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Why we wrote this article? 
 

In the early 80 s farmers began to store gas for personal use. 

In this stage no one paid attention to security standards how is the gas stored and is it stored 

safely. 

Then companies started to build the first biogas plants; unfortunately without paying a lot attention 

to the security standards. 

The consequences were and still are that every year explosions happen on biogas plants. 

We think that we know why explosions happen on biogas plants. The problem are the double 

membrane gasholders. 

Using the example of the biogas plant Riedlingen in South Germany we will show how the 

explosion could happen and why an explosion with low pressure gasholder technique which is 

realized on sewage plants could have been prevented.    

 

Introduction 
 

The scope of the Advisory Leaflet DWA M-376 “Saftey Regulations for Biogas tanks with 

membrane seals” is limited to freestanding external constructions. The types of gasholder using a 

substrate tensioned membrane are not included in the framework of this document. 

 

This is with good reasons. 

 

The functions of this type of gasholder are comparable to the so called “Pressureless” or 

“Backpressure” gasholders that can be found working alongside tried and tested “Low pressure” 

gasholder in the majority of Sewage Plants. On sewage plants these gasholders are constructed 

as freestanding external construction. 

 

An objective inspection for technical imperiousness is according to the DWA working group only 

possible for low pressure gasholders. Freestanding gasholders should be so constructed that at 

the minimum a visual control of the sealing membrane is possible. 

 

On biogas plants using gasholders with substrate membranes an inspection of the inner 

membrane is not possible. It’s physically impossible to examine the inner membrane for leakage 

as this is suspended over the fermenter which cannot be switched off or isolated. If the 

membrane is leaking it could have deadly consequences. 

The operation of such a system can be compared to a blind flight with regards to the Technical 

safety. As a result of the recent events I would like to present my analysis of the accident that 

occurred to the biogas plant in Riedlingen on December 2007. 
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Current cases of damages on biogas plants 
 

On December 9
th
 2009 I heard a radio report in my car that a biogas plant had been destroyed by 

an explosion. 

For this reason I spent an evening in internet and gathered the following information relating to 

this subject matter in the last few weeks. 

 

 On November 12
th

 a worker died while working on the roof of biogas system in Trebsen. 

 

 Am November 13
th

 in the newly constructed biogas plant Erbach an explosion lifted and 

damaged the top cover of the fermenter 

 

 On November 23
th

 a worker was severely injured by a fire in the biogas plant 

Pfaffenhofen. 

  

 On December 8
th 

in the company Berndt biogas plant welding work caused a heavy 

explosion. 

 

The next day a press release by the trade Association for Biogasholders stated that it was not an 

explosion related to the operating system. I would have found a statement relating to the system 

on the biogas plant in Erbach which involved a system recently taken into operation more 

interesting. Up to date no statement or press release has been made. 

 

Those who thought that four accidents in four weeks were an unusual collection of unrelated 

incidents was taught better as on December 16
th  the Biogas plant in Asbach exploded. 

 

Reasons for accidents on biogas plants 
 

From the standpoint of the wastewater industry one could say. “We are not interested , on our 

plants we don’ have a comparable problem. 

 

However. 

 

A biogas plant is basically very similar to a system for anerobic waste sludge treatment and can 

be included in the same process definition. The costs for a system using biogas technology are 

lower. It’s however achievable to be informed of the differences of system safety.    

 

The accident cause is advisable different in every case and must be evaluated on an individual 

basis. Human error involving the system operator, mistakes in the planning or construction of the 

system or errors occurring during service or repair work. 

 

An accident cause is seldom released. 

   

 A safety risk inherent to the system concept. 

 

Always when a system is damaged without the involvement of human error then we have to 

include this accident cause in the range of possibilities. 
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I have noted that to this type of accident very little or no comment is forthcoming and fast 

explanations were given stating no explosions had taken place. 

 

Using the example of the biogas plant in Riedlingen I would like to specify and recognize the 

safety risks that I observe and identify. 

 

 
 

The biogas plant was taken into operation on December 14
th
 and completely destroyed 2 days 

later. 

 

The assessor for biogas plants publicized on his internet site the following.  
 

„Signs of an explosion or/and fire cannot be confirmed. In our opinion the accident has many similarities to the 

damage on the Central Depony Deiderode in Jan. 2005. We were also involved as assessor in the accident 

investigation.” 

