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ABSTRACT 
Classical investment analysis shows that even in conditions of preferential pricing of capacity, Russian 
hydropower projects are not economically attractive for investors. The purpose of this work is to 
identify the conditions in the Russian energy market under which capital-intensive and expensive-to-
operate hydropower projects are able to achieve economic feasibility. The objects are Russian small 
hydropower projects selected for the wholesale energy market as part of the first programme of state 
support for renewable energy. The author’s approach to assessing the economic efficiency of these 
projects based on the calculation of basic investment indicators is proposed. This approach takes into 
account the industry-specific features of capacity pricing, as well as the author’s tools for assessing the 
cost of risks specific to these energy facilities. As a result, 12 possible scenarios for the implementation 
of small hydropower projects in the national market taking into account changes in the volume and 
timing of government support, as well as the degree of influence of political and environmental risks 
are developed. Based on the results of the scenario assessment of the economic efficiency of these 
projects, recommendations for the development of a programme of state support for Russian 
hydropower are proposed. 
Keywords:  economic efficiency, hydropower projects, renewable energy, scenario assessment, specific 
risks, state support. 

1  INTRODUCTION 
The world experience shows that the initial stages of the renewable energy (RE) development 
require the mandatory application of state support programmes [1], [2]. Subsequently, the 
effectiveness of the proposed mechanisms depends on the effectiveness of the development 
of the entire sector [3]. First of all, the main purpose of such support is to attract private and 
concessional investments for the construction of energy facilities [4]. In practice, there are 
many different mechanisms for supporting RE projects. In particular, capacity mechanisms 
[1], [5], subsidies (in the form of feed-in tariffs, ‘contracts for difference’ and fixed premium) 
[6]–[9], fiscal incidence [10], government lending [11], energy auctions [12], reliability 
option scheme [13], renewable energy certificates (including tradable) [14], tendering [15], 
tax reliefs [16], phasing out capacity support for ‘non-green’ power plants [17], accounting 
for demand response [18], system of penalties [3], carbon exchanges [19], ‘green’ taxes and 
fees [20], ‘green’ stocks and bonds [21], [22], etc. As a rule, these support mechanisms are 
the same for all RE facilities. 
     Therefore, the research and practical question arises: to what extent these tools are 
economically justified for individual RE facilities (for example, for solar, wind, bio or 
hydroelectric power plants). These facilities differ significantly not only in technical, but also 
in economic characteristics – the required amount of capital investments, operational 
expenditures, the cost of generated electricity and capacity, etc. 
     The object of research is the small hydropower projects (SHPP) selected for the Russian 
wholesale market based on the results of 2018–2020 competition. These competitive 
selections were carried out within the framework of the state programme to support the sector 
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– the contracts for the provision of capacity based on renewable energy sources, well-known 
as the CSA RES [3]. 
     The main purpose of the work is to provide an economic justification for the proposed 
scenarios for supporting small hydropower sector, in which these SHPP will be able to 
achieve economic feasibility during the studied periods. Tasks: (1) to develop a method for 
evaluating the effectiveness of projects, taking into account the specifics of the industry and 
the impact of specific risks; (2) to conduct an initial assessment of the effectiveness of 
selected projects; (3) to propose scenarios for supporting projects in the market; (4) to assess 
the economic feasibility of these scenarios; and (5) to develop recommendations for 
improving the existing support programme, taking into account the assessments carried out. 
     The article has the following structure. In the second section, the author’s approach to 
assessing the economic efficiency of projects is proposed. It takes into account the industry 
specifics of pricing capacity, the impact of specific risks through their cost indicators and the 
life cycle of projects. The third section provides a brief description of the projects and an 
initial assessment of their effectiveness. In the fourth section, the calculations are carried out, 
the scenarios that individualise the approach to supporting the SHPP are developed and 
justified. These scenarios take into account the national rating, the price of greenhouse gas 
emissions, the amount and period of government support. In conclusion, the main results of 
the work are summarised, alternative scenarios for project support are proposed. 

