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ABSTRACT 

The Czech Republic is one of the European countries where a nuclear option remains 
open as a part of an energy mix. This will help the country to meet its international 
commitments under the Kyoto Protocol. Moreover the country has also its own industrial 
potential which can significantly contribute to possible construction of a new nuclear source 
both in the Czech Republic and abroad. 

 
Therefore, the selection of a new nuclear source which could be connected to the 

national grid after 2020 is actually a pressing issue. 
 
General features of economic assessment philosophy as to electricity generation costs 

are briefly discussed, and an overview of basic economic assessment methods is presented. 
An example of the economic calculations for a small grid is also given.  

 
General approach to the evaluation of advanced nuclear power plants projects (feasible 

for the period around 2020) is discussed. A simple method of the preliminary evaluation and 
selection of a suitable type of the plant is presented and general targets which are prerequisite 
and follow also from important international activities (GIF project and INPRO project) are 
elucidated. 

 

1 INTRODUCTION 

The paper is focused on two basic issues: methods applicable for economic evaluation 
of electricity generation and basic evaluation principles allowing to select nuclear power 
plants suitable for deployment in Europe in the period around 2020. Thus, we are dealing with 
so called  middle-term outlook necessary accompanied with a certain uncertainty.  

 
At present, we are facing a typical task – preparation of a new energy source which 

could be commissioned around 2020. Nuclear power plants which will be utilised at that time 
will be based on already thoroughly verified technologies, obviously of Generation III  
designs. We can safely assume that these new nuclear sources will represent a part of a well-
balanced energy mix, containing also fossil-burning units and renewable sources. 
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It is necessary to emphasize that the middle-term approach differs in many aspects from 
the long-term one. Even if many goals and requirements are for these two outlooks identical, 
the crucial factor is the time available for the preparation of a new project. The difference 
between these two approaches becomes understandable if we compare American Near Term 
Deployment (NTD) programme and Generation IV projects, though they run in parallel and 
results obtained within NTD will be certainly utilised in the long-term outlook. 

 
The case analysis [2], which can be generalised for the majority of other European 

countries, was performed for the Czech Republic. It shows that in the period around 2020 a 
shortage of electricity sources may become imminent. Since at that period a number of power 
plants operating in base load mode will be nearing their lifetime limit, a new nuclear source 
represents a feasible option. This is why a suitable evaluation method which will permit to 
narrow down the number of alternatives and ultimately – to select an optimal plant type, is 
very important. 

 
Another important task of such an evaluation method is to contribute to the restoration 

of general public confidence in nuclear power. Acceptance of nuclear power by the general 
public is conditional on the availability of transparent information (provided within evaluation 
procedure) and an interactive dialogue at all social structure level – therefore the concepts to 
be evaluated should include maximum amount of credible data and evaluation should be done 
on the basis of conclusive analyses. So, the goal of the evaluation is to convince that the 
selected designs are in compliance with the sustainable growth approach, that they are safe, 
reliable and resistant to misuse (proliferation) and are able to compete with other energy 
sources. 

 

2 SOME AREAS OF ECONOMIC EVALUATION OF ENERGY SOURCES 

2.1 Economic evaluation methods of investment projects 

Since in the set of criteria considered while evaluating new projects of advanced nuclear 
power plants one of the most important is economics, we will briefly review those methods of 
economic evaluation which are used widely. 

 
In practice of evaluation of investment projects two approaches are mostly applied: 

Least Cost and Financial Planning. The first method is based on the comparison of a suitable 
state criterion, while the second one uses quantitative (flow) criteria. Economic evaluation of 
nuclear power plants of different kind in the case of financial planning includes determination 
of all positive and negative financial flows (income and expenses) which then allow (using 
suitably selected criterion) to find an optimal project. 

