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Abstract. The current report aims is to analyze the biogas cogeneration system. Special attention is paid on the 
process of biogas production in the fermenter and further burning in the co-generation unit. A financial analysis is 
made regarding the investments and profits generated by the combined heat and power production.  
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1. INTRODUCTION 

Biogas production is widely used for processing 
of animal farming waste (solid and liquid manure) 
for production of renewable energy and 
improvement of the quality of fertilizing manure. 

In countries with significant agricultural 
production, including Bulgaria, the regulations are 
upgraded to more strict ones, regarding the storage of 
manure and vegetable waste, as well as their 
recycling, and this leads to increased interest in 
biogas production. The biogas has a number of 
applications in energetics, depending on the nature of 
the source and the local needs of specific energy 
forms. Generally, biogas can be used for production 
of heat by direct combustion, electricity production 
by fuel cells or micro-turbines, combined heat and 
power production (CHP), or as a transportation fuel. 

Herewith, is presented a plant for biogas 
production of corn and sorghum silage and cow 
manure. The produced biogas goes for combustion in 
the cogeneration module / gas engine.  The plant is 
being built in the region of north-eastern Bulgaria 
(near the town of Dobrich), where the conditions for 
growing agricultural products needed for the 
fermentation process are very pleasant. 

2.  BIOGAS  PRODUCTION 

2.1. Row materials preparation 

The raw material which is used in the system is 
a mixture of the biomass obtained from the 
fragmentation of green maize and cereals, or 
leguminous crops and manure from ruminants. The 
amounts of animal and plant waste, used for biogas 
generation, are presented in Table 1.    

Table 1  
Amounts of substratum 

t/yr t/day

Corn silage 5,732 17.19
Sorghum silage 8,597 25.79
Cow manure 955 2.87

Total 15,284 45.85

Substratum
Raw material 

 
 
The corn and sorghum silage are stored in the two 

silo pits with net volume of 25,000 m3. From there a 
wheel loader loads the fed system BIODOS TRIO 
container on a daily basis. The container has a 33 m3 
volume and is equipped with its own weighting 
mechanism to ensure the necessary silage quantity. 
The fed system transports the corn silage and the 
sorghum silage from the container to a storage 
bunker. 

In the storage bunker the silage and manure are 
combined by the mixer.  The mixture is composed of 
up to 10% animal waste, which carries the bacteria, 
necessary to induce the fermenting process.   

2.2. Fermentation process 

The fermenter is made of special sulphate-
resistent concrete and represents two concentric 
cylinders with a diameter of 35 meters for the 
external, and 23 m for the inner circle respectively. 
The height of the fermenter is 6 m. The fermenter 
gross volume is 3,170 m3 and net volume is 2,906 m3, 
respectively. The main view of the fermenter is 
presented in  Fig. 1 
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Fig. 1 . Main view of fermenter 

 
In need of enrichment, the bioreactor is fed 

with the required amount of liquid fraction from 
the mixture in the storage bunker containing the 
bio fertilizer. The fermenter is fed with substrate 
via a conveying worm and is poured to 1m below 
the level of the working surface of the mixture in 
the first fermentor ring. In order to homogenize the 
substrate, to provide the necessary temperature and 
to uniform the distribution, the mixer is running 
during the loading too. The substrate is heated by a 
heating system located on the outside wall of the 
fermentor. This creates ideal conditions for the 
microorganisms processing the organic matter. 

The majority of the extracted biogas is generated 
in the outer ring of the fermentor. To ensure 
continuous and sustainable production of biogas the 
substrate is recommended to be reloaded several 
times daily of approximately  same proportions of 
ingredients. 

In the fermenter, the biomass is heated to the 
required temperature of 45°C while being 
periodically mixed by horizontal and vertical mixing 
blades. The production of biogas begins at a 
temperature of 45°C for performing the mesophilic 
fermentation.  

The necessary constant temperature for the 
process of the mesophilic fermentation is ensured 
by means of a heating system using hot water from 
the cogeneration unit. The heating system is 
installed on the inner side of the outer wall of the 
outer ring of the fermenter. About 15% of the heat 
produced by the CHP unit is used to heat the 
fermenter. The average consumption of heating 
energy for the system is between 70 and 120 kWh 
for the different months of the year. 

The biogas is transported to a special balloon 
storage vessel through a specially designed pipe. 
The gas balloon has a capacity of 3,500 m3. The 
balloon is mounted on top of the biomass storage 
bunker and it is a part of the roof construction. The 
quantity of biogas in the balloon will be regulated 
through automated system and there will be a 
safety release chimney mounted on the balloon for 
emergency situations.  

In case of emergency release of the stored 
biogas into the atmosphere, the gas will first pass 
through a bio-filter. When predefined amount of 
biogas is stored in the balloon the automated 

system will reduce the quantity of biomass fed to 
the fermenter. 

