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Foreword 
 
 
Celtic Composting Systems Limited (www.celticcomposting.com) was established in 
Ireland in 2001 as a full-service company that designs, builds, operates and finances 
state-of-the-art biological treatment facilities for local authorities, industry and 
agriculture. The Company Head Office is at Midleton County Cork. 
 
Celtic Composting UK Limited was incorporated at the start of 2005 and has its 
headquarters in Tiverton, Devon 
 
To date we have completed nine bio-waste treatment facilities in Ireland and were 
the first to have a fully approved ABPR (Animal By-Products Regulation) facility in 
Operation. We currently have two facilities in operation in the UK with a further two 
under construction.  
 
Celtic Composting Systems are the Irish and UK representatives of Krieg and Fischer 
Gmbh (www.kriegfischer.de) who are a German based biogas engineering firm. Krieg 
and Fischer have almost 20 years of experience in the deign, build and operation of 
biogas facilities and have been involved in the construction of approximately 120 
biogas plants world wide. Krieg and Fischer reference plants can be found in the 
following countries Germany, Japan, Netherlands, Austria, Switzerland, Lithuania, 
Italy, Slovakia, Canada, USA, Spain and France. 
 



     

  

Sustainable Youlgrave Pre-feasibility Study 19.02.08  
Krieg & Fischer Ingenieure GmbH, Germany 
Celtic Composting Systems Ltd 
 4 

 

Executive Summary 
 
For biogas plants on the scale of that proposed for Sustainable Yulegrave i.e. 
approximately 5,000 tons per annum, it is crucial that the correct feedstock materials 
are chosen.  
 
Feedstock materials which command a tip fee are most beneficial economically. 
Such materials include kitchen and catering waste, biodegradable municipal waste, 
sewage sludges, food processing waste, abattoir waste etc.  
 
The next most beneficial materials are materials that do not have an associated cost 
for delivery such as on site agricultural manures. Finally materials which incur costs, 
such as transport costs or production costs in the case of energy crops. 
 
At the ROCs auction of 9th of October 2007 the average price paid for a ROC was 
£49.27 per mwh. Given that AD plants are now eligible for double ROCs this means 
that a price of £98.54 per mwh is achievable. Additionally, the revenues for the 
electricity sale should be about £20 per mwh giving total revenue from electricity 
sales of £118.54 per mwh or 11.854p per kwh. 

 
Variuos input substrate combinations were investigated and in consultation with 
Andrew Baker of Soustainable Youlgrave a combination of 1,000 tpa grass silage, 
2,500 tpa kitchen waste and 2,500 tpa of cow manure was chosen. This combination 
has the advantages of tip fees achievable for the kitchen waste of £40 per ton as well 
as utilising a realistic amount of cow manure and grass silage from the Youlgrave 
locality. The input substrate is sufficient to power a 150kw CHP generator. This will 
ensure an aconomically viable plant at a realistic scale with an initial capital cost in 
the region of £700,000. 
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1. Introduction 
 

 

The layout, design and process methodology for the Sustainable Youlgrave biogas 

plant has been carried out for the co-digestion of a mixture of grass silage, cow 

manure and kitchen waste.  This mixture was found to require a digester of 920m3 

and was sufficient to power a 150Kwe CHP engine  

 

The analysis has been carried out for the following substrates and quantities in tons 

per annum (tpa): 

 

Input Throughput 
 
Grass silage 
Cow Manure 
Kitchen Waste 
 
Total 
 

 
 1,000 tpa 
 1,500 tpa 
 2,500 tpa 
  
  5,000  m³/a 

 
 

2. Financial Analysis 
 
The variables which determine a biogas plant’s profitability are as follows 
 

·  Repayment of the plant’s capital cost 
·  Operational and maintenance costs 
·  Costs associated with delivery of feedstock to site 
·  Costs associated with disposal of the digested material (digestate), if any. 
·  Tip fee revenue for acceptance of organic waste. 
·  Revenue from sale of digestate as a fertiliser, if any. 
·  Electricity sales and ROCs (renewable obligation certificates) revenue 

 
 
A summary of the financial is given below. 
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150kW biogas plant    11.23.07    

Income Statement    Currency= �    

5 Year, Cash Basis, Pre-Tax        

       
       
       

Optimum Scenario       

Key Assumptions       

Tip Fee Tons Per Annum 2,500       

Tip Fee Per Ton £40.00       

Electricity Revenue per Kwh  £0.119      

Dispose of Digestate / Ton £10.00       

Cost of silage per ton £15.00       

Grant £0.00       

       
       