Source: www.das ib.de 

 

The assessor sees no signs in this wreckage for an explosion and compares the accident to the 

one on the depony Deiderode (North Germany). 
 

 

 
 

Even a layman would expect the cause to be an explosion. The assessor’s office contracted to 

investigate the accident saw totally different aspects, unfortunately not enough details to formulate 
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a conclusive explanation for the cause of the accident. Up to date no official explanation for this 

accident has been released and probably never will be. 

 

  

A similar development seems to be taking place concerning Riedlingen. The comments from the 

assessor seem to have a great effect on the incident investigation. 

The investigations are directed towards failure in the static calculation of the fermenter and poor 

quality of the bolts used and other construction problems. 

 

 
 

The „Schwäbische Zeitung“reported in August 2008 that the system operator was very hopeful 

regarding the recompense for the damage costs. These hopes must have been destroyed by 

now.  

Finally in December 2009 a court assessor ordered that apart from the investigation of the statical 

construction of the fermenter the possible effects of a flash fire or explosion are investigated.   
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Signs of an explosion 
 

I visited the accident site on December the 17
th
 2007 and have several observation registered and 

photographed. 

 

  
 

On the upper wall plate the bolt holes relating to the lower wall plate have been torn out. A good 

indication for extreme vertical forces occurring in the fermenter. 

 

 
 

The bolts on the roof plate are torn out laterally. Another indication of the force direction. 
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This piece of wreckage lies approx. 50 m. from the site of the fermenter. It’s part of the lower wall 

plates of the fermenter.  

In this direction the ground surfaces rises several meters. The pictures taken from the air clearly 

shows the land topography and spread of the sludge flow. The wreckage lies here at the outer 

limits of the sludge flow. 

 

According to the Assessors report the explanation for the position of the wreckage is that the 

damaged components were transported on a Tsunami wave of sludge can only be with irony 

commented. 

A much more sustainable explanation is that the wreckage of this component was thrown/blown 

to this position by extreme physical force. This explanation must also be analyzed and confirmed.   

 

 

 
 

This is a scale drawing of the fermenter and the position of the wreckage. When the cylinder of 

the fermenter is completely filled with sludge then at the lowest point of the cylinder wall a 

maximal flow rate of 19,5 m/s can be generated. Using the optimal angle of throw of 45 ° a 

distance of 39 m can be achieved. The steep angle used for this example is of course not realistic 

and the actual expulsion distance would be less. 
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To achieve the actual distance on site a simple physical calculation requires a much higher initial 

acceleration. 

 

Let us assume that under the roof of the fermenter an explosion did occur. Due to the instant 

increase of the explosive pressure the roof of has been propelled upwards. This would explain the 

torn out bolt holes in the roof plates.  

In the same moment the sloping roof was forced upwards a pressure impulse reflected 

downwards through the sludge to the floor of the fermenter and the following pressure impulse 

collided causing a massive increase in pressure that caused the lower wall plates to burst apart 

and accelerate the damaged components outwards. 

 

The above model of an explosion under the fermenter roof explains not only how wreckage could 

be thrown to distance of 50 m, it also gives light to how the fermenter was torn apart in more 

positions (in the same instant)  

Under the influence of the natural slow increase in hydrostatic pressure the fermenter would be 

damaged at its weakest point. The fluid sludge would run out and the pressure would decrease as 

it is expelled to the outer atmosphere. Damage in several areas simultaneously is only possible 

when material stress loading at all these points is simultaneously exceeded. 

 

A very improbable event. 

 

On one point I tend to agree with the assessor in his arguments contra an explosion. The 

fermenter had been in operation for a few days and produced gas and generated electricity up 

until the accident. One must assume that the fermenter contained gas that without the levels of air 

required could not be ignited. 
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Explanation for a formation of an explosive gas/air mixture 

 
The key to understanding in which way air could enter the fermenter and an ignitable gas/air 

mixture could form can be found in the “Safety Regulations for Biogas plants” that was issued in 

October 2008. 