2  METHODS 
This section presents two methods used by the author for a step-by-step assessment of the 
economic efficiency of the SHPPs. These methods are based on the calculation of classical 
investment indicators: net present value (NPV) and internal rate of return (IRR) [19]. They 
take into account the industry-specific features of the formation of the price for the SHPP 
capacity [23]. 
     These indicators are calculated for two periods: (1) at the end of the period of state support 
(15 years;) and (2) at the end of the planned period of operation of the power facility (40 
years) – according to the equations presented below. 
     However, the first method is based solely on the principles of classical investment analysis 
(Section 2.1). The second method takes into account the impact of specific risks on the 
effectiveness of such projects (Section 2.2). 

2.1  The classical method 

The NPV indicator for the SHPP is estimated according to eqn (1): 

 𝑁𝑃𝑉௛௬ௗ௥௢ ൌ ∑ ஼ி೔
೔భ ೚ೝ ೔మ

ሺଵାௗሻ೔
௜ଵ ௢௥ ௜ଶ
௜ୀ଴ , (1) 

where 𝑖 is the year of project implementation; 𝑖1 is the period of state support, 𝑖1 = 15 years; 
𝑖2 is the planned period of operation of the SHPP, 𝑖2 = 40 years; 𝐶𝐹௜ is the amount of cash 
flows for period 𝑖, totally generated for periods 𝑖1 or 𝑖2; 𝑑 is the discount rate, taking into 
account the projected inflation rate. 
     The cash flow of such projects takes into account all expenditures associated with the 
construction and operation of SHPP, as well as income from the sale of the achieved capacity 
and electricity produced for the wholesale energy market. The price of capacity during the 
period of state support is preferential according to eqn (2): 
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 𝐶𝑃௜ ൌ
ೃ೔∙ೃೃ೔షభ
భష಺೅

ା௥೔

ଵଶ
൅ 𝐸𝐶௜, (2) 

where 𝐶𝑃௜ is the price of capacity, which ensures the return of capital and operational 
expenditures in the ith year; 𝑅௜ is the amount of invested capital at the beginning of the ith 
year; 𝑅𝑅௜ିଵ is the rate of return on invested capital for the previous ith year; 𝐼𝑇 is income tax 
rate; 𝑟௜ is the amount of return on invested capital in the ith year; 𝐸𝐶௜ is the multiplication of 
the value of the operational expenditures of the ith year and the share of costs compensated 
by the payment for the capacity of generating facilities. 
     Methods for calculating individual elements of the capacity price are presented in detail 
in Chebotareva [24]. Prices for electricity for the entire period of operation of the power 
facility and for capacity after the end of the support programme are formed on the market in 
the appropriate price zone. 
     The calculation of the IRR is carried out according to eqn (3): 

 ∑ ஼ி೔
೔భ ೚ೝ ೔మ

ሺଵାூோோሻ೔భ ೚ೝ ೔మ
௜ଵ ௢௥ ௜ଶ
௜ୀଵ ൌ 𝐶𝐹଴. (3) 

2.2  Proposed method 

In the new methodology, the author proposed to take into account the value of specific risks 
of the SHPP in the amount of cash flows. These risks include political, environmental and 
economic risks. Then the specified amount of cash flow is estimated using eqn (4): 

 𝐶𝐹௜,௨௣ௗ
௜ଵ ௢௥ ௜ଶ ൌ 𝐶𝐹௜

௜ଵ ௢௥ ௜ଶ െ 𝑃𝑅௜
௜ଵ െ 𝐸𝑅௜

௜ଵ ௢௥ ௜ଶ െ 𝐶𝑎𝑅௜
௜ଵ ௢௥ ௜ଶ, (4) 

where 𝑃𝑅௜ is the cost of political risk for the period 𝑖; 𝐸𝑅௜ is the cost of environmental risk 
for the period 𝑖; 𝐶𝑎𝑅௜ is the cost of economic risk for the period 𝑖. 
     Political risk includes the risks of a sudden change in the strategy for the development of 
RE and schemes for support, financial aspects of investors’ dependence on state programmes, 
imperfection of legislation that may arise depending on the current state (rating) of the 
country. This indicator is calculated over a 15-year period of support based on the rating 
approach according to eqn (5): 