Description Year 1 Year 2  Year 3 Year 4 Year 5  Total 
       
Revenue        
       
Revenue from electricity sales 185,265 189,897 194,644 199,510 204,498 973,814 
Revenue from Tip Fees 100,000 100,000 100,000 100,000 100,000 500,000 
Total Revenue 285,265  289,897 294,644 299,510 304,498 1,473,814 
       
Operating Costs        
Payroll Expense 31,680 32,472 33,284 34,116 34,969 166,521 
Operating Expense 25,800 25,800 25,800 25,800 25,800 129,000 
Feedstock costs 13,200 13,200 13,200 13,200 13,200 66,000 
Digestate Disposal  15,000 15,000 15,000 15,000 15,000 75,000 
Capital Expense 116,406 116,406 116,406 116,406 116,406 582,031 
Total Costs 202,086  202,878 203,690 204,522 205,375 1,018,552 
       

Before Tax Net Income 83,179  87,019 90,954 94,988 99,123 455,263 
       
Operating Results        
IRR 29 30 31 32 33 31 
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3. Delivery of Input Substrate 
 

The site is assumed to be on farm with reasonable access to a silage storage pit and 

a gateway onto the road for kitchen waste deliveries. The kitchen waste is delivered 

in sealed skips and tipped into the reception pit in the delivery hall. Here it is mixed 

with cow manure and fed into the digester via a chopper pump. 

 

The grass silage is transported by loader from the silage pit and fed into a concrete 

storage tank from where it is automatically fed into a solid input device. This solid 

input device will feed the silage into the digester and a predetermined rate throughout 

the day in accordance with the optimal rate of digestion by the biological system.    

Solid input devices have been developed in Germany over the past 5 years. There 

are several advantages for solid input devices in comparison to mixing pits: 

1. A solid input substrate device works automatically. There are no mixing pits that 

work this way. 

2. Consumption of electricity is reduced. 

3. The density of organic matter inside the digester can be increased due to direct 

feeding of high organic concentrations without dilution with manure. 
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4. Primary Digester Tanks 
 

 

The primary digester is a concrete tank with a single membrane gas holder roof. The 

volume of the primary digester is 920 m3. Mixing is carried out using a side mounted 

mixer with the motor mounted externally for ease of maintenance.  This has several 

advantages: 

1. The motor of the mixer is located outside the digester tank and can be 

maintained easily. The high availability of the biogas plant ensures ideal 

conditions for the biological system and, therefore, higher economical returns.  

2. The risk of swimming-layers is reduced by the continuous stirring action.  

3. The mixer is inverter controlled in order to enable the operator to adjust the 

revolutions of the mixers according to the requirements on site. This reflects the 

reality that, although a biogas plant is designed for certain input substrates; 

flexibility has to be built into the system. Depending on the actual input substrate 
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and it’s behaviour inside the digester the operator can easily adjust the frequency 

of the mixers according to requirements. 

 

The heat input for the Sustainable Youlgrave   biogas plant is achieved by an 

external heating system. The temperature in the digester is controlled and can be 

varied by circling a stream of digesting material through the heat exchanger.  

 

The digestion and production of biogas takes place within the digesters. The chosen 

process technology is one-stage and the temperature is mesophilic (35oC). The 

odorous organic input materials are decomposed by micro-organisms which are 

active in the absence of air, therefore the digested substrate is almost odourless. 

 

The hydraulic retention time within the digester is about 30 days. The organic loading 

rate will be about 3.1 kgVS/(m³ x d). Proper insulation is reached with a 100 mm-layer 

of mineral wool, k-factor of 0.375 W/(m² x K).  Aluminium cladding provides 

protection from the weather. 

 

Close to 100% of the methane potential of the input material is achieved during 

digestion so that the bacterial degradation of the feedstuff is almost total. The 

likelihood of any undigested material escaping the process is negligible. This will 

minimise methane production during the storage phase and thus prevent this harmful 

greenhouse gas from reaching the atmosphere. This is state of the art in biogas 

technology.  

 

When fresh substrate is fed into the digester, digested substrate is displaced through 

an overflow into the secondary digester. 
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5. Secondary Digester Tank 
 

Behind the primary digester there is a secondary digester. The secondary digester is 

also of concrete construction with a volume 670 m3. This tank has two submerged 

mixers. The insulation is of a 50 mm-layer of mineral wool, k-factor = 0.75 W/(m² x K) 

and aluminium cladding provides protection from the weather. 

