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Evaluation of Efficiency CHP Systems for Heat Production  
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Abstract: This paper analyses practical exploitation of cogeneration unit in heat production. The main idea of using 

combined heat and energy production is to reduce usage of primary fuels. By integration of renewable energy 

sources, reduced usage of traditional primary fuels and with regard to the natural environment reduction of 

pollutions. Presented work is analysis of CHP system producing heat and comparison to conventional systems. 
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1 Introduction 

The production of heat and electricity can be 

carried by many different ways. For example, the heat 

will be produced in boiler and electricity will be 

produced in a thermal power plant. Production of this 

type is said to be separate. The effectiveness of 

separate production depends on many factors such as 

used technology, type of fuel and many others. For 

heat generation, there are technologies that allow 

production of electricity on the same equipment at the 

same time by combustion natural gas in combustion 

engine. This type of production is called combined 

production of heat and electricity (CHP). The Council 

of the European Union started promoting the CHP 

concept in 1974 [9]. Integration of renewable energy 

and cogeneration systems for heat and electric energy 

are becoming very important for future energy 

production. Main idea of installing cogeneration unit 

and renewable energy sources is to reduce primary 

energy prices, decreasing pollutions and increasing 

efficiency integration into the energy production. A 

combined heat and power (CHP) system is proposed to 

minimize the production cost and to maximize the 

revenue from power.  

CHP is considered a sustainable and economic 

technology to fulfill those abovementioned goals for its 

significant performance in primary fuel consumption 

reduction, pollutions reduction and independency on 

fossil fuel.  

2 Combined heat and power 

A combined heat and power (CHP) system is 

proposed to minimize the production cost and to 

maximize the revenue from power. Combined heat and 

power is technology which simultaneously produces 

heat and power by recovering heat that would 

otherwise be wasted in conventional condensing 

generation of electric power. For small scale CHP units 

is under consideration to replace conventional boilers 

in home installations with the production of electricity 

simultaneously with the generation of heat give an 

economic benefit for the consumer. Also, the fossil 

fuel consumption and CO2 emissions are effectively 

lowered. The thermal and electrical efficiency depend 

on the operating hours, unit capacity and installed type 

of technology. The economic benefits of CHP systems 

depend on the specific conditions under different 

operation strategies. When all the thermal energy of a 

CHP system can be utilized, it can reach much higher 

efficiency than conventional separate heat and power 

production. 

The average efficiency of fossil-fueled power 

plants in the Europe is around 36%. The EU Directive 

requires that the overall efficiency of CHP plant is at 

least around 75% or at least 80%, depending on the 

type of cogeneration unit. The types of units are 

referred to in the directive mentioned. The last 

applicable EU Directive that deals with cogeneration, 

as well as all other directives, gives the opportunity to 

harmonize national energy policies with each country's 

own plans for development of the energy sector. [9][2] 
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January February March April May June July August September October November December Average

HEAT 379,40 368,10 410,70 330,00 367,20 347,70 320,00 331,20 322,10 322,30 426,80 400,20 360,48

ELECTRICITY 341,40 327,60 367,90 290,30 324,57 305,30 278,60 288,60 281,10 281,50 369,40 348,30 317,05

FUEL 87 454 83 683 93 699 73 590 82 670 78 105 71 831 74 559 72 801 73 623 95 883 90 598 81 541,33

CALORIFIC VALUE 10,738 10,726 10,749 10,795 10,781 10,795 10,795 10,760 10,778 10,738 10,727 10,748 10,76

January February March April May June July August September October November December Average

HEAT 379,40 368,10 410,70 330,00 367,20 347,70 320,00 331,20 322,10 322,30 426,80 400,20 360,48

FUEL 87 454 83 683 93 699 73 590 82 670 78 105 71 831 74 559 72 801 73 623 95 883 90 598 81 541,33

% 0,4338 0,4399 0,4383 0,4484 0,4442 0,4452 0,4455 0,4442 0,4424 0,4378 0,4451 0,4417 0,44

3 Cogeneration unit efficiency 

This paper analyses practical exploitation of 

cogeneration unit in heat production. Paper is focused 

on describing the installed natural gas cogeneration 

unit operating on the diesel principle generating 

electricity and heat. This cogeneration system has been 

designed optimally according to economic and energy 

requirements with respect to environmental criteria and 

is automatically managed by computer controlled 

systems and by the current energy needs. The main 

idea for installing a cogeneration unit is to reduce 

energy costs, reduce pollution and increase efficiency 

by integrating renewable energy sources, such as 

biogas and cogeneration. Several existing installed 

systems have shown that there is excess heat in 

summer and therefore accumulation is needed. 

