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Abstract

Biogas production has an increasing importance on organic farms in Germany. Biogas plants have the possibility to produce energy, soil fertility and positive returns on capital. Yet previously no studies on the structure, economic outcomes and internal benefits of biogas production on organic farms existed. Therefore in 2006 and 2007 an empirical study, designed as a census, has been carried out to investigate these questions. Based on the empirical study a simulation model was built to analyse the economic potential. The highest economic potential, particularly if organic food and energy production are to be accomplished, was found for biogas plants which are mainly residual-based and on a farm scale size. The construction of small but also low priced biogas plants for organic farms will be a challenge.    
Introduction

Biogas is one out of a set of new biomass based technologies intended to reduce the use of fossil fuels. In addition to the discussion on the potential, costs and energy efficiency of bio-energy in general, especially biogas seems to have the chance to play a major role in future energy scenarios. Farmers have already adapted to the given situation and started to grow energy crops for biogas. In organic farming the discussion has even more complex aspects. Due to the ideas and regulations of organic farming the material flows and economics are much more complex. Farmers and consultants are facing an information gap which has to be closed to offer realistic decision support for future farms investments.
The study presented here consists of two parts. First, an empirical study (“BioBiogas-Monitoring 2006-2007” at the University of Kassel, Germany) was conducted to investigate the structure of biogas production on organic farms and to get insights into technology specifics, use of heat and slurry and on the selection of substrates. Based on the results of the empirical study a simulation model was built and used to analyse the economic potential of biogas in organic farms.

The hypothesis is that organic farms can produce energy (electricity) from biogas in an economic way because of three typical characteristics. First, many farms face a surplus of grass-clover mixtures, which are needed to maintain soil fertility. Especially farms without or with low livestock are looking for reasonable usage of clover instead of mulching. Second, the diverse structure of organic farms in Germany often gives the opportunity to use the waste heat from combined heat and power plants (in stables, dairies, residences, etc.). Finally, the use of slurry coming from the biogas plants can improve the on-farm nitrogen cycles significantly. The economic value of a time and spatially flexible fertiliser on organic farms is – due to the overall low nitrogen level – considerably higher than on conventional farms. In fact, biogas production may enhance the “on-farm production” of soil fertility (Anspach and Möller 2007).
Materials and methods

The empirical study was designed as a census instead of sampling. The database consists of 120 notably known organic farms with a biogas plant (experts assume at least 150 biogas plants). A semi-structured questionnaire was sent together with known farm specific data and a paper summing up previous results of the BioBiogas-Monitoring 2006. Around 80% of farmers where contacted by a follow-up call to improve the quantity and quality of answers. 100 out of the 120 farms answered the questionnaire, a 83% response rate.
Due to the challenge that the empirical data does not contain satisfactory information on the economics of biogas production on the farm level a cost and performance accounting model was developed and used as a simulation model. The full cost approach follows the standard set by the German Agricultural Association (DLG) (see Möller 2006). The assumptions of the model, based on real farm examples, are a medium sized biogas plant with an engine power of 200 kWel (electricity) and investment costs of 4000 €/kWel. On average, 50% of waste heat is used, which can be sold for 4 cent/kWtherm (thermal). For the monetary value of using biogas slurry as a fertiliser, 6€/m³ are assumed to coincide with a value of at least 1€/kg nitrogen. The substrate production of organic maize and cereal silage is calculated with full costs, grass and clover only with the harvesting costs, the acquisition of conventional maize with 1400€/ha. One third of the daily substrate ration on all three types of biogas farms is liquid manure. 
Results
Organic farmers belong to the group of pioneers in the biogas sector and the relevance of biogas on organic farms is still increasing. Today at least 150 biogas plants with an electrical capacity of 15-20 MWel are installed. Since 2005 the number of biogas plants has increased by about 50%, the electrical capacity by about 30%. The plant size ranges between 15 kWel and 700 kWel. 
Today around 5% of all biogas plants in Germany can be found on organic farms. Most of the plants are located on feed growing and crop growing farms, but currently more and more so-called “biogas farms” have come into existence. Biogas farms are mostly cooperations of farmers to share a plant and collect the needed substrates together. Most of the biogas plants are really well integrated in the agricultural circuit of the farms. This means that the technological and biological handling of plants is mostly under control and most of the waste heat can be used reasonably for heating houses, intra-farm use like heating stables or the dairy, drying or selling it via small local heat pipes in the neighbourhood. The average use of waste heat from biogas plants on organic farms is about 50%, in comparison with newly constructed conventional biogas plants with a waste heat utilization of about 30% (Scholwin and Fritsche 2007).
The main reasons for producing biogas – beside generation income from electricity sales - are positive effects on crop production, upgrading of organic fertilisers and a profitable use of grass/clover and grassland. We could find very strong internal benefits by using the biogas slurry as an organic fertiliser, especially, but not only, on crop growing farms. The investigated biogas farms show yield increases between 10 and 30%, especially in grain production as well as higher backing quality in grain production and better fodder quality and efficiency of grass silage (see also Möller et al. 2006). 
Regarding the composition of substrates, we can differentiate three types of biogas farms. The first type is a small plant that uses liquid manure and some fodder residuals only. Second are biogas plants based on liquid manure with more than 50% of the ration; the remainder are co ferments from energy plants. The third type describes biogas plants based on energy crops with and without cofermentation of liquid manure (Fig. 1). The acquisition of conventional substrates has a great importance; about 50% of the farms are using those substrates, mostly maize and cereal silage. 
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The economics of biogas production on organic farms can be characterised as follows: The use of “waste” heat and the consideration of intra-farm benefits improve the overall profitability significantly (Tab. 1). 
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The production of energy crops (maize and cereal silage) on organic farms is not profitable under the current framework. Highest profitability is reached when low-cost residual materials (clover and mixtures, intercrops, straw, etc.) are used as a basis for energy production. Many organic farming associations and the EU-regulations on organic farming allow the purchase of additional input material (e.g. maize and cereal silage) originating from conventional farms. Especially larger biogas plants are often dependent on that source, the economic performance can thus be stabilised significantly.

Discussion
The empirical data source can be considered as very good because of the high share of German organic biogas farmers interviewed. The reliability of the data could be improved by personal interviews (as the follow-up calls showed), but the overall picture can be considered as quite realistic. However the gained data is not in itself sufficient for detailed economic modelling exercises. The presented results of model simulation runs are very dependent on the underlying assumptions, but the use of up-to-date data and the congruence with other result and farmers estimates generate meaningful outcomes. Further research is needed with real farm data e.g. of 10-20 examples.
Conclusions 
We found a strong interest for biogas plants on organic farms; the importance is equal to conventional farms. Today, positive returns on capital are possible. New capital investments are or could be profitable, if the biogas plants are imbedded into reasonable integrated concepts. Biogas plants have to be adapted to the flow of materials on the farms and their business environment. The main factors of success are high waste heat usage, internal benefits like positive effects on crop production. These are created by the improvement of liquid manure and the use of cost effective substrates such as residuals or by-products of crop production. Currently exclusive production of energy crops is uneconomic, because of the high production costs of organic substrates. Therefore the acquisition of conventional substrates, especially maize, is feasible from an economic point of view. However, this depends on future developments of substrate prices. Also the growing demand for conventional substrates is very critically observed by organic farming associations. 
If the aim is to accomplish the production of both organic food and energy, an adequate biogas plant should be mainly residual-based and in a farm scaled size. The construction of small but also low priced biogas plants for organic farms is an important challenge for engineers. Additional research is particularly needed into the internal benefits of biogas slurry and improved heat use concepts.
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