 

The secondary digester also has a single membrane gas holder roof on top and the 

tanks are equipped with submerged mixers. There are three main reasons for not 

having side-mounted mixers here: 

 

1. The level inside the tank will vary depending on the season, only submerged 

mixers can deal with varying fill levels. 

2. As the secondary digester will be empty several times a year and the biogas flow 

can be directed directly from the primary digester tank gas holder to the gas 

engine, it is not a problem to open the gas holder roof of the secondary digester 

to carry out maintenance service. 

3. The price of a side-mounted mixer is about three times higher than for a 

submerged mixer. For economic reasons it is a good idea to reduce investment 

costs when it is sensible and possible to do so. 

 

 

6. Biogas Storage 
 
Desulphurisation is achieved by blowing a small amount of air into the biogas zone of 

the digester. This process may produce H2SO4, sulphuric acid. In order to protect the 

walls of the digesters against acid attack the upper part is protected with a “corrosion 

protection membrane”. This follows European Union Norms EN 206-1 and is actually 
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to a higher standard than the current state-of-the-art. It ensures better protection than 

just a simple epoxy coating and guarantees the owner of the biogas plant long-term 

safety of the digester tank. 

 

The biogas storage capacity of each digester is approximately 240 m³. This equates 

to a storage capacity of nearly 8 hours, allowing time for maintenance service of the 

gas engine. The gas level is measured continuously and is utilised to regulate the 

power of the gas engine. For this purpose a 4-20 mA-signal is delivered to the gas 

engine control cabinet.  

 

The digesters are each equipped with an overpressure/ vacuum valve in case of 

emergency. It is required by Safety Regulations for agricultural biogas plants that 

each biogas-producing-tank is equipped with an emergency valve.  

 

 

7. Storage Tank 
 

Behind the secondary digester there is a storage tank of volume 2,700m3 and is open 

topped. This is constructed of concrete and has one submerged mixer. This tank 

ensures that there is at least 6 months storage capacity on site to comply with 

digestate spreading restrictions.  

The storage tanks have no roof, but half a meter storage capacity for rain water is 

allowed for. The liquid digestate in the storage tank has to be mixed before it is 

spread on the fields 

 

8. Piping System 
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The piping system is one of the most crucial aspects in the design of the biogas 

plant. Past experience dictates that money spent on quality pipe work, pumps and 

valves is money well spent and that clogging and breakdown need not be an issue.  

 

Krieg & Fischer Ingenieure GmbH recommends that all substrate pipes are located 

above ground so that leakages in the piping system do not lead to environmental 

problems. Stainless steel and PVC pipes are well-suited to biogas plants with 

digester and secondary digester tanks that are linked together with an overflow. 

Short distances for pipe connections are also important.  

 

 

9. Gas System 
 

The biogas will be taken from the gas holder (above the digester tanks) to the gas 

engines by compressors via a condensation trap which will remove most of the 

moisture from the biogas. The condensate will be pumped into the secondary 

digester when a defined maximum level is reached in the condensate trap. 

Condensation removal and desulphurisation are the most important biogas 

treatments in terms of longevity of the gas engines.  

 

The gas engine will be designed specifically for use with biogas and will have an 

electrical output of 150kw and a similar thermal output in the form of hot water.  

 

In a situation where the gas engine is out of operation due to maintenance or repair, 

an emergency flare burns the surplus biogas. The emergency flare has got a fully 

covered flame and is automatically turned on by the level control of the gas holder. It 

burns biogas at about 800 – 850 °C and follows inte rnational standards for this duty. 
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In general between 5 and 10% of the biogas energy is required to run the biogas 

plant. Surplus electrical power can be supplied to the public grid. The thermal energy 

in the form of hot water is used to maintain mesophilic temperatures (35oC) in the 

digester via the external heat exchanger. Excess heat can be used externally. If it is 

not possible to take off enough heat by these means, waste heat can be given off via 

the emergency cooler. 

 

10. Desulphurisation 
 

Depending on the input substrate varying amounts of hydrogen sulphide will develop 

in the biogas (H2S). This can corrode the gas engine if untreated. A simple 

microbiological desulphurisation solution is possible as follows; air is blown into the 

digester tank and micro-organisms will metabolize the oxygen to deliver pure sulphur. 

This is a thin yellow layer on top of the digested substrate and is not harmful. 

 

This desulphurisation process can reduce H2S from between 1.000 and 2.000 ppm 

down to 80-90% of this value. The exact H2S level required will depend on the gas 

engine specifications and the allowable emission levels in England. These details 

can be finalised during detailed engineering phase. In Germany, 99% of all biogas 

plants are equipped with this simple and effective desulphurisation system. 

