quickly 

• Be able to grow on poor soils 

 
Figure 9. Legume with root nodules in which nitrogen fixation occurs. 

Table 1. Nitrogen fixation by some leguminous crops (Barker, 2003) 

Crop Nitrogen fixed (kg/ha) 

Sweet clover 224 
Alfalfa 168 
Lespedeza 112 
Soybean 112 
Red clover 84 
Garden beans and peas 56 

A ley crop is a potential source of energy. The use of ley crops for anaerobic 
digestion would help in different ways to develop a sustainable agricultural 
production system. The digestion of 1 ha ley crop produces sufficient methane  
to generate 20 MWh/year of energy (Nordberg & Edström, 1997). 

Objectives 
The objective of the study was to evaluate how the introduction of a biogas plant 
on a typical organic farm in Sweden would affect nutrient utilization and the 
economy of the farm. A particular objective was to investigate whether the 
introduction of the biogas plant was a good investment for the farmer, since the 
profits were higher. 
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Methodology 
To compare the effects arising from the introduction of a biogas plant in an 
organic farm system, two different systems were modelled: System A without a 
biogas plant and system B including a biogas plant. Most conditions were taken 
from a specific real farm, Hagavik Farm, situated in Skåne, Southern Sweden. 
However, to make the study applicable to many cases, some conditions were 
altered so that they better represented farms eligible for investing in a biogas 
plant.  

Systems studied 

Description of the farm 

The theoretical farm considered was a dairy farm (Figure 10) with 100 animal 
units, 160 ha of arable land used for animal feed production and an additional 
72 ha of arable land with a four year crop rotation period. The intention was  
to have a constant part of the system that was equal in system A and system B 
(without and with biogas plant respectively). These common assumptions were 
that in both systems the cows produced equal amounts of produce and the 
numbers of cows and the area of arable and additional arable land were equal. 

System A without biogas plant 

The farm system described above (Figure 10) included a stall (100 animal units), 
feed crop arable land (160 ha) and additional arable land (72 ha). For this system 
the assumptions were that cow manure was the fertilizer used on the feed crop 
arable land and that the additional arable land had green manure as a fertilizer 
system. One quarter of the additional arable land was allocated to ley crop 
production, which was used as a green manure in the sugar-beet crop.  

 
 

 

 

 

 

 

 
Figure 10. Organic farm running without biogas plant. 

System B including biogas plant 

System B (Figure 11) included a biogas plant. Apart from this, it had the same 
structure as system A. However, the fertilizer system was different, with feed  
crop arable and additional arable land changing to digestate as fertilizer. It was 

 

Stall 

 

Arable land used for production of animal feed 

Wheat Triticale Sugar beetLey crop 

Additional arable land 

Manure 

Animal feed 
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assumed that the amount of digestate spread was adjusted so that the content of 
nitrogen was equal to the content of nitrogen in the cow manure spread in system 
A. The calculations considered the total amount of nitrogen. Using digestate on 
the arable land meant that the amount of nitrogen available for the plant was 
higher and thus the yields would also be higher. However, it was assumed that  
the variation in yield was not very relevant and it was not considered in the 
calculations. The remaining digestate, not spread in the arable land, was spread  
on all the additional arable land except for the ley crop (Figure 11).  

In the biogas plant, the ley crop was co-digested together with the cow manure, 
tops of sugar-beet and external organic waste from the rusk industry imported  
to the farm. It was assumed that the rusk waste was included in the food waste 
compilation, which is approved by Jordbruksverket for fertilizer purposes in 
organic farming.  

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Organic farm including a biogas plant. 

System limitations 

The study did not include the effect of using digestate as a fertilizer on the arable 
land used for production of animal feed. The size of yield in the arable land was 
not considered in any of the systems. However on the additional arable land, the 
calculations for the nutrient balance were based on the assumptions of the farmer 
regarding yield size. 

The nutrient balance prepared in this document did not go deeper into losses in  
the system or into input of nutrients from sources other than the fertilizer systems 
evaluated. 

The study did not include a detailed design of a biogas plant. That meant that only 
the total investment cost was estimated, and not the costs for the specific parts.  
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Nutrient content in the crops 

Nitrogen fixation 

The nitrogen fixation rate is given in equation 1 (Sundberg et al. (1997): 

 ( )1874,00185,0 +⋅⋅⋅= AvkBAvkN fix    Equation 1  

Where:  

• Nitrogen fixation ( fixN ) is the nitrogen (kg/ha) fixed in aboveground parts of 

the leguminous plants. 

• (Avk) is the yield in tonnes DM/ha. 

• (B) is the percentage of leguminous plants in the pasture. 

It can be estimated that the root system of the leguminous plants contains half as 
much nitrogen as the aboveground parts. This results in total nitrogen fixation (for 
the root system together with the aboveground parts) of 1.5 fixN  (Sundberg et al., 

1997). 

