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Abstract: This paper presents exergy analysis of the main steam condenser, which operates in nuclear power plant. The analysis is 

performed in four main condenser operating regimes (loads) for a variety of the ambient temperatures. It is found that the main steam 

condenser has the lowest exergy destruction (equal to 72091.56 kW) and the highest exergy efficiency (equal to 66.66%) at the lowest 

observed ambient temperature (5 °C) and for the highest of four observed loads. Also, it is noted that an increase in the ambient temperature 

from 20 °C to 25 °C (two the highest observed ambient temperatures) significantly decreases main steam condenser exergy efficiency for 

about 21%, regardless of the observed load. 
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TEMPERATURE CHANGE 

 

1. Introduction 
 

     Steam power plants of any kind are today the dominant electrical 

power producers worldwide [1]. One of the essential elements 

inside any steam power plant (regardless of the fact if the steam 

power plant is stand-alone or a part of a more complex plant), are 

main steam condensers [2, 3].  

     Main steam condensers are used for steam condensation (for 

change of steam aggregate state) as well as for collecting all the 

condensate throughout power plant which cannot be used anywhere 

else [4]. In the literature can be found various main steam 

condensers analyses, regardless if the main steam condenser is 

observed as an individual component, or as a constituent part of the 

entire power plant [5, 6]. 

     In this paper is analyzed main steam condenser from nuclear 

power plant as an individual component. The condenser is analyzed 

at four various loads (operating regimes) and for a variety of the 

ambient temperatures. Obtained results show that the analyzed main 

steam condenser has the highest exergy efficiency and the lowest 

exergy destruction (exergy power loss) when it operates at the 

highest steam mass flow rate from the main turbine (at the highest 

load) and at the lowest observed ambient temperature. 
 

2. Description of the analyzed main steam condenser 

which operates in nuclear power plant 
 

     The dominant function of the main steam condenser in any 

power plant is changing steam aggregate state (from steam to 

condensate) [7]. In power plants of high power, main steam 

condensers are usually shell and tube heat exchangers, so the 

condensation occurs inside the condenser housing on the number of 

pipes through which passes cooling water. Steam during 

condensation transfers heat to cooling water and increase its 

temperature (in an ideal situation if all the losses are neglected, 

steam temperature and pressure during condensation remains almost 

constant - due to change in aggregate state) [8]. Cooling water at the 

condenser outlet (with increased temperature) is delivered to 

cooling tower (for the analyzed condenser) and after cooling is 

returned back to the main steam condenser (with decreased 

temperature). Along with steam condensation as the dominant 

function, into the main condenser are usually delivered all 

condensate streams which cannot be used anymore in the steam 

process [9]. 

     General scheme of the observed main steam condenser which 

operates in nuclear power plant, along with operating points 

necessary for the analysis performed in this paper is presented in 

Fig. 1. It should be highlighted that in Fig. 1 steam flow streams are 

marked with red color, condensate flow streams with dark blue 

color and cooling water flow streams are marked with light blue 

color.  

     In the analyzed main steam condenser, along with the dominant 

steam flow stream from the main turbine low pressure cylinders, 

also condenses steam which is delivered to the main condenser after 

expansion in the feed water pump turbine (low power auxiliary 

steam turbine used for the main feed water pump drive) [10, 11]. 

The analyzed main condenser also receives two condensate flow 

streams which cannot be used anywhere in the process - from first 

low pressure condensate regenerative heater (heater located nearest 

to main condenser) [12] and from the gland steam condenser [13]. 

At the main condenser bottom, all the condensate is collected and 

delivered to the suction side of the condensate pump. 
 

