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Abstract:  The evaluation of the operating characteristics of the plant has a number of types depending on the 

parameters monitored. Part of the present paper is devoted to the creating of a model of a cogeneration unit with a 

full flue gas path allowing monitoring in relation to the production of pollutants. Priority is given to the contribution 

that the activities of the existing facilities if the integration of the new external device to an existing and functioning 

system for increased efficiency. 
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1 Introduction 

The primary solution being raised issues based on the 

need of mutual relations balanced way inputs to the 

transformation process and outputs of the process of 

transforming itself device both in terms of the economic, 

legislative and environmental indicators. Inputs 

represent different fuel structures. In the case of 

centralized heat supply, the potential of non-renewable 

energy sources, primarily gas and renewable energy 

sources, predominantly in the form of biomass, is 

currently being used. From the process point of view, 

the heat produced in the thermal installation is passed on 

to the hot water medium and, in the case of the central 

system, the heat medium passes first through the 

primary distribution to the heat transfer stations [1]. The 

application of district heating systems allows significant 

diversification of the fuel base. This input enables not 

only safe operation of the system from the standpoint of 

stability, but also from the point of view of impacts on 

the environment. Current technologies make the 

transformation process more efficient. These include 

combined heat and power generation. Depending on the 

parameters being monitored, there are a number of types 

of performance evaluation characteristics for a 

particular device. The presented paper deals with the 

issue of long-term analysis of fuel and the consequent 

impact of electricity and heat production efficiency. 

This analysis is based on monitoring deviations from the 

average fuel composition over a multiannual period. 

The next part of the paper is devoted to the analysis of 

flue gas properties. The flue gas analysis is performed 

on the basis of the realized measurement. Possibilities 

of utilization of waste energy potential for further 

energy production are evaluated. In the classification of 

waste energy, it is necessary to evaluate the rate of 

usability as a secondary potential. In many cases, the 

thermal potential is already dispersed and the low 

temperature difference does not allow its further 

technological resp. economic use. Cogeneration 

represents such facilities where the potential of so-called 

cogeneration waste heat is sufficient and usable by 

appropriate means [6]. 

  

2 Current trends in increasing 

cogeneration efficiency 

 

Fossil fuels and the environmental consequences of their 

extensive use have shifted energy efficiency to the 

centre of economic and political attention at global level 

in recent years. Reducing energy consumption from the 

point of view of consumption is defined as one of the 

basic goals within the sustainable development of 

society. Nowadays, the heat supply requires some of the 

primary energy sources and the easiest way is to burn 

the right fuel, capture the heat energy, process it and 

then send it to the customer.  
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The efficiency of similar processes is high (80-100%), 

but exergy of the fuel is lost [4][5]. Based on the analysis 

presented in the previous chapter, it is possible to 

determine the quantitative parameters of the flue gas, 

which serve as input data for the solved model. The 

average flue gas flow after conversion to normal 

pressure conditions is 1180 m3·h-1. The average flue gas 

temperature entering the flue gas path is  

440°C. Currently, a pipe exchanger is installed in the 

flue gas path. After passing the flue gas through the 

exchanger, their average temperature is about 160°C. 

The simulation solution evaluates the exchangers with a 

gradient of 440/80°C. The necessary theoretical flue gas 

temperature in the flue gas path should not fall below 

the temperature defined by the flue gas dew point. 
Table 1 Measurement by Testo 350 S 

power [%] 58 98,8 

flue gas temperature [°C] 149,5 162,1 

oxygen [%] 9,51 9,84 

CO [ppm] 7 17 

CO2 [%] 6,51 6,32 

NO [ppm] 138 122 

NOx [ppm] 145 128 

H2 [ppm] 1 2 

dew point[°C] 49,5 49 

O2 [%] 3 3 

lambda 1,83 1,88 

eta [%] 93,5 92,7 
 

To verify the correctness of the theoretical 

calculations, repeated measurements were carried out at 

different CHP load. For the most accurate values, 

measurements were made at different time intervals, at 

different system loads and at different outdoor 

temperatures. Based on these measurements, it can be 

determined that the variance or deviation of these values 

has negligible values. The TESTO 350 S flue gas 

analyser was used for the measurement. 