 𝑃𝑅௜ ൌ 𝑃𝐷௜ ∙ 𝑅𝐶௜, (5) 

where 𝑃𝐷௜ is the probability of default of the country, estimated on the basis of the assigned 
national rating; 𝑅𝐶௜ is the amount of the preferential capacity fee; 𝑖 ൌ 0, … , 15. 
     Environmental risk assesses the damage caused to the environment in the form of 
greenhouse gas emissions at the stages of production, utilisation of energy equipment and 
electricity generation. This risk is assessed during the entire duration of the project according 
to eqn (6): 

 𝐸𝑅௜ ൌ 𝐸𝑚஼ைଶ௜ ∙ 𝑃𝑟஼ைଶ, (6) 

where 𝐸𝑚஼ைଶ௜ is the amount of greenhouse gas emissions in equivalent of CO2; 𝑃𝑟஼ைଶ is the 
price of emissions; 𝑖 ൌ 0, … , 40. 
     Economic risk takes into account the impact of a set of intra-industry economic processes 
on the project and is calculated over the entire implementation period as additional capital 
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necessary to cover losses from emerging risks (risk capital) of the project, according to eqn 
(7): 

 𝐶𝑎𝑅௜ ൌ 𝐸𝐴𝐷 ∙ 𝐿𝐺𝐷 ∙ ሺ𝑁 ∙ ቀ
ேషభሺ௉஽೔ሻା√ோ∗ே

షభሺఈ೔ሻ

√ଵିோ
ቁ െ 𝑃𝐷௜ሻ ∙ 𝑀௜ (7) 

where 𝐸𝐴𝐷 is the full value of the project, 𝐸𝐴𝐷 ൌ 𝐶𝐹଴; 𝐿𝐺𝐷 is the industry average indicator 
of the expected relative losses of the project in case of default; 𝑅 is the coefficient of 
correlation of project indicators with the general state of the industry; 𝛼௜ is the level of 
reliability of the project; 𝑀௜ is penalty for exceeding the 1-year (risk-free) project period; 
𝑁ሺ… ሻ and 𝑁ିଵሺ… ሻ are functions of the standard normal distribution and its inverse value, 
respectively. 

3  INITIAL ASSESSMENT OF HYDROPOWER PROJECTS 
This section describes the objects of research (Section 3.1), as well as presents the results of 
the initial assessment of projects in accordance with the classical (Section 3.2) and proposed 
(Section 3.3) methods. 

3.1  Brief description of the projects 

The characteristics of the projects are given in Table 1. All projects belong to the first price 
zone of the wholesale electricity and capacity market in Russia [25]. In this price zone, the 
sale of electric energy and capacity is carried out at free (unregulated) prices. Prices are 
formed based on the results of competitive bidding in the European part of Russia and the 
Urals. 

Table 1:  Key indicators of hydropower projects. 

Title of SHPP Select. Comm. Region Initiator company Capacity CAPEX Investment 

SHPP-1_1 2020 2024 
Murmansk 

region 
PJSC ‘TGC-1’ 16.5 192 3,168,000 

Bashennaya 2020 2024 
Chechen 
Republic 

PJSC ‘RusHydro’ 10 193.6 1,936,400 

Psygansu 2020 2024 
Kabardino-
Balkarian 
Republic 

PJSC ‘RusHydro’ 19.1 194.6 3,717,605 

Segozerskaya 2019 2022 
Republic 
of Karelia 

LLC 
‘EuroSibEnergo 

Hydro-generation’ 
8.1 176 1,425,179 

Prosyanskij 
sbros BSK 

2018 2020 
Stavropol 

region 
LLC ‘EnergoMIN’ 7 174.5 1,221,311 

Gorko-
Balkovskaya 

2018 2020 
Stavropol 

region 
LLC ‘EnergoMIN’ 9 174.5 1,570,257 

Nizhne-
Krasnogorskaya 

2018 2023 
Karachay-
Cherkess 
Republic 

LLC 
‘Yuzhenergostroy’ 

23.73 174.5 4,139,895 

Explanations for some indicators: Selection (Select.) is the year of competitive selection; Commissioning (Comm.) 
is the year of commissioning; Capacity is installed capacity, MW; CAPEX is the specific capital expenditures, 
thousand rubles/kW; Investments are total investment, thousand rubles. 
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     A distinctive feature of these projects is the active participation of regional (non-capital) 
energy companies in competitive selections. Thus, by the end of 2018, projects are 
implemented exclusively by companies representing the region of SHPP construction. In 
2019, a Siberian company (Irkutsk-city), which implemented a project in Karelia, was 
selected. However, by the end of 2020, the projects are being implemented by companies 
from Saint Petersburg and Moscow. For comparison, solar and wind energy in the Russian 
market is dominated exclusively by companies operating in Moscow and implementing 
projects in other regions [3], [26]. 

