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Abstract. Contrary to appearances, ORC (Organic Rankine Cycle) systems should not be selected for the highest 

available temperature of the upper heat source. This approach allows, of course, to achieve the highest energy efficiency, 

but this happens at the expense of the electrical power obtained. This solution would be good for an infinite heat source. 

In practice, there is always a finite heat source power. Therefore, the analysis should take into account other aspects 

than just maximum efficiency. The article presents a method of selecting ORC system parameters for a heat source in 

the form of waste gases, enabling the highest electrical power to be obtained. The analysis shows that even a significant 

reduction in the evaporation temperature of the working medium in the ORC system compared to the source temperature 

is beneficial for the profitability of investing in an ORC system. The analysis showed that for flue gases with 

temperatures of 300, 400, 500 and 600 °C, the best evaporating temperatures of the working medium in the ORC system 

are 145 °C, 185 °C, 214 °C and 250 °C, respectively. The highest level of generated electricity is obtained for these 

temperatures. 
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Introduction 

Due to human-induced climate change, technologies are sought that are able to reduce energy consumption. It turns 

out that the most sensible methods of reducing energy consumption are energy storage processes and the use of waste 

heat (Wardziak & Jaworski, 2017; Jaworski, 2019; Grzebielec et al., 2015; Owczarek & Baryłka, 2019; Cyklis & 

Janisz, 2015; Szelągowski & Trzcinkowski, 2019). One of the solutions enabling the use of waste heat are ORC 

systems. 

In previous studies (Kajurek et al., 2017, 2019) it was determined which working fluid is best to be used in ORC 

systems. From the point of energy efficiency view, ammonia proved to be unrivaled, however, due to the fact that the 

temperature of the critical point for ammonia is 132.4 °C, it cannot be used in systems where a higher evaporator 

temperature in the ORC system is expected. Many popular fluids used in ORC devices have similar limitations, which 

is why in this analysis it was decided to remain at a higher level of generality and assuming top-down efficiency of 

heat exchangers and the efficiency of the ORC system in relation to the Carnot cycle. 

The main purpose of the research is to determine what is the optimal evaporation temperature of the working 

medium in the ORC device for a heat source of known temperature, for the criterion of the maximum electric power 

generation.     

1. Methodology 

Organic Rankine Cycle (ORC) is an unconventional and very promising method of producing electricity that is 

becoming increasingly popular (Iglesias Garcia et al., 2018). The essence of installations based on ORC circuits boils 

down to the work of Steam Rankine Cycle (Laskowski et al., 2015) (Figure 1) with the difference that the working 

medium is not water, but organic or inorganic fluid characterized by low boiling point (Kajurek et al., 2017). Water, 

despite many advantages, which include: high heat of phase transformation, high specific heat in the liquid phase, 

chemical stability in a wide temperature range, low viscosity, non-toxicity, non-flammability or availability, it also has 

one special disadvantage - high normal boiling point of 100 °C, which eliminates its practical use in low-temperature 
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systems (Le et al., 2014). Organic fluids, in turn, are substances that have a low normal boiling point (refrigerants are 

most often used), often lower than 0 °C, so that ORC systems can operate at lower “drive temperatures” than systems 

with water (Lakew & Bolland, 2010; Averfalk et al., 2017).   

The cycle shown in Figure 1 is implemented as follows. The waste heat is supplied to the ORC evaporator causing 

a change in the phase of the working medium from liquid to gas (lines 3-4-5). Then the working medium in gas phase 

goes to the turbine, driving an electric generator. Gas flowing through the turbine loses pressure (line 5-6). Next, the 

working gas flows into the regenerator exchanger, giving away heat – it cools down (line 6-7). Next, the working 

medium flows into the condenser (cooled by water or air), where it undergoes phase transformation and from the gas 

phase into the liquid phase (lines 7-8-1). The fluid in the liquid phase flows to the pump, where its pressure increases 

from point 1 to point 2. Then in the liquid phase it flows through the regenerator, in which it heats up from point 2 to 

point 3. Heated fluid goes to the evaporator (Macchi & Astolfi, 2016; Kajurek et al., 2017). 

 

 

Figure. 1. General principle of Rankine Cycle 

It is worth noting that an additional difference between typical cycle in power plants and ORC systems is also the 

fact that in power plants the system is designed to achieve the required electrical power by adapting the heat supply 

system to it. In the case of ORC, the driving source determines the structure of the rest of the system. 

