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1. Aim of the Project  
 
This project is concerned with the construction and demonstration of a plant for producing 
biogas from the sludge of a communal sewage treatment plant and its combustion for 
generation of electrical and thermal energy. By recovering energy by the biological 
degradation of the organic matter of the sewage sludge, a corresponding amount of primary 
energy can be substituted. At the same time, the organic input is decreased by about 55-60% 
and the quantity of dry matter for disposal is reduced by about 40 %. The sludge after 
treatment and dewatering can either be landfilled or used as a soil conditioner. The aim of the 
project was to set up a biogas plant to achieve the maximum possible conversion of organic 
components of communal sewage into biogas for use as a substitute for primary energy. 
 

 
 

Photo 1: General view of the biogas plant 
 

2. Introduction 
 
The plant was installed as an extension of the existing sewage treatment plant of the town of 
Leonberg near Stuttgart, Germany.  
 
The demonstration plant is based on the Schwarting/Uhde process. To ensure a high 
degradation rate even in peak-load periods, this process operates in two successive stages. 
Moreover, it is based on a patented phase mixing system, utilising narrow cylindrical vessels. 
In these containers, the flow of the biomass and the substrate is arranged in such a way that 
their contact is significantly improved.  
 
The complete anaerobic degradation of an organic substrate to form methane and carbon 
dioxide takes place in four degradation phases, each of which involves different groups of 
bacteria:  



1. The hydrolysis phase, in which insoluble organic compounds are converted to water-
soluble organic products, mainly by extra-cellular enzymes.  

2. The acidification phase, in which larger soluble molecules are degraded by 
acidogenic bacteria (acidifiers). The products of this process are mainly hydrogen, 
carbon dioxide, aliphatic acids and alcohols, and small quantities of methyl amines, 
ammonia and hydrogen sulphide.  

3. The acetogenic phase, in which acetogenic bacteria (acetic acid forming agents) 
degrade the organic acids and alcohols, except for the Chlorine compounds, to form 
acetic acid, hydrogen and carbon dioxide.  

4. The methanogenic phase, in which the strictly anaerobic, methane forming bacteria 
convert acetic acid and Chlorine compounds, together with hydrogen, to form biogas 
(methane and carbon dioxide). 

 
The bacteria of the hydrolysis and acidification phases are facultative anaerobic agents. They 
are able to withstand fluctuations in environmental conditions without any loss of activity, 
and they remain active through a pH range from about 3 to 7. The acetogenic and 
methanogenic bacteria are obligatory anaerobic agents. They are sensitive to oxygen, 
temperature fluctuations and low pH values. For substrates containing solids and large 
molecules that are hard to break down, the hydrolysis phase is the phase that determines the 
rate of the reaction, and at the same time the phase that determines the degree of degradation. 
 
Anaerobic degradation operates more efficiently at two temperature levels: 37°C (mesophilic) 
and 55 °C (thermophilic). At mesophilic conditions the organic components which are easy to 
decompose are degraded. At thermophilic conditions other bacteria are able to degrade the 
difficult to decompose components of the organic load. 
 

3. Technical Description 
 
Since the anaerobic bacteria can only withstand a low level of shearing stress, there are limits 
to the mechanical mixing equipment that can be used. An increase in the efficiency of 
anaerobic sludge treatment was achieved with fixed bed and fluidized bed reactors. A major 
break-through is presented by the Schwarting/Uhde reactor, which was developed in co-
operation with the Fraunhofer Institute for Contact Surface and Bio-process Technology 
(FhIGB) in Stuttgart. To overcome these problem the process includes two innovations: 
- The deliberate addition of nutrients which are missing in the respective sludge, or which are 
present in insufficient quantities, but which are needed to ensure optimum living conditions 
for the bacteria.  
- The use of a device to retain biomass in the fermenter of the second stage for improved 
inoculation.  
 
Therefore, after preliminary tests, the retaining of the biomass was implemented by means of 
an external separation of microorganisms in a cyclone stage. The concentrate is returned to 
the base area of fermenter 2, and thus the whole volume of fermenter 2 is used to increase the 
spatial concentration of bacteria. 
 