The annually biogas production and methane 
content is given in Table 2. 

Table 2 
Biogas and methane production 

m3/t m3/yr % m3/t m3/yr

Corn silage 190.00 1,089,007 52 98.80 566,283
Sorghum silage 230.00 1,977,407 52 119.60 1,028,251
Cow manure 23.00 21,971 58 13.34 12,743

Total 443.00 3,088,384 1,607,278

CH4Substratum
Biogas

 

The caloricity of produced methane is 9.31 
kWh/Nm3. 

3.  COGENERATION MODULE 

The production of electricity from biogas uses a 
cogeneration module /gas engine/ with nominal 
electrical output power of 800 kW (Fig. 2) [2]. The 
biogas is burned to produce electricity and heat 
energy. The proelectrical energy is sold to the local 
electrical company after meeting the plant’s own 
needs. The heat energy will be used for heating the 
fermenter and for drying crops.  
 

 

 
Fig. 2 . Cogeneration module 

Table 3 
System parameters of the engine-generator set  

Parameters Value Dimension

Maximum electrical power capacity 800 kWel
Maximum Heat power capacity 802 kWth
LHV of the biogas 9.31 kWh/Nm3

Electrical efficiency 42.8 %
Thermal efficiency 42.3 %
Total efficiency 85.1 %

 



 

 
134  TERMOTEHNICA     Supliment 1/2013 

The thermal balance for complete biomass 
installation is presented in Figure 4. 

During the biogas production process, the 
installation consumes the heat and electrical energy 
for own needs. The total installed capacity of the 
electrical devices is 311 kW. The annual internal 
electricity consumption for the plant’s equipment 
is 384 MWh/year. This includes the auxiliary 
equipment serving the installation (feeders, water 
pumps supply, fermenter mixers, tank residue 
mixer and etc.).  

The amound of electricity, sold to the Electrical 
Distribution Company is 6,016 MWh/yr.  

Thermal energy for heating of fermentor is 
1,823 MWh/yr.  

The remaining heat energy is used for drying 
crops and fertilized prodused in the fermentor. 

Corn silage  
13.1 t/d 

Cow manure  

2 2 t/d

Sorghum        
19.7 t/d 

Fermenter

Biogas
production

9,265 Nm3/d

Biogas

Gas generator

el = 42.8%

th = 42.3%

Thermal energy for
crop drying, and
fermentation needs

19.2 MWh

Daily
electricity

 
Fig. 3. Thermal balance of cogeneration module 

4.  FINANCIAL ANALASYS 

Below is provided the short financial analysis, 
concerning the project investments, cash flow 
generated by the power plant during the period of 
operation and operational and maintenance costs.  

The allocation of sold electricity production, 
electricity own needs, raw material consumption 
and O&M cost savings  in Table 4. 

Table 4 
Energy revenues 

Parameter Energy revenues
Produced electricity 1 512 704 EUR
Electricity own needs -90 762 EUR
Transmission fee -14 334 EUR
Corn silage consumption -191 436 EUR
Sorghum silage consumption -201 008 EUR
Cow manure consumption -2 933 EUR
Diesel consumption -37 408 EUR
O&M Cost -159 961 EUR

Total 814 863 EUR
 

 
The revenues from the purchase electricity pro-

duced by the power plant according the prices 
announced in the Resolution No -018/28.06.2012 
[3] of State Energy and Water Regulatory 
Commission.   

The approximate base project costs are 
presented in Table 5. 

Table 5 
Base Project Costs  

Design Equipment
Construction 

Works 
Total Project 

Cost

76,656 1,880,046 884,000 2,840,702

 
 
The investments for the implementation of such 

systems are in the amount of 3,551 EUR/kW 
installed electrical capacity.  

The financial indicators for the following 
conditions :  

– total interest rate 6.21 %  
– grace period12 months  

are presented in Table 6. The internal rate of return 
(IRR) of the project is 26.56% which is higher than 
10%. The Net Present Value is positive, and it is in 
the amount of 3,173,639 EUR. These two items 
make the project attractive from a financial 
perspective. 

Table 6 
Basic financial indicators of the project  

Payback
IRR NPV Period
% EUR Years

Base Case 26.56% 3,173,639 3.69
 

5.  CONCLUSINS 

The biomas combined heat and power energy 
production is presented and discussed is presented. 
The heat needed for the fermentation process is 
obtained by gas engine.  

2. The generated biogas is consists of about 
52 % methane. 

3. Higher efficiency of the CHP plant (42.8% 
electrical and 42.3% thermal efficiency) leads to 
higher energy production and significant incomes 
from the purchase of the produced electricity; 

4. The presented power plant is compact and 
has low operation and maintenance costs;. 
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