 

The H2S levels are also a potential source of “acid corrosion” of the digester walls. 

Experience on the continent over the past 20 years has shown that the walls of the 

digester must be protected. This can be achieved through the desulphurisation 

process in tandem with a corrosion protection membrane.  

 

11. Measurement Devices 
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The biogas plant is equipped with various measurement devices. For example all of 

the closed tanks are equipped with level measurement devices; the digester is 

equipped with temperature and level control devices, while the compressors and 

pumps are controlled by pressure measurement devices.  

 

With 20 years of experience, Krieg & Fischer Ingenieure GmbH has probably tested 

every kind of measurement device. The result can be summarised as follows: 

 

1. It is not desirable to make every possible measurement. We have learnt over the 

years that very few devices withstand the daily requirements on site. Sometimes 

less is better. All the really sensitive devices do not work in a manure 

environment. Only what is really durable will survive. 

2. If something is measured then the measurement device has to be of very high 

quality. Often a visual inspection is the best option.  

 

A typical part of the measurement and control process is adjustment of the 

temperatures inside the primary and secondary digester tanks. In both of these tanks 

there are automatic temperature measurement devices in order to protect the 

bacteria from large temperature changes, see process flow sheet. When the 

temperature is too low the heating pump will pump hot water through the heat 

exchanger pipes and will continue to do this until the temperature measurement 

device indicates that the  ‘temperature is high enough’ at which point the pump will 

be switched off. Basically, this is the same as a house heating system; simple, robust 

and effective. 

 

In addition to the measurement devices and the process control unit daily tours of 

inspection must take place to ensure the biological stability of the process. It is also 

continually necessary to have the slurry analysed in a laboratory.  
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We have learnt over the years that it is important to have a simple but reliable 

measurement system and to have a competent operator to oversee the operations. 

We have also continually improved the safety devices within the biogas plant.  

 

It is very importance to measure and control the stability of the biological process, not 

only during start-up but on a weekly basis thereafter. We recommend that on a 

monthly basis our operators take samples to be analysed in a laboratory to determine 

organic acid concentrations. This is also a good way to learn about the process. 

Unfortunately, it is not possible to take these measurements automatically on-line as 

the equipment required is too expensive. 

 

On a daily basis Krieg & Fischer receive data from laboratories on the organic acid 

concentrations of all our biogas plants. The sum and concentration of the various 

acids are reported, namely acetic acid, propionic acid, butyric acid and capronic acid, 

basically, the short chain organic acids are important, C2 – C6. 

 

 

12. Process Control Unit 
 

All the important functions and processes within the biogas plant are controlled. The 

measured values are fed to the electrical control cabinet and are used to control the 

machinery and engines. A lot of general operations are performed automatically.  

 

The Krieg & Fischer Ingenieure GmbH standard biogas manual describes in detail 

what duties the operator needs to perform. We provide information about each single 

component along with a sheet detailing the service intervals. We have standard 

documentation procedures from beginning to end. Every single pump, tank and mixer 
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is numbered independently. This enables the operator to easily pinpoint individual 

components within the documentation and to learn about maintenance and repair 

procedures.  

 

Yearly training courses are provided for our operators as standard. Operators need 

to be able to perform standard procedures beginning with start-up operations. The 

process control unit controls the biogas plant systems on a continuous basis. As the 

steady production and consumption of biogas is the most important part of the overall 

system, the following is the description of that control process: 

 

The gas level within the storage membrane is monitored and delivers a 4-20 mA-

control signal to the process control unit. At about 70% full, the gas engine is started 

and operated at full power. During steady-state operation the biogas level within the 

storage membrane will remain at 70% and the engines will be in constant operation. 

If biogas production levels fall and the volume within the membrane drops to 20%, 

then the gas engines will switch off automatically and remain off until the gas level 

reaches 70% again. 

 

 If more biogas is produced than is consumed or if the gas engines are not operating 

the level of biogas within the storage membrane will rise. If the biogas level reaches 

95% the excess gas will be flared automatically. Additionally, an automatic alarm call 

will be made from the process control unit to the mobile phone of the operator. 

Standard procedure is that the alarm will only switch off after an acknowledgement. 

Therefore, if the first phone call is not responded to, the process control unit will 

automatically try the next number and so on until somebody acknowledges the alarm.  