The nitrogen fixation can be modelled to be exactly the level required in the 
present yield (Sundberg et al., 1997). 

Nutrients in harvested crops, system A 

To develop the calculations about the additional arable land, real data were used 
(Table 2). These were obtained through personal communications with the farmer 
from Hagavik Farm.  

Table 2. Distribution and estimated production of the arable land (personal 
communication Krister Andersson) 

Crops Area (ha) Estimated production (tonnes/ha) 

Sugar-beet 18 50 
Spring wheat 18 3.5 
Triticale 18 4.5 
Ley crop 18 36 

Based on the information provided by the farmer about the total production, 
combined with data from Fagerberg & Salomon (1992) and Johansson et al. 
(1993), the N, P, K content per hectare and crop (Table 3) and per total area  
and crop (Table 4) were calculated. 

Table 3. Content of N, P and K per hectare and crop  

Crops DM Yield (t/ha) DM (t/ha) N (kg/ha) P (kg/ha) K (kg/ha) 

Sugar-beet  25% 50 13 104 19 104 
Spring wheat 85% 4 3 70 13 18 
Triticale  85% 5 4 77 16 23 
Ley crop  25% 36 9 239 32 257 
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Table 4. Content of N, P and K per total area and crop 

Crops DM Area (ha) Yield (ton) DM (ton) N (kg) P (kg) K (kg) 

Sugar-beet  25% 18 900 225 1868 338 1868 
Spring wheat  85% 18 63 54 1260 233 315 
Triticale  85% 18 81 69 1377 284 405 
Ley crop  25% 18 648 162 4300 567 4617 

Total  72 1692 509 8804 1421 7205 

Fertilizer system: digestate 

The digestate that remains after the gas has been removed is pumped to a storage 
tank after which it can be spread directly on to the land as shown in Figure 12, 
(Barnes, 2003).  

Improving the utilization of animal manure plays an important role in efforts to 
reduce the environmental effects of farming. Better utilization, management and 
efficiency in the application reduce the need for mineral fertilizer and the 
influence on the surrounding environment (Ørtenblad, 2000).  

Some forms of nitrogen-containing compounds are associated with environmental 
problems such as ground- and surface-water pollution, air pollution, acid rain,  
and soil degradation. Phosphorous is not as mobile as some of the nitrogen forms 
and tends to be carried on soil particles that are lost from the field during erosion. 

A problem that appears from the application of animal manure is ammonia 
emissions. In many European countries legislation has been created to reduce  
the impact of the manure on the surroundings. One way of achieving this is to 
make the nutrients available for the crops (Ørtenblad, 2000). In cattle, about 75% 
of nitrogen, 80% of phosphorus and 85% of the potassium consumed is excreted 
in the manure (Rasnake, 2002). Digestion of cow manure in an anaerobic digester 
transforms part of the organic nutrients to a mineral form and this is very impor-
tant in the case of the nitrogen, where organic nitrogen is released as ammonium, 
which is available for the crops (Ørtenblad, 2000).  

 

Figure 12. Tractor spreading digestate. 
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Nutrients in harvested crops, system B 

With the same system used to calculate the nutrients as in system A, the estimated 
production (Table 5), the nutrient content per hectare (Table 6) and the nutrient 
content per crop and total area (Table 7) were calculated. 

Table 5. Estimated production using digestate as fertilizer (personal communication 
Krister Andersson) 

Crops Area (ha) Estimated production (tonnes/ha) 

Sugar-beet 18 50 
Spring wheat 18 6 
Triticale 18 7 
Ley crop 18 36 

Table 6. Content of N, P and K per hectare and crop using digestate as fertilizer 

Crops DM Yield (t/ha) DM (t/ha) N (kg/ha) P (kg/ha) K (kg/ha) 

Sugar-beet  25% 50 13 104 19 104 
Spring wheat 85% 6 5 110 20 28 
Triticale  85% 7 6 119 25 35 
Ley crop  25% 36 9 239 32 257 

Table 7. Content of N, P and K per total area and crop using digestate as fertilizer 

Crops DM Area (ha) Yield (ton) DM (ton) N (kg) P (kg) K (kg) 

Sugar-beet  25% 18 900 225 1868 338 1868 
Spring wheat 85% 18 99 84 1980 366 495 
Triticale  85% 18 126 107 2142 441 630 
Ley crop  25% 18 648 162 4300 567 4617 

Total  72 1773 578 10289 1712 7610 

Substrate composition and biogas production 

Biogas from rusk waste 

Rusk waste was digested together with three other substrates for the biogas 
production. The specific biogas production from the waste fraction components 
(Table 8) was calculated with data from (Weiland, 2002). 

