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ABSTRACT 

Financing a new nuclear power plant is challenging right from the beginning and the problem of 
very high capital costs during the construction phase is not the only one. Long planning periods with 
high risk capital as well as many political influences during a long decision and planning process are 
the factors that are complicating the economic modelling.  

Nevertheless, the Net Present Value (NPV) and the Internal Rate of Return (IRR) which are 
calculated by discounting forecasted future cash flows are important numbers for decision makers. But 
these numbers strongly depend on the scenarios and input data used during the calculations.  

This study offers an overview of present Swiss electricity situation and the economics of the 
existing Swiss Nuclear Power Plants. Furthermore, a modelling tool will be introduced which allows 
comparing different scenarios for the whole life cycle of a nuclear power plant (planning, licensing, 
construction, commercial operation, decommissioning). In the third part, this study will show on a 
calculation example both the range of results and the different influences of escalation rates or higher 
costs by means of a calculation example. 

1 INTRODUCTION 

A predicted rising gap between electricity production and consumption in Switzerland requires 
both efforts for energy saving by increased efficiency as well as new modern plants. Major Swiss 
utilities have launched three new build projects for nuclear power plants: The Axpo Group and the 
BKW FMB Energy Ltd. are planning two new plants at the existing sites Beznau and Mühleberg. In 
June 2008, the Atel Group has launched the licensing process for the new building of the Nuclear 
Power Plant Niederamt near the site of the existing nuclear power plant in Gösgen. 

One of the main issues in planning future nuclear power plants is the forecast of expected 
production costs as well as the expected turnover for electricity. It has to be considered and compared 
economics for each of the possible reactor types, as this forecast should be extended to a plant’s 
lifetime and include the decommissioning costs as well. Furthermore, some other important input 
parameters of an investment calculation cannot be defined or predicted yet: the time horizon of the 
plant realization, the trend of electricity market prices, inflation, fuel costs, etc.  

As many input parameters have to be varied, this study will introduce the tool “BeWin”1 which 
was developed to handle this uncertain input data by modelling scenarios. By analyzing and 
comparing the result set, this tool offers an answer to the question, whether a new build nuclear power 
plant in Switzerland is profitable or not [1]. 
                                                      

1 BeWin: „Bewertung der Wirtschaftlichkeit eines neuen Kernkraftwerks in der Schweiz“ – 
Evaluation of the economics of a new nuclear power plant in Switzerland 
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2 PRESENT SWISS ELECTRICITY SITUATION 

For the last six decades, the Swiss electricity consumption has increased almost continuously 
from about 10 TWh in 1950 to about 62 TWh in 2007. Switzerland has no relevant fossil primary 
energy carrier to exploit. Considering its geographical position in the middle of Europe, the altitude 
difference water has to pass from the summits of the Alps down to the valleys offers a great potential 
for hydraulic power. As shown in Figure 1, up to the end of the 1960s, the Swiss electricity demand 
was almost completely covered by this capacity. 

 

 
 

Figure 1: Electricity production and consumption statistics [2] 

In the mid of the 1960s, increasing electricity demand and a lack of generating capacity required 
utilities to decide about new large-scale power plants (more than 100 MW). Early claims for 
environmental protection led to a decision against oil-fired stations and supported nuclear power as a 
suitable solution. One decade later, three reactors of the first generation were connected to the grid, 
see Table 1. [3] 
 Due to local opposition against the necessary cooling towers and because of the accidents in 
Three Mile Island and Chernobyl, the Swiss people decided against any new licensing process for 
nuclear power plants in 1990 after the connection to the grid of two second generation plants. [4] 
 

Table 1: Currently operating nuclear power plants in Switzerland  

Reactor commercial 
operation 

net electrical 
power 

type of reactor 

 
Beznau I 
 

 
1969 

 
365 MW 

 
pressurized water reactor 

Beznau II 
 

1972 365 MW pressurized water reactor 

Mühleberg 
 

1972 355 MW boiling water reactor 

Gösgen 1978 970 MW pressurized water reactor 
Leibstadt 1984 1.165 MW boiling water reactor 
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Due to a very dry summer with less rainfall and a major (unplanned) outage in the nuclear 
facility Leibstadt, in 2005, Switzerland was not a net exporter of electricity any more. As recent studies 
[5], [6] have shown, this trend towards an increasing difference between less production and rather 
more consumption of electrical power will continue. 

