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ABSTRACT 
Nuclear energy is used to produce electricity. It can also be applied in a cogeneration 

process to produce electrical power and heat. Nuclear energy is a clean source as it produces 
almost no greenhouse gases, such as CO2. Under the Kyoto Protocol, the signatory countries 
committed themselves to reducing CO2 emissions which is why it would make sense to take 
advantage of the existing nuclear facilities as much as possible. This means that even though 
they were built only to produce electricity (Krško NPP, for example), they can also be used 
for other applications: a source of heat for district heating or desalination of sea water in areas 
at risk for lack of drinking water. Nevertheless, the technology can be upgraded using the 
experience of other nuclear power plants (NPPs) having similar district heating systems. 

In our case, the focus was on models of steam consumption from the secondary system of 
the Krško NPP for the Krško and Brežice district heating purposes. The Krško NPP has a 
Westinghouse PWR (pressurized water reactor) with 2,000 MWt and an electrical power 
output of 696 MW to the grid. The technological part is divided into three main systems: 
primary, secondary and tertiary system. The first two are sealed and isolated from the 
environment while the third, which uses water from the River Sava for cooling, is connected 
to the outside environment. In this paper, the focus was on the technical solution to obtain 
heat from the NPP’s secondary system for district heating purposes. According to 
thermodynamic calculations, the secondary system determines the reduction of produced 
electricity, when the steam is exploited in front of the turbine. This paper present some 
technical,  economical  and  safety  solutions  to  extract  vapour  very  efficiently  for  district 
heating. Furthermore, some thermodynamic calculations and technical solutions for district 
heating purposes using the Krško NPP for the Krško-Brežice area are shown. 
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1 INTRODUCTION 

This paper aims to present the reapplication of waste heat, generated in electricity 

production at the Krško NPP. One of the reapplication options is the use of waste heat from 

the NPP for heating of the towns of Krško and Brežice.  

Heating plants, nuclear power plants and thermoelectric power plants are industrial 

facilities generating not only not so expensive electrical energy but also very favourable cost 

of steam. It is known that nuclear power plants produce electricity at considerably lower costs 

than heating and thermoelectric power plants. The indicators in terms of electric energy prices 

are even more favourable if nuclear energy is compared to some other renewable sources of 

energy, such as photovoltaic power plants. Nuclear power is important for the production of 

very large amounts of cheap energy, both electricity and heat. In addition to its economic 

effects nuclear energy also provides one of the options for the use of sustainable sources and 

the way towards a carbon-free society. Environmental problems such as rising levels of 

carbon dioxide in the atmosphere are very worrying issues. Nuclear power plant technology, 

including the related safety, is constantly progressing and has achieved an enviable level. 

New types of reactors (fusion reactors) will allow an even more efficient use of nuclear fuel in 

the near and distant future. The efficiency of the use of nuclear reactors can be further 

improved by their upgrading for heating and cooling purposes. 

District heating and cooling is one of the possible solutions how to optimize operations 

of nuclear power plants in the world.  As an example of good practice is nuclear power plant 

Bilibino in Russia and Beznau in Switzerland.  In the presented article we will try to find 

technical solution and economic analysis in PWR nuclear power plant in Krško. 

 

2 KRŠKO NPP 

The Krško NPP is a Westinghouse PWR plant with a power rating of 2,000 MWt, the 

net electrical output of up to 696 MWe and connected to the 400kV grid. It generates more 

than 5 TWh of electrical energy per year or over 40% of electricity produced in Slovenia [1]. 

The Krško NPP’s major components are illustrated in Fig. 1. 

 

Fig. 1: NPP operating diagram 
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Key: 

1  Reactor 

2  Reactor coolant pumps 

3  Steam generators 

4  Pressurizer 

5  High-pressure turbine 

6  Low-pressure turbines 

7  Electric generator  

8  Condenser 

9  Condensate pump 

10 Feedwater pump 

11 Cooling Sava River water pump 

12 Cooling towers with cells 

13 Cooling tower pump 

14 Transformer 

2.1 Description of the Secondary System in Krško NPP 

This paper focuses on the NPP’s secondary system which, in terms of thermodynamics, 

acts as a heat engine, similar to a conventional thermoelectric power plant.   

Dry saturated steam generated in the steam generators enters the high-pressure turbine, 

where it expands to 9 bar thus doing the work. After expansion, steam becomes wet and it 

flows into the moisture separator and reheater where water drops are removed; saturated 

steam still remains to be reheated in reheaters. Such reheated steam expands in low-pressure 

turbines to a condenser pressure of 0.05 bar. The steam is condensed in the condenser and the 

condensate water is pumped by the condensate pumps to the main feedwater pumps returning 

the water to the steam generators [2]. Fig. 2 shows a simplified diagram of the secondary 

system. 

