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Abstract. Ecological and economic assessment is a key stage in the 

selection process of investment projects as it defines their 

efficiency and allows to forecast their likely impact on the 

environment and the socio-economic situation of the territory. 

Approaches to the efficiency assessment of investment projects 

include only basic criteria and do not sufficiently consider industry-

specific. The energy sector is a significant primary sector in the 

global economy that directly affects the standard of living, energy 

resources availability for population and for the productive sector 

of economy and has a considerable impact on the environment. 

Therefore, the efficiency assessment process of investment project 

in the energy industry should comprise criteria which will respond 

to the branch specificity and provide accurate data about potential 

environmental and socio-economic consequences of project’s 

implementation in both the short and the long-term run. The paper 

aims to propose a list of environmental criteria for improving the 

process of the ecological and economic efficiency assessment of 

energy investment projects, considering also the Circular Economy 

concepts. The list is based on the results of the expert survey 

carried out by the authors and might be used for multiple-criteria 

decision analysis of the investment projects. 

1 Introduction   

Nowadays the energy sector is undergoing a number of structural changes that correspond 

to the context of the 4th industrial revolution and the goals of sustainable development and 

Circular Economy concepts [1-3]. According to the last statistical data, the energy sector 

produced 48.7% of all CO2 emissions into the atmosphere in 2018, while in 2000 its share 

was 47.0% (fig. 1) [4]. 
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Fig. 1. CO2 emissions by sector in 2000-2018, Mt CO2 (based on data from [4])  

The energy industry shows an accelerated growth rate of CO2 emissions in comparison 

with global indicators: the global growth rate in the period 2000 - 2018 was 42.5%, while 

the growth rate of CO2 emissions produced by energy industry over the same period was 

47.7%. It corresponds to the growth of global energy consumption that is still dominated by 

the share of fossil fuels. Energy facilities that use fossil fuels as a main type of fuel for 

producing energy, emit SO2, NOx, CO, heavy metal compounds, industrial particulate 

matter and other harmful substances into the atmosphere [5-8]. Moreover, they can generate 

large amount of ash and slag waste, pollute water bodies and the soil [9-12].  

At the same time, the energy sector is a backbone branch of the economy. The 

livelihoods of population and the socio-economic development of many regions directly 

depend on the energy industry. Moreover, scientific and technological development and 

innovations in the energy sector stimulate economic growth [13-15]. Madlener and Alcott 

identified a direct relationship: increased energy efficiency leads to increased energy 

consumption, since increased energy efficiency reduces the cost of energy production, 

thereby stimulating economic growth first, and then energy consumption [16]. The 

availability of energy resources and meeting the growing demand for energy are the key 

factors of scientific and technological progress and economic growth [17, 18]. 

Since 2021, a new international climate-regulating legal regime has been operated 

within the framework of the Paris Agreement [19]. The key objective of the new regime is 

the steady reduction in greenhouse gas emissions into the atmosphere produced as a result 

of industrial and economic activities [19]. Moreover, the one of the 17 Sustainable 

Development Goals (SDGs) is “Affordable and clean energy”, which also implies a gradual 

transition to renewable energy sources and an increase in their share in the structure of 

global energy production [20]. 

The measures and initiatives listed above encourage the governments of developed and 

developing countries to invest a greatest volume of financial resources in developing and 

eco-modernization of the energy sector [21-25]. Energy industry is a capital-intensive 

branch of the economy, with a fairly low degree of return and long payback periods for 

investment projects, but at the same time, energy is one of the most promising sectors of the 
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economy, which annually attracts a significant amount of investment [26-28]. Figure 2 

shows the dynamics of global investment in the energy sector of the economy. 

Fig. 2. World investments in the energy sector, billion $ (based on data from [4]) 

Global investments in energy industry has shown a minor downward trend from 2015 to 

2019. In 2020, there was a 25.1% decline in energy investment inflows, caused by the 

Covid-19 pandemic, which has slowed the growth of the largest economies in developed 

and developing countries [29-35]. However, the volume of investments in renewable 

energy and in improving energy efficiency remains almost unchanged throughout the 

analyzed period.  

