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Abstract: The paper discusses combined production of  heat and 
power (CHP) from biogas in a small-scale  power plant placed in the rural 
region.  Based on power and heat demands of the rural region and biomass 
supply, the CHP system was selected.   
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1. INTRODUCTION  
Combined production of heat and power (CHP) is one of the methods 

leading to improvement of production cost-effectiveness. Compared do 
separated production of heat and energy, CHP enables better utilisation of 
the chemical energy contained in the fuel, reduce fuel consumption and 
emission of pollutants. CHP systems are the most effective, when energy 
and power produced cover local energy and power requirements in a region 
as in such case energy transmission costs are relatively low. Increasing in-
terest in biomass utilisation and development of CHP systems follows from 
EU and the Polish energy policy that is aimed at increasing share of energy 
from renewable sources. The target is for energy produced from renewable 
sources to account for 7,5% of total energy consumption by 2010, and for 
14% in 2020 [0 ]. Therefore, Polish legislation and EU directives support all 
activities concerning application of renewable energy sources [0], particular-
ly combined heat and power production [0,0,0].There are many different 
means of combined heat and power production from biomass. One of them 
can be realised by production of biogas and application of genset, where 
biogas is combusted then in combustion engine with recovery system cou-
pled with electric generator. Because of large biomass potential, new ener-
gy policy regarding CHP and financial problems in a rural regions it is es-
sential to analyse possibility of biogas production and its use as fuel in CHP 
systems. 

Presented paper is aimed at analysis of biogas production and its appli-
cation as the fuel in CHP system that will produce energy and power to 
cover energy and power requirements in the region. 
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2. PRODUCTION OF BIOGAS  
Natural organic components of biomass containing cellulose, proteins, car-
bohydrates and starch are transformed into biogas in the process of anaer-
obic digestion. Anaerobic digestion is the process, whereby bacteria break 
down organic material without air, yielding a biogas and a solid residue. In 
the rural regions biogas is mainly produced from manure and dunghill, how-
ever plants obtained from short rotation plantations or waste biomass are 
used in biogas manufacturing process as well. A solid residue that is similar 
to compost and a liquid liquor in biogas manufacturing process can be used 
as a fertilizers. Composition of biogas depends upon substrates and pa-
rameters of manufacturing process. Factors influencing biogas manufactur-
ing process are as follows: process temperature, composition of substrates, 
retention time, load of digestion chamber, mixing of biomass, toxic sub-
stances.. There are the following stages of biogas manufacturing process 
influenced by the temperature:  

•  psychrophilic  digestion takes place in the temperature range  t=10-25
o
C, 

•  mesophilic digestion takes place in the temperature range t=30-40
o
C and 

can take a month or two to complete, 

•  thermophilic digestion takes place in the temperature range t=50-65 
o
C 

and is faster as  the bacteria are more sensitive. Choice of the process 
temperature depends upon the individual parameters of biogas plant. Bio-
gas consists mainly of CH4 and CO2, however small contents of CO, N2,H2, 

H2S and traces of O2 can occur.  

3. BIOGAS FUELLED CHP SYSTEM 
An example of the biogas application for combined heat and power 

generation will be presented here. It was assumed, that energy produced in 
CHP system will cover energy and power requirements of the rural region of 
area1900 ha neighbouring to the small town. At present, electric energy is 
delivered to the region from the power grid. Most of the buildings in the re-
gion are heat supplied from the small local boiler houses but mainly from an 
individual coal/coke/wood fired stoves. The region in question is of very high 
natural value and the large biomass resources, therefore biomass deploy-
ment for combined heat and power production will lead to positive environ-
mental benefits, particularly reduction of pollutants emissions. The other 
advantages of the biomass use in the region are as follows: reduction of 
energy manufacturing costs, development of small scale commodity pro-
duction and tourism, decreasing unemployment and finally, improvement of 
the living standard in the region. The total energy requirement and the 
characteristics of energy recipients and their demands are the main factors 
deciding about the choice of the suitable combined heat and power tech-
nology. The total efficiency of heat and power generating plant is related to 
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the biomass conversion technology, the kind of biofuel, conversion efficien-
cy and costs-effectiveness indicators.  