 

Fig. 2: Simplified diagram of the Krško NPP’s secondary system 

Key to symbols used in Fig. 2: SG – steam generator, VT (‘HP’) – high pressure 

turbine, NT (‘LP’) – low pressure turbine, MSR – moisture separator and reheater, COND – 

condenser, FP – feedwater pump. 
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Let us now compute each element separately, i.e. VT (HP), followed by MSR, NT (LP) 

and finally FP. We will see what happens to enthalpy in each element and compute the power 

output of the low pressure turbine needed for any further computation purposes. We will use a 

Mollier diagram and thermodynamic equations [2]. 

3 CALCULATION OF ENTHALPY FLOWS AND LOW-PRESSURE 

TURBINE POWER OUTPUT IN KRŠKO NPP 

3.1 Introduction 

The first law of thermodynamics will be used for the computation. We will focus on 

technical problems as they are most relevant here and we can, therefore, write down the 

equation (1): 

)( 121212 hhmWQ   ,         (1) 

where: Q  – heat flow rate expressed as 
s

J
, W  – power output expressed in W, m  – 

mass flow rate expressed as 
s

kg
, h – specific enthalpy expressed as 

kg

J
. 

In an adiabatic process 0Q  and we come up with equation (2) to be used in the 

calculation. 

)()( 2112 hhmW adt            (2) 

The data used for the calculation is taken from the Krško NPP’s internal documents [3]. 

3.2 Calculation of enthalpy flows and power outputs 

High pressure turbine 

The processes in the high-pressure turbine in a Mollier diagram are illustrated in Fig. 3. 

 

Fig. 3: Expansion in a high pressure turbine in a h-s diagram 

 

The mass flow rate into the high pressure turbine accounts for 95%, which is why 0.95 

is added to the right-hand side of equation (2) to calculate the turbine power output.  The mass 

flow rate determined from the data is 
s

kg
m 1088 . Furthermore, it is also taken into account 

that the expansion in the turbine is not isentropic but with efficiency 7879,0VT . The 
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unknown values are taken from the mechanical engineering handbook or a similar handbook, 

whereas the remaining values are calculated. Finally, the turbine power output is obtained 

using equation (2): 

MWWt 277)25172785(108895,0    

MSR 

The MSR removes drops from the steam and reheats the steam. Fig. 4 shows the 

process, including the reheating, in a h-s diagram. No turbine efficiencies are taken into 

account in the Fig. 

 

Fig. 4: Process including steam reheating in a h-s diagram 

First, mass flow rates of steam and drops are calculated, namely: 
s

kg
4,903  and 

s

kg
2,130 , respectively, and total mass flow 

s

kg
6,1033 . From an energy balance in equation 

(3) enthalpy growth Δh can be calculated using equation (4), whereas other values are taken 

from the previous calculation or found in a mechanical engineering handbook, by taking into 

consideration the fact that the mass flow rate of fresh steam taken in front of the turbine 

accounts for 5% of the total mass flow rate. The basis for the overall calculation is the Mollier 

diagram for MSR shown in Fig. 4. The value we are interested in is the initial state of steam at 

the entrance to the low pressure turbine to be obtained from equation (5). 

)()( 412 MSRzVTpMSRMSRVTkVT hhmhhmx         (3) 

VTkVT

MSRzVTp

MSRMSR
mx

hhm
hhh










)(
)(

4

12       (4) 

kg

kJ
hhhh MSRMSRzNT 28678,94277212        (5) 

Low pressure turbine 

The calculation for low pressure turbine is the same as with the high pressure turbine, 

yet with different data. Fig. 5 illustrates the processes in the turbine. 
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Fig. 5: Expansion in a low pressure turbine in a h-s diagram 

 

Power output obtained in the calculation using equation (6). 

.561)22462867(6,1033874,0 MWWt         (6) 

Feedwater pump 

Equation (7) is used to calculate the feedwater pump output, whereas the other data is 

available in Fig. 2 or found using a mechanical engineering handbook. The actual feedwater 

pump output, taking into consideration a 50% efficiency, is shown in equation (8). 

vppmWFP  )( 211
           (7) 

MW
W

W
FP

FP
FP 4,15

5,0

7,71 


 





       (8) 

3.3 Computed values 

Certain data from this section will also be used in the next one to see how much the 

power plant output (low pressure turbine power output) would be lower, if the steam is used 

for district heating. The values indicated in this section are summarised in Table 1. 