3.2  Economic efficiency of projects (without the cost of risks) 

The results of the evaluation of the economic efficiency of the studied projects for two 
specified periods are presented in Table 2. 

Table 2:  Projects’ economic efficiency indicators. 

Title of SHPP 

15 years after 40 years after 
Growth rate 

(%) 

NPV 
(thousand 

rubles) 

IRR 
(%) 

NPV 
(thousand 

rubles) 

IRR 
(%) 

ΔNPV ΔIRR 

SHPP-1_1 −1,325,169 −10.01 −941,321 −3.71 71.03 37.06 

Bashennaya −672,595 −7.82 −267,216 −1.48 39.73 18.93 

Psygansu −1,398,687 −8.67 −751,193 −2.29 53.71 26.41 

Segozerskaya −567,853 −9.36 −372,029 −3.16 65.52 33.76 

Prosyanskij sbros BSK −450,769 −7.79 −219,079 −1.89 48.60 24.26 

Gorko-Balkovskaya −579,578 −7.79 −281,712 −1.89 48.61 24.26 

Nizhne-Krasnogorskaya −1,366,997 −9.07 −587,684 −1.77 42.99 19.52 
 
     As a result, the evaluation of projects using the classical method showed that even 
preferential pricing of capacity does not allow capital-intensive hydropower projects to 
achieve a positive economic effect. Moreover, this effect is achieved not only based on the 
results of the of state support, but also during the planned 40-year operational period. 

3.3  Economic efficiency of projects (including the cost of risks) 

The results of a similar assessment of the economic efficiency of projects, but taking into 
account the cost of specific risks, are presented in Table 3. 
     Naturally, when taking into account the additional cost of risks, the indicators of economic 
efficiency of projects decrease. Moreover, the decrease in NPV and IRR within a 15-year 
period averaged 26%–28%, and over a 40-year period – already 55%–60%. Due to the 
absence of the influence of political risk, after the end of the state programme, the growth 
rate of performance indicators estimated using the second method accelerates. 
     Therefore, in the case of small hydropower, it is impossible to talk about the reducing 
state support programmes compared to projects in the solar and wind sectors. On the contrary, 
it requires the development and study of support conditions under which SHPPs will be 
attractive to private investors. 
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Table 3:  Projects’ economic efficiency indicators (with cost of risks). 

Title of SHPP 

15 years after 40 years after 
Growth rate 

(%) 

NPV 
(thousand 

rubles) 

IRR 
(%) 

NPV 
(thousand 

rubles) 

IRR 
(%) 

ΔNPV ΔIRR 

SHPP-1_1 −1,635,812 −12.58 −1,302,559 −4.93 79.63 39.19 

Bashennaya −862,405 −10.13 −487,951 −2.58 56.58 25.47 

Psygansu −1,763,018 −11.07 −1,174,892 −3.42 66.64 30.89 

Segozerskaya −708,127 −11.86 −535,074 −4.36 75.56 36.76 

Prosyanskij sbros BSK −570,687 −10.03 −358,511 −2.98 62.82 29.71 

Gorko-Balkovskaya −733,759 −10.03 −460,982 −2.98 62.82 29.71 

Nizhne-Krasnogorskaya −1,772,724 −11.76 −1,059,560 −3.00 59.77 25.51 

4  SCENARIO ASSESSMENT OF HYDROPOWER PROJECTS 
This section presents the developed scenarios for supporting projects that can allow them to 
achieve economic feasibility (Sections 4.1 and 4.3). In addition, the calculated justification 
of each of the scenarios was carried out according to the proposed methodology (Sections 
4.2 and 4.4). 