 
2.1.1 Least Cost (LC) 

Least Cost methods are based on the defined cost function per unit, using such values as 
the cost of MWh or kWh to compare various variants of nuclear power plants. Individual 
versions of this method use different form of cost function. Often used variant is the cost 
function defined as a sum of fixed and variable costs per generated electricity unit. Another 
often used possibility is to consider generated unit costs as composed of investment, operation 
and fuel shares. 
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The main advantage of this method is the simplicity and objectivity of the economic 
criterion, fast computation and possibility of a positive orientation while comparing power 
plants of different design. This is the reason why this method is prevailing, especially in the 
preliminary economic evaluation. However, this method has a problem, that is correctly 
taking into account the time factor. The required long service life of a nuclear power plant (60 
years), relatively long construction time and costs of its decommissioning make a realistic 
inclusion of all costs incurred over such a long period at least questionable. Questionable are 
also discounting with the market interest rate and determination of actual profits of the 
investment. 

 
We should remember that the cost function per unit is a state quantity variable in time 

and therefore unable to render realistic figures of cash flow changes with time. At the same 
average cost of the generated kWh it cannot assess significance of the cost time dependence, 
i.e. what is better - whether this value increases or decreases with time. Similarly, it would be 
very difficult to asses the financial entries as the difference between the average costs and the 
market price in the environment of a liberalised electricity market. 

 
The generated electricity unit price (e.g. c/kWh) averaged over the whole plant lifetime, 

together with specific investments (e.g. c/kWh), defined as the value at the day the 
construction has started, belongs among the most often used criteria applied for the plant 
design evaluation. It however seems that this method “popularity” is a result of possibility to 
subtle manipulate the input data in the favour of a particular project. 

 
2.1.2  Financing based on Payback Period (PP) 

This somewhat older method is based on cash-flows and the basic criterion used for 
comparison is the period after which the profits will pay back the invested capital. The 
advantage is again its simplicity and easy interpretation of the results. This method, however, 
does not take into account the time factor and does not show the investments changes after the 
payback period is over. Applicable is also more complicated version of this method 
(Discounted Payback Period) which determines the discounted payback period, i.e. period 
after which the discounted income will pay back the initial investment. 

 
2.1.3 Net Present Value Cash Flow (NPV CF) 

This financial planning method is based on the criterion represented by the total of all 
cash flows discounted for the same date (i.e. for the investment beginning). Projects with the 
positive resulting NPV CF are profitable, and an optimal project has the highest NPV CF 
value. Thus, this method is dynamic, takes into account the time factor and allows an easy 
recalculation of the resulting criterion for other indicators. However, the calculation itself is 
more complicated and requires information on all cash flows. Important is also determination 
of discounted profits for the electricity sold, while at present its price is established by a State 
Regulator. Whereas  in the liberalised market environment it will be influenced by market 
mechanisms. Currently, this method is the most widely used for the economic analyses, 
providing projected cost of generating electricity. 

 
2.1.4 Rentability Index (RI) 

This method is actually a variant of the previous one, the criterion used for comparison 
is here, however, dimensionless rate of the money receipts and expenditures at the certain 
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fixed date (for instance – at the investment beginning). The advantage here is the possibility 
to compare projects designed in different countries, the disadvantages are the same as before. 

 
2.1.5 Internal Rate of Return (IRR) 

Internal rate of return is the rate of profit at which the NPV value is zero, in other words 
it allows to determine how the expended capital has up-valued the particular investment 
during a year. For project to be accepted the IRR value shall be positive, and higher than rate 
of profit. Project with the higher IRR wins. 

 
2.2 Liberalisation of the EU electricity market  

New European nuclear source should be capable to “assert” itself also in the 
environment of liberalised electricity market established in the European Union since 1.1. 
1997 according to 96/97 EC Directive on the following principles: 

- Competitive in the electricity generation and supply, especially in favour of end 
users 

- A group of authorized customers should have a free access to transmission and 
distribution systems, under equal and transparent conditions  

- Certainty of supplies should be assured even under extreme situations (for instance 
– during extreme frosts, for extreme prices). Without reliable supplies the market 
does not function (California energy crises) 

 
The Directive mentions two basic models of the electricity market liberalisation: 
- Single customer model 
- Model considering a concerted access of third parties to the systems. 
 
In the first model the electricity supply is understood rather as a service in the public 

interest and as its part a juristic person responsible for the reliable electricity supply is 
nominated. The system operation is optimised by sequencing sources according to the cost of 
electricity generation, more accurate – according to the generation cost increments. 

