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Abstrakt 
 Súčasné iniciatívy v oblasti energetickej stratégie majú za cieľ zvýšenie podielu 
obnoviteľných zdrojov energie v celkovej energetickej bilancii. Vzhľadom na fakt, že vo 
vidieckych oblastiach je veľké množstvo dostupných zdrojov biomasy, odporúča sa, aby táto 
bola použitá na výrobu bioplynu, ktorý môže byť aplikovaný ako palivo pre kogeneráciu – 
kombinovanú výrobu tepla (horúca voda a para) a elektrickej energie (CHP).  
 V článku sa autori venujú možnosti použitia bioplynu v malom CHP systéme, ktorý 
by pokrkval energetické potreby vidieckej oblasti poľského Západného Pomoranského regiónu. 
Zloženie a výnosy vyrobeného bioplynu sú závislé na aplikovanom technologickom procese: 
substrátoch, dobe priebehu ako aj procesných veličinách. Preto je úvod článku venovaný 
základným informáciám tykajúcim sa anaerobického rozkladu biomasy (hnoj, drevný odpad, 
poľnohospodársky odpad, a pod.)  
 Stanovenie miestneho energetického dopytu a vyhodnotenie regionálneho potenciálu 
biomasy dovoľuje zvoliť vhodný CHP systém pre kombinovanú výrobu tepla a elektriny 
zásobovaný bioplynom vyrábaným na mieste. Energetická potreba v regióne je Nel= 800 kWe a 
celkové množstvo bioplynu, ktoré je možné vyrobiť je 2 837 000 Nm3. 
 Predpokladá sa, že rozklad biomasy prebieha za termofilných podmienok a proces 
trvá 14 dní. CHP systém pozostáva z 2 modulov, kde každý z modulov obsahuje: rozkladne 
zariadenie, plynový zásobník (plynojem), filter, kompresor a spaľovací motor prepojený s 
elektrickým generátorom. 
 Teplo vyprodukované počas spaľovacieho procesu je čiastočne rekuperované vo 
výmenníkoch tepla osadených do chladiaceho a odsávacieho systému spaľovacieho motora. 
Celková účinnosť navrhovaného CHP systému je 81,5%, elektrická účinnosť je 34,5% a 
rekuperované teplo predstavuje  47,2% z celkovej energie dodanej na vstupe. 

 
 

Abstract 
 Current initiatives concerning energy strategy are aimed at increasing share of 
renewable energy sources in total energy balance. In view of fact that in the rural areas there are 
a large available resources of biomass, therefore it is recommended to use biomass for 
production of biogas that can be applied for cogeneration - combined production of heat (hot 
water and steam) and power (CHP). The paper presents possibility of the use of biogas in small 
CHP system which will cover local energy demand of the rural area of West Pomeranian region 
of Poland. Composition and yields of produced biogas depend upon technological process: 
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substrates, retention time and process parameters, therefore at the beginning, basic information 
concerning anaerobic digestion of biomass (manure, dunghill, waste wood,  agriculture wastes, 
etc) will be discussed. 
 Determination of local energy demand and evaluation of regional biomass potential 
enabled to select CHP system for combined production of heat and power supplied with biogas 
produced on the spot. Power requirement in the region is  Nel= 800 kWe and the total amount of 
biogas that is possible to produce in the region is 2 837 000 Nm3. 
 It was assumed that digestion will be run in thermophilic conditions and retention 
time will be 14 days. The CHP system consists of two modules, each of modules contains: 
digester, gasholder, gas filter, compressor, combustion engine connected with electricity 
generator. 
 Heat generated in combustion process is partly recovered in heat exchangers emboded 
into cooling and exhaust system of combustion engine. Total efficiency the proposed CHP 
system is 81,5%, electric efficiency is 34,5% and  heat recovery  47,2% of energy supplied.   
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Introduction 
 Nowadays, all initiatives concerning energy strategy and protection of environment 
are aimed at increasing of energy produced from renewable energy sources and reduction of 
greenhouse gases. According to Kyoto Protocol, in 2008-2012, Poland is obligated to reduce 
greenhouse gases of 6% emissions compared to 1988. The target is for energy produced in 
Poland from renewable sources to account for 7,5% of total energy consumption by 2010, and 
for 14% in 2020, therefore there is growing interest in biofuels. Till 2025, Polish Energy Policy is 
aimed at development of small and medium scale power and heat plants, which are placed near 
final energy consumers, increase of local biomass resources utilization, increase of utilization of 
the different renewable energy. Resources of biomass are renewable and easy accessible, 
however the most important factor deciding about its application for energy production is low 
pollutants emission. There is great biomass accessibility in Poland; therefore utilisation of biomass 
systematically increases, particularly in the rural regions.  Biomass is very valuable for 
combustion and biogas production. 
 Polish regulations and EU directives support projects concerning use of renewable 
sources of energy and combined production of heat and electric energy [1, 2, 3, 4]. Financial 
supporting systems dealing with combined production of heat and electric energy forecast 
obligatory purchase of electricity and heat produced in biomass fuelled CHP systems [4, 9]. 
It can be expected that in the nearest future CHP systems supplied with biomass will be 
successively developed in Poland and introduced to common use, particularly in the rural 
regions, where biomass resources are large and there is a big potential for developing of the 
regional biomass market.  