4.1  Initial scenarios 

Taking into account the results of the initial assessment, the development of scenarios should 
be associated with a phased increase in the volume and/or period of state support for projects, 
as well as take into account the degree of impact of identified risks. The purpose of 
developing these initial scenarios is to study the ‘behaviour’ of the economic efficiency of 
projects under given basic conditions for changing the rating, the cost of emissions, as well 
as the volume and period of support. 
     As a result, eight scenarios were initially proposed. Their brief description is given in 
Table 4, and comments on the scenario indicators are below: 

 The variation of the national rating from ‘A’ to ‘BB’ relative to the zero scenario reflects 
not only a change in the ability of the state’s economy to provide financial support for 
projects, but also the development of its own industrial base or new logistics to provide 
energy facilities with equipment and components. 

 In some scenarios, the price of greenhouse gas emissions in accordance with world 
practice [27], [28] is updated at the current exchange rate [29]. In other scenarios, a zero 
cost has been adopted, since in fact, a fee for emissions in Russia is planned to be 
introduced no earlier than 2028 [30]. 

 The variation of the indicators of the volume and period of state support up to 200% and 
40 years is the author’s hypothesis aimed at finding threshold under which SHPPs are 
able to achieve economic feasibility. 
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Table 4:  Initial project support scenarios. 

Scenario’s indicators 
Number of scenario 

0 1 2 3 4 5 6 7 8 

The level of national rating BBB A BB A BB A BB A BB 

The price of greenhouse gas 
emissions, rubles 

438 600 600 0 0 600 600 0 0 

The amount of state support, 
% 

100 200 200 200 200 100 100 100 100 

The period of state support, 
years 

15 15 15 15 15 40 40 40 40 

Explanations for some indicators: The zero scenario reflects the conditions of the initial assessment of the 
effectiveness and is used as an informative one, here the volume and period of support are indicated in accordance 
with the Resolution [23]; The value of the national rating is taken into account in the cost of political and economic 
risks as the probability of default; The cost of emissions is indicated per 1 ton of CO2. 

4.2  The economic feasibility of projects under the initial scenarios 

A summary of the number of projects capable of achieving a positive economic result, 
depending on the studied periods and the impact of identified risks, is presented in Table 5. 
The economic indicators actually achieved by the projects are given in [31]. 

Table 5:  Number of economic efficiency projects. 

Number of 
scenario 

The period of assessment and risks’ impact 

15 years  
(without risks) 

40 years  
(without risks) 

15 years  
(with risks) 

40 years  
(with risks) 

1 5 7 0 6 

2 5 7 0 5 

3 5 7 0 6 

4 5 7 0 5 

5 0 2 0 0 

6 0 2 0 0 

7 0 2 0 0 

8 0 2 0 0 
 
     The calculations showed that taking into account the cost of emissions does not 
significantly affect the possibility of achieving economic efficiency for projects. In scenarios 
3 and 4, 7 and 8, where the cost of emissions is zero, the number of effective projects has not 
changed compared to scenarios 1 and 2, as well as scenarios 5 and 6, respectively. 
     The probability of a possible default has demonstrated a weak impact on the achievement 
of efficiency by projects. Thus, if the amount of state support is set at 200% for 15 years and 
the rating is lowered to ‘BB’, fewer projects achieve a positive effect within 40 years (taking 
into account the impact of risks) compared with the ‘A’ rating (1–4 scenarios). When 
providing support at the level of 100% for 40 years (5–8 scenarios), there is no fundamental 
impact of the rating. 
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     As a result, only scenario conditions have the greatest impact in terms of the volume and 
period of state support. A twofold increase in the volume of support over 15 years (scenarios 
1–4) will ensure that a large number of projects achieve an economic effect compared to the 
extension of initial financing throughout the planned project period (scenarios 5–8). 
     Consequently, based on the results, assumptions are made for the subsequent development 
of updated scenarios: 

 The price of greenhouse gas emissions is assumed to be 600 rubles. 
 Scenarios should take into account the originally set national ratings ‘A’ and ‘BB’. 
 In order for projects to achieve a positive effect within 15 years, the amount of support 

should be increased compared to the originally 200%. 
 In order to reduce the burden on consumers during the first 15 years, it is important to 

explore the possibility of extending the duration of the support programme while 
maintaining the initially 200%. 