In 2007, the Department of Environment, Transport, Energy and Communications (UVEK) 
published a study called "Energieperspektiven 2035" [5] in which several energy scenarios are 
evaluated. Although for all scenarios a non-rising total primary energy consumption per person was 
assumed and although the demand for electricity was varied between constant consumption and a 
continuing growth of two percent, there is a substantial gap which will have a dimension of 5 up to 
22.3 TWh per year by 2035. 

A recent study of the association of Swiss utilities (VSE) – "Outlook 2006" [6] – draws a 
comparable conclusion: Examining a time horizon until the mid of this century, the study elaborates a 
gap between supply and demand of up to 50 TWh. This presumes a slightly decreasing usage of 
hydropower due to the strict water protection law and the climate change. Furthermore, long-term 
supply contracts with France cannot be prolonged because of the new European competition law. 
New gas-fired cogeneration plants cannot be implemented due to a severe CO2-compensation law in 
Switzerland. As Figure 2 shows, an optimistic estimation of the potential of non-hydraulic renewable 
resources cannot compensate the final shutdown of present nuclear power plants. 

 

 
Figure 2: Outlook on the rising gap between consumption and production of electricity in Switzerland 
[6] 

 
In consequence, it is generally acknowledged that this situation will lead to a dependence on 

electricity imports. As shown in Figure 3, the EU as well has to handle a rising electricity gap. This 
implies several disadvantages for all parties concerned: Rising electricity prices will seriously affect all 
sectors of the economy and industry as well as private households. The grid will have to bear a higher 
load, which might endanger the security of supply.  
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Figure 3: Outlook on rising Capacity gap in the EU [7] 

 
Finally, a strict reduction of electricity consumption cannot be the only option to counter the 

arising gap. Due to its qualities, electricity has a fundamental significance for the successful structural 
change towards an information society. Even if the total energy consumption is constant, the demand 
for electricity will increase. Electricity is essential for innovation and energy efficiency.  

In February 2007, the Swiss Government (Federal Council) faced the facts. In its new energy 
policy, Switzerland enhances energy efficiency, new renewable resources and international 
cooperation with the EU. In addition to these three pillars, thermal power plants are necessary for the 
rising electricity gap. [8] 

Although the Federal Council regards gas-fired power plants as appropriate for the quick closing 
of the gap, the realization is hindered: New cogeneration plants will have to compensate their CO2-
emissions completely (70% thereof in Switzerland) [9]. This enormous financial burden leads to non-
competitive generating costs. Due to this CO2-compensation, other fossil-fired plants are no longer 
feasible. Under these circumstances, nuclear power plants are the only suitable solution. Being 
licensable by Swiss law, having no CO2-emissions and having a broad base of acceptance in the 
Swiss society, new nuclear stations are the appropriate measure for a sustainable Swiss electricity 
production. 

3 ECONOMIES OF PRESENT SWISS NUCLEAR POWER PLANTS 

For an economical consideration whether a new build nuclear power plant is profitable, the 
existing fleet of operating stations should be regarded first. 

Due to a continuously high availability of Swiss nuclear power plants (e.g. 93.9% in 2007 [10]), 
the generating costs of electricity are low. Different age and size of the plants lead to slightly varying 
costs from plant to plant. For the two biggest plants, Gösgen and Leibstadt, the annual reports are 
public. Table 2 shows the averaged generating costs and Figure 4 illustrates the weight of the capital 
costs, the fuel front end costs, the O & M costs and the costs for decommissioning and disposal of 
waste. 
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Table 2: Averaged generating cost in 2007 of Swiss nuclear power plants Gösgen and Leibstadt 
in EUR (31st December 2007) [11] [12] 

capital costs (interests and depreciations) 0.7 cent/kWh 
fuel front end 0.3 cent/kWh 
O & M  1.0 cent/kWh 
decommissioning and disposal of waste 0.4 cent/kWh 
TOTAL 2.4 cent/kWh 

 
Figure 4: Proportions of generating costs at Gösgen and Leibstadt [11], [12] 

 
The economies of present Swiss nuclear power plants are commonly acknowledged. The 

averaged total sum of costs per kWh shown in Table 2 is comparable to that of the existing 
waterpower plants in Switzerland.  