 
 

Biogas production   
 Biogas is a product of anaerobic fermentation of organic matter including cellulose, 
starch, carbohydrates and proteins. Methane fermentation is carried out in four stages: 
hydrolysis, where complex organic compounds are converted into sugars and aminoacids, then 
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acidogenic phase occurs, where microorganisms convert acids into carbon dioxide, hydrogen 
and acetate. At the last stage of the process methanogenic bacteria produce methane from acetic 
acid, hydrogen and carbon dioxide 
 The process is carried out in digesters equipped with the installation that enables 
mixing of feeding material, heating, metering of biomass and gas installation. Manure, dung, 
plants, energetic plants and organic residues are used for production of agricultural biogas. 
Organic matters are characterised with the different break down time of the compounds 
contained and biogas yields. Compared to organic wastes, manure and dung are raw materials of 
smaller biogas potential. To improve chemical yield of biogas it is recommended to mix that 
kind of raw materials with the other locally accessible organic matters.  Table 1 shows yields of 
biogas and energy produced from the different organic matters [5].   

  
Table 1 Production of biogas and energy from different organic matter [5] 

The kind of organic matter  
Maize Lucerne Rye Wheat –rye Sugar beet Sunflow

er 
Rape 

Fresh 
biomass 

t/ha 

 
30-50 

 
25-35 

 
30-40 

 
30 

40-70 
(roots) 
30-50 
leafs ) 

 
30-50 

 
20-35 

 
Biogas 
m3/ha 

 
4050-6750 

 
3960-4360 

 
1620-2025 

 
2430 

10260 
(roots) 

3375 (leafs) 

 
2430-
3240 

 
1010-
1620 

Energy  
GJ/ha 

 
87-145 

 
85-94 

 
35-43 

 
52 

220 
(roots ) 

72  
(leafs ) 

 
52-70 

 
22-37 

 
 

 Controlled methanic digestion requires maintaining the following process conditions: 
the temperature, composition of substrate, retention time, load of digester, biomass mixing, toxic 
compounds content.  
 Digester temperature is an important factor influencing the rate and digestion yield. 
There are different subsequently occuring digestion stages: 

• psychrophilic occuring around 10°C - 25°C, 
• mesophilic  which takes place around 30°C -35°C, 
• thermophilic which takes place optimally around 52°C - 55°C.  