     

 

 

 

Appendix 13  

Examination for technical Imperviousness  

 

Gascontact surfaces in Tank components and gasstorage units can 

show a minimal perviovsness to gasformed mediums. The proof of the 

technical imperiousness must show that “substantial” levels are not 

produced  (direct leak testing) or by proing that the leak rate does not 

exeed the maximal allowed. (indirect leak testing) 

A.2.1 Inspection of Technical Gas 

Tightness 

 

Membranes for biogas holders as a 

matter of principle 

have a low permeability for gaseous 

substances. For this 

reason the inspection of technical gas 

tightness shall either be carried out 

by proving that no leaks are 

present(direct tightness testing) or by 

proving that the leakage rate does 

not exceed permitted values (indirect 

tightness testing). 

 

In appendix 13 the process for leak testing is regulated. 

In the above text the general text of the A.2.1 advisory leaflet DWA- M 376 has been used. In 

some points it has been changed or points left out. For example in the second sentence the word 

marked in yellow (substantial) is added. Here in the original text of A.2.1 advisory leaflet DWA- M 

376 states that on gas tanks no leakage should be allowed. (Direct leak testing) In the context of 

the “Safety Regulations for Biogas Plants” Biogas holders are allowed to have leaks as long as 

they are not substantial. 

One would expect after this statement a clear definition of the size of “substantial” leakage.  

This is not the case.     
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Appendix 9 

Remark: For continuously operating technically sealed system 

components according to TRBS 2152 section 11.3.2.2 no zone 

is defined. 

Double Foil Airdomes 

Around the outer foil and in between the two foils no defined 

zone is required.  

When the flow of the diffusing biogas from the gas storage 

vessel is sufficiently rarefied (<10% LEL) and controlled to 

exhaust. The emitting airflow is to be controlled by the 

implementation of regular inspection. 

Around the crossing to the fermenter a ring formed dangerous 

explosive atmosphere can for in when the connections are not 

permanently gas tight. 

If reverse flows in to the air dome blower cannot be prevented 

the 94/9 EG shall be implemented.  

Source: www.lsv.de/fob/66dokumente/info0095.pdf 

 

The only remark about the size of an insubstantial gas leakage is to be found in “Safety 

Regulations for Biogas plants” appendix 9. Here it is defined that for double membrane holders 

the gas concentration in exhaust air can be 10% of LEL. 
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This precondition is illustrated in the following picture. 

 
 

In the fermenter above the sludge the gas dome is formed with a foil that separates the gas from 

air, above this is a second foil. Between these two layers air is pumped to support the dome and 

also to create a working pressure. 

 

The regulations assume that the lower foil is leaking and that gas is constantly leaking into the 

support air supply. 

 

The regulations permit a very simple solution for cases of larger leakage. 

  

 The supporting airflow must be increased according to the gas leakage flow. 

 

The pressure differences between the air and gas zone are minimal. Only the weight of the foil 

(ca. 1 kg/m²) creates the pressure difference of ca. 0,1 mbar. In this case using the parameters 

for the leakage “k” for the leakage in the foil as quotient between gas leakage flow rates and the 

pressure difference can be defined. 

 

In this state the plant is secure. But the regulations do not consider such as an event a fault due 

to a great leakage at another location of the gas system.  

 

Recently I had a discussion with an assessor for biogas systems. In his opinion the test pressure 

equates to the working pressure of the gas dome. In fact the test pressure on the separation foil is 

much lower and the sensibility of the test method influenced.  

 

After this discussion it was obvious to me that this misconception is probably responsible for the 

wide distributed opinion that this test method is suitable for testing the sealing foils for leakage. 

 

leakage gas flow rate QG: 

QG = k * ΔPN = 0,5% Q 

k = QG / ΔPN  

gas concentration exhaust air according to Appendix 9 < 10 % UEG = 0,5 Vol % 

Air pressure PL= 10 hPa 

leakage gas flow rate QG = k * ΔPN = 0,5% Q 

Gas pressure  normal opration mode: 

PGN = PL +0,1 hPa; ΔPN = 0,1 hPa 
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The safety of the system is preexisting as long as gas is continuously formed und the inner foil. If 

the gas dome should be completely emptied for example through leakage or defects on system 

related components or increased gas consumption then dramatic changes can occur. 

   

 
 

In this picture I represent a double foil gas dome connected to a main fermenter. This represents 

the system concept of the biogas system in Riedlingen.  