 
 

Fig. 1. General scheme of the main steam condenser from nuclear 

power plant along with operating points necessary for the exergy 

analysis 
 

3. Equations for the efficiency and loss analysis in 

relation to the ambient temperature 
 

3.1. General equations and balances 
 

     Unlike energy analysis [14, 15] which is completely independent 

of the ambient conditions in which control volume or a system 

operates, exergy analysis (analysis of control volume or a system 

losses and efficiencies) takes into consideration the change in the 

ambient conditions [16]. The ambient pressure change is small and 

its influence on the exergy analysis can be neglected, but the change 

in the ambient temperature has significant influence on the exergy 

analysis of any control volume or a system. The main exergy 

balance equation is [17, 18]: 
 

Dex,OUTex,heatINex, EPEXE   . (1) 

 

     In Eq. 1, P is used or produced mechanical power in (kW), index 

IN denotes input, index OUT denotes output, index D denotes 

destruction (loss) while the other components will be defined in the 

following equations. The exergy power of any fluid stream exE  in 

(kW) is defined according to [19] as: 
 

 mE 
ex , (2) 
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     where m is fluid stream mass flow rate in (kg/s) and   in 

(kJ/kg) is specific exergy of any fluid stream which can be defined 

as proposed in [20]: 
 

)()( 000 ssThh  . (3) 

 

     In Eq. 3, h is fluid stream specific enthalpy in (kJ/kg), s is fluid 

stream specific entropy in (kJ/kg·K), T is temperature in (K) and 

index 0 denotes the ambient state. The last undefined variable from 

Eq. 1 is a heat exergy transfer
heatX in (kW) at the temperature T, 

which is defined as [21]: 
 

 















 Q

T

T
X  0

heat 1 , (4) 

     

     where Q  in (kW) is energy heat transfer. The overall exergy 

efficiency 
ex definition of any control volume or a system can be 

found in [22, 23] and presented in a general form as: 
 

inputexergye)(cumulativoverall

outputexergye)(cumulativoverall
ex  . (5) 

 

3.2. Main steam condenser exergy analysis equations 
 

     All the general equations presented in Section 3.1 are also valid 

in main steam condenser exergy analysis. Here are presented final 

exergy analysis equations which define main steam condenser 

exergy power input and output, as well as exergy destruction 

(exergy power loss) and exergy efficiency. All the equations for 

main steam condenser exergy analysis are defined by using 

operating points presented in Fig. 1. Presented equations are equal 

for any condenser load (the changeable elements for each load are 

operating parameters of each fluid flow stream). 
 

- Main steam condenser (MSC) exergy power input: 
 

7766554433MSCIN,ex,   mmmmmE  . (6) 
 

- Main steam condenser exergy power output: 
 

1122MSCOUT,ex,   mmE  . (7) 

 

- Main steam condenser exergy destruction (exergy power loss): 
 

.
 

(8)
 

 

- Main steam condenser exergy efficiency: 
 

7766554433

1122
MSCex,











mmmmm

mm




. (9) 

 

4. Operating parameters at various loads required for 

the exergy analysis of the main steam condenser 
     Operating parameters of each main steam condenser fluid flow 

stream (according to Fig. 1) at each observed load (operating 

regime), are found in [24]. It should be noted that the first operating 

regime is related to the highest steam mass flow rate which enters 

into the main condenser from the main turbine (operating point 3, 

Fig. 1) - higher operating regime number is related to lower steam 

mass flow rate which enters into the condenser from the main 

turbine.  

    The authors in [24] for each condenser fluid flow stream at each 

operating regime presented mass flow rate, specific enthalpy, 

pressure and temperature. From those data, for each fluid flow 

stream (in each operating point) and at each operating regime are 

taken specific enthalpies and pressure to obtain specific entropy by 

using NIST-Refprop 9.0 software [25]. Fluid specific entropies in 

each operating point and at each main condenser operating regime 

allow calculation of specific exergy by using Eq. 3.  

     Essential analysis data are presented in Table 1 for operating 

regime 1 (mass flow rate of steam from the main steam turbine is 

829.35 kg/s), in Table 2 for operating regime 2 (mass flow rate of 

steam from the main steam turbine is 826.90 kg/s), in Table 3 for 

operating regime 3 (mass flow rate of steam from the main steam 

turbine is 825.90 kg/s) and in Table 4 for operating regime 4 (mass 

flow rate of steam from the main steam turbine is 824.20 kg/s). 
 