 

Alarm acknowledgement levels can be set to either allow acknowledgement over the 

phone or to require a manual on site acknowledgement.  
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13. Start-up Operation 
 

The standard start-up operations for Krieg & Fischer / CCS biogas plants begin well 

ahead of the biological start-up. Standard procedure is to test the tanks for leaks by 

filling the tanks with water. Only if the tanks are water-tight for 48 hours at minimum 

do we allow the digester tank and the secondary digester tank to be filled with 

manure, inoculum and digestate. This internal requirement is even higher than 

requirements from German local government. It demonstrates our commitment to 

having a 100% reliable biogas plant. It is important to ensure any problems with the 

system are resolved before production begins. When biogas production does begin 

we monitor every tank with highly sensitive manual methane measurement devices in 

order to detect possible gas leakage. 

 

During the initial start up operation there is no heat available from the biogas 

engines. The heat required by the bacteria for operation needs to be provided from 

another source. After biogas production has commenced the gas engine will provide 

the required heat. 

 

Aside from the temperature of the substrate it is also necessary to plan for the best 

way to inoculate the substrate. This can best be achieved with large amounts of 

previously digested substrate with its active micro-organisms. It can also be achieved 

using old manure – the older the better. This has to be organised on site. The quality 

of the inoculation will have a large impact on the time required for start-up operations. 

 

Start up procedures will be arranged well in advance of the actual start-up. In a lot of 

ways start-up is the most critical part of the process as the operator is not yet 

experienced and there is still a lot of oxygen in the tanks which can be explosive 
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when mixed with the biogas. During this phase it is very important to have consistent 

contact between the operator and our process engineer. Daily telephone conferences 

are standard with weekly discussion of the laboratory test results.  

 

14. Maintenance Service 
 

Maintenance of the biogas engine accounts for roughly 60% of all required 

maintenance. Prior to servicing of the gas engine the biogas storage membrane will 

be emptied and it should never be necessary to flare the biogas. 

 

The gas holder volume is about 480 m³. Biogas production from the bacterial process 

is at a rate of about 60 m³/h. This means that 8 hours of gas holder capacity is 

available if the gas holder had been emptied completely beforehand. A standard 

service to change the oil filter and spark plug will take approximately 30 minutes.  

 

15. Education and Schooling of Operator 
 

To run a biogas plant effectively three things are required: 

 

1. A well designed biogas plant. 

2. Good quality materials. 

3. A well educated operator. 

 

It is the long-term practice of Krieg & Fischer Ingenieure GmbH that all of our 

operators are trained to a high skill level. During the planning and construction phase 

it is necessary to have intensive discussion with the operator to include the following 

among other topics.  
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1. The site layout drawing is very important throughout the lifetime of the biogas 

plant. It is the basis of our engineering and details distances, sizes, electrical and 

heat connections etc. Only after we and our clients are happy with the site layout 

design do we move on to the detailed engineering.  

2. Referring to the detailed design process flow sheet we will discuss the 

measurement devices and electrical aggregates. The client is involved in the 

decisions regarding what will be measured, where and why. From experience we 

have learned that it is useless to install measuring devices that the operator will 

never use. It is during these discussions that the client or operator will learn 

about the working of the biogas plant and the measuring devices.  

3. At each stage of the procurement process we will explain and discuss the 

advantages and disadvantages of the various options. This introduces the 

client/operator to the details of his plant rather than presenting a pre-assembled 

plant with no explanation of its internal operations. It is our experience that the 

client benefits greatly from this involvement in the design phase. 

4. Start-up methodology, see above. 

5. All of the plant’s documentation is handed over to the operator. There is a written 

manual that explains the operation of the biogas plant. Nevertheless, we will 

spend time and guide the new biogas plant operator into his business. This is 

achieved both through on site instruction weekly/monthly conference calls or 

meetings. Laboratory tests are discussed to gain an understanding of the 

biological processes and to inform decision making regarding input substrate 

feeding.  

6. In addition to the above, Krieg & Fischer Ingenieure GmbH invites all of our 

clients to our annual Operator Training Day. This allows our client to get to know 

and learn from one another. In the past we have had up to 100 clients/operators 

to our presentations. We always have a main theme in the morning, for example 

“Maintenance Work for Biogas Engines, Comparison of Diesel-Gas-Engines with 
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Gas Engines”. In the afternoon there are several smaller presentations to show 

new developments and to highlight best practises from experienced operators. 

This yearly meeting is appreciated by our clients and helps to maintain steady 

contact between them and Krieg & Fischer Ingenieure GmbH through the years.  