4.3  Updated scenarios 

Four updated scenarios for supporting small hydropower projects have been proposed (Table 
6). 

Table 6:  Updated project support scenarios. 

Scenario’s indicators 
Number of scenario 

9 10 11 12 

The level of national rating A BB A BB 

The price of greenhouse gas emissions, 
rubles 

600 600 600 600 

The amount of state support, % 250 250 200+100 200+100 

The period of state support, years 15 15 15+5 15+5 

4.4  The economic feasibility of projects under the updated scenarios 

A summary of the number of projects capable of achieving a positive economic result under 
the updated scenarios is presented in Table 7. The economic indicators actually achieved by 
the projects are given in [31]. 

Table 7:  Number of economic efficiency projects. 

Number of 
scenario 

The period of assessment and risks’ impact 

15 years  
(without risks) 

40 years  
(without risks) 

15 years  
(with risks) 

40 years  
(with risks) 

9 7 7 7 7 

10 7 7 6 7 

11 5 7 0 7 

12 5 7 0 6 
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     As a result, an increase in the amount of financial support by 2.5 times compared to the 
initial programme (scenarios 9 and 10) allows projects to achieve a positive effect not only 
during the planned period of operation, but also over a 15-year period, even taking into 
account the cost of specific risks. The only exception is a project with a downgraded national 
rating. Calculations show that in this project, an additional 10% support will be required to 
overcome losses. 
     Undoubtedly, such economic conditions are favourable for the implementation of 
projects. However, this is an additional financial burden for energy consumers – industrial 
enterprises and the population, who are the main payers under this state programme. 
Therefore, in conditions where 100% support even for 40 years is not able to provide the 
required economic result, the author suggests scenarios in which 200% financing for 15 years 
is supplemented by 5 years of 100% support (scenarios 11 and 12). 
     With such financing, many projects pay off before a 40-year period, as well as a 15-year 
period (without risks’ impact). For other projects with higher capital expenditures, an 
increase in the period of additional support to 10 years is required. 

5  CONCLUSIONS 
Small hydropower projects are among the most capital-intensive in the Russian RE market. 
It is not only about the absolute value of the required investments, but also about the specific 
capital expenditures per unit of installed capacity. For comparison, if wind and solar projects 
are characterised by a gradual reduction in capital expenditures, then the reverse dynamics is 
characteristic for hydropower. During the period studied in the work, this indicator increased 
by an average of 10%. In addition, the research in Chebotareva et al. [3], Chebotareva [24] 
and Rausser et al. [26] show that wind projects can achieve an economic effect within the 
15-year period of support programmes, while solar energy projects strive for this result. In 
turn, hydropower projects at the current level of support are not economically feasible even 
within a 40-year period. This means that an individual approach to the development of 
financial support programmes is required for this sector of national RE market. 
     Determining the possible quantitative conditions of the programme for the hydropower 
sector has become the main goal of this work. To solve it, the author has developed twelve 
scenarios for the development of the sector support programme. These scenarios are based 
on four criteria – the potential level of default, the price of greenhouse gas emissions, as well 
as varying volumes and periods of state support. Moreover, eight initial scenarios were aimed 
at studying the ‘behaviour’ of the economic efficiency of projects under the given basic 
conditions. This made it possible to determine the threshold (minimum) values of the required 
volumes and periods of support, as well as to assess the significance of other conditions. 
Based on the results of preliminary calculations, four updated scenarios were developed, 
which made it possible to accurately assess the economic efficiency of hydropower projects 
within the framework of the proposed support programmes. 
     The methodical basis of the research was the approaches proposed by the author to assess 
the economic efficiency of investment projects specified for the hydropower sector. In 
particular, these approaches take into account the specifics of the formation of a preferential 
price for capacity, two evaluation periods – within the framework of the support programme 
and the full operational life, the degree of influence of specific risks (political, environmental 
and economic) through the calculation of their cost. 
     As a result, it was determined that in order to ensure economic payback at the current level 
of specific capital expenditures, hydropower projects need to increase the amount of 
financing by 2.5 times over a given 15-year period. With an increase in capital expenditures, 
the required volume of concessional financing may increase by another 10%. This will ensure 
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the payback of projects over a 15-year period, even taking into account the negative impact 
of risks. However, in practice, this means that the burden on the actual payers under the state 
programme – business and the population – will also grow by 2.5–2.6 times. It is impractical 
given the current state of the Russian economy. 
     Therefore, the author proposed an alternative programme scenario. Here, financial support 
increases only twice over a 15-year period, and then it is supplemented by 100% support for 
5 years. Under such conditions, most projects achieve payback within 15 years (without the 
cost of risks). For projects with higher capital expenditure, additional support will be required 
for a 10-year period. 
     To sum up, in this paper it is proved that the technical and economic features of the small 
hydropower projects, in particular the high level of capital expenditures, installed capacity, 
planned operation periods, etc., require an individual approach to the formation of state 
support programmes. Based on the results of the study, conditions under which these capital-
intensive projects are able to achieve economic efficiency, both within the 15-year support 
period and throughout the entire life cycle are proposed. In practice, these results will be 
recommended for improving the new programme of support for Russian RE projects. The 
continuation of scientific research is associated with a similar assessment of projects under 
the existing second support programme, as well as taking into account the impact of the cost 
of various ‘green’ sources of financing in the formation of economic results for similar 
projects. 