1.1. The ORC device efficiency 

The efficiency of ORC systems   (Eq. (1)) is determined by the relationship describing the ratio of the electric power 

obtained in the generator elP  to “driving” power, i.e. the stream of heat supplied to the evaporator HSQ  (Desai & 

Bandyopadhyay, 2009; Kajurek et al., 2017).  

 el

HS

P

Q
  . (1) 

Overall efficiency depends on the efficiency and effectiveness of individual system components (Kajurek et al., 2019): 

 pump efficiency; 

 isentropic turbine efficiency; 

 mechanical turbine efficiency; 

 generator efficiency; 

 condenser thermal efficiency; 

 evaporator thermal efficiency; 

 regenerator thermal efficiency. 
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Efficiency also depends on the amount of additional energy needed to pump the cooling and heating medium 

through the exchangers (these are pumps or fans). The efficiency of ORC systems is primarily determined by the 

Carnot cycle c  (Eq. (2)) (Colonna et al., 2015; Yu et al., 2013).  

 H C
c

H

T T

T


  , (2) 

where TH is heat source temperature and the TC is temperature of the cooling medium. According to Eq. (2), for a waste 

source with a temperature TH = 90 °C (363 K), and cooling air temperature of TC = 25 °C (298 K), the maximum 

efficiency that could be obtained from device is:  

 
363 298

0.179 17.9%
363

c


    . (3) 

However, taking into account the previously mentioned real efficiency and effectiveness of individual elements 

of the system, the real efficiency is at the average level of 40% of Carnot’s efficiency, so for the example it is 7.16%. 

In summary, the higher the drive temperature (waste source temperature), and the lower cooling medium 

temperature, the higher efficiency of ORC system can be obtained. 

2. Analyzed ORC system 

In this research, the ORC system was analyzed, for which the upper source of heat is exhaust gases from various 

technological processes. They can be combustion, heating, quenching, etc. (Rusowicz et al., 2013). It was decided to 

check the optimal operating parameters for gas temperatures TH1 as 600 °C, 500 °C, 400 °C, 300 °C. Working fluid 

condensing temperature was established as TC = 45 °C, what is typical seasonal temperature for air cooled heat 

exchangers in Poland. The volumetric flue gas stream was determined as 200 m3/h. Gas is changing temperature from 

TH1 to TH2, where TH2 depends on working fluid evaporate temperature TE: 

 2 10H ET T K   (4) 

to better illustrate the results, a variable T was also introduced, which presents the temperature difference between 

the TH1 heat source and the evaporation temperature TE of the working medium: 

 1H ET T T   . (5) 

This variable is very useful for ORC installation designers. 

 

 

 

Figure 2. Electric power and driving heat capacity for 600, 500, 400, 300 °C driving temperature as a function of T 
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3. Results 

Figure 2 presents the results of the ORC device capacity analysis for four different TH drive temperatures. 

In all cases presented in Figure 2, it turned out that there is an optimal evaporation temperature, for which the 

device reaches the maximum electric power and what is the most important, this is not a value at the level of the 

maximum possible temperature in the evaporator. Figure 3 shows the aggregated results of the electrical power 

capacity obtained for four different driving temperatures as a function of T. 
 

 
Figure 3. Electric capacity of ORC device as a function of T for 300, 400, 500, 600 driving temperature 

Figure 4 presents the same results, but as a function of evaporation temperature of the working medium TE. In 

both figures, the maximum values are 145 °C for TH = 300 °C, 185 °C fot TH = 400 °C, 214 °C for TH = 500 °C, and 

250 °C for TH = 600 °C. 

 
Figure 4. Electric capacity as a function of working fluid evaporation temperature 
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Figures 5 and 6 show how the efficiency of the ORC device as a function of T (Figure 5) and as a function of 

evaporation temperature TE of the working fluid (Figure 6). In both cases there is no maximum value because according 

to theory (Eq. (2)) the greater the temperature difference between the lower and upper heat sources, the higher the 

efficiency. 

 
Figure 5. ORC device efficiency as a function of T 

 
Figure 6. ORC device efficiency as a function of working fluid evaporation temperature TE 

Conclusions 

The obtained modeling results show that it is not the best solution to achieve the highest energy efficiency ratio of the 

ORC system. For a finite heat source with high temperature it is possible to determine the optimum temperature of the 

working medium should be heated in the ORC evaporator (evaporation temperature). The optimal evaporation 

temperatures for the energy source as 200 m3/h exhaust gases at four different driving temperatures: 300 °C, 400 °C, 

500 °C and 600 °C were determined in the analysis. The analysis showed that the optimal evaporation temperatures 

were: 145 °C, 185 °C, 214 °C, 250 °C respectively. The best thermal efficiency according to theory is the highest at 
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the highest source temperatures. On the other hand, the effectiveness for optimal temperatures are: 9.5, 12.2, 13.9, 

15.7% respectively. The research results presented in this article can be a great help when designing ORC devices for 

waste heat in the form of exhaust gases. 
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