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Abstract. Multi-criteria analysis is widely used to solve various technical 

and economic problems. There are a large number of applications of multi-

criteria analysis. Methods for evaluating the total set of criteria have been 

investigated. However, the selection of criteria for various specific tasks 

remains the prerogative of specialists in the relevant branches. The goal of 

this study was to implement a multi-criteria analysis for assessing the 

potential of renewable energy sources' competitiveness. Renewable energy 

sources also include a closed nuclear fuel cycle based on fast-neutron 

reactors. The advantage of such cycle is the reproduction of nuclear fuel in 

the same or even greater quantity than it was used. At the same time, 

uranium isotopes are involved in the cycle, which are waste in 

conventional nuclear generation. The disadvantage of a nuclear fuel cycle 

is an output of hazardous waste and a complex technology for its 

processing. This task is a strategic one, and economic reason is not 

sufficient in this case. A structure of criteria for strategic decision making 

was compiled, and eight groups of main criteria were created. An expert 

analysis of the criteria was carried out and their relative significance was 

determined. Results. The significance of economic, environmental, 

technological and safety criteria is revealed. The formulae for criteria 

normalizing to apply the integration were proposed. Preliminary multi-

criteria analysis has shown that a closed nuclear fuel cycle can compete 

with renewable energy sources such as wind and solar power plants. 

1 Introduction  

The decision on power plants building or renovation has an impact on various aspects of 

social life. Therefore, in power construction, we must make such decisions with a large 

number of influence factors. These include economic, energy, environmental, social, and 

other factors. This is especially true when we make decisions on using renewable energy 

sources compared to traditional ones. 

The objective of this study was to implement the Multi-Criteria Decision Analysis 

(MCDA) to evaluate the potential of electric generation competitiveness. However, it has 

been a challenge for the decision maker to choose the optimal planning option considering 
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the multiple conflicting criteria [1]. There are a number of successful applications of 

MCDA in various branches and countries. It was utilized for multi-criteria ranking to 

determine the optimal hybrid technology combination of mini-grid power systems [2]. The 

scalarization method and the Analytic Hierarchy Process (AHP) method can be employed 

to choose one of possible solutions for ceiling in a public building [3]. It provides a 

structure for applying MCDA in a multi-actor, multi-level context. Competence-based 

Multi Criteria Analysis (COMCA) was applied in a study with the aim to assess solutions 

for the main bottleneck of the railway network [4]. 

Multiple qualitative and quantitative decision criteria were included in the developed 

GIS-MCDA. A GIS-MCDA framework was developed to produce the agricultural land 

suitability maps for irrigation with reclaimed water [5]. Up to 45 economic, technological, 

environmental, and social criteria were taken into account for selection power plant sites 

[6]. 

The mathematical part of the MCDA has been extensively researched. The coordinate 

descent methodology [7], methods of fuzzy set theory [8], of artificial neural networks [9], 

and solutions under uncertainty [10] have been studied. However, the selection of criteria 

for various specific tasks remains the prerogative of specialists in the relevant branches. 

The mathematical tools should be based on a set of criteria that is a feature of the task. 

2 Materials and methods 

Some types of nuclear energy can also be considered a renewable energy source [13]. This 

is due to the use of fast-neutron reactors (FNR) with a sodium coolant. Fast neutrons 

convert in these reactors the widespread isotope of uranium 
238

U into nuclear fuel – 

plutonium 
239

Pu, which is not found in nature. In addition plutonium is produced even more 

than the initial load of nuclear fuel. ISO 13602-1:2002 [14] defines a renewable resource as 

"a natural resource for which the ratio of the creation of a natural resource to the release of 

that resource from nature into the technosphere is equal to or greater than one". 

Such reactors are created in Russia, France, and Japan: the Phénix in France, Monju in 

Japan, and the BN-600 in Russia. The thermal-neutron (or "slow"-neutron) reactors also 

produce plutonium, but much less than FNR. The largest FNR “BN-1200” is being 

designed in Russia [16]. It can become the basis of a closed nuclear fuel cycle. 

Some papers attempt to compare the economic characteristics of fast-neutron reactors 

with other types of generation. They determine the impact of electrical load and of the 

discount rate on economic performance [17], the influence of flow amount and type of 

coolant, of neutron density and temperature of shells [18]. Genetic algorithms are used to 

optimize the parameters of the reactor core [19]. The relative efficiency of nuclear and 

thermal power plants was also compared [20]. Unlike other types of renewable energy 

sources (exclude geothermal energy), waste from nuclear power plants is dangerous and 

radioactive.  

Therefore, the use of each type of resource has both positive and negative sides. For a 

comprehensive study of the advantages and disadvantages of various energy sources, a 

multi-criteria analysis method was used. Methods for determining the integral criterion are 

widely known and are not investigated here. These include Pareto optimization, scalar 

ranking, summation taking into account the weight of individual criteria, the method of 

analytic hierarchy process (AHP), etc. However, the main difficulty is the selection of 

significant criteria. Thus, the international INPRO-program (International Project on 

Innovative Nuclear Reactors and Fuel Cycles) has more than 170 criteria that can hardly be 

evaluated by a single specialist [21-22]. 

A set of criteria for solution’s estimate must satisfy certain properties [23]. The full life 

cycle of the object must be considered. The criteria must be objectively and unambiguously 
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understood by experts and decision-makers. Multiple criteria should be combined into some 

groups that are similar and that also allow consideration within these groups. The set of 

criteria should not be redundant. The criteria should be orthogonal, that is, not repeated in 

nature. Qualitatively evaluated criteria should be translated into a numerical form that 

allows collapsing the criteria into an integral indicator. 