For an estimation of generating costs of new nuclear stations, a transfer is not applicable for 
several reasons:  

• Capital costs have a major influence on generating costs. Assuming the same sum of 
depreciable capital and the same time horizon for a new nuclear facility is not realistic. 

• Forecasts for decommissioning and waste disposal costs have to be adjusted. 
• Previous and today's costs of fuel have to be supplemented by price trend estimations for 

uranium, enrichment and production costs. 
• Operation and maintenance costs have to be considered with regard to economy-of-scale 

effects. 
• New licensing laws and longer construction schedules have to be considered. 

 

4 ECONOMIC EVALUATION OF A NEW BUILD NUCLEAR POWER PLANT 

A new nuclear power law (2003) regulates the licensing of nuclear power plants in Switzerland. 
Since the broad acknowledgement of the electricity gap described by the recent studies discussed in 
Chapter 2, Swiss utilities have started planning new build projects. As international and national 
studies have shown [13] [14] [15], nuclear power plants achieve economical profitability. Based on this 
knowledge and their operating experience, Swiss utilities have made the strategic decision for new 
nuclear power plants. Now, for setting up business plans, a more detailed examination of this kind of 
large-scale investment projects has to be carried out. 

But, modelling a nuclear power plant as an investment project holds several serious difficulties:  
• Applying the current nuclear power law and considering a building period of at least 5 years, 

a new build plant cannot be connected to the grid before 2020. 
• Market prices and indices can hardly be forecasted to a 60-year-lasting operation period 

(2020-2080). 
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• Estimated costs for decommissioning, waste disposal, as well as present O&M costs 
require an adjustment. 

• Considering the quickly changing (increasing) prices in the present plant construction sector 
complicates a proper estimation of investment expenditures. 

An appropriate approach to handle these difficulties can be a comparative investment model. All 
major uncertainties need to be covered by a spread between an optimistic, an expected and a 
pessimistic value.  

 
4.1 Description of the tool “BeWin” and basic principles of modelling 

All input parameters set by the user of “BeWin” are read from a user-friendly input mask into 
arrays. By combining these input data, the program finally calculates multi-dimensional arrays, which 
contain for example the NPV or monthly cash flows in dependence on reactor type, timetable, real 
escalation, inflation, plant costs, electricity price and the discount rate. These data produced by the 
modelling tool are printed then both to worksheets for analyzing and to graphs for illustrating. 

 
But before applying an economic model, the basic principles of engineering economics should 

be described. It requires an understanding of both the time value of money and the techniques that 
can be used for equating sums of money that occur at different points in time. 
 

An investment project creates cash flows at different times. Generally, the sum of these 
amounts of paid or earned money is negative at the beginning of the project (building and planning 
costs) and positive during the operating period (earnings from electricity production). Before drawing a 
sum, the different value of money at different points in time has to be considered. This fundamental 
requirement can be illustrated by a simple example: 100 Euro will be worth more than 100 Euro a year 
from now. As today's money can be invested in some way, it will produce a return on investment. For 
example, if 100 Euro were invested in a savings account at an annual interest rate of 5%, it would be 
worth 105 Euro after one year.  

 
In order to convert future sums into present equivalent sums, a discount rate is used. This rate 

is a critical economic parameter. Implementing the weighted-average-cost-of-capital approach 
(WACC), it reflects the capital structure of the projecting company, the project/ market risk, the market 
capital costs as well as taxes on income.  
 