The crisis, caused by pandemic Covid-19, is expected to have a considerable impact on 

the energy investment activity. Aside from slowing growth of global economies, the Covid-

19 pandemic has identified new challenges for the energy sector: an increase in demand for 

electricity with a significant decline in energy demand and in energy prices, changes in 

global supply chains, the need for green energy development also from waste and raw 

biomasses, and increased risks of investing in projects related to fossil fuels [36-39]. The 

global transition to a new energy paradigm (reducing dependence on fossil fuels and 

switching to green energy) will require the implementation of large-scale investment 

projects for the eco-modernization of existing energy infrastructure and the development of 

new green energy sectors. 

The governments of most states, as part of the recovery of their economies from the 

crisis, will continue to encourage the transition to a low-carbon economy, which should 

reduce the dependence of the socio-economic development of the territories on the cost of 

energy [36]. 

To reduce investment risks and improve both the ecological and economic efficiency of 

investment projects, it is necessary to enhance approaches to their environmental and 

economic assessment. The policy of decarbonization and the achievement of the SDGs has 

led to considerable changes in the environmental laws of many developed countries. Most 

states have tightened control over the implementation of energy projects. Now it is not only 

the economic indicators of the project that come to the forefront, but the environmental 

ones (e.g. reducing the human burden on the environment, possible long-term externalities 

caused by the project implementation) [22]. The most common approaches to the 

assessment of ecological and economic efficiency are “cost-benefit” approach and “cost-
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efficiency” approach that require adaptation to the specifics and current challenges of 

energy, which implies a revision of the current criteria for evaluating investment projects 

[40]. The purpose of this research is to determine the preliminary environmental criteria 

that should be included in the system of ecological and economic assessment of investment 

projects in the energy sector. 

2 Research methods 

To determine and rank the preliminary environmental criteria, the authors conducted a 

survey of Russian experts with the necessary competencies in the field of ecology, energy 

and investment. The survey was conducted using the online service "Google Forms". 

The survey involves ranking of 17 criteria that can be used in the initial assessment of 

the ecological and economic efficiency of an investment project implemented at a 

traditional energy facility on a scale of one to ten. The choice of evaluation criteria was 

determined by the predominance of traditional energy facilities in the structure of electricity 

production in Russia (Figure 3). 

Fig. 3. Electricity production by the type of energy facility in Russia in 2019, % (based on data from 

[41])  

More than 60% of electricity in Russia is produced by thermal power plants (TPPs), 

19.3% by NPPs. Renewable energy facilities, that include hydroelectric power plants, wind 

plants, and solar power plants, produce 17.86% of electricity, more than 98% of which is 

accounted for by hydroelectric power plants. It is assumed that most of the investment 

projects in the energy sector in Russia will be aimed to provide the eco-modernization of 

the existing energy infrastructure through the introduction of environmental technologies. 

The survey consists of two parts. The first part considers ranking by the degree of 

importance of the enlarged criteria (mainly environmental) that should be included in the 

ecological and economic assessment of investment projects in the energy industry. The 

second part of the survey is the open question whose mission is identifying additional 

criteria for conducting an ecological and economic assessment. The first part of the survey 

was mandatory, the answers to the open question might have been entered at the request of 

the respondent. The survey form is shown in table 1. 
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Table 1. The structure of experts’ questionnaire  

The question The list of criteria / Answer 

1. Here is a list of criteria that 

can be used in the process of 

assessment of environmental 

and economic efficiency of 

investment projects in the 

energy industry, please rank the 

criteria according to their 

significance on a 10-point scale. 

1) Capacity of the energy facility. 

2) Share of the energy facility in providing the locality with 

electricity. 

3) Use of environmental technologies at energy facility. 

4) Resource consumption by the energy facility for producing 

energy 

5) Coal consumption by the energy facility for producing 

energy. 

6) Share of coal consumption in total resource consumption 

7) Oil fuel consumption by the energy facility for producing 

energy 

8) Share of oil fuel consumption in total resource consumption 

9) Natural gas consumption by the energy facility for 

producing energy 

10) Share of natural gas consumption in total resource 

consumption 

11) Total emissions of CO2 produced by the energy facility 

12) Total emissions of SO2 produced by the energy facility 

13) Total emissions of NOx produced by the energy facility 

14) The square occupied by energy facility 

15) Potential risks of the energy facility operation 

16) Social value of the energy facility 

17) Degree of the secondary use of industrial waste 

2. In your opinion, what 

criteria, in addition to the 

above, can be used to assess the 

environmental and economic 

efficiency of energy projects? 