 Temperature of the process is dependent upon individual parameters of biogas-works, 
however, in case of mesophilic and thermophilic digestion gas production is of the most cost- 
effectiveness. The residence time in a digester should result from amount and kind of substrate 
and temperature. In the case of mesophilic digestion, residence time is from 12 to 36 days, 
whereas in the thermophilic digestion stage from 12 to 14 days [8].  
 Maintaining alkaline reaction in the digester at the level of pH =6,5 – 8,0 (optimal 
pH=7,5) is essential for biogas production. In case of recommended alkalinity is exceeded, 
hydrogen sulphide and hydrogen will be educed in biogas production. In case of too high acid 
reaction, digestion may be slown down or even stopped. Too low alkaline reaction results from 
digester overloaded with substrate. To avoid low alkaline reaction addition of lime or manure is 
recommended as well as application of two stage digestion process [8]. 
 Mixing of biomass in digester  is essential  because of: 

• digestion process that is to be of uniform run in the bulk, 
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• maintain the constant process temperature,  
• maintain  the constant consistence, 
• improvement of degassing in order to improve   carbon dioxide removal , 
• improvement of sludge concentration by water separation.  

 To maintain suitable run of the process in the digester bulk, substrates should be 
mixed. Mixing of biomass enables to keep constant temperature and consistence. Moreover, 
improvement of degassing and better carbon dioxide and water removal. Mixing of biomass 
improves microorganisms activity and contributes to acceleration of digestion process. 
Compared to aerobic bacteries,   anaerobic bacteries are very sensitive for toxic salts of some 
metals. Even small amount of ammonia can stop digestion process. Because of high nitrogen 
contents in animal droppings, to ensure suitable run of the process, dissolution of biomass is 
recommended [8]. 
 Sludge contains some toxic substances: sulphides, volatile acids, heavy metals, 
ammonia, and hydrocarbons. In case of Cu, Ni, Cr contents exceeds 100 mg/dm3, digestion can 
be interrupted [8]. Composition and amount of biogas depend upon technology, feed material, 
retention time and maintaining of digestion conditions.  

 
 

The use of biogas 
 Biogas can be used in the following combustion systems: 

• combustion in hot water boilers, where heat released in combustion process is used for 
heating of digesters and for central heating, 

• combustion in heat engines coupled with the units producing mechanical energy for 
power drive of compressors, pumps and the other facilities, 

• combustion in heat engines or gas turbines coupled with electricity generators, CHP 
systems  that produce electricity and heat [6].   

 
 

Example of biogas application for combined heat and power production 
 Example of combined heat and power system fuelled with biogas will be presented. It 
was assumed, that energy produced from biomass will cover energy demands of the village in 
the West-Pomeranian region of Poland. The village is placed in the neighbourhood of a small 
town; therefore some buildings are connected to heat distribution network. Electric energy and 
gas are delivered from power and gas grids. Agricultural cultivated area in the region is of 1900 
ha. Main agriculture production comprises: corn and potatoes.    
 The region in question is very attractive for tourism because of very high natural 
value. There are a large biomass resources in the region, therefore biomass deployment for 
energy production will lead to positive environmental benefits, particularly reduction of 
pollutants emissions. The other advantages coming from application of biomass in the region are 
as follows: reduction of energy manufacturing costs, development of small scale commodity 
production and tourism, decreasing unemployment. Finally, it will contribute to improvement of 
the living standard in the region. In the nearest future, it is expected that energy demand in the 
region in question will increase. It will be due to development of grain drying stove in the 
region. It was assumed, that power requirement in the region is of Nel= 800 kWe and the total 
amount of biogas that is possible to produce in the region is of 2 837 000 Nm3. 
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Choice of power plant type 
 Based on biogas supply in the region, the following system was chosen ( Fig.2). The 
system is biogas fuelled. It was assumed that digestion will be run in thermophilic conditions 
and retention time will be 14 days. The system consists of two modules, each of modules 
contains: digester, gasholder, gas filter, compressor, gas engine connected with electricity 
generator. Utilization of heat released in combustion process requires modules equipped with 
heat exchangers. The scheme of power system is presented in Fig 2.  
 The biogas set of the type HE-PG 393-B [10] is characterised with:  

• electric power – 392,5  kW, 
• fuel: biogas of composition by volume:  CH4=60%, CO2 =40%, 
• gas consumption 3,126 Nm3/min, 
• temperature of the flue gases flowing out from an exhaust manifold. 