Table 1. Operating parameters of all analyzed condenser fluid 

streams - Operating regime 1 

O. P. 
Mass flow 

rate (kg/s) 

Specific 

enthalpy 

(kJ/kg) 

Pressure 

(MPa) 

Temperature 

(°C) 

1 44457.90 96.67 0.2200 23.0 

2 44457.90 139.66 0.1580 33.3 

3 829.35 2350.40 0.0075 40.3 

4 31.10 2475.90 0.0136 52.0 

5 100.59 304.79 0.0352 72.7 

6 1.40 261.65 0.0220 62.5 

7 962.44 168.75 0.0075 40.3 

O. P. = Operating point (refers to Fig. 1.) 
 

Table 2. Operating parameters of all analyzed condenser fluid 

streams - Operating regime 2 

O. P. 
Mass flow 

rate (kg/s) 

Specific 

enthalpy 

(kJ/kg) 

Pressure 

(MPa) 

Temperature 

(°C) 

1 44457.90 96.68 0.2200 23.0 

2 44457.90 139.28 0.1580 33.2 

3 826.90 2335.00 0.0076 40.6 

4 31.10 2475.90 0.0136 52.0 

5 114.16 311.47 0.0376 74.4 

6 1.40 261.65 0.0220 62.5 

7 974.31 170.06 0.0076 40.6 

O. P. = Operating point (refers to Fig. 1.) 
 

Table 3. Operating parameters of all analyzed condenser fluid 

streams - Operating regime 3 

O. P. 
Mass flow 

rate (kg/s) 

Specific 

enthalpy 

(kJ/kg) 

Pressure 

(MPa) 

Temperature 

(°C) 

1 44457.90 96.68 0.2200 23.0 

2 44457.90 139.22 0.1580 33.2 

3 825.90 2334.20 0.0076 40.6 

4 31.10 2475.90 0.0136 52.0 

5 113.14 312.56 0.0381 74.7 

6 1.40 261.65 0.0220 62.5 

7 972.29 169.90 0.0076 40.6 

O. P. = Operating point (refers to Fig. 1.) 
 

Table 4. Operating parameters of all analyzed condenser fluid 

streams - Operating regime 4 

O. P. 
Mass flow 

rate (kg/s) 

Specific 

enthalpy 

(kJ/kg) 

Pressure 

(MPa) 

Temperature 

(°C) 

1 44457.90 96.68 0.2200 23.0 

2 44457.90 139.16 0.1580 33.2 

3 824.20 2334.50 0.0077 40.8 

4 31.10 2475.90 0.0136 52.0 

5 120.70 313.68 0.0385 74.9 

6 1.40 261.65 0.0220 62.5 

7 978.23 170.81 0.0077 40.8 

O. P. = Operating point (refers to Fig. 1.) 
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5. Main steam condenser exergy analysis results and 

discussion 
 

     The change of main steam condenser exergy power input in four 

observed operating regimes and in the ambient temperature range 

from 5 °C up to 25 °C is presented in Fig. 2.  

     From Fig. 2 can be seen that main steam condenser exergy 

power input notably decreases with an increase in the ambient 

temperature. At the lowest observed ambient temperature (5 °C) in 

all operating regimes, main condenser exergy power input is equal 

to around 216000 kW, while at the highest observed ambient 

temperature (25 °C) main condenser exergy power input is equal to 

around 96000 kW in all operating regimes. However, it should be 

noted that main steam condenser in operating regime 4 (operating 

regime with the lowest steam mass flow rate from the main turbine) 

has the highest exergy power input in comparison to other operating 

regimes, regardless of the observed ambient temperature. 
 

 
 

Fig. 2. Change in condenser exergy power input in four operating 

regimes and at various ambient temperatures 
 

     The change of main steam condenser exergy power output in 

four observed operating regimes and in the ambient temperature 

range from 5 °C up to 25 °C is presented in Fig. 3. 

     As for main condenser exergy power inputs, also the values of 

exergy power outputs (regardless of observed operating regime) 

decrease during the increase in the ambient temperature (from 

approximately 140000 kW at the ambient temperature of 5 °C to 

approximately 17000 kW at the ambient temperature of 25 °C). 