Energy and power requirements for the rural region in question are as 
follows: power Eel=0,8 MWe, heat Et=1MWth. Biogas potential in the region 

a

3nm
000.000.3nV =

& , therefore it is possible to apply CHP consisting of gen-

set supplied biogas of net calorific value Q I =22 MJ/nm
3
. Selected CHP sys-

tem, genset of type HE – PG 393 – B 0 will be applied for energy and power 
production to cover requirements of biogas plant and region in question. 
The system consists of two digestion chambers for biogas production, bio-
gasholder, gas filter, compressor, combustion engine that drives an electri-
cal generator, heat exchangers: hot water-cooling water, exhaust gas-
water. Genset type HE – PG 393 – B of rate power 392,5 kW will be sup-
plied with biogas of molar fractions: xCH4= 0,6 ; xCO2 = 0,40. Biogas will be 
combusted (fuel consumption 3,126 nm

3
/min) in four-stroke spark ignition, 

water cooled engine manufactured by PERKINS0, exhaust gas temperature 
in exhaust manifold is t= 463 °C.  

There are three heat exchangers in an analysed system:  

• WC1 (water –water)- engine cooling water gives up the heat to circulating 
water, therefore water is heated up from the temperature t=50 °C to 
t=75°C, 

• WC2 (exhaust gas -water)-exhaust gas gives up the heat to circulating 
water therefore water is heated up from the temperature t=75 °C to 
t=90°C and exhaust gas cooled from the temperature t=460°C to t=100°C, 

• WC3 (exhaust gas -water) exhaust gas gives up the heat water that heats 
up charge in digestion chamber, exhaust gas is cooled from the tempera-
ture t=100°C to t=70°C, whereas water is heated up from the temperature 
t=50°C to t = 75°C. 

Due to hot water requirement heat exchangers can work in series or 
parallel connections. Fig.1 shows the scheme of CHP system fuelled with 
biogas 

4. ENGINE THERMAL BALANCE 

Thermal balance of combustion engine is as follows: 

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

where: 

Q&  stream of heat supplied to the engine, [kW] 
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eQ&  stream of heat converted into work, [kW] 

chQ&  stream of heat recovered from engine cooling water, [kW] 

wQ&  stream of heat removed by  exhaust  gas to environment , [kW] 

spQ&  stream of heat recovered from exhaust  gas , [kW] 

rQ&  thermal  balance closure, [kW] 

. 

 

Fig.1:Scheme of biogas CHP system 

KF- digestion chamber, ZG -biogasholder , F-gas filter, P- air supplied to com-
bustion process, Sp- compressor, S- combustion engine, WC1- heat exchanger hot 

water-water, WC2, WC3- heat exchangers : flue gas-water. 

Heat released in combustion process equals Q&  = 1144 kW. At assump-

tion that watt-hour efficiency is of 0,9, stream of heat converted into me-

chanical work equals eQ& = 436,1 kW. Stream of heat recovered from ex-
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GAS COMBUSTION ENGINE 

  

Q r = 151,9 kW    
(13,3%) 

  

BIOGAS  
  

  Q =1 144 KW 
  (100%) 

  

Q e = 436 ,1 kW   
(38,1%) 

  

Q sp = 219,2kW    
(19,2 %) 

  
Q w = 16  kW    

(1 ,4 %) 
  

Q ch = 320,8 kW    
(28,0%)   

    
  

haust gas–water heat exchangers was determined from amount and specif-
ic enthalpy of exhaust gas at the fiducial temperature t=0

o
C. Closure of 

thermal balance consists of radiation and transmission heat streams from 
engine. Share of combustion engine thermal balance is as follows:  

Q&  = 1144 kW (100%), eQ&  = 436,1 kW (38,1%), chQ& = 320,8 kW (28,0%) 

wQ& = 16,0 kW (1,4%), spQ& = 219,2 kW (19,2%), rQ& = 151,9 kW(13,3%). 

Detailed thermal balance of combustion engine is shown in Fig.2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Thermal balance of combustion engine 

5. CONCLUSIONS 
Biogas manufactured in the small rural biogas plants can be used as 

the fuel in combustion engines, 
Combined heat and power (CHP) system equipped with combustion 

engine enables to produce electricity and heat by recovery from combustion 
process in the heat exchangers emboded into cooling and exhaust systems. 

Water heated in heat exchangers can be applied as heat source in cen-
tral heating system or used for preheating of the charge in the digestion 
chamber,  
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In case of higher electricity requirement and biogas oversupply, it is 
possible to increase power of the system by embody of additional CHP 
module,   

For CHP system in question, the total efficiency of combined heat and 
power production is of 81,5 %, watt-hour efficiency of 34,3 % and thermal 
efficiency of 47,2 % of energy supplied.  

Production of energy in biogas fuelled CHP will contribute to meet the 
requirement of reducing air pollution. 
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