Table 8. Specific methane production for different components and its percentage in 
biogas 

Waste Sp. CH4 prod. (m3/kg VS) CH4 (% in gas) CO2 (% in gas) 

Glucose 0.42 50% 50% 
Fat 1.01 70% 30% 
Protein 0.50 50% 50% 
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Combining the values in Table 9 about the composition of the waste with data 
from the company Biowheat (personal communication) about the analysis of the 
waste and data from Mats Edström (personal communication) about how much of 
the potential biogas production is obtained at a CSTR-digester, in this case called 
efficiency, the biogas production for the waste substrate was calculated (Table 9). 

Table 9. Waste composition and calculations about biogas production from the rusk 
waste substrate from Biowheat (personal communication). The maximum methane 
production (Max CH4) was calculated based on the total amount of volatile solids (VS)  
in the substrate 

Waste Analysis Max. CH4 
(m3/kg VS) 

Efficiency 
(of potential) 

CH4 prod 
(m3/kg VS) 

Biogas prod 
(m3/kg VS) 

Glucose 50.90% 0.21 80% 0.17 0.34 
Fat 17.50% 0.18 80% 0.14 0.20 
Protein 22.60% 0.11 80% 0.09 0.18 
Fibre 8.20% 0.00 0% 0.00 0.00 
Sodium 0.80% 0.00 0% 0.00 0.00 

Total  0.50  0.40 0.72 

Substrates for digestion and biogas production  

Four substrates were digested: ley crop, cow manure, sugar-beet tops and rusk 
waste. Combining different sources, the biogas production for all the substrates 
was calculated (Table 10). Table 11 shows the composition in weight and nutrient 
content expressed as a percentage of dry matter. 

Table 10. Biogas production from all the substrates. The biogas production from waste is 
based on data in Table 9 

Substrate VS  
(of DM) 

Sp. CH4 prod 
(m3/kg VS) 

CO2  
(in biogas) 

CH4 prod 
(m3/day) 

Biogas prod 
(m3/day) 

Cow manure 85% 0.20 39% 97 160 
Sugar-beet 
tops 

90% 0.40 50% 127 254 

Waste 99% 0.40 44% 127 229 
Ley crop 90% 0.30 45% 120 217 
Mixture 90% 0.31 45% 471 859 

Calculations based on: 

• Volatile solids in substrate: Angelidaki & Ellegaard, 2002; Oechsner & 
Gosch, 1998; Nordberg & Edström, 1997; Hansson, 1981; Gårdbiogas, 1997.  

• Specific methane production: Hansson, 1981; Nordberg & Edström, 1997; 
Angelidaki & Ellegaard, 2002; Bränslen från jordbruksgrödor, 1983-86. 

• CO2 in biogas: Szolar et al. 2000; Hansson, 1981; Angelidaki & Ellegaard, 
2002. 
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Table 11. Production rate (t/day) and composition of the substrate in dry matter and 
nutrient content expressed in % of dry matter. 

 Weight (t/day) DM (of weight) N (%DM) P (%DM) K (%DM) 

Cow manure 5.73 10% 2.8% 0.6% 3.2% 
Sugar-beet tops 2.07 17% 2.3% 0.3% 3.0% 
Waste 1.07 30% 3.7% 0.2% 0.4% 
Ley crop 1.78 25% 2.7% 0.4% 2.9% 
Mixture 10.64 16% 2.4% 0.2% 1.7% 

Calculations based on: 

• Weight: Krister Anderson (personal communication). 

• Dry matter content: Johansson et al., 1993; Bränslen från jorbruksgrödor, 
1983-86; Steineck et al., 2000. 

• Content of N, P and K: Steineck et al. 2000, Livsmedelstabell, 1993; 
Johansson et al., 1993. 

Design of the farm digester 

In order to design the farm biogas plant, considerable amounts of information  
are required to allow the organic loading rate, size of the digester and hydraulic 
retention time to be calculated (Krieg & Fischer, 2001). 

This biogas plant was assumed to run in a mesophilic process at 35°C. 
Thermophilic temperatures are applied in most of the large-scale centralised 
biogas plants with co-digestion where there is a higher demand on sanitation 
processes (Wellinger, 2000). 

Size of the digester 

The size of digester is dependent on the mass of organic matter in the substrate 
mixture and the organic loading of the digester. Based on the assumption that 
OLR for cattle manure with co-substances is 4kg VS/m3d (Edström, personal 
communication), size of the digester and hydraulic retention time were calculated. 

In the substrate mixture the VS content was 1521 kg/d. Dividing this value by  
the OLR (equal to 4 kg VS/m3d), resulted in a sludge volume of 380 m3. To have 
the total volume, 20% extra had to be added to the sludge volume. This resulted  
in 456 m3 total volume. 

The relationship between the sludge volume and the digestate outflow gave a 
HRT equal to 40 days. 