4.2 Key data  

By applying this basic approach of engineering economics, several key data can easily be 
computed. But, in order to keep these figures consistent, it is important to set the point of view. 
According to literature, the commissioning date is the point in time for discounting. As potential 
timetables elaborated at different meetings of Swiss experts for nuclear business in Figure 5 show, 
this point in time is at least 12 years away from now. Furthermore, for comparing different alternatives 
(with different timeframes), it seems more significant to discount to a common date, e.g. today. In 
consequence, the costs for capital interests during the construction phase are included in the 
discounting and have to be considered in the rate of discounting. 
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RaB: General License          nf: Swiss Nuclear Forum 
BaB: Construction License         YG: Swiss Young Generation 
Bau:  Construction              BFE: Swiss Federal Office of Energy 
BeB: Operation License 

Figure 5: Potential timetables for the realisation of a new nuclear power plant in Switzerland [16]  

 
 The most common figure in discounting future cash flows is the Net Present Value (NPV). By 

discounting the yearly sum of income and operational and investment expenditures over the whole 
lifetime N with a factor (1+i)-t, the yearly free cash flow to the present value is calculated. The addition 
of all these discounted free cash flows is the NPV. Only cash-out (costs per year: Ct) and cash-in 
(revenues per year: Rt) positions may flow into the calculation. Considering the weighted cost of 
capital, interest must not be incorporated. The unit of the NPV as shown in Equation 1 below is a 
currency; a positive NPV means that the project earns a higher yield than the assumed discount rate 
and vice versa.  
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 The internal rate of return (IRR) as shown in Equation 2 below is defined as the rate of 
discount at which the Net Present Value becomes zero. 
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Comparing projects with very different expenditure and income patterns, a facility with high 

upfront capital costs but late and stable cash flows during the operation period will suffer from the 
discounting effect.  
 

 
4.3 Modelling input parameters 

For the financial description of this enormously long time horizon of the expected investment 
project – about one hundred years – it is sensible to aggregate many input parameters to a common 
position and to order them into groups. A shared feature of these cost or revenue positions is uniform 
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dependence on or correlation to the modelled reactor type or the assumed timetables or the predicted 
escalation rates.  

A major feature of “BeWin” is that all the input parameters are dissected into a resolution, that 
one period lasts one month. This is useful to calculate the impact of planned outages during seasonal 
higher or lower electricity market prices. 

For a selected number of positions the model describes a range of possible values. Such a 
range includes an optimistic estimate, the most likely estimate, and a pessimistic estimate.  
  
 
4.3.1 CAPEX and OPEX 

This group of costs comprises all capital expenditures (CAPEX) and operational expenditures 
(OPEX) during the planning and construction phase, the operation phase and the decommissioning 
phase. 

The model requires an input of cash-out positions which cover the direct costs (plant 
investment costs) and the indirect (engineering costs, commissioning costs) costs as well as the 
supplementary/ other costs (owner's costs, licensing process) of the plant realization up to the start of 
commercial operation. These costs mainly depend on the assumed timetables and the evaluated plant 
design. The plant investment costs as a major cost position is modelled with a range of expected 
costs. 
 In this constellation of cost positions, the First Loading of the reactor core with fuel rods has to 
be considered depending on reactor size and the specific fuel costs for the reactor designs which are 
examined in the model. 
 The front end costs and the back end costs during the operation periods have to be computed 
in strict correlation with the produced energy per period.  
 Back end costs for final waste treatment or disposal after the final plant shutdown have to be 
augmented by payments to a fund. 

Cost positions during the plant operation periods and the time period between shutdown and 
dismantling include all expenditures for staff, taxes, consumables, miscellaneous costs, insurances, 
supervision by the authorities, refitting, etc.  

After an assumable number of operation periods, the costs for decommissioning have to be 
considered regarding the size of the plant. For Switzerland, a study of swissnuclear [17] which 
computes the decommissioning costs for the present fleet of nuclear power plants offers a significant 
data base. 

 
 

4.3.2 Financial Parameters 

The inflation (g) is parameterized by an optimistic estimate, the most likely estimate, and a 
pessimistic estimate. In addition, for every cost and revenue position in this model, it is possible to 
predict a specific range of real price escalation rates per period (r). 

