Biogas - a Coming Success
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Biogas was first introduced in Denmark in the late 1970'ies. The first plants were very primitive. Technological improvement came as a result of a state programme, but also consultancy from highly experienced experts like Ram Bux Singh from India were important in the early development process.

Since the energy crisis in 1974, the energy policy of Denmark has been an effort to reduce the dependency of oil. 20 years ago oil covered 95% of the total energy consumption. Now oil consumption is only 40% of total.

Biogas is one element in this diversification process to replace oil preferably with domestic and renewable energy sources.

However, biogas has not in Denmark become a success that is comparable with windenergy which now covers 12% of the electricity demand in Denmark. Also a new wind industry has emerged with 15000 people employed.

Also, biogas in Denmark has not found a widespread use like in Germany. There is an important farm biogas sector in Germany, mainly using concrete digesters whereas almost all biogas plants in Denmark are from steel. In Germany many smaller farms have biogas and also on ecological and biodynamic farms you can find biogas. In Denmark you find three categories

· 20
community biogas plants, each 540-7500 m3, delivering electricity to the grid and heat to the town. 50-70% manure and 30-50% industrial waste.

· 8
large, rather primitive farm biogas plants using the concrete manure storage tank as digester. With cogeneration. No cofermentation. 

· 18
"Smedemester" farm biogas with steel digesters, 45oC operation temperature. 150-800 m3 digesters. 2-5% fish waste oil cofermentation. Cogeneration units 100-500 kW.

In 2000 no community biogas plants are under construction. In contrast, 20 Smedemester plants are being built and commissioned at 1999/2000 so the mayor part of biogas is in future going to be delivered from this new generation of biogas plants.

Characteristics of Danish Community Biogas Plants

From the side of Danish authorities, emphasis has since 1986 been on development and implementation of community biogas plants. The  biogas office of the State Energy Agency has been active in developing a series of projects representing a wide variety of concepts involving a number of manufacturers and technologies. Through this 14 years programme comprehensive experiences have been achieved. However, a standard concept with significant improvements in costs for investment and operation has not emerged out of the many demonstration plants and follow-up programmes.

Furthermore, with an average of only one large plant being built per year, the industry has been reluctant with product research and development at own costs, not knowing which concepts might be selected by the Government for future projects. In this way the Danish community biogas programme resembles the public wind power programmes of the 80'ies in Germany, Italy, USA, Sweden (GROWIAN-type dinosaurs) none of which led to commercialisation. 

As a last point there are significant aspects related to spreading of disease with community biogas plants. Pahogens from one farm has the potential to be transferred to other farms by the trucks visiting several farms every day and due to mixing of manure from many places of origin with the possible consequence, that pahogens from one farm can be spread. The veterinarian authorities are of course aware of such risks and have implemented rules to prevent the problems, however, at considerable costs: Every time a tank truck departs for collecting a new load of manure it has to be carefully cleaned. In order to prevent pahogens passing through the community biogas plant without being killed, all the slurry passing through the plant is subjected to heat treatment (70oC) in order to kill pahogens. Because farm biogas plants do not have this kind of additional expenses, large farm biogas plants have significant cost advantages.

12 years development of Smedemester farm biogas

After 1986 the official Danish community biogas programme was implemented, farm biogas technology development only obtained support from the "Steering Committee for Renewable Energy" which was established within the Ministry of Industry in order to generate new industries and employment within small and medium size enterprises (SMEs). A few types of farm biogas concepts were identified as potentially feasible for large scale implementation. Some prototype plants were developed, built and commissioned to the full satisfaction of the farmers.

With regard to costs, efficiency, and reliability new standards had been set with the Smedemester (Blacksmith's) biogas technology. Two versions were developed and both with steel tanks: 1) Horizontal tanks manufactured in industrial workshops of sized from 50 m3 to 300 m3. 2) Vertical tanks built on-site in sizes from 400 m3 and upwards. For agitation, slowly rotating blades were preferred due to low energy consumption. For power generation, initially Otto-type motors were used from Valmet/Frichs; later on dual-fuel engines have become normal as well.

The Folkecenter for Renewable Energy was, from 1984 till 1997, responsible for all technology development and implementation involving various manufacturers. However, only with small scale manufacturing.