 

Table 1: Computed values [2] 

 Designation (unit) Value 

High pressure turbine power output Ẇt (MW) 277 

Quality of steam from high pressure 

turbine 

xkVT 0.874 

Low pressure turbine power output Ẇt (MW) 561 

Quality of steam from low pressure 

turbine 

xkNT 0.87 

Feedwater pump output ẆFP (MW) –15.4 
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4 EXTRACTION OF STEAM FOR KRŠKO AND BREŽICE DISTRICT 

HEATING PURPOSES 

4.1 Introduction 

A heat exchanger would be installed behind the MSR and in front of the low pressure 

turbine. Otherwise all inlet and outlet flow rates should be calculated again requiring a very 

expensive process, i.e. a new design of the system. Steam extraction in front of the low 

pressure turbine is also the most cost effective. Another reason for steam extraction here is a 

relatively high level of steam temperature needed for district heating (at least 100° C). Fig. 6 

shows the heat exchanger location. 

In order to meet the Krško and Brežice district heating requirements 80 MW of heat is 

needed. A calculation will be made for the amount of low pressure turbine power output 

reduction in the case of a 10%, 20% or 30% heat loss. The results thus obtained will provide a 

basis for the comparison of heat and electricity prices.  

 

Fig. 6: Location of steam extraction or heat exchanger 

4.2 Calculation 

As a result of steam extraction enthalpy changes at the entrance to the low pressure 

turbine, namely enthalpy in point B (Fig. 6). This is the only parameter subject to change. It is 

to be calculated for each case separately (i.e. at various values of losses) using equation (9). 

)( BANT hhmQ            (9) 

10% loss 

In this case, the required heat is MWQ 88801,11  ; then, by using (9) we calculate 

hB. This value is then put into equation (10) and the turbine new power output is computed – 

equation (11) and by how much the turbine power output has lowered - using equation (12). 

)( 2kBNTBkNT hhhh            (10) 

MWWt 492)22252770(6,1033874,01         (11) 

MWWWP tt 6949256111          (12) 
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20% loss 

The calculation made is similar to the one above, yet with different values. The turbine 

power output is shown in equation (13) as well as by how much the turbine power output has 

lowered – equation (14). 

MWQ 96802,12 
 

MWWt 486)22232761(6,1033874,02         (13) 

MWWWP tt 7548656122          (14) 

30% loss 

The turbine power output is now in equation (15) as well as by how much the turbine 

power output has lowered – equation (16). 

MWQ 104803,13 
 

MWWt 480)22212752(6,1033874,03         (15) 

MWWWP tt 8148056133          (16) 

Fig. 7 shows the ratio between the power plant output and quantity of steam in the case 

of different values of losses in the district heating system. 

 

Fig. 7: Ratio between low pressure turbine power output and quantity of steam in the case of 

different values of losses in the district heating system 

4.3 Computed values and comments 

Let us calculate now for each case separately the minimum cost of 1 MWh of heat to 

compensate the cost of electricity from the NPP, which is € 30 per 1 MWh. Let us assume a 

24 h operation. The values are indicated in Table 2. 

 

Table 2: Computed values [2] 

No. Losses in district 

heating (%) 

Low pressure turbine 

power output (MW) 

Heat price 

(€/MWh) 

1 10 492 25.9 

2 20 486 28.1 

3 30 480 30.4 
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The calculations showed that in view of the assumed heat losses the price of 1 MWh of 

heat varies between € 25/MWh and € 31/MWh. This price can hardly be compared to the 

market prices, since many factors should have been taken into consideration, such as: 

investment, amortisation period, CO2 taxes, … No investment in the NPP was taken into 

consideration in the computation nor any investment in the distribution, any subsidies as there 

are no CO2 emissions, … However, the comparison was made of the price of 1 MWh of 

electricity and 1 MWh of heat. It is not surprising that interest in combined heat and power 

(CHP) technologies is growing.  

5 CONCLUSION 

The paper deals with the use of waste heat from the NPP for the Krško and Brežice 

district heating purposes. This would result in an increased efficiency of the existing electric 

power facility. There is a lot of heat wasted in the Krško NPP and should be used in order to 

increase the efficiency of the plant. A district heating system would contribute to a cleaner 

environment in the Krško and Brežice area and would provide a more reliable heat supply. 

Moreover, it would also provide a financially more favourable solution. The paper also 

presents an original concept and a computation of the indicative costs of the generated heat. 
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