Mass balance in the biogas process 

The mass balance of the biogas plant is shown in Figure 13. This was based on  
the substrate mixture added to the digester (Table 11) and the biogas production 
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(Table 10). The quantity and composition of the digestate produced from the 
digester was calculated (Table 12). 

 

 

 

 

 

 

 

 

Figure 13. Anaerobic digestion mass balance. 

Table 12. Quantity and composition of the digestate produced 

Component Amount Unit 

Total weight 9.55 tonnes/day 
Dry matter 6% of weight 
N  5.0 kg/tonne 
P 0.7 kg/tonne 
K 4.5 kg/tonne 

Nutrient balance 

On the assumptions made, the export of nutrients was much higher than the 
contribution by the ley crop in system A. Therefore an external supply of nutrients 
would be necessary in the longer term to maintain the yields of harvested crops. 

Nitrogen fixation 

To calculate the nitrogen fixation in the ley crop, equation 1 was used. Table 13 
shows the equation parameters and the result. 

Table 13. Equation parameters and results of the N-fixation calculation 

Yield  
(tonne DM/ha) 

B  
(%) 

N-fix above ground 
(kg N/ha) 

N-fix in roots 
(kg N/ha) 

Total N-fix 
(kg N/ha) 

9 75 239 119 358 

In the system where digestate was used, the ley crop was harvested and therefore 
only the fixation in the roots influenced the N level in the soil. The N-fixation 
caused by the ley crop was viewed as an input of nitrogen into the sugar-beet 
crop.  

Digester 

Size: 456 m3 

HRT: 40 d 
OLR: 4kg VS/m3d 

Digestate 

9550 kg/d 
6% DM 

 

Substrate 

10641 kg/d 
16% DM 
N:47 kg/d  
P:6 kg/d 

K: 43 kg/d 
 

Biogas 

1091 kg/d 
859 m3/d 
351kW 
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Arable land 

Before the introduction of the biogas plant to the system, the farmer used to 
spread cow manure on the arable land (Figure 9). In the biogas system, the cow 
manure is replaced by digestate (Figure 10). During the entire project the goal was 
to conserve all former conditions for the arable land. Nitrogen is a very important 
nutrient and it was decided that the level of the nitrogen input should be equal to 
when cow manure was used. Manure and digestate produced from the substrate 
mixture had different nutrient compositions. The digestate was much richer in 
nitrogen. Previously, 2090 tonnes/year of cow manure was spread and to achieve 
the equality in nitrogen 1177 tonnes/year of digestate had to be spread. 

This amount of digestate resulted in a change in the other nutrients compared with 
cow manure input (Table 14). 

Table 14. Nutrient balance comparing manure system and digestate 

 N (kg/yr) P (kg/yr) K (kg/yr) 

Cow manure 5852 1212 6688 
Digestate 5852 828 5286 
Difference 0 -384 -1402 

To have the exact same concentrations of all nutrients as when cow manure was 
used, mineral fertilizer had to be added. The cost of such fertilizer is shown in 
Table 15. Here we assumed that the farmer could spread the fertilizer in combi-
nation with sowing, so there would be no extra cost of spreading. 

Table 15. Amounts of fertilizer required to maintain the nutrient balance and their cost 

 Quantity (kg/yr) Price (SEK/kg) Total (SEK/kg) 

N 0   
P 440 12 5 279 
K 1427 3 4 282 

At the same time, the quantity of digestate spread was smaller and consequently 
the spreading cost was reduced (Table 16). 

Table 16. Amount of digestate spread and cost of spreading. 

 Quantity spread 
(tonne/yr) 

Cost of spreading 
(SEK/tonne) 

Total cost of spreading 
(SEK/yr) 

Cow manure 2090 20 41 800 
Digestate 1177 20 23 538 

The total costs of using cow manure and digestate in the arable land system are 
shown in Table 17. There was a small cost advantage in using the digestate 
instead of cow manure on “arable land used for production of animal feed” 
(Figures 9 and 10). In the “biogas system” the cost was reduced by SEK 8701 
compared with the case without the biogas plant (Table 17). 
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Table 17. Total cost of using manure and digestate in arable land 

 Cost (SEK/yr) 

Cow manure (without biogas plant) 41 800 
Digestate (with biogas plant) 33 099 
Difference -8 701 

Extra arable land 

The total amount of digestate produced was 3486 tonnes/year. Spreading 1177 
tonnes/year on the arable land leaves 2309 tonnes/year to spread on the additional 
arable land. Together with the N-fixation this amount generated a nutrient input  
as displayed in Table 18. The ley crop was not included in the calculation because 
in the rotation system, the surplus in the ley crop, together with the digestate, 
became the input in the sugar-beet crop. The nitrogen fixation value was the 
surplus of the ley crop.  