Regardless of the observed ambient temperature, in the operating 

regime 1 (operating regime with the highest steam mass flow rate 

from the main turbine) main condenser exergy power output is the 

highest when compared to other operating regimes. 
 

 
 

Fig. 3. Change in condenser exergy power output in four operating 

regimes and at various ambient temperatures 

 

     Main steam condenser exergy destruction (exergy power loss) in 

four observed operating regimes and in the ambient temperature 

range from 5 °C to 25 °C is presented in Fig. 4. 

     Regardless of the observed ambient temperature, the lowest main 

condenser exergy destruction can be seen in the operating regime 1 

(the highest steam mass flow rate from the main turbine), while the 

highest exergy destruction can be seen in the operating regime 4 

(the lowest steam mass flow rate from the main turbine). Main 

steam condenser exergy destructions calculated in operating 

regimes 2 and 3 are very similar, almost identical, Fig. 4. Also, it 

can clearly be seen that increase in the ambient temperature resulted 

with an increase in the main steam condenser exergy destruction, 

regardless of the observed operating regime. At the ambient 

temperature of 5 °C, main steam condenser exergy destructions are 

between 72091.56 kW (operating regime 1) and 74328.79 kW 

(operating regime 4), while at the highest observed ambient 

temperature of 25 °C main condenser exergy destructions are 

between 78448.64 kW (operating regime 1) and 80841.18 kW 

(operating regime 4). 
 

 
 

Fig. 4. Change in condenser exergy destruction in four operating 

regimes and at various ambient temperatures 

 

     Change of main steam condenser exergy efficiency in all 

observed operating regimes and in the observed ambient 

temperature range (from 5 °C to 25 °C) is presented in Fig. 5. 

Regardless of the observed ambient temperature, main condenser 

exergy efficiency is the highest in operating regime 1 (operating 

regime with the highest steam mass flow rate from the main 

turbine) and the lowest in the operating regime 4 (operating regime 

with the lowest steam mass flow rate from the main turbine), when 

compared to other operating regimes. An increase in the ambient 

temperature decreases main steam condenser exergy efficiency, 

regardless of the observed operating regime. Also, from Fig. 5 can 

be seen that the highest decrease in main steam condenser exergy 

efficiency occurs at the highest ambient temperatures (from 20 °C 

to 25 °C) and is equal to approximately 21%, regardless of the 

observed operating regime. 

     The highest main steam condenser exergy efficiency is 

calculated in operating regime 1 at the ambient temperature of 5 °C 

and is equal to 66.66%, Fig. 5. 
 

 
 

Fig. 5. Change in condenser exergy efficiency in four operating 

regimes and at various ambient temperatures 

 

     The main conclusion from the performed analysis is that the 

analyzed main steam condenser should operate at the lowest 

possible ambient temperature and at the highest possible steam 

mass flow rate from the main turbine - in such conditions main 

steam condenser exergy destruction will be the lowest and 

simultaneously exergy efficiency will be the highest. 

     Future work related to the analyzed main steam condenser will 

be based on modern Artificial Intelligence (AI) methods for its 

more detail analysis and possible optimization [26-28]. 
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6. Conclusions 
 

     In this paper are presented exergy analysis results of the main 

steam condenser, which operate in nuclear power plant. It is 

observed four condenser operating regimes and each of them is 

analyzed in the ambient temperature range between 5 °C and 25 °C. 

The main conclusions obtained from the performed analysis are: 

- An increase in the ambient temperature decreases main steam 

condenser exergy power inputs, outputs and efficiencies, while 

simultaneously increase exergy destruction, in all operating 

regimes. 

- Decrease of steam mass flow rate from the main turbine cylinders 

(decrease in main steam condenser load) increases analyzed 

condenser exergy destruction and decreases exergy efficiency, 

regardless of the observed ambient temperature. 

- The lowest obtained main steam condenser exergy destruction 

equals to 72091.56 kW. 

- The highest main steam condenser exergy efficiency is equal to 

66.66% (obtained at the lowest observed ambient temperature and 

the highest condenser load), with a note that the highest decrease in 

condenser exergy efficiency is found at two the highest observed 

ambient temperatures. 
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