ACKNOWLEDGEMENTS 
This research was supported by a grant of Russian Science Foundation (N 23-78-01242, 
https://rscf.ru/en/project/23-78-01242/). 

REFERENCES 
[1] Kozlova, M. & Overland, I., Combining capacity mechanisms and renewable energy 

support: A review of the international experience. Renewable and Sustainable Energy 
Reviews, 155, 111878, 2022. https://doi.org/10.1016/j.rser.2021.111878. 

[2] Smirnova, E., Kot, S., Kolpak, E. & Shestak, V., Governmental support and renewable 
energy production: A cross-country review. Energy, 230, 120903, 2021.  
https://doi.org/10.1016/j.energy.2021.120903. 

[3] Chebotareva, G., Čábelková, I., Strielkowski, W., Smutka, L., Zielińska-Chmielewska, 
A. & Bielski, S., The role of state in managing the wind energy projects: Risk 
assessment and justification of the economic efficiency. Energies, 16(12), 4807, 2023. 
https://doi.org/10.3390/en16124807. 

[4] Alcorta, P., Espinosa, M.P. & Pizarro-Irizar, C., Right and duty: Investment risk under 
different renewable energy support policies. Environmental and Resource Economics, 
2024. https://doi.org/10.1007/s10640-024-00909-3. 

[5] Byers, C., Levin, T. & Botterud, A., Capacity market design and renewable energy: 
Performance incentives, qualifying capacity, and demand curves. The Electricity 
Journal, 31, pp. 65–74, 2018. https://doi.org/10.1016/j.tej.2018.01.006. 

[6] European Commission, State aid: Commission authorises UK aid package for 
renewable electricity production. http://europa.eu/rapid/press-release_IP-14-866 
_en.htm. Accessed on: 1 Jul. 2024. 

[7] Zhang, X. & Yousaf, H.M.A.U., Green supply chain coordination considering 
government intervention, green investment, and customer green preferences in the 
petroleum industry. Journal of Cleaner Production. 246, 2020.  
https://doi.org/10.1016/j.jclepro.2019.118984. 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 262, © 2024 WIT Press

114  Sustainable Development and Planning XIII



[8] Tolliver, C., Keeley, A.R. & Managi, S., Policy targets behind green bonds for 
renewable energy: Do climate commitments matter? Technological Forecasting and 
Social Change. 157(4), 120051, 2020. https://doi.org/10.1016/j.techfore.2020.120051. 

[9] Chebotareva, G., The impact of political risk on the economic efficiency of Russian 
renewable energy projects. International Journal of Energy Production and 
Management, 8(1), pp. 1–9, 2023. https://doi.org/10.18280/ijepm.080101. 

[10] Haar, L., An empirical analysis of the fiscal incidence of renewable energy support in 
the European Union. Energy Policy, 143, 111483, 2020.  
https://doi.org/10.1016/j.enpol.2020.111483. 

[11] Varavin, Y.V., Kozlova, M.V., Kuur, O.V. & Pestunova, G.B., Assessment of 
investