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Evaluation of the two stage dry anaerobic biogas plant and the 
influence on production and recycling on Skilleby experimental 
farm in Järna 2004 -2010 

  

 

 

Background 
European countries are committed to reduce CO2 emissions originating from fossil fuels. 

Additional changes in policy priorities as well as the development of agricultural technology 

are important driving forces. Organic farming principles for their part include the use of 

renewable energy resources and the minimisation of nutrient losses on-farm as far as possible. 

On-farm produced biogas may replace fossil fuels and thereby contribute to achieve the target 

of reduced green house gas emissions. Losses of nitrogen are also reduced by dry anaerobic 

digestion of organic material. In accordance with the EU-regulation (EU 1774/2002) animal 

by-products can also be used for biogas production. 

 

Most on-farm biogas plants in Europe use slurry and co-substrate for biogas production. This 

technology is reasonable only on farms, where slurry technology is already in use. Slurry 

based biogas plants are well developed in those European countries where investment 

subsidies for biogas plants are granted and prices for electric power production are low. Such 

favourable  conditions prevail mainly in Germany. Farms, which use a dry manure chain 

technology, and farms without livestock are not able to use the prevailing on-farm biogas 

technology.  

The top 10 benefits of dry anaerobic-digestion biogas plants are clearly in line with organic 

farming principles and strengthen sustainable agriculture (Hoffmann, 2002, quote from 

Schäfer, Lehto and Teye, 2006): 

1. Dry anaerobic digestion is suitable for nearly all farm residues like manure, plant 

residues, and household organic wastes. Higher energy density compared to slurry 

digestion requires reduced reactor capacity and reduces construction costs. 

2. High dry matter content reduces transport costs due to reduced mass transfer in 

respect of the produced biogas quantity per mass unit. 

3. Mobile digester modules allow batch production and continuous, easily controllable 

gas production. 

4. Dry anaerobic digestion residues can be composted and in this way fertilisers, also suitable 

for off-farm use, are produced. Composted manure may also be better for food quality 

compared to liquid manure. 

5. Dry anaerobic batch digestion does not need special techniques like slurry pumps, 

mixers, shredders, and liquid manure injectors for distribution. Most of the machinery 

needed for filling and discharging the digester like front loaders and manure 

spreaders are often already available on-farm. 

6. The amount of energy required for heating the process is lower than in slurry reactors 

because of 

 reduced reactor size. Process energy of dry anaerobic batch digestion is not 

required because continuous homogenisation is not needed. 

7. There is improved process stability and reliability. There occur no problems like foam or 

sedimentation. Possible digestion breakdowns are easily dealt with  in batch 
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digesters by exchanging the module. 

8.There are reduced odour emissions because there is no slurry involved.  

9. There is reduced nutrient run-off during storage and distribution of digester residues 

because there is no liquid mass transfer. 

10. The process is suitable for farms without slurry technology, especially farms using deep 

litter  

systems e.g. chicken production. 50% of Swedish manure originates from farms 

handling solid dung. 

 

 

 

 
Figure 1. The two stage dry anaerobic-digestion biogas plant in Järna build on the biodynamic 

farm Yttereneby Järna by the Biodynamic Research Institute (Photo 2003, Wienfried 

Schäfer). 

 

 

The Biogas plant on the Biodynamic experimental farm Skilleby - Yttereneby in 
Järna and the aim of this study. 

 
Figure 1. The two stage dry anaerobic-digestion biogas plant in Järna build on the biodynamic 

farm Yttereneby Järna by the Biodynamic Research Institute (Photo 2003, Wienfried 

Schäfer). 
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One of the world's first large scale on-farm dry anaerobic-digestion biogas plants  has been 

built on the mainly self-supporting farm organism, Skilleby-Yttereneby by the Biodynamic 

Research Institute in Järna. This on-farm biogas plant is integrated into the farming system 

and employs a new process technique: Dairy cattle manure and organic residues originating 

from the farm and nearby food processing units are digested in two different reactors.  

 

 The first reactor is continuously filled with solid manure from a stanchion barn. The organic 

matter contains 17.7 to 19.6 % total solids. After digestion the  residue is discharged and 

separated into a liquid and a solid fraction. The liquid fraction is further digested in a methane 

reactor and the effluent is used as liquid fertiliser. The solid fraction is composted and used as 

manure on the winter wheat in the five year crop rotation. The use of the composted manure 

has been evaluated as part of the long term study during 2006 ï 2010.  

 

The Biogas plant is build on the farm YtterEneby which functions as a unit with Skilleby 

experimental farm. The purpose of the plant is to evaluate and demonstrate the possibility to 

achieve ecological recycling agriculture which is fully based on the local renewable resources, 

is  environmentally sustainable and with the  best possible productivity and food quality.  

The following goals were formulated:  

1. To make agriculture production self sufficient in energy 

2. To reduce the negative impact on the environment compared to traditional manure 

management with respect to green house gas emissions, leaching of plant nutrients, 

and ammoniac emissions. 

3. To increase the efficiency in agriculture production through effective internal 

recycling of plant nutrients in manure and liquid manure and with reduced losses 

from the farming system in line with ecological recycling agriculture (ERA) 

principles (Granstedt, et al 2008).  

 

The objective of this study is to evaluate the extent to which these goals have been reached 

and identify possible improvements. In addition this study will  evaluate: 

 

4. the capacity of manure to improve the fertility of and humus content in soil thereby 

improving yields and food quality .  

  

 

The evaluation includes the technical evaluation of the biogas plant, the material and nutrient 

flows on the whole Skilleby/Yttereneby farm unit and field studies over many years. 

 

The two-stage fermentation process results in the production of two fractions of manure , one 

solid fraction and one liquid fraction. The solid fraction has been composted and compared 

with non-fermented manure. The liquid manure has been used like urine. The evaluation  has 

been done as an integrated part of the long-term on-farm study of manure recycling and 

utilisation on Skilleby- Yttereneby .  

 

The technical evaluation of the biogas plant covers the period  between 2003 - 2005, the 

biological evaluation of the fermentation and on farm studies including comparative field 

trials were carried out between 2006 and 2008. The future of the biogas plant at Yttereneby 

has not yet been decided. To cover the costs for managing the biogas plant it would be 

necessary to increase production and the price of the biogas in order to cover production 



5 

 

costs. This would be possible if the application to the Swedish Board of Agriculture to use 

slaughter wastes from the local wild meat slaughterhouse close to the farm is approved and  

the subsides for investments to produce electric power from  the gas produced in  the biogas 

plant are granted. 

 

 

 

 

 

 

Material and methods  
 

 

Technical description of Skilleby ï Yttereneby biogas plant  
 

The first reactor is continuously filled with solid manure from a stanchion barn. The organic 

matter contains 17.7 to 19.6 % total solids. After discharge the digestion residue is separated 

into a liquid and a solid fraction. The liquid fraction is further digested in a methane reactor 

and the effluent is used as liquid fertiliser. A complete technical description of the biogas 

plant has been published (Schäfer, Lehto and Teye, 2006). 
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Figure 2. The Material flow chart of the biogas plant at Yttereneby, Järna, Sweden ( 

Schäfer, Lehto and Teye, 2006) 

 

 

 
 

Figure 3. Material flow diagram with manure, feeding and mixing marked.  

(Schäfer, Lehto and Teye, 2006) 
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Figure 4. Pictures illustrating manure from the cow, feeding and mixing   

 

 

Feeding and mixing 1 (Figure 3 and 4) 

 

A hydraulic powered scraper shifts manure into feeder channel (1 in figure 2). The manure of 65 

livestock units kept in a dairy stanchion is a mixture of faeces, straw and oat husks. A part of the 

output of the hydrolysis is conveyed back to the feeder channel and inoculated into the fresh manure. 

The urine is separated in the stall via a perforated scraper floor.  

 

Figure 4. Pictures illustrating manure from the cow, feeding and mixing   

 

 

 

 

 

Hydrolysis reactor (figure 5) 

 

 

The manure is pressed to the top of the 30
o
 inclined hydrolysis reactor with a 53 m

3 
capacity. The 

bottom of the hydrolysis reactor on both sides of the feeder pipe is provided with hot water channels. 

The 400 mm wide feeder pipe is made of PVC. The substrate is discharged through a bottomless 

drawer in the lower part of the reactor. The drawer is guided within a regular channel and powered 

by a hydraulic cylinder.    

.     
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Figure 5. Outside and inside of the hydrolysis reactor 

 

 

Separation in liquid and solid fractions  (Figure 6) 

 

From the transport screw the major part of the substrate partly drops into a down crossing extruder 

screw where it is separated into liquid and solid fractions. The liquid fraction is collected in a buffer 

container of 2 m
3
 capacity (8 in figure 2) and from there pumped in methane reactor (10 in figure 2). 

The solid fraction from the extruder screw is stored on the dung yard for composting. Liquid from 

the buffer container returns into the feeder pipe of the hydrolysis reactor to improve the flow ability. 

 

 

 
 

Figure 6. Separation into liquid and solid fractions. 

 

 

Methane generation (figures 7 and 8) 

 

The methane reactor is 4 m high with a total capacity of 17,6 m
3
 and filled with elements offering a 

large  surface  area for methane bacteria settlements. After a reaction time of 15 to 16 days at 38
0
C 

the effluent in the methane reactor is pumped into the slurry store (11 in figure 2). The gas generated 

in both reactors is collected and stored in a sack in a container. A compressor generates 170 mbar 

pressure to supply the burners of the process and estate boiler with biogas for heating purposes. 

 

The first biogas production started in 15
th
 of November 2003 and continued until the animals were 

let out to pasture on the 8
th
 of May 2004. The production, is shown in Figure 9. A frozen gas pipe 

blazed the gas yield of the hydrolysis reactor impeding correct measurement of the gas yield in 
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April. The potential cumulative gas yield capacity was therefore assumed to be higher than this first 

test year and this was later confirmed.  

 

In contrast to the design calculations, the methane reactor produced less gas than the hydrolysis 

reactor. The methane reactor generated in average the first period 34 vol % and in the second period 

11 vol % of the methane. This indicates that the process management can be improved so that the 

load rate of the second reactor is increased (Schäfer, Lehto and Teye 2006).  

 

 

 

 
Figure  7. Material flow diagram the methane gas generation, methane gas compressor store, and 

effluent store are marked. 

 

   
Figure 8.  Pictures showing the inside of the biogas reactor, elements for the bacteria, store sack and 

the slurry store.  
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Figure 9. Observed biogas yield, mean day temperature, total observed cumulative methane yield 

and yield separated into the production from the methane reactor and from the hydrolysis reactor  

(Schäfer, Lehto and Teye 2006. 

 

 
 
The farm 

Geographic localisation and climatic conditions 

 

The Skilleby-Ytterenby farm has until recently been two farms, Skilleby and Yttereneby but 

nowadaysis running as one unit. The field experiment wasfirst started on Skilleby in 1991. 

The biogas plant was constructed in 2002 and received manure  from the cow barn which is 

shared by both farms. The farm is situated  50 km south of Stockholm, on a clay soil in 

eastern Sörmland (Figure 10) with a northern latitude 59
o
30´ , at 30-40 metres above sea 

level, with an annual average precipitation of 590 mm, a yearly average temperature 6,2
o
C 

and 6-8 snow free months (Figure 2). The topsoil is generally frozen 3-4 months in the year 

(December ï March). The weather conditions are presented in more detail for the 

experimental period in Supplement 1. The Skilleby experimental farm has 42 ha arable land 

which lie on each side of a small water way which after some kilometres south east of the 

farm feeds into the Stafbofjärden in the Baltic Sea. Since  2002 Yttereneby and Skillebyfarms 

have been managed as  one working unit with 137 ha with the same five years crop rotation 

on each  and the manure distributed on both until 2010. 

 

 

Soil conditions 
  
The soils are composed mainly of clay loam with a humus content between 2,8 and 4,2 %, a 

large proportion of silt predisposes them to crust formation. The soil under topsoil depth is 

stratified, with glacial clay at the bottom. The natural history for this soil formation is shown 

in Figure 11 where the top soil with the secondary sorting of the soil texture fractions (post 

glacial clay, loam and silt) are seen. The glacial clay is close to the topsoil in elevated areas. 

In the more low-lying areas the clay content is lower and the soils dry out more quickly in the 

spring. This geological background where most of younger fossil sediments were eroded 
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during the last ice age, and the sediment clay is based mainlyon primary rocks, explains why 

the soil is high  in potassium and low in phosphorus.  

 

 Three soil samples were taken from each experimental plot from the top soil (o ï 20 cm), 

from 30 ï 60 cm depth and 60 ï 90 cm depth at the start of the long term field experiment 

1991. These samples were analysed for their chemical and biological properties including Ctot, 

Ntot, pH, P-Al, K-AL, Ca-Al, Mg.AL.   These analyses were repeated after each five year crop 

rotation period and are of special interest for the evaluation of the biogas manure effects on 

soil on HV1 (2006),  HV2 (2007), HV 5 (2008), HV 3 (2009) and HV 4 (2010). The P-AL 

values in top soil are mainly between 2 ï 3 and the K-AL values between 10 ï 15 mg in 100 g 

soil and pH values between 5,5 -6,0  according the figures presented from HV1 and HV2 in 

Supplement 2. 
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Figure 10. Localisation of the Skilleby  long term trial in East Central Sweden, at latitude 59

o
 

North and longitude 18
 o
 East, 30 ï 40 m above sea level.     

 

 