After 1988 various European biogas experts were involved in the development process, thus transferring the experiences gained to the various national farm biogas sectors. Especially Erwin Köberle, who through his year-long consultancy status with the Folkecenter, provided very essential inputs for the success of the Smedemester technology. Also Dr. Anton Perwanger, Dr. Arthur Wellinger, Mr. Ekkehard Schneider and others did valuable contributions. 

Cofermentation, use of Industrial Waste

Nearly all Danish biogas plants are depending on cofermentation, partly for increasing the gas yield, but also to obtain refund payment from the suppliers of the organic waste. Especially community biogas plants are strongly depending on supplies of waste.

Average community biogas plants obtain their income from three different sources

· 1/3 from sales of electricity

· 1/3 from sales of heat for district heating 

· 1/3 from receiving industrial waste

In terms of quantities community biogas plants get from 20 to over 50% of their waste supply from non-agricultural suppliers. However, this is mostly waste with low contents of fermentable material coming from the food industry, (slaughter houses, dairies, fish processing), pharmaceutical industry, kitchens in hospitals, hotels etc.

The farm biogas is much more dependent on the use of highgrade waste oil from the food industry, comprising fish oil and animal fats. The waste oil used in general contains 700-1,000 m3 of biogas per m3 of waste product. Because of the growing competition to obtain this valuable oil it is expected that farmers in future will have to pay for it. Now they usually have to cover the transportation costs.

Farmers apply 2-5% of waste oil in addition to the animal manure, which will double the gas production and thus make the investment much more attractive for the farmer. With the same biogas plant he will get two times more biogas. The many new "Smedemester" biogas plants being installed in the recent years by Dansk Biogas A/S are all using 2-5% of waste fish oil or other fats. Figures from seven of these plants show, that these biogas plants get 500-900 tons per year each, the total quantity being 5000 tons per year. In total the need of waste oil is significantly higher which of course has a clear impact on the markets for this type of product, which is also being imported from Hamburg and Rotterdam.

The well managed companies are controlling that the waste products contain no harmful elements like heavy metals. However, this is a rather unregulated sector with little control which makes it unavoidable that some will take advantage of using highly problematic waste products that can have long term poisonous effect to the food grown from the soil. Only improved EU-control mechanism can solve this type of international lawlessness.

Prices for electricity

For more than 15 years electricity production from renewable energy has been regulated by the government. The price paid per kWh has been 0.12-0.15 DEM depending on the utility company to which the power is delivered. The price has got two components: the renewable energy state refund of 0.07 DEM; the balance 0.05-0.08 DEM is paid to the electric utility.

It should be considered that Denmark for many years has had some of the lowest prices of electricity in Europe. Exclusive of taxes, only Norway seems to have lower prices than Denmark whereas atomic power countries like France and Belgium have significantly higher prices than Denmark with its mixture of cogeneration, windpower, coal-power etc.

From January 1st 2000, a renewable energy reform was introduced in Denmark as part of a general liberalisation process of the whole energy sector.

The basic principle is that in future no direct state aid can be obtained. The tariff will basically also have two components in future:

· power price based on market price of the Oslo Electricity Bourse

· green certificates. The RE operator sells to the utility which is obliged in future to cover 20% of their need from renewables.

The new tariff structure has still to be implemented. There are discussions where the practical problems can be solved in a way that people in future feel encouraged to invest in biogas, solar power etc. Denmark is very well known for its strong windenergy sector with almost 2000 MW installed. But now this development has stopped. In year 2000 so far not one single windturbine has been sold.

How the future for biogas will be under these circumstances is still unclear. For biogas plants sold in 2000, farmers will get paid under the old system; but as soon as the new tariff structure is implemented biogas will also be depending on the price of the green certificates which is an indirect state aid to renewable energy.

The tariff conditions for biogas in Denmark will become much less favourable than in Germany after the EEG has guaranteed minimum compensation prices for the coming 20 years. This gives German farmers, when going to the bank to obtain a loan for a biogas plant, much better conditions than their Danish colleagues. The price of the green certificates will fluctuate and also depend on the political colour of the government.
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