Table 18. Nutrient inputs to additional arable land in system B 

 N-fix Digestate    Total   

 N 
(kg/ha) 

of total 
(%) 

N 
(kg/ha) 

P 
(kg/ha) 

K 
(kg/ha) 

N 
(kg/ha) 

P 
(kg/ha) 

K 
(kg/ha) 

Sugar-beet 119 30 191 25 172 311 25 172 
Spring wheat 0 35 223 29 201 223 29 201 
Triticale 0 35 223 29 201 223 29 201 

Table 19 shows the outputs of the nutrients that left the system with the harvested 
crop. The values were calculated from the nutrient contents of the crops and their 
yields. The balance between the input and outputs of the nutrients is shown in 
Table 20. 

Table 19. Outputs of nutrients with the harvested crop 

 N (kg/ha) P (kg/ha) K (kg/ha) 

Sugar-beet  104 19 104 
Spring wheat 110 20 28 
Triticale  119 25 35 

Table 20. Balance between input and outputs of the nutrients 

 N (kg/ha) P (kg/ha) K (kg/ha) 

Sugar-beet  +207 +7 +68 
Spring wheat +113 +9 +173 
Triticale  +104 +5 +166 
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Crop economy 

The economic aspects were evaluated in both systems, without and with biogas 
plant, and also using green manure and digestate as fertilizer. In both cases, the 
calculations were made following the same procedure. The economics of each 
crop were treated separately in the two options and for each crop two major 
factors were considered, income and outgoings and the balance between them. 

Important factors for farm income were the price obtained for the crops at sale  
and the subsidies from the European Union. The data on prices were obtained 
from Agriwise, an extension service for farmers and foresters basically produced 
by SLU (Swedish University of Agricultural Sciences) and LRF (Federation of 
Swedish Farmers), and from personal communication with the farmer. The data 
on the amount of European Union subsidies were also obtained in personal 
communication with the farmer. 

In the outgoings, all costs and salaries were included. The costs for cultivating  
the crops were obtained from Agriwise. Additional data for organic farming and 
digestate spreading came from Edström and Andersson (personal communi-
cations). Costs for cultivating the ley crop for biogas production is based on 
Optigas, 1999. 

Crops in system A 

In this system the fertilizer option was green manure. Income for all the crops  
in this system are shown in Table 21. 

Table 21. Income in system A per hectare and year 

 Yield  
(kg/ha) 

Price  
(SEK/kg) 

EU subsidy  
(SEK/ha) 

Total  
(SEK/ha) 

Sugar-beet 50000 0.8 2 200 42 200 
Spring wheat 3500 1.9 1 600 8 250 
Triticale  4500 1.5 1 600 8 350 
Ley crop 9000 0 1 600 1 600 

The outgoings are divided into two parts, specific costs and labour costs for each 
crop are shown in Table 22. Table 23 shows the balance between income and 
outgoings. 

Table 22. Outgoings in system A per hectare and year 

 Specific costs 
(SEK/ha) 

Labour costs 
(SEK/ha) 

Total 
(SEK/ha) 

Sugar-beet 26 035 3 099 29 134 
Spring wheat 1 940 1 924 3 864 
Triticale  1 842 1 924 3 766 
Ley crop 361 1 314 1 675 
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The specific costs included: 

• Sugar-beet: planting, diesel for the tractor, transport and insurance, 
maintenance of machinery, interest, capital cost of machinery, and 
mechanical weed protection. For weed control, 100 h/ha and a salary of 
SEK 140/h were assumed (Nilsson, 2000; Agriwise, 2003; K. Andersson, 
personal communication). 

• Spring wheat and triticale: sowing, diesel for the tractor, transport and 
insurance, maintenance of machinery, interest, capital cost of machinery, 
drying and analysis (Agriwise, 2003; K. Andersson, personal 
communication). 

• Ley crop: sowing, diesel for the tractor, maintenance of machinery  
and interest (Agriwise, 2003; K. Andersson, personal communication). 

The labour costs included: 

• Sugar-beet: harvest and ensiling of sugar-beet tops (Agriwise, 2003; 
Optigas, 1999; M. Edström, personal communication).  

• Spring wheat and Triticale: threshing, harvesting, ploughing, harrowing 
and sowing (Agriwise, 2003; K. Andersson, personal communication). 

• Ley crop: mowing (Optigas, 1999). 

Table 23. Balance in system A between income and outgoings 

Crop Area (ha) Contribution 
(SEK/ha) 

Total contribution  
(SEK) 

Sugar-beet 18 13 066 235 192 
Spring wheat 18 4 386 78 942 
Triticale  18 4 584 82 510 
Ley crop 18 -75 -1 353 

Sum   395 292 

Crops in system B 

In this system, digestate was used as the fertilizer. In total, 2309 tonnes per year 
were spread in spring wheat (35%), triticale (35%), and sugar-beet (30%). Income 
is shown in Table 24. 