Open-ended question 

3 Results and discussion  

A total of 109 experts took part in the survey. Each expert evaluated the proposed criteria 

on a 10-point scale. In order to analyze the results obtained and rank the criteria, the 

following indicators were adopted: 

• evaluation from 1 to 4 points – the criterion is insignificant in the framework of 

evaluating the ecological and economic efficiency of the investment project in the energy 

industry (it is not recommended to include it in the evaluation system); 

• evaluation from 5 to 7 points – the criterion has an average degree of significance in the 

framework of assessing the ecological and economic efficiency of an investment project 

in the energy industry (it is recommended to include it in the evaluation system); 

• evaluation from 8 to 10 points – the criterion plays a key role in the evaluation of the 

ecological and economic efficiency of the investment project in the energy industry (it 

should be included in the evaluation system). 

Criteria “Capacity of energy facility” and “Share of the energy facility in providing the 

locality with electricity” allow to assess technical features of investment project: the more 

the capacity of the energy facility, the larger territory it can provide with electricity. Figure 

4 shows the results of the respondents' assessment of both criteria. 
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a) 

 
b) 

Fig. 4. Results of assessment criteria “Capacity of energy facility” (a) “Share of the energy facility in 

providing the locality with electricity” (b) by respondents, %. 

More than 75% of respondents rated both criteria from 8 to 10 points. 56% of experts 

rated the capacity of energy facility at the maximum point. 44% gave a similar rating to the 

share of the energy facility in providing the locality with electricity.  It indicates a need for 

including these criteria in the assessment process of environmental and economic efficiency 

of investment projects. 

The third criterion “Use of environmental technologies at the energy facility” was rated 

by experts at a high level: 11% rated the criterion at 8 points, 7.3% at 9 points and 56% at 

10 points. This criterion allows assessing the degree of innovation of the investment project 

considering environmental protection and its compliance with the current requirements of 

the environmental legislation of the country in which the project is being implemented [42]. 

Resource consumption at the energy facility is a key performance indicator in the 

energy sector. Traditional energy facilities consume considerable amount of minerals such 

as coal, oil and natural gas. It leads not only to the depletion of natural resources, but also to 

environmental pollution. In the process of mineral resource combustion, huge amount of 

CO2 emissions and other toxic substances are generated [43]. To reduce the negative impact 

of the energy facility on the environment, its consumption of natural resources must be 

reduced, and the process of energy production must be optimized too.  

The majority of respondents consider the indicator of total resource consumption is an 

important component of the ecological and economic assessment of investment projects in 
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the energy sector: 57.5% of respondents rated this criterion at a high level. In further, the 

experts had to assess the role of consumption of a particular type of fuel (coal, fuel oil, 

natural gas) and its specific weight in the structure of resource consumption in the 

framework of assessing the efficiency of the energy project. 

According to the data obtained, more than 50% of experts consider it mandatory to 

include in the system of ecological and economic assessment the criteria for the 

consumption of all the listed types of fuel and to calculate their share in the total structure 

of resource consumption by the energy facility. The structure of resource consumption 

plays an important role in the implementation of eco-modernization projects: most 

traditional energy facilities are switching from coal-fired TPPs to gas-oil TPPs, which 

implies the use of more environmentally friendly natural gas as the main fuel [44]. Table 2 

shows the ratio of expert assessments for each type of fuel. 

Table 2. Criteria’s assessment of resource consumption by energy facility 

Type of resource 
Experts' evaluation, % 

1-4 points 5-7 points 8-10 points 

Coal 

Consumption 16.7% 21.2% 62.1% 

Share in total resource consumption 23.0% 15.6% 61.4% 

Fuel oil 

Consumption 16.8% 30.0% 53.2% 

Share in total resource consumption 20.2% 25.6% 54.2% 

Natural Gas 

Consumption 4.0% 24.6% 71.8% 

Share in total resource consumption 6.6% 26.9% 66.7% 

Total resource consumption 5.4% 17.7% 76.9% 

More than 60% of respondents noted the need to include all criteria of resource 

consumption in the system of environmental and economic assessment of investment 

projects in the energy sector. 