Let us suppose that because of a failure in the main fermenter a larger gas leakage occurs. As 

soon as the gas dome is emptied and the foil rests on the integrated grid the pressure drops to 

almost atmospheric pressure. The permissible according to the Safety Regulation allowable 

leakage factor has a large pressure difference from ca. 5- 10 hPa and extracts the gas from the 

gas dome and then the main fermenter until an explosive gas/air mixture is achieved.   

 

leakage air flow rate QL: 

QL = k * ΔPS = (QG /ΔPN )* ΔPS  

QL = 100 * QG = 50% Q 

50 % Q 

air pressure PL= 10 hPa 

leakage air flow rate QL = K * ΔPS =(ΔPS / ΔPN )*0,5% Q=100*0,5%Q 

pressure  gas (disturbance) PGS = 0 hPa; ΔPS=10 hPa 
50 % Q 

leakage 
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Explosive air/gas mixture 
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Explanation of the formation of a leakage  
 

Now we have to explain the leakage in the main fermenter. 

 

  
 

  
 

These pictures show the central cover of the fermenter. In the middle an impeller shaft can be 

seen ca. 20 meters long with two blades. The shaft runs through a guidance pipe with a water 

seal mounted on the top of the construction. The water seal should have been monitored by a 

sensor. At the time of the accident this sensor was not electrically connected. 

  

There are several possibilities that could have caused leakage at this point. 

 

 The fluid level in the water seal could have been too low and the remaining fluid could 

have been evacuated to the atmosphere by the working gas pressure. 

 A component failure in the system could cause the working pressure to increase and 

exceed the preset levels of the water seal.     

 The weld between the drive shaft and the mixer could have been broken before the 

accident; this would have caused the mixer and water seal to fall into the fermented. The 

mixer was installed without a lower bearing and because of this construction form subject 

to pendulum effects. 

 

In all probability the real reason for this accident will never be identified. 
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My examples and theories allow at least an objective explanation to the possible causes and 

circumstances that could have resulted in this accident. So much cannot be said of the assessor 

report. The Assessor made an early decision to exclude an explosion as possible reason for the 

accident. This decision was made without the systematic search for evidence of a possible 

ignition source. 

In the end it is not the deciding factor which of these three or other possible examples led to the 

leakage into the fermenter. 

To ensure system operation safety the minimal requirements must be that failure of system 

components cannot result in the formation of an explosive gas/air mixture. 

 

A deciding factor is the fact that an explosive gas/air mixture can be formed between the layers of 

a double foil gas dome and that this mixture can be drawn into the system. 

 

 The gas dome is the risk factor!! 

 

Development of an event of fault with a low pressure gasholder 
 

This conclusion becomes more obvious when one thinks about how this failure could 

happen on a sewage plant. 

 

 

 

 

 

 

 

 

 

 

 

low pressure gasholder 

 

Sewage Plants are in the majority equipped with low pressure gasholder. In these gasholders the 

gas pressure is achieved by using ballast weights to develop a backpressure and not through an 

aircushion. On the airside of the membrane atmospheric pressure prevails.  

 

In the first phase of a leakage/failure in the fermenter the gasholder would be emptied. The 

ballast disk would lower to the floor of the tank and the pressure would drop to atmospheric 

pressure. Now exists the same pressure on both sides of the membrane. A pressure difference 

caused by inducted air cannot exist. 
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In the second phase the gas flow rate would be reduced until only the actual gas produced in the 

fermenter flows out. Against this gas flow it is not possible that air can be inducted into the 

system.      

The formation of an explosive gas/air mixture in the fermenter cannot take place. 

 

Low pressure gasholders have been in operation for many years before the development of 

biogas domes and related systems; the standard of safety for low pressure gasholders is long 

established. They are integrated in the gas supply industry, chemical industry; steel works and 

predominantly in sewage plants worldwide. 

 

For biogas domes systems a technique has been developed that has obvious deficits in system 

safety. Up to date it has not been possible to eliminate these deficits and to guarantee the same 

level of safety standards that are required for long term operations. 

 

The question is can these systems be constructed and operated according to the prevailing safety 

requirements when the level of stem safety fails to meet the actual standards? 

 

The consequent application of the DWA M-376 could have prevented this accident.     