Table 24. Income in system B per hectare and year 

 Yield  
(kg/ha) 

Price  
(SEK/kg) 

EU subsidy  
(SEK/ha) 

Total  
(SEK/ha) 

Sugar-beet 50000 0.8 2 200 42 200 
Spring wheat 6000 1.9 1 600 13 000 
Triticale 7000 1.5 1 600 12 100 
Ley crop 9000 0 1 600 1 600 
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Following the procedure used in system A, the costs were divided into specific 
costs and labour costs (Table 25). The balance between income and outgoings is 
shown in Table 26. 

Table 25. Outgoings in system B per hectare and year 

 Specific costs 
(SEK/ha) 

Labour costs 
(SEK/ha) 

Total  
(SEK/ha) 

Sugar-beet 26 035 3 818 29 853 
Spring wheat 2 256 2 763 5 020 
Triticale 2 158 2 763 4 921 
Ley crop 361 5 220 5 581 

The costs were the same but with the additional working costs: 

• Sugar-beet, spring wheat and triticale: spreading of digestate with 
assumptions based on personal communication with Krister Andersson. 

• Ley crop: harvest and ensiling (Optigas, 1999). 

Table 26. Balance in system B between income and outgoings 

Crop Area  
(ha) 

Contribution  
(SEK/ha) 

Total contribution  
(SEK) 

Sugar-beet 18 12 347 222 242 
Spring wheat 18 7 087 127 558 
Triticale wheat 18 7 179 1 292 216 
Ley crop 18 -3 981 -71 661 

Sum   407 354 

Biogas plant economy 

Investment for the biogas plant 

The total cost of the plant was SEK 2 000000 (Krister Andersson, personal 
communication), but the farmer got an SEK600 000 subsidy from the govern-
ment. The total investment for the farmer was SEK 1 400 000 and the calculations 
about annual costs were based on this figure. The lifetime was estimated at 
12 years and the interest at 7% (Nilsson, 2000). The annual factor was 0.126 
(Ångtabell och diagramsamling, 1983). Based on these data, the annual cost  
was calculated to be SEK 176 300/year. 

Operating costs for the biogas plant 

The operating costs for the biogas plant are shown in Table 27. The operating 
costs included the working time for controlling the function of the plant, handling 
and ensiling the sugar-beet tops and ley crop, maintenance where the maintenance 
requirement was proportional to the substrate input, electricity where the internal  
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electricity demand was 3% of the total energy produced (Nilsson, 2000) and heat 
production where 20% of all energy produced was needed for heating the digester 
(M. Edström, personal communication). The remaining energy was assumed to be 
sold or used for other purposes. The costs in Table 27 are based on data in Nilsson 
(2000). 

Table 27. Operating costs in the plant 

 Unit of quantity Quantity Price (SEK) Total (SEK) 

Running plant hours of work 100 140 14 000 
Tops treatment hours of work 100 140 14 000 
Maintenance (a) m3 of substrate 4380 4.5 19 700 
Electricity cost (b) kWh 50650 0.5 25 300  
Heat production (c) kWh 1700300 0.015 25 500  

Total    98 400 

(a) Maintenance for pre-treatment of substrate together with pumping and mixing 
substrate and digestate 

(b) Internal electricity demand for running the plant 
(c) Maintenance for using biogas for heat production 

Capital cost 

Based on the calculations about investment and running costs the capital cost  
was calculated in SEK per hectare and year (Table 28). 

Table 28. Capital cost in SEK per hectare and year 

 Annual cost (SEK) 

Investment 176 300 
Running 98 400 

Total 274 600 

Income 

The biogas production had two principal sources of income (Table 29). The price 
for the surplus biogas was obtained from Nilsson (2000) and the gate fees cost  
by personal communication with Mats Edström. 

Table 29. Income from biogas production 

 Unit of quantity Quantity Price (SEK) Total (SEK) 

Surplus biogas kWh 1350668 0.4 540 300 

Gate fees ton waste 390 100 39 000 
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Economic balance 

The economic balance for the biogas plant is shown in Table 30. 

Table 30. Balance between income and outgoings in the biogas system 

 SEK/yr 

Income 579 000 

Costs 274 600 

Profit 304 600 

Economic returns 
Comparing the growth of the crops and the resulting harvest in the systems, the 
nutrient balance was calculated. Table 31 shows the amounts of nutrients in 
different crops for the two different fertilization systems described in this work. 

Table 31. Results of the nutrient balance calculations (all amounts in kg/ha) 

 Output   Input   Balance  

 N  P  K  N  P  K  N  P  K  

System A 62.6 11.9 35.9 89.6 0.0 0.0 27.0 -11.9 -35.9 

System B 142.9 23.8 105.7 189.3 21.0 143.3 46.4 -2.7 37.7 

The economics of the biogas plant together with the economics of the crops using 
the digestate as fertilizer resulted in a total balance (Table 32). 