Traditional energy facilities emit a huge amount of CO2 and other harmful substances 

such as SO2 and NOx into the atmosphere [45]. The experts were asked to assess the 

significance of the criteria for the release of these substances by the energy facility (fig. 5). 

More than 70% of experts rated each of the proposed criteria “Total emissions of CO2 

produced by the energy facility”, “Total emissions of SO2 produced by the energy facility” 

and “Total emissions of NOx produced by the energy facility” from 8 to 10 points. 

 The lowest rank according to the results was given to the criterion "The square 

occupied by energy facility": 48.7% of respondents rated it from 5 to 7 points, that indicates 

its average level of significance in the framework of the ecological and economic 

assessment of the investment project. 

According to the majority of respondents, the potential risks of operating an energy 

facility as an assessment criterion must be included in the project performance assessment 

system: 31.9% rated this criterion at 10/10 points. 

The criterion “Social value of the energy facility” was highly appreciated by the experts. 

It refers to the importance of an energy facility for maintaining the necessary level of socio-

economic development, providing the population and socially important infrastructure 

facilities (hospitals, kindergartens, schools) with electricity for carrying out current 

activities (fig. 6). 

68.1% of experts rated this criterion from 8 to 10 points, which indicates the need to 

include it in the process of ecological and economic assessment of investment projects. 
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Fig. 5. Criteria’s assessment of CO2, SO2 and NOx emissions produced by energy facility, % 

Fig. 6. Results of assessment criteria “Social value of the energy facility”, % 

The final evaluation criterion was the secondary use of industrial waste at traditional 

energy facilities. Traditional energy companies, especially those that use coal as the main 

fuel, generate a significant amount of production waste that can be recycled. Figure 7 

shows the results of the evaluation of this criterion by experts. 
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Fig. 7. Results of assessment criteria “The degree of the secondary use of industrial waste”, % 

According to the results of the survey, the criterion of secondary use of industrial waste 

should be included in the process of environmental and economic assessment.  

Thus, almost all the proposed criteria were evaluated by experts from 8 to 10 points. To 

identify the primary criteria, the authors ranked the results of the expert assessment by 

calculating the arithmetic mean for each criterion (Table 3). 

Table 3. Calculation of average point of criteria assessment 

Criteria Average point 

Total emissions of CO2 produced by the energy facility 8.71 

Resource consumption by the energy facility for producing energy 8.70 

Capacity of energy facility 8.66 

Use of environmental technologies at energy facility 8.51 

Share of the energy facility in providing the locality with electricity 8.42 

Total emissions of SO2 produced by the energy facility 8.37 

Natural gas consumption by the energy facility for producing energy 8.28 

Total emissions of NOx produced by the energy facility 8.17 

Share of natural gas consumption in total resource consumption 8.06 

Social value of the energy facility 7.95 

Potential risks of the energy facility operation 7.83 

Degree of the secondary use of industrial waste 7.81 

Coal consumption by the energy facility for producing energy. 7.31 

Share of coal consumption in total resource consumption 7.24 

Share of oil fuel consumption in total resource consumption 7.21 

Oil fuel consumption by the energy facility for producing energy 7.19 

The area of energy facility 6.19 

Based on the given results, authors made the following conclusions: 

• 9 from 17 proposed criteria should be included in the assessment process of ecological 

and economic efficiency of investment projects in energy industry; 

• the highest score among all the criteria was received by the indicator of CO2 emissions 

into the atmosphere – 8.71 points, followed by the indicator of resource consumption 

(8.70) and the indicator of energy facility capacity (8.66). The resulting distribution of 

criteria is due to the fact that CO2 emissions into the atmosphere from the burning of 

fossil fuels correlate with emissions of gaseous toxic substances, being an indicator of the 

total human pressure on the environment, and the greater the density of the fuel used [43-

46]; 

• the importance of the criteria for the total consumption of natural gas by the energy 

facility and its share in the total structure of resource consumption (8.28 and 8.06 points, 
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respectively) may be due to the policy of the Russian government in stimulating the 

transition of traditional energy facilities to the use of natural gas as the main fuel. Natural 

gas is eco-friendlier compared to coal and refined petroleum products and allows to 

reduce resource consumption with a constant amount of energy generation; 

• the criterion for using the best available technologies scored 8.51 points, which indicates 

the need to take into account the technical component in the development and 

implementation of investment projects in the energy sector; 

• the lowest rating was given to the criterion “The square occupied by energy facility” (6.19 

points), which makes this criterion optional for inclusion in the project performance 

assessment system. 