 

3 Solution design model 

The design of the model represents an integration link 

with the existing system and its virtualization in the 

simulation environment in relation to the interaction 

with the external environment. The model consists of a 

cogeneration unit placed in a container,  

a system of exchangers and a chimney. 

 

Figure 1 Model CHP 1 

 

Figure 2 Model CHP 2 

From the point of view of energy efficiency and the 

efficiency of the device itself, in the event of a shutdown 

or interruption of operation, the device goes into a 

standstill state, which results in a decrease in 

production, thus reducing efficiency. The capabilities of 

modern computer technology make it possible to avoid 

downtime and destructive ways of checking or 

measuring, integrating new devices into the system and 

then simulating elements. By using virtual laboratories 

that can simulate an identical process in the event of 

operation, it is possible to interfere with the operation in 

a non-destructive manner. These laboratories represent 

a computer-generated virtual environment in which a 

specific device model is created. In these cases, it is 

possible to monitor different input, output and 

operational quantities in the desired time increments. 

Various simulation tools are used to create a virtual lab, 

in which case the ANSYS 19 simulation tool was used 

[3]. Part of the submitted paper deals with the creation 
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of a model of a cogeneration unit enabling the 

monitoring of flue gas routes in relation to the 

production of pollutants, not only to the equipment but 

also to the environment. The simulation allows 

changing input and operating conditions, installing 

various elements such as heat exchangers, coolers, 

heaters, turbochargers and other devices and tracking 

their impact on a particular improvement of an existing 

system. This makes it possible to increase the efficiency 

of the power plant [3]. 

 

Figure 3 Solution design model - simulation results 

Figure 3, 6 and 7 show a detailed view of the course 

and concentration of the flue gas in the flue gas route 

and then spread to the environment. The priority part of 

the contribution in the model creation was devoted to 

the verification of the possible installation of another 

heat exchanger in the flue gas path. The aim was to 

verify the correctness of the function, or non-destructive 

verification of the flue gas path or the consequences of 

disturbance of the further flue gas course. Analysis of 

input parameters was based on statistical values using 

external sources (SHMÚ, SPP, Ventusky) [7][8]. 

Different weather and season situations have been taken 

into account. Also extreme fluctuations in low 

temperatures, high temperatures and unusual weather 

conditions. Each of these conditions was simulated on 

the basis of calculations and analyses, and none of the 

simulations showed a flue gas disruption. 

This result has led to the fact that it is possible to 

install an additional flue gas exchanger in the flue gas 

path, thus increasing the efficiency of the CHP in 

question [4][6]. The energy obtained by installing 

another low-energy heat exchanger can be used in 

several ways, such as pre-heating, intake air preheating 

and others. The inlet temperature to the proposed heat 

exchanger is approx. 160 °C. The final stage model is 

shown in Figure 3. Basically, it is a 3D model of a real 

object transformed and cut using a PC. The software 

makes it possible to create a very detailed network of 

points by which the user can pay more attention to 

certain points or areas [3]. A detailed view of the 

network of the model itself is shown in fig. 4. Based on 

the picture, it can be stated that there is a very detailed 

and detailed network in the vicinity of the chimney, the 

flue gas path and the exchanger itself for the most 

accurate result. Conversely, the surrounding area and 

neighbouring buildings work with less detailed network 

points. 

 

 
Figure 4 Detailed look on a networked model 

 

 

 
 

Figure 5 View of boiler room with CHP 
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Figure 6 Solution design model - simulation results 

 

 

Figure 7 Solution design model - simulation results 

 

Conclusions  

Simulations and measurements show that it is 

possible to install an external device in the primary flue 

gas path for the selected system and increase the 

efficiency of the system. The simulations confirmed the 

flue gas path function and showed no signs of physical 

and chemical influences. The analyses were performed 

under different conditions and under different exterior 

aspects. The set of graphical and recalculation analyses 

pointed to the fact that even devices of such types can 

be improved. Waste energy can, in the case of 

cogeneration, cover a number of tasks such as pre-

heating of the water, preheating of the intake air and the 

like. The measurements were supported by a correctly 

calibrated Testo 350S flue gas analyser. By installing 

such a device, the thermal efficiency in winter operation 

is increased by about 7.6% in the case of the CHP being 

monitored. The model demonstrated a detailed non-

destructive analysis of the flue gas path and enabled on-

line monitoring of instantaneous change settings. 
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