 

On page 10 of DWA Advisory Leaflet M – 376 there is a remark that no classified zone exists in 

the gas compartment of the biogasholder for low pressure gasholder.  

 

Table 2: Examples for zone classification of rooms and areas where explosion hazards exist 

Example: Biogas holders with weight ballasted membrane 

Characteristics: Biogas holder with steel encasement and weight ballasted membrane. Steel encasement in the 

upper area (above the membrane) with air vents for pressure compensation. The steel encasement 

is technically and permanently gastight and in the area of the membrane technically 

gastight. The membrane is earthed. The surface resistance is < 108 Ohm or in case the surface 

resistance is > 108 Ohm, the thickness of the membrane is < 2 mm and the inner surface is 

completely moist. 

Comment: Testing for technical gas tightness can be performed for this type of gasholder due to its 

construction. 

Protection measures: E1: Natural aeration (E 1.3.4.1) 

Due to adequate measurements natural aeration is assured even in case of complete 

filling (e.g. by a suitable guidance system or set-up of the membrane). 

E2: Zone 2: Airspace between membrane and steel-encasement as well as 1 m around 

emission openings. 

Comment: No classified zone exists in the gas compartment of the bio gasholder. 

 

For double membran gasholders inside the gas room is zone 1 because the entrance of air due to 

leackages is possible. 

  

Example: Biogas holders with pressurised membrane 

(counter pressure flexible encasement) 

Characteristics: Biogas holder with pressurised membrane (counter pressure gasholder). 

The membrane is earthed. The surface resistance is < 108 Ohm or in case the surface resistance is 

> 108 Ohm, the thickness of the membrane is < 2 mm and the inner surface is completely moist. 

Comment: Due to the nature of the gasholder construction generally a verification of gas tightness is 

technically not possible. 

Protection measures: E1: No action. 
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E2: Zone 1: Gas compartment and space between the inner membrane and the outer 

encasement membrane and also 1 m around the air-bleed openings for 

support air. 

Zone 2: Additional 2 m around the encasement and air-bleed openings for 

support air. 

Alternative: E1: Suitable monitoring and warning measures for the formation of a HEA (E 1.4) in the 

gas compartment and at the air-bleed openings for the support air. 

E2: The remaining zone classification can be conducted after evaluation of the reliability 

and effectiveness of the primary protection measurements. 

 

The comparison of these two examples shows the very different security risk of the two plant 

conceptions.    

 

The know how about security risk is known by assessors for biogas plants. One assessor recently 

published a version of safety rules for biogas plants which includes the following text.  

 
Translation 

 

2.4.3 disturbance 

In event of a failure oxygen can get inside the gasholder or gas escapes 

through leakages. The possibility of this event is marginal. An ignition source 

like electrostatic charging/ discharging, fire or heat does not exist if the plant 

is operated and maintained accordingly. 

 

The effect of an ignition (expolsion) is marginal because normally no 

personnel are attendant. The effect of an ignition on plant equipment is 

possibly high because it could be damaged. 

 

Possible explosion zones due to probable disturbances have to be 

determined by the operator  

    

Possible prevention of hazards: 

 All electrical devices should not be installed directly in the gas flow or 

designed according to the determined zones. 

 An adequate ventilation of all rooms with gasholders is to be ensured. 

Source: www.lsv.de/fob/66dokumente/info0095.pdf 
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The Assessor also recognizes the risk of getting air into the gasholder due to a disturbance. 

However the reading of the text needs a lot of courage for realization.   

 

The instruction manual for a disturbance must be: (ironic !!!) 

1. Leave the plant as quickly as possible 

2. Wait for the destruction of the plant 

3. Dispose the wreckage  

4. New construction of the plant. It was pure luck that the cable of this sensor was not 

connected.  

 

 
 

The alarm of the water seal would have forced the operator to come to the plant. With this action 

he would have violated against the saftey regulations for biogas plants. This fault could have had 

deadly consequences.  

 

This is only one example for an explosion on biogas plants. Between the years 2003 and 2010 

over 30 accidents (fire, explosion etc) happened on biogas plants in Germany. 

 

An examination of the “Kommision für Anlagensicherheit“ (commision for plant security)found out 

that 75 % of the biogas plants are not secure.    

 