This model requires a nominal approach of escalation (i) as seen in Equation 3 [18]. The linear 
amortization of the fore costs has a major impact on periodical tax payment. Computing with constant 
money terms without escalation would lead to a disproportionate reduction of the tax shield. 
 

( ) ( ) ( )gri +∗+=+ 111          (3) 
 

An investment project of the size of a nuclear power plant has to apply instruments of both 
equity and debt financing. To incorporate the resulting opportunity costs of capital, the model 
calculates with an assumed range of a weighted average of nominal risk-adjusted cost of debt with tax 
influence (d(1-T)D / VL) and the nominal risk-adjusted cost of equity (eEL / VL), see Equation 4. 
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4.3.3 Timetable 

Due to discounting, the delay of future revenues leads to a sinking profitability of a new nuclear 
power plant. Swiss licensing processes last at least up to the year 2020, including the partly parallel 
construction of the plant. By calculating the project with five different timetables for the licensing 
periods and construction periods, the model lines out the major influence of extended or shortened 
accruement times. 

 
 
4.3.4 Reactor Type 

The first step of licensing a new nuclear power plant is to receive a general license 
("Rahmenbewilligung") from the authorities, the government and the Swiss people. This allowance is 
mainly focussed on the site and not on the plant design. Therefore, the model shall compute different 
types of reactor concepts. Generally, up to five reactors can be modelled with basic technical key data 
which are necessary for costs and revenues. Furthermore, the availability per month as well as the 
regular outage of each reactor type is an input parameter. 
 
4.3.5 Revenues 

For not only modelling the costs but receiving the profitability of the nuclear power plant project 
under market conditions, the electricity prices and their rate of change have to be predicted. For this 
important input parameter – as well as for the plant investment costs – a range of prices is estimated. 
 
 The combination of all these variable input parameters leads to an output of several thousand 
modelled scenarios of a nuclear power plant project. In order to handle these numbers of settings, the 
calculation is accomplished by a Visual Basic algorithm.  

To summarize, over the period of one hundred years (1200 months) the model computes the 
profitability in the term of the NPV and the IRR under variation of 5 types of reactors, which have 3 
different prices each as well as 3 different electricity market prices each. Inflation for all kinds of costs 
and revenues as well as the specific real escalation rates have also a range described by 3 values. A 
spread of 3 discount rates which reflect different WACCs is applied to discounting the cash flows 
which occur depending on 5 different timetables. As shown in Figure 6, up to 6075 scenarios are 
modelled. 
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Figure 6: Combinational number of modelled scenarios 

 

5 RESULTS OF AN EXAMPLE CALCULATION 

In order to demonstrate the basic features of the modelling tool, the input parameters of a calculation 
are listed in the following first part of the chapter. In the second and the third part of this chapter, the 
results are graphically illustrated and discussed.  
 
5.1 Input setting 

In Table 3 the input setting for a model calculation is listed. In addition to a reference value, 
five parameters are varied with a higher and a lower value (± 10 %) as shown in Figure 6. In addition 
to a reference timetable (start of commercial operation in 2022) two more optimistic as well as two 
more pessimistic timetables (earlier/ delayed commissioning due to reduced/ prolonged licensing and 
construction periods) are created. A generic reactor with 1600 MW should be modelled five times with 
a variation of its net electrical output (± 50 and ± 100 MW). For the model, the listed overnight costs 
are only hypothetical: The real cash-relevant construction costs are the overnight costs escalated to 
the point in time of the first concrete with the given trend. 
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Table 3: Input setting for the model 
 

Position Low Value Medium Value High Value 
Overnight Costs [19] 3600 CHF/kWel 4000 CHF/kWel 4400 CHF/kWel 
Licensing and Owner's Costs 700 Mio. CHF 
First Loading1 [14]  400 Mio. CHF 
Availabilty2 [15] [10]  90 % over 60 years 
O&M Costs [14] 100 CHF/kWel 
Fuel – Front End [14] [15] 6 CHF/MWhel, net 
Fuel – Back End3 [14] [15]  9 CHF/MWhel, net 
Dismantling Costs [14] 575 CHF/kWel 
Electricity Market Prices 67 CHF/MWh 75 CHF/MWh 83 CHF/MWh 
Real Escalation Rate [15]  0.9 % 1.0 % 1.1 % 
Inflation Rate 0.9 % 1.0 % 1.1 % 
Market Interests 5 % 
tax rate 23 % 
WACC4 5.4 % 6.0 % 6.6 % 
1: core-loading: ca. 130 tons; burn-up: 60 MWd/kgHM; net efficiency: 35 % 