In the second part of the survey, experts were asked to name their criteria that might be 

used to assess the environmental and economic efficiency of energy projects. Only 16 out 

of 109 experts (14.7%) provided additional criteria. The list of the proposed criteria by 

experts includes: 

• water consumption by the energy facility (2 experts); 

• share of innovations in the total amount of investments (2 experts); 

• wastewater discharges by energy facility (1 expert); 

• the green square occupied by the energy facility (1 expert); 

• share of investments in the eco-modernization in the total amount of investments (1 

expert); 

• shares of governmental and private investments in the total amount of investments (1 

expert). 

Hence, all of the above criteria can be included in the evaluation system of an 

investment project in the energy sector. They cover both the environmental component 

(wastewater discharges by energy facility) and the economic component (share of 

innovations in the total amount of investments). 

To increase the objectivity of the assessment of ecological and economic efficiency and 

to compare alternative investment projects, it is proposed to use relative environmental and 

economic indicators developed on the basis of mandatory and additional criteria determined 

as a result of the study. For instance, instead of the indicator "Total amount of CO2 

emissions produced by the energy facility", it is proposed to use the indicator "Share of 

CO2 emissions from energy production, t/MWh". Similar indicators are proposed to be 

introduced for emissions of other toxic substances. Using relative indicators instead of 

absolute ones allows you to compare the efficiency of energy facilities, regardless of their 

size and rated capacity. The proposed approach increases the objectivity of the ecological 

and economic assessment and the informativeness of the results obtained. 

4 CONCLUSIONS 

Based on the results of the study, the authors formed a list of mandatory criteria that 

received an average expert rating of 8 to 10 points: 

• total emissions of CO2 produced by the energy facility 

• resource consumption by the energy facility for producing energy 

• capacity of energy facility 

• use of environmental technologies at energy facility 

• share of the energy facility in providing the locality with electricity 

• total emissions of SO2 produced by the energy facility 

• natural gas consumption by the energy facility for producing energy 
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• total emissions of NOx produced by the energy facility 

• share of natural gas consumption in total resource consumption. 

The selected environmental criteria cover only a part of the energy facility operation: air 

pollution, resource consumption, electricity generation. In this regard, the experts proposed 

the following additional evaluation criteria: water consumption by the energy facility, the 

volume of discharges of polluted wastewater by the energy facility, share of innovations in 

the total amount of investments, the area of the green territory used for the construction and 

operation of the energy facility, share of investments in the eco-modernization in the total 

amount of investments, and shares of state and non-state investments in the total amount of 

investments. 

To develop a more comprehensive approach to assessing the ecological and economic 

efficiency of investment projects in the energy sector, it is necessary to include criteria for 

water consumption and water pollution by the energy facility, the criterion of innovation of 

the investment project, the investment structure, expand the criterion for assessing 

emissions of harmful substances into the atmosphere by introducing a common integral 

indicator of emissions, which will include not only emissions of CO2, SO2 and NOx, but 

also emissions of PM, heavy metal compounds, benzo(α)pyrene and other toxic substances. 

The list of criteria obtained as a result of the conducted research can be improved and 

used in the method of multicriteria decision analysis (MCDA). The method is based on a 

ranking of pre-defined criteria for an objective and transparent assessment of various 

solutions. Its use in the framework of ecological and economic assessment of investment 

projects will allow comparing alternative projects in the energy sector during their initial 

analysis, as a result of which the possible most preferred and inappropriate solutions will be 

determined. 

 
This research is supported by Act 211 Government of the Russian Federation, contract No. 

02.A03.21.0006.  
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