 
In the case of the second model electricity is treated as a commodity and the equilibrium 

between supply and demand is a market issue. Market is also “responsible” for the optimal 
system operation. It is obvious that this requires that the market is sufficiently transparent, 
effective (with sufficient supply), non-deformed and totally independent on the enterprising 
subjects. Questionable remains possibility to optimise system operation (even under well 
functioning market conditions) using the specific costs where the major share represents the 
cost of fuel. 

 
In the individual EU countries concrete methods of market liberalisation differ quite 

significantly. It is necessary to emphasise that the original expectation that the liberalisation 
will for the Czech Republic (and obviously for other East European countries) mean the 
reduced electricity price did not prove true. The result of the EU electricity market 
liberalisation will undoubtedly mean the price levelling at the approximately same level, 
similarly as it happened with motor fuel. At present the companies in “old” EU countries pay 
in the average for electricity more than Czech companies [2], and electricity for households is 
still cheap, despite a slow increase. Electricity market liberalisation led in both the USA and 
West Europe to price decrease. In the Czech Republic the electricity is relatively cheap and 
therefore a significant price reduction is unfeasible. 
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The prices of generated and supplied electricity are for the economic evaluation of plant 
designs prerequisite, since they, together with costs, are the main factor in the investor profit 
or loss. The price issue is so complicated that the reliable assessment of its time dependence 
over the plant lifetime (60 years) is a fiction. 

 
2.3 Some problems of economic evaluation of energy sources 

First of all, we have to consider the objectives of a particular economic analysis. From 
the energy systems standpoint the decisions could be focused at: 

- Selection of an energy source from the viewpoint of fuel (coal, oil, natural gas, 
renewable sources, advanced nuclear power plant) 

- Selection of an energy source from the viewpoint of the energy system complexity, 
i.e. how big a system is (isolated plant, utility, country energy system, European 
Union energy system) 

 
Among the main required properties of an advanced plant design, which complicate the 

economic evaluation or even make it impossible, belong: 
- Required long plant service life (60 years) 
- High initial investment demands 
- Risks connected with the finalisation of development, construction, trial operation – 

for new, not yet implemented designs 
 
Another problem arising at the economic evaluation represent externalities, i.e. external 

effects defined by different authors differently but in principle as non-compensated effects of 
humans on humans and on nature. Externalities occur as a result of non-compensated damage 
caused to somebody else as a consequence of consumption related activities. It means that the 
originator of external effects does not include this negative effect into his costs (and of course 
– does not compensate it). In industrial conditions negative externalities are quite common 
and are primarily connected with environmental damage. The problem in different countries 
is not methodically treated in the same way [2]. 

3 SELECTION OF A NEW SOURCE FOR THE PERIOD AROUND 2020 

Selection or disqualification of the designs which do not comply with the requirements 
imposed on a new energy source, depend on the formulation of requirements, whose 
fulfilment represents necessary, but not sufficient condition that the design can be included 
into the list of promising concepts. These requirements are at present under development and 
will be probably unified within the EU framework, especially in the areas of safety and 
reliability. Until then, we can recommend to use the EUR requirements [3]. 

Careful analysis of the energy situation and evaluation of the boundary conditions allow 
to drop out the designs which do not comply with the basic requirements. The following 
selection of a new source among the remaining ones requires a detailed evaluation based on 
the relevant criteria formulated within the evaluation method. Thus, parts of the selection 
process are: 

- Initial analysis 
- Selection of designs “non-compatible” with the requirements 
- Final selection of the optimal variant. 
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3.1 Energy situation in the Czech Republic and Europe 

Evaluation of the designs within selection of a new nuclear source should necessarily 
include evaluation of the country economic conditions. Such evaluation is a continuous 
process and it should cover aspects of the national (for example – Czech), European and 
world development. 

 
Expected electricity demands balanced against possible production in the existing 

sources show that the Czech Republic installed capacity is superfluous. However, as the 
analysis [2] confirms situation in the middle-term outlook will be dramatically changing along 
with ageing of the major part of producing plants. Around 2020 it will become necessary to 
build new sources and such ones which will be environment friendly, based on advanced 
technologies. 