Table 32. Balance for the entire system B, including crops and biogas profits  

Source SEK/yr 

Crops 407 400 

Biogas 304 600 

Total 712 000 

This can be compared with the returns in the case where only green manure was 
used as a fertilizer, where the annual profit was SEK 395 300/year (Table 23). 
This shows that the system that included the biogas plant had higher profitability 
and that the investment in the biogas plant was justifiable.  

There is an energy price x that makes the profit pB of the biogas system equal to or 
higher than the profit pA of the non-biogas system ( BA pp ≤ ). 

The profit of system B can be written as: 

CHGxWpB −++=  

where x is price of energy (SEK/kWh), W is energy available for sale (kWh/year), 
G is the income arising from gates fees (SEK/year), H is income due to crops in 
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system B (SEK/year) and C is the total costs of system B (SEK). The energy price 
fulfilling the inequality: 

W

HGCp
x A −−+≥  

makes the profit of system B equal to or greater than that of system A. Inserting 
the values yields a minimum energy price of SEK 0.17/kWh. 

Discussion 
Investment cost 

The design of the biogas plant as well as the investment was compared with 
similar farm scale biogas plants in Germany. The design and investment of 13 
farms was examined, resulting in a maximum investment price of SEK 18 750/m3 
of digester volume and a minimum of SEK 1 000/m3 of digester volume with a 
medium value of SEK 4 428/m3 of digester volume (Oechsner, 1999). Using this 
average, the farm dealt with in this work was very close to the medium value, 
with SEK 4 386/m3 of digester volume.  

Value of biogas 

In this work, the value of the biogas used was SEK 0.4/kWh. Biogas, like oil, is a 
flexible fuel and can be used for production of heat, electricity and used as vehicle 
fuel. One big difference is that biogas is a fuel with a low energy content per unit 
volume compared with oil. The energy content in 1000 litres of methane is equal 
to 1 litre of oil and the methane content in biogas is usually about 60-70%. 

When biogas is used for heating by boilers, there is no high demand on gas 
quality. The cost of conventional heating oil is about SEK 0.50-0.55/kWh 
including taxes for energy and carbon dioxide but excluding VAT (Eriksson, 
personal communication 2003; Shell, 2003). Farmers get a reduction on energy 
and carbon dioxide related taxes that give a real cost for oil of about SEK 
0.30/kWh (excl. VAT).  

When biogas is used for production of heat and electricity, there are some 
demands on the gas. If the gas is utilised in a combustion engine, there are 
demands on low levels of hydrogen sulphide in the gas (IEA Bioenergy, 1999). 
Otherwise the demands are the same as on using the biogas in a boiler. The cost of 
electricity is about SEK 0.68/kWh (“Tillsvidarepris”) including taxes for energy 
and costs for certificate but excluding VAT (Vattenfall, 2003). Farmers get a 
reduction on energy tax of SEK 0.227/kWh. Furthermore, there is a grid cost for 
transport of the electricity that is about SEK 0.15/kWh excl. VAT (there is also an 
annual subscription charge depending on how much power the system can deliver, 
not included here). 

In Germany and Denmark, the most common use of biogas is to produce heat  
and electricity. Based on Nilsson (1999) a calculation was made to describe this 
possibility in system B. The assumption made was that the biogas was used for 
running a dual-fuel engine (ordinary diesel engine with an addition of 10% of 
diesel for ignition). Furthermore, the capital cost for the engine was estimated at 
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SEK 80 500/year, cost for maintenance SEK 84 400/year and cost for diesel SEK 
64 900/yr. If the engine has 30% electricity efficiency and 55 % heat efficiency 
(Nilsson, 2000), the total production of electricity would be 563000 kWh/year  
and 1031000 kW/h of heat, where 338 000 kWh would be used for heating the 
digester.  

If none of the surplus heat can be sold, the income from electricity must be SEK 
0.82/kWh if the return for producing electricity is to be equal to a biogas value  
of SEK 0.17/kWh.  

If the surplus of heat can give an income equal to SEK 0.2/kWh (assumed to be 
equal to a biogas value of SEK 0.17/kWh), the necessary income from electricity 
would be reduced to SEK 0.57/kWh for an equivalent financial return.  

When biogas is used as vehicle fuel, there is high demand on quality of the gas. 
Carbon dioxide, hydrogen sulphide, ammonia, particles and water have to be 
removed (IEA Bioenergy, 1999). The cost for upgrading the large quantities of 
biogas to vehicle fuel quality, distributed to a filling station and system for filling 
vehicle with gas have been calculated to be about SEK 0.2/kWh (Brolin et al., 
1995). At present, there is insufficient experience with upgrading techniques, 
design for small-scale applications, (like farm scale plants), etc. However, some 
farm scale plants are planning to upgrade their biogas to vehicle fuel quality 
(Karlsson, personal communication 2003; Hansson, personal communication 
2003). 

