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Abstract: This paper presents a calculation of energy and exergy efficiency with energy and exergy 

losses of the entire nuclear power plant and all of its constituent components. The main idea of the 

performed analysis is to be a baseline for further improvements and optimizations of the entire nuclear 

power plant or any of its components. Assumed energy efficiency of the nuclear reactor equal to 90% 

gives as a result that nuclear reactor generated heat of 3335,73 MW, while the cumulative power of two 

turbines (high pressure turbine – HPT and low pressure turbine – LPT) was 874,27 MW. Using these 

data, it is possible to calculate the energy and exergy efficiency of the whole power plant, both of them 

are around 27%, which is acceptable. However, the performed analysis show which components can be 

improved – the future work will be based firstly on these components. 
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1. Introduction 

 

A nuclear power plant is a facility whose primary function is to generate electric energy from the energy 

contained in the nuclear fuel [1, 2]. The schematic representation of the nuclear power plant is shown 

in Figure 1, showing all components of the plant with the fluid operating states (operating points) before 

and after each component [3]. Entry data were given in the form of pressure, temperature, and specific 

enthalpy for every state of the fluid. The main difference between a nuclear power plant and a classic 

thermal power plant is in different fuel used for generating heat [4, 5]. Nuclear plants use different 

isotopes of uranium, which then go through a process of fission, where the atom is broken into two or 

more pieces which generate an immense amount of energy. These processes take place in the reactor 

and are not thoroughly described in this work. The steam generator is using produced energy from 

uranium to generate steam, which is then used to generate useful work in the turbines [6]. After the first 

turbine (high pressure turbine – HPT), the water droplets in steam are separated in the moisture separator 

(M.S.), and before the steam enters the second turbine (low pressure turbine – LPT), it’s reheated in 

reheater (R.H.), Figure 1. After the second turbine (LPT), the remaining steam goes in the main steam 

condenser where the condensation occurs [7]. Water from the main steam condenser is then again heated 

in a series of heat exchangers (regenerative heaters) [8, 9] by the steam separated from the turbines, 

moisture separator, and the reheater. Heat exchangers are connected with a series of pumps, which are 

used to return water to the steam generator [10]. Oxygen and other gasses dissolved in the water are 

removed in the deaerator (DEA), Figure 1.  

In this research is performed energy and exergy analysis of each component (from Figure 1), as well as 

of the entire nuclear power plant. 

 

2. Energy and exergy equations 

 

Energy is defined by the first law of thermodynamics and it is independent of ambient conditions, while 

the exergy is defined by the second law of thermodynamics and is heavily influenced by ambient 

conditions [11, 12]. 
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Figure 1. Schematic representation of the nuclear power plant [3] 

 

Energy analysis 

 

The mass flow rate before and after each control volume must be the same, assuming no leakage 

throughout control volume (Eq. 1). Energy balance is shown in Eq. 2, with disregarded potential and 

kinetic energy [13, 14]: 

 
∑ �̇�in = ∑ �̇�out, (1) 

 

�̇� − 𝑃 = ∑ �̇�out  · ℎout − ∑ �̇�in  · ℎin. (2) 

 

In the above equations, �̇� is mass flow rate in (kg/s), �̇� is heat energy flux in (W), P is power in (W) 

and h is specific enthalpy in (J/kg). Indexes in and out denotes input and output streams. The energy 

flow of any fluid stream [15] can be calculated as shown in Eq. 3: 

 

�̇�eng = �̇� · ℎ.        (3) 

 

The overall formula for energy efficiency is displayed by Eq. 4: 

 

𝜂eng =  
Energy output 

Energy input 
. (4) 

 

Exergy analysis 

 

Exergy balance is defined by Eq. 5 with disregarded potential and kinetic energy [16]: 

 

�̇�heat − 𝑃 = ∑ �̇�out  · 𝜀out − ∑ �̇�in  · 𝜀in. (5) 

 

Two elements of Eq. 5 should be additionally defined. Specific exergy (𝜀) is defined as a universal 

measure of work potential or quality of different forms of energy in relation to a given environment 