 
Comparison of basic technologies (with different service life, energy source, etc.)  

performed within the already mentioned analysis [2] has shown that for operation in the base 
load nuclear sources are most advantageous, followed by coal-firing plants. These results 
comply with those of other Czech and foreign studies on the subject. 

 
3.2 Evaluation criteria – example 

We have proposed a simple method applicable for evaluation and preliminary selection 
of a new nuclear source [1] based on 12 evaluation criteria that cover the most important 
features of feasible designs and at the same time take into account specific conditions of the 
Czech Republic in middle-term and long-term outlook. These criteria include the basic long-
term goals (sustainable growth, proliferation resistance, safety and reliability, economics) as 
well as requirements characteristic for the middle-term approach: 
 
1. Feasible implementation around 2020 

It is obvious in this period we should count on nuclear plants of Generation III and not 
yet on those of Generation IV, including ADTT technology. 
2. Nuclear safety 

Considered from the viewpoint of both public protection and investment protection, 
considered is also possibility of the plant re-start after anticipated accidents. Probability of an 
accident with core melt for III generation light water reactors is <10-5/reactor-year. Certain 
significance has also elimination of necessity to intervene after an accident outside of the 
plant. 
3. Regulatory acceptance 

The degree of the design compliance with national regulatory body requirements is 
assessed. 
4. Reliability of supplies 

Considered are: reliability of a new source (especially availability factor) as well as 
energy supply security for proper functioning of the economy, the uninterrupted physical 
availability of energy products on the market. (The security of supply should be not 
understood as maximising self-sufficiency or minimising dependence, the aim is – to reduce 
risks linked with such dependence.) 
5. Economic competitiveness 

Besides nuclear safety requirement, the economic competitiveness with other energy 
sources is the most important requirement. Under evaluation is the capital risk, i.e. amount of 
required investments covering construction, including financing of necessary development 
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and contingency reserve. Computed total costs should discriminate the first unit of a kind 
(FOAK) from the serial one. 
6. Possibility to compete at the liberalised European electricity market 
7. Industrial infrastructure 

This criterion allows to judge the national industrial infrastructure “chances” to 
participate in the new unit construction. 
8. Compatibility with existing nuclear power plants 

Possibility to make use of the utility experience accumulated in the course of existing 
plants operation is assessed. 
9. Fuel cycle infrastructure 

Data considered are: fuel fabrication or accessibility, including enrichment, conversion, 
fabrication and fuel assemblies supply, preferentially from already proven suppliers. 
Evaluation should also take into account whether the fuel cycle back-end is covered, whether 
storage capacities at the plant site will be available, as well as other issues important for the 
spent fuel management. 
10. Expected public acceptance 

Public confidence in nuclear power advantages can be regained only if new source 
selection is, from the very beginning, accompanied with transparent information and 
interactive dialogue on all society levels. Evaluated are intelligibility of presented 
information, sufficiency of credible data, convincing analyses and objective presentation. 
11. Compliance with the sustainable growth principle 

Evaluated are capability to preserve sources (fuel utilisation) and protection of the 
environment (nuclear waste management). This underscores the fact that unlike energy 
systems based on fossil-burning plants, nuclear power development is in compliance with the 
growing pressure to reduce harmful exhalations. 
12. Proliferation resistance 

Importance and urgency of this issue is obvious. Proliferation resistance (including 
physical protection) should be assessed for the whole fuel cycle. 

 

4 CONCLUSION 

To keep the nuclear option (as a solution of energy deficit) open we have to monitor 
developments in nuclear area that should help to select the optimal design of a future nuclear 
power plant. Results of the economic and energy consumption analyses for the Czech 
Republic conditions show that the availability of energy sources for the base load becomes for 
the middle-term outlook prerequisite.  

As to economic evaluation of feasible nuclear designs we recommend application of the 
levelised cost approach. Actual evaluation and selection procedures require application of an 
objective method within which we recommend to use 12 evaluation criteria covering the most 
important feature of a NPP design suitable for the Czech Republic (as well as for many other 
countries) conditions. These criteria should allow the preliminary short-listing of the feasible 
designs, as the first step in the whole selection process. 
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