The cost of diesel, delivery directly to a tank at a farm, is about SEK 0.57-
0.60/kWh (Eriksson, personal communication 2003; Shell, 2003). With the same 
tax-reduction as for oil, the cost of diesel is about SEK 0.35/kWh (excl. VAT). 

The cost of vehicle fuel at a filling station is about SEK 0.8/kWh for diesel (incl. 
VAT) and SEK 1.04/kWh for petrol (incl. VAT).  

Crop yields and nutrient value 

With the assumptions made, the effect of the digestate as a fertilizer in the 
additional arable land represented an increment of 56% of the yields compared 
with using green manure as a fertilizer. However, the average yields and nutrients 
in a conventional system using mineral fertilizer in the Skåne area is shown in 
Table 33 (Agriwise, 2003; Hydroagri, 2003). 

Table 33. Average yields and nutrient contents using mineral fertilizer 

 Yield ton/yr N (kg/ha) P (kg/ha) K (kg/ha) 

Triticale 7 120 21 35 

Spring wheat 5 125 10 25 

The small difference in yields could mean that the prognosis for the digestate as  
a fertilizer is too optimistic, so a sensitivity analysis was performed to identify  
the effect of yield size in the whole system. 
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Economic sensitivity analysis 

To determine the sensitivity of the system including the biogas plant and the crop 
production, the total balance was calculated with a disadvantage of 20% in the 
three most important factors affecting the balance (Table 34). The primary factor 
was crop production, and in the analysis the reduction in the production only 
affected the crops that has increased yields from using digestate, triticale and 
spring wheat. In the second case, the reduction was applied to the energy price 
and in the third case to the investment, which would increase by 20%. Table 34 
also shows the balances after the variation of the 20% and the difference between 
this new balance and the original balance of SEK 712 000/year (Table 34). 

Table 34. Sensitivity of the system with a 20% disadvantage in crop yield, energy price 
and investment cost 

 Variation Variation in the balance Balance after Difference 

Crops, yield, ton/ha -20% -10% 641 600 70 400 

Energy price, SEK/kWh -20% -15% 603 900 108 100 

Investment cost, SEK +20% -7% 661 600 50 400 

In the biogas system, the profit was strongly dependent on the price of the energy 
sold (Table 29). The extreme situation would be that it would not be possible to 
sell the energy at all. Such a situation would cause a great effect in the economics 
(Table 35) and the income would be reduced from SEK 579 000 to 39 000. 

Table 35. Balance of the biogas in the event of the price of energy being 0 SEK. 

 SEK/yr 

Income 39 000 

Cost 274 600 

Balance -235 600 

Although the biogas economy would be negative, the profit for the whole system 
when the crops were included would be positive, SEK 171 731. The income from 
biogas would then be about SEK 39 000/year. 

The minimum energy price that makes the biogas system profit equal to, or higher 
than, that of the non-biogas system is SEK 0.17/kWh. 

Another important contribution reducing costs in the system is the subsidy from 
the government of SEK 600 000. The economics of the system would change 
dramatically if this subsidy were excluded. The annual balance would become 
SEK 652 600/year and the minimum energy price to make the biogas plant 
profitable would become SEK 0.21/kWh. 
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Conclusion 
When digestate was used as a fertilizer, the crop yields were greater. Based on this 
difference in the yields between using digestate and green manure, the nutrient 
balance was calculated. The results showed that the nutrient concentration in 
digestate was higher and that crop demands for N, P and K were more satisfied 
than when using green manure. However, there was still a deficit in P, but much 
less than in the green manure system. 

With the assumptions made in this study, the biogas production was calculated 
and a financial balance was produced for the biogas plant. The results showed  
that the minimum price for the biogas energy to give a better financial return than 
the green manure system was SEK 0.17/kWh. This calculation did not consider 
the income due to surplus heat production. Considering this and the costs for 
electricity production, the requirement can be expressed in a minimum electricity 
price. If none of the surplus heat can be sold, the income from electricity must be 
SEK 0.82/kWh to produce a similar profit to system A. If the surplus of heat can 
give an income equal to SEK 0.2/kWh, the necessary income from electricity is 
reduced to SEK 0.57/kWh for an equal financial return. Since these conditions are 
not hard to fulfil, it means that the investment in the biogas plant investment can 
be justified. 

Compared with Germany and Denmark, where the prices for electricity are 
0.1 Euro/kWh (Weiland, personal communication) and DK 0.6/kWh (Dansk 
bioenergi) respectively, the electricity price is much lower in Sweden. So, if the 
purpose is to sell electricity, the motivation in Sweden for building a farm scale 
biogas plant is lower. However, the nutrient implementation for the organic 
system does motivate the introduction of the biogas plant. 
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