[17]. The formula for specific exergy is defined by Eq. 6, where h0, s0 and T0 are specific enthalpy, 

specific entropy in (kJ/kg∙K), and temperature in (K) of the ambient [18]: 

 

𝜀 = (ℎ − ℎ0) − 𝑇0 · (𝑠 − 𝑠0). (6) 
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The second element of Eq. 5 (Ẋℎ𝑒𝑎𝑡) is the net exergy transfer by heat at the temperature (T) [19] and 

its formula is defined by Eq. 7: 

 

�̇�heat = ∑(1 −
𝑇0

𝑇
) · �̇�. (7) 

 

The exergy flow of any fluid stream can be defined by Eq. 8: 

 

�̇�exg = �̇� · 𝜀. (8) 

 

The general formula for exergy efficiency is shown in Eq. 9: 

 

𝜂exg =  
Exergy output 

Exergy input 
. (9) 

 

There were some exceptions where variations of formulas for efficiency were used. Since it is unknown 

how much energy is produced in the reactor, energy efficiency of the steam generator was assumed to 

be 90% and Eq. 10 was used to calculate heat flow from the reactor: 

 

�̇� =
 �̇�1·ℎ1− �̇�3·ℎ3

𝜂eng 
. (10) 

 

Similarly, energy efficiencies for pumps were assumed from 75% to 95% with a 5% step in between 

for the pump used power calculation. 

 

Turbine energy efficiency was calculated using real (polytropic) and ideal (isentropic) expansion points 

and steam extraction at a certain pressure points. Both turbines have two cylinders, and the mass flow 

rate which enters into each cylinder is separated into two equal flows. Similarly, polytropic expansion 

points were given in the entry data for every pressure point of fluid separation, while the isentropic 

points were read from the specific enthalpy-specific entropy (h–s) diagram with the same specific 

entropy as at the point on the turbine entrance. Schematic presentation of left part from the low pressure 

turbine cylinder (LPT) along with operating points required for the analysis is shown in the left part of 

Figure 2. In the right part of Figure 2 are presented ideal (isentropic) and real (polytropic) steam 

expansion processes through left LPT part. The same procedure in the energy analysis as for the LPT 

left part is used for the HPT cylinder parts as well as for the LPT right part. In comparison to energy 

analysis of each turbine cylinder, exergy analysis requires only real (polytropic) expansion process. 

Equations for the entire analysis are taken from the available literature [20-22]. 

 

All the data required for the analysis are found in [3]. The ambient temperature and pressure required 

for the exergy analysis are 25 °C and 1 bar. Water and steam specific enthalpies, specific entropies and 

specific exergies are calculated by using NIST-REFPROP software [23]. 

 

3. Results and Discussion 

 

3.1. Turbines 

 

Since turbines are the most important components of a power plant, the turbine powers with its energy 

and exergy losses are shown in Figure 3. Power is calculated for each part of each cylinder with its 

losses and then summed up for both turbines. The ideal (isentropic) power of the low pressure turbine 

(LPT) is equal to 670,65 MW, while the real (polytropic) power is equal to 482,24 MW. The difference 

between the two powers is equal to energy losses. The same is valid for the high pressure turbine (HPT). 

High pressure turbine has a real (polytropic) power of 392,03 MW, and the total turbine power is 874,27 

MW, which is used to calculate the efficiency of the whole process. 
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Figure 2. Mass flows and expansion processes of the low pressure turbine (LPT) - left half 

 

 
Figure 3. Turbine powers, energy and exergy losses  

 

The energy efficiency of the whole high pressure turbine (HPT) is equal to 71,10%, while the exergy 

efficiency is 84,45%. The whole low pressure turbine (LPT) has an energy efficiency of 71,9% and the 

exergy efficiency of 61,8% as it can be seen in Figure 4. Along with the mentioned, in Figure 4 can also 

be seen energy and exergy efficiencies of each part (each half) of each turbine cylinder. 