The sewage sludge is fed into the plant as a mixture of primary and secondary sludge, and it is 
then broken down. In the mixing circuit of fermenter 1, the sewage sludge is mixed with the 
sludge from the base of fermenter 1. A sludge/sludge heat exchanger is used to preheat the 
fresh incoming sludge while at the same time cooling the decomposed sludge pumped out of 
the fermenter. Both sides of the heat exchanger are monitored for pressure difference. In the 
subsequent hot water heat exchanger, the inflow to fermenter 1 is kept at a constant 
temperature (approx. 37 °C). 
 



The sludge flows slowly through fermenter 1 from the bottom to the top, taking about 5 - 7 
days (up-flow reactor). The perforated panel levels act as flow compensators. Microbial 
degradation takes place as the sewage sludge rises in the reactor, and the organic components 
of the sewage sludge are progressively hydrolysed, depending on their composition, and 
further degraded. The slugging flow is modified at regular intervals of about 1 hour with 
mixing impulses created with the aid of the installed mixing pumps. This stimulates the 
addition of fresh sewage sludge to the existing microorganisms and the separation of gas 
bubbles. The gas collects in the fermenter head and is passed to the mechanical gas 
purification mechanism by a gas collection tube.  
 

 
 

Figure 2: Heat recovery equipment 
 
The sewage sludge from fermenter 1 is supplied in controlled volumes into the mixing circuit 
of fermenter 2 where it is mixed with the sewage sludge from the base of fermenter 2. It is 
then heated to a constant temperature (about 55 °C) by the hot water heat exchanger and fed 
to fermenter 2.Fermenter 2 is identical with fermenter 1 and is operated in the same way, but 
at 55 °C. This leads to an acceleration of the degradation rate for the organic matter which is 
harder to decompose.  
 
The fully decomposed sludge is extracted from the upper part of fermenter 2 by the hydro-
cyclone. In this cyclone, part of the biomass contained in the sludge is extracted and passed 
back into the mixing circuit of fermenter 2 via a pump. This enriches the active bacterial mass 
in the inlet of fermenter 2, while any organic components not yet degraded are also returned 
and subjected to a further degradation period in the fermenter. Parallel to this process, pumps 
convey the fully decomposed sludge that has flowed out of fermenter 2 to the sludge/sludge 
heat exchanger for heat recovery, and then to the sewage plant's concentrator.  
 
The biogas produced by the micro-organisms contains not only saturation moisture, but also 
foam and particles, and it is mechanically cleaned by a combined foam trap / gravel filter. In 
the subsequent tubes, the biogas is cooled to ambient conditions, and the condensate resulting 
from the saturation moisture is drained to a common condensate collection shaft. 
 
When there is demand for power, the biogas is merely passed to the consumption point 
(engine or boiler) by a gas pressure rise fan with the required consumer pressure. When the 
gas consumption is low or there is no demand for energy, the biogas is compressed with a 
compressor and stored in a medium pressure gas storage tank at up to 16 bar. From there, the 
gas is decompressed to consumption pressure as required by a self-regulating decompression 
system, and then is fed to the energy generation unit. If there is no demand for biogas, the 



medium pressure gas storage tank is filled to maximum storage pressure and subsequently the 
installed excess gas burner automatically ignites and the excess biogas is flared.  
 

 
 

Figure 3: Medium pressure gas tank and flare 
 

4. Performance of the Biogas Plant 
 
The installation of the 2-stage fermentation of sewage sludge was carried out in 1993/ and the 
plant was taken into operation on September 1994. The demonstration phase of the plant took 
place from October 1994 to December 1995. For external reasons, the installation could only 
be operated in the difficult partial load area with extraordinary fluctuations in the intake 
volume and intake concentration during this period. However, all process components were 
checked and optimised in intensive co-operation with the operator and it was proven that 
permanent operation under full load is possible without any restrictions. It was even proven 
that the addition of nutrients and the cyclone stage are not necessary for optimal operation. 
During the entire demonstration phase, the plant achieved a high sludge degradation rate of 55 
- 60 % of the organic intake, and thus fully achieved the objective of the project. 
 

5. Economic Performance 
 
The total investment of the project was 6.295.000 DM. The income due to the energy 
produced per annum amounts to 221,500 DM while the operating and maintenance costs are  
-329,240 DM due to savings. This corresponds to a payback period of 10.6 years. 
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