All compared generation options must be correctly compared. If the comparison is not 

based on specific indicators, the power plant capacity should be the same. The energy 

consumption schedule should be the same, and in the case of heat or freshwater generation, 

the resource allocation schedule should be the same. Security must be provided according 

to the same requirements. Prices for materials, structures, and fuel must be set at the same 

time. It is necessary to take into account the cost of delivering fuel and materials. By 

construction we must take into account the costs of organizing construction and creating 

infrastructure, investment risks and contract risks. 

If the different power plant projects are compared on the same site, the same geological, 

hydrological, and seismic conditions are taken into account. If a full comparison is not 

possible, you must consider compensating costs to account for additional factors. 

In order to assess the significance of the criteria, a questioning by a group of experts 

was conducted. The several dozen experts included specialists in energy, construction, 

economy, and ecology who had an understanding of the problems of energy development. 

In addition, some persons who aren’t relation to the energy sector were involved. This 

group was modeling the public attitude to the problems of ecology and energy. 

The expert analysis was carried out in two stages. At the first stage, the expert’s attitude 

to the generalizing criteria without sub-criteria and with minimal explanations of the 

substance of the issues was clarified. The preliminary set of such criteria was as follows: 

economic indicators, main technical specifications, indicators of sustainable energy 

development, criteria for promising energy development, safety and reliability indicators, 

indicators of technology maturity, environmental indicators, social, political and 

institutional criteria. The binary structure of the criteria system is shown in the figure 1. 

 

Fig. 1. Framework of the criteria system. 

At the second stage of the analysis, the value of particular criteria was evaluated. 

Experts could also add their own criteria that were not specified in the proposed list. No 
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expert has entered any additional criteria, so the proposed set of criteria can be considered 

exhaustive. Some criteria received a very small relative weight (less than one percent), so 

they could be removed from the list. 

At the third stage of the analysis, all indicators were normalized. It was taken into 

account that some criteria have a positive effect when increasing the numeric value, while 

others have a positive effect when decreasing the numeric value. For a criterion that 

increases with increasing value, the following normalization equation is applied: 
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with: 

 ki = a normalized criterion; 

C = a normalizing factor; 

xi = an initial absolute value of the criterion. 

When xi is in the range 0 < xi < ∞, the value of the normalized criterion changes from 0 to 

1.  This formula can be used for discounted profit, power generation, efficiency, etc. On the 

contrary, for a criterion that decreases with increasing value, the inverse equation is used: 
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The value of the normalized criterion changes from 1 to 0. This formula can be used for 

discounted costs, the cost of energy production, material resource consumption, 

construction period, etc. If the indicator values can take negative values, the formulae for 

increasing or decreasing criteria will take the following form: 
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where a is base of degree greater than one. 

For qualitative criteria that do not have an exact quantitative assessment, concepts of 

fuzzy set theory, for example, the desire function of the Harrington type can be used [24]. 

Thus, when dividing the target range from 0 to 1 into five sub-ranges, the expert assessment 

can be indicated as follows:"very bad" – 0.1,"bad" – 0.3,"satisfactory" – 0.5,"good"– 0.7, 

and "very good" – 0.9. The values 0 and 1 are reserved for exceptional cases. 

3 Results 

As a result of the first stage of the expert survey, the following results were obtained for 

evaluating groups of criteria: 

 economic indicators – 31.0 %; 

 technical specifications – 10.0 %; 

 indicators of sustainable energy development – 8.2 %; 

 criteria for promising energy development – 10.6 %; 

 safety and reliability indicators – 21.6 %; 

 technology maturity – 7.4 %; 

 environmental indicators – 7.0 %; 
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 social, political and institutional criteria – 4.2 %. 

The relative weight of criteria groups is shown in the figure 2. 

 

Fig. 2. The relative weight of criteria groups. 

As a result of the research, the following criteria are proposed for evaluating options for 

developing energy sources (table 1): 

Table 1. Groups and criteria 

Criteria groups Criteria 

Economic indicators 
Return on capital investment index, average cost of electricity, unit 

discounted costs (LCOE), payback period for capital investments 

Technical specifications 

The life of the unit, a single power plant, the construction period of the 

installation, the availability to bear the load range of the maneuvering 

capacity, coefficient of performance, specific consumption of resources 

for production, labor productivity 

Sustainable energy 

development 

Dependence on seasonal and daily climatic conditions, fuel efficiency, 

fuel reproduction coefficient 

Promising energy 

development 

Export potential, dependence on import supplies, multi-purpose use, 

dependence on seismic conditions of the site 

Safety and reliability 

The probability of an accident, the consequences of severe accidents, the 

passivity of security systems, the number of security barriers, the flow of 

failures, and autonomy 

Technology maturity 
Completion of R&D, preparedness of equipment production, readiness 

of waste processing and disposal technology 

Environmental indicators 
The amount and scarcity of natural consumed resources, the amount of 

waste and hazard level of waste 

Social, political and 

institutional criteria 

Public attitude, legal maintenance, non-proliferation of dangerous 

technologies 
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A preliminary analysis based on the considered criteria showed that a closed nuclear 

fuel cycle can compete with renewable sources such as wind and solar power plants. 

Detailed consideration of alternatives is not a task of this article and can be considered in 

future. However, we note that the parameters of solar and wind power generation due to the 

low capacity factor should not be determined by for the installed power, but by the 

generated energy. Moreover, due to the low availability factor, the alternatives with solar 

and wind power plants must be accompanied by the commissioning of conventional power 

plants with significant capacity. 

4 Conclusion 

This study established the importance of using both knowledge-based and data-driven 

criteria and sub-criteria in the decision framework. However, the received results reflect the 

current state of the technology and economy for considered types of generation, as well as 

the attitude of modern society to them. In the future, it is necessary to check the obtained 

results using multi-criteria analysis with obtained ratios. The ratio of criteria may also 

change over time. 
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