 

 
Figure 4. Turbine energy and exergy efficiency 
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3.2. Pumps 

 

The numeration of pumps is performed according to Figure 1. Also, it was mentioned earlier how the 

calculation of losses and exergy efficiency for each pump was made. The plant has a total of 6 pumps 

with unknown powers. Figure 5 shows how exergy efficiency for different pumps is changing with 

different energy efficiencies. Pump 5 had the highest calculated power with different energy 

efficiencies, around 20 MW, while pump 3 had the lowest power, around 90 kW. Also, the same pumps 

had the highest and lowest energy losses. Pump 2 had the lowest exergy efficiency, around 40%, and 

pump 1 had the highest exergy efficiency, around 85%. 

 

 
Figure 5. Exergy efficiency of pumps compared to different energy efficiency 

  

3.3. Heat exchangers (regenerative heaters) 

 

In the observed nuclear power plant, heat exchangers are used for heating the water from the condenser 

up to the steam generator. In the power plant, there are 6 closed heat exchangers – four low pressure 

ones (LP) and two high pressure heaters (HP), Figure 6. Heat exchangers are using steam to heat water 

(markings are in relation to Figure 1). Figure 6 shows the energy and exergy efficiency of all heat 

exchangers. As it can be seen, HP1 (the first high pressure heat exchanger) has an energy efficiency of 

almost 100% so there are no energy losses. Other heat exchangers have energy efficiencies from 84% 

to 97%. Exergy efficiency varies from 60% to 90% for different heat exchangers. HP2 has the highest 

energy losses due to the lowest energy efficiency. HP2 also has the biggest exergy losses, while HP1 

has the lowest exergy losses. 

 

 
Figure 6. Energy and exergy efficiency of heat exchangers 
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3.4. Other components 

 

Another important component of the power plant is the condenser. The condenser is a component that 

condenses the remaining steam from the turbines into the water. The condenser has a relatively high 

energy efficiency of 94%, but its energy losses are very high and equal to 128,76 MW. High energy 

losses in condenser are usual for any power plant, because of heat loss from turning the steam into 

water. Its exergy efficiency is equal to 78% and exergy losses are around 22 MW.  

Deaerator, reheater, moisture separator and steam generator are components where energy efficiency is 

almost 100%, so the energy losses are minimal. Exergy efficiency on the other hand is not equal to 

100%, it varies from 78% to 98% percent for the specified components. 

 

3.5. The whole process 

 

As mentioned earlier, generated heat in the reactor is equal to 3335,73 MW while the cumulative power 

of the turbines is 874,27 MW. Using the formula for energy efficiency which says that the efficiency 

of the process is equal to cumulative produced mechanical power over generated heat, energy efficiency 

is equal to 26,2%. The formula for exergy efficiency is similar, but generated heat in the formula is 

multiplied by a factor of 0,94 (0,94 is exergy factor for heat transfer). The exergy efficiency of the 

process is 27,9%. Energy losses of the whole plant are equal to 2461,46 MW while exergy losses of the 

whole plant are 2261,32 MW. 

 

4. Conclusion 

 

Nuclear power plants were often a taboo topic, mostly because of human errors in the past. Those errors 

caused catastrophic events around the globe. But, is nuclear power as scary and dangerous as people 

often think it is? The answer is no, nuclear power plants are one of the safest facilities that men have 

designed because of strict safety rules and over-engineering its most dangerous components.  The main 

difference between a nuclear and a thermal plant can be found in the used fuel, which has its advantages 

and disadvantages (uranium over conventional fuels). The main con of uranium fuel is its storage, as it 

is still radioactive after use in the plant. But the fuel is not carbon-based and it is not burning, so it has 

no effect on global warming, which is the biggest problem of thermal power plants. Nuclear power 

plants around the globe are being shut down, but instead of converting to thermal power plants only, it 

is necessary to build “green” renewable energy power plants. 

The idea of this work was to calculate the efficiency of all components of the power plant using energy 

and exergy analyses and the results are satisfying. Energy and exergy efficiencies for all components 

are in order and within reasonable borders. The efficiencies of the whole process are within normal 

borders too. The idea of this work was to have a better look at all components of the power plant, and 

an insight into which component has the greatest losses. Future work will be based on the improving 

the plant efficiency and minimizing plant losses. 
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