2: yearly outage in the summer  
3: 2/3 of Back End costs during the operation phase, 1/3 accrued to a fund 

4: WACC: 50 % equity capital with 9 % equity interest rate , 50 % debt equity with 5 % interest rate 

 
5.2 Output of the model 

The compendium of the model's output is illustrated in the following charts. The results can be 
analysed under two perspectives: On the one hand, a summarization of all results into one chart 
allows analysing the spread of the results. In Figure 7, the numbers of Internal Rate of Return (IRR) 
are plotted on the y-coordinate depending on their value which is scaled on the x-coordinate. In 
Figure 8, the 6075 calculated Net Present Values (NPV) are listed in order of their value. 

On the other hand, for every single modelled scenario it is possible to examine the cost 
schedule during the operating time and to compare it with other modelled cases. Figure 9 presents the 
schedule of electricity production costs for the modelled scenario with reference values.  
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Figure 7: Number of results/ IRRs depending on their value  

 

 
Figure 8: Ordered values of the calculated 6075 NPV 
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Figure 9: Trend of electricity production costs including taxes on income for selling electricity under 
market conditions 

 

5.3 Discussion of results and sensitivity analysis 

As shown in Figure 7, the range of results/ internal rates of returns are similar to the normal 
curve of distribution. This is mainly due to the constant intervals between the optimistic, the likely and 
the pessimistic estimation of the input data. Considering this graph as normality, an average as well as 
a standard deviation can be derived. This offers the possibility for a risk evaluation.  

Figure 8 shows that nearly two thirds of the modelled scenarios earn a higher yield than the 
required yield/ WACC. 

The electricity production costs in Figure 9 are mainly affected by capital costs and taxes. Their 
fairly constant sum over the whole operating time consists of the constant linear depreciations, the 
decreasing expenditure for interests and the increasing tax burden for the income of selling electricity 
under market conditions. This income increases as well as the other costs for fuel, decommissioning/ 
waste treatment and O&M with a nominal escalation rate. 

The results of this very general setup show that this algorithm offers several opportunities from 
estimating risks of different time schedules up to comparing different bids of reactor vendors.  

 
In Figure 10, the results of a sensitivity analysis are presented: The influence of the electricity 

market prices, the real cost escalation rate and the inflation rate as well as the investment cost on the 
IRR is examined. Due to a low reference value of the real escalation and inflation (1 % each), a 
relative variation does not affect the IRR strongly. Increasing investment costs in the construction of 
the new Nuclear Power Plant have a negative correlation to the IRR. As the yield from selling the 
produced electricity under market conditions is the only positive cash flow in the model, it has a severe 
impact on the profitability. 
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Figure 10: Sensitivity analysis of variable input parameters 

 

6 CONCLUSION 

Financing a new nuclear power plant is a challenging project. The problem of very high capital 
costs during the construction phase, long planning periods with high risk capital as well as many 
political influences during a long decision and planning process are the factors that are complicating 
the economic modelling. 

Nevertheless, the NPV and IRR which are calculated by discounting forecasted future cash 
flows are important numbers for decision makers. But these numbers strongly depend on the 
scenarios and input data used during the calculations. The presented tool offers therefore the 
opportunity to model the economics of a new build project with regard to many uncertain boundary 
conditions and gives decision makers the opportunity to detect and weight the risks.  

Beside strategic considerations about the future Swiss electricity production portfolio, the 
profitability of a new build nuclear power plant remains as one of the key figures to decision makers.  

After principle decision is taken, updating the model with the data available during the project 
allows the project management to detect economical risks early and to react on those. 

The strategic decisions have been taken to start three new build projects in Switzerland. The 
presented tool will help to make them an economic success. 
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