Average fuel consumption in year 2017 is around 

81500 m3 of natural gas.  

Figure 1 Combined heat and electricity fuel 

consumption compared to conventional production [10] 

For comparison it is necessary to decompose a real 

plant into two virtual parts: combined heat production 

(CHP - Cogeneration) and non-combined 

(conventional). To optimize produced energy between 

combined and conventional production it is necessary 

to use around 70% more primary fuel to settle same 

amount of produced electricity and heat in both 

systems. 

Table 1 Produced heat and electricity, consumed fuel and 

calorific value 2017 

Described cogeneration unit heat production efficiency 

is around 44%. To the quantity of consumed fuel, we 

add calorific value which is around 10,761kWh.m-3 

and we get theoretical energy included in that amount 

of fuel.  

Table 2 Efficiency of produced heat in 2017 

 

By summing each electric energy and heat energy and 

dividing it by theoretical energy included in fuel we get 

% effectivity of cogeneration unit which value is 

around 86%. 

Graphics values show that cogeneration unit in 

summer season is very ineffective. In winter season 

efficiency of cogeneration unit is around 82 to 87%. 

From the point of view of the generation of heat, for 

the final customer the advantage of the central heat 

supply compared to other forms are relatively low 

prices for heat in connection with the increase of the 

usage cogeneration. Monitored value of produced heat 

is shown in figure 2. Total average effectivity of 

monitored cogeneration unit is around 86%. Priority on 

the production of cogeneration unit is in thermal 

energy as shown in the figures. Overall power of 

cogeneration unit was not recorded at this point, the 

only recorded values are shown at figures. 

The theoretical and measured values lead to 

knowledge which you can read above that allows 

understanding the cogeneration unit effectivity and 

describes the effectivity. The largest differences in 

percentage are in produced energy is in heat from 

cooling fuel. Average electricity efficiency in 2017 is 

around 38,8 %. Compared to steam backpressure 

turbine which efficiency is around 10-30 %, Steam 

turbine condensing with vapour collection 30-35 %, 

combustion turbine 20-40 %.  
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Since natural gas is the dominant fuel for the 

production of heat, greater emphasis need to be placed 

on combined energy production methods and directly 

connected to cogeneration and electricity production. 

As shown in Table, there is a direct correlation 

between the generated electricity and the heat in 

combined heat and energy production. Figures confirm 

problems with non-economical usage of cogeneration 

unit and shows that whole system is ineffective in 

summer season. 

Figure 2 Produced Heat in 2017 [MWh] 

Described cogeneration unit heats and prepares hot 

water for about 1600 apartments, elementary school, 

maternity school and shopping centres. Cogeneration 

unit itself consists of gas combustion engine 

MWM/TCG 2016 V12C with generator which 

provides 600kW of electrical rated power and 652kW 

of thermal nominal power as shown on figure 4 and 

figure 3.  

Figure 3 Heat produced in 2017 [% efficiency] 

Performance of cogeneration unit in summer season is 

limited by operating hours while cogeneration unit 

mode of operation is with priority on the production of 

thermal energy. In the winter season cogeneration unit 

is operating 24hours daily, during the summer season 

is in operation 18-19hours. 

 

 

 

 

 

 

 

 

 

 

 

 

4 Conclusions 

Compared to conventional thermal energy and electric 

energy production cogeneration is effective but there 

are still many others systems that could be more 

effectively.  
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Due to the distribution of heat and electricity 

production where fossil fuels are predominantly used, 

it would be better to eliminate the use of this type of 

fuel.  

Figure 3 Container with cogeneration unit 

Cogeneration itself permits a new approach to the 

production of heat and electricity in the industrial 

sphere, where heat and electricity can be used to heat 

office and production areas and to engage in industrial 

production. An important role in this case is the 

appropriate annual distribution of heat and electricity 

demand which is negative in the overall economic 

balance of cogeneration units. Therefore, this 

technology is not yet fully implementable in 

decentralized systems. 

 

 

Figure 4 Cogeneration unit engine with asynchronous 

generator 
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