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Abstract: The main idea of exploitation combined heat and energy production is to reduce usage of primary fuels 

and with that connected reducing of pollutions due to the integration of renewable energy sources and with regard 

to the natural environment. Presented work is analysis of CHP system producing electricity and compare to 

conventional systems. 
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1 Introduction 

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 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. Since 2007, 

the EU has targeted several serious climate change and 

energy related issues which means 20% CO2 emissions 

reduction comparing to 1990, 20% improvement in 

energy efficiency, 20% share of renewable energy 

sources in the end use, which is called 20–20–20 goals, 

should be acquired by 2020.  

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 (CHP) 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. 

 

3 Conventional Generation vs. CHP: Overall 

Efficiency 

The average efficiency of fossil-fueled power 

plants in the Europe is around 36%.  
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Figure 1 conventional generation vs. CHP 

On the figure 1 is shown an example of a typical CHP 

system comparison to conventional power generation. 

To produce 369MW of electricity and 246MW of 

useful thermal energy, the conventional system uses 

1100 + 290 units of fuel inputs. However, the CHP 

system needs only 1146 units of energy inputs to 

produce the same amount of output electricity and 

useful thermal energy, resulting in a total efficiency 

around 82%. By producing electricity onsite, CHP also 

avoids transmission and distribution losses that occur 

when electricity travels over power lines and heat 

transferred by pipes.  

4 Term Cogeneration 

The term cogeneration is one of the CHP systems 

based on fuel combusting engine which usually 

supplies an asynchronous generator. This work 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 microprocessors and 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. Monthly fuel consumption is 

shown in figure 2. 

Figure 2 Monthly natural gas consumption in 2017 

The electrical efficiency of cogeneration unit is around 

39%. 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. 

By summing each electric energy and thermal energy 

and dividing it by theoretical energy included in fuel 

we get % effectivity of cogeneration unit. 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. 

4.1 Cogeneration unit efficiency 

Monitored value of produced electricity and heat is 

shown in figure 3. Total average effectivity of 

monitored cogeneration unit is around 87%. Priority on 

the production of cogeneration unit is in thermal 

energy as shown in the figures. Overall power of 

cogeneration unit was not recorded, the only recorded 

values are shown at figures. 
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Figure 3 Produced electricity and heat 2017 

The theoretical and measured values lead to knowledge 

which you can read above that allows understanding 

the cogeneration unit effectivity and describes the 

effectivity. Measured values show that there are not big 

differences in produced electricity. The largest 

differences in percentage are in produced energy is in 

heat from cooling fuel. Efficiency of electricity 

production is shown in figure 4. Average electricity 

efficiency in 2017 is around 38,88%. Compared to 

steam backpressure turbine which efficiency is around 

10-30%, Steam turbine condensing with vapour 

collection 30-35%, combustion turbine 20-40%. 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. 

Figure 4 Monthly electric energy produced in 2017 

 

As shown in figures, 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. 

5 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. 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.  

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. 
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