 

 

 
Fig.1 Scheme of heat and power station fuelled with biogas 

KF –digestive chamber, ZG –gasholder, F-gas filter, P –air supplied to the combustion chamber, Sp-compressor, S- gas 
engine, WC1-heat exchanger of the type water-water, WC2, WC3 - heat exchangers of the type: the flues gases –water. 

 
 

The following heat exchangers were applied in heat and power station:   
• WC1 -  heat exchanger  (water-water) – circulating water is heated up from 50 °C to 

75°C by means of  water cooling the combustion engine, 
• WC2 - heat exchanger (the flue gases -water) heat is transferred from the flue gases 

being cooled down from 460°C to 100°C to water that is heated up from 75°C to 90°C. 
Warm water can be used for heating up feed material in digester or directed to heat 
sink.   

• WC3 - heat exchanger (the flue gases -water), where heat is transferred from the flue 
gases to feed material in digester. Cooled down gas (from 100 o C to t = 60oC will heat 
up (from 50OC to 75o C feed material and circulating water. 
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Heat engine balance  
 Simplified equation of heat engine energy balance is given below [7]:  

 

 rspwche QQQQQQ &&&&&& ++++=                                                               (1) 

 

where:  

Q&    - the rate of heat supplied to heat engine, [kW], 

eQ&  - the rate of heat converted  into effective work, [kW], 

chQ& -the rate of heat transferred from cooling water, [kW], 

wQ&  -the rate of heat transfer from the flue gases to the surroundings, [kW], 

spQ& - the rate of heat recovered from the flue gases, [kW], 

rQ&   - energy balance residue, [kW].  
 

 The rate of heat released by biogas combustion of net calorific value Qi = 22000 
kJ/Nm3 is    Q = 1144 kW. At the assumption of electric generator efficiency 0,9, the rate of heat 
converted  into effective work is Qe = 436,1 kW. The rate of heat recovered from the flue gases 
Qsp in heat exchangers ,,the flue gases-water” was determined on the base of the flue gases rate 
and  specific enthalpy  related to temperature of 0 o C. Radiation and convection heat transfer 
released to surroundings depend upon heating up an engine  elements  by flue gases, cooling 
water and oil. Heat balance of the heat engine is presented in Fig.2. 

 

 

GAS ENGINE 

Qr=151,9 kW   
(13,3%) 

BIOGAS  
 

Q =1 144 KW 
(100%) 

Qe=436,1kW  
(38,1%) 

Qsp=219,2kW   
(19,2%) 

Qw=16 kW   
(1,4%) 

Qch=320,8 kW   
(28,0%)    

  
Fig.2 Heat balance of heat engine fuelled with biogas 
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Summary 
 Analysis of the obtained results leads to the following conclusions:  
 

• Biogas produced in a rural biogas-works can be applied to fuel heat engines. 
• Cogeneration system with heat engine enables simultaneous production of electricity 

and partial recovery of heat released in combustion process. Heat is recovered in heat 
exchangers placed in cooling and exhausts systems of heat engine. 

• Water heated up in heat exchangers can be used in central heating as heat source or 
used for technological purposes, for example - preheating of substrates in digester. 

• In case of increasing electric energy demand and provided sufficient supply of biogas, 
output power of CHP system can be increased by connecting successively cogeneration 
modules. 

• Application of module system enables better operational safety of CHP system, 
particularly in case of system break-down. 

• Total efficiency of analysed CHP system is 81,5%, electric efficiency is 34,5% and  
heat recovery  47,2% of energy supplied.  

• Biogas used as a fuel contributes to reduction of environmental pollution, and finally to 
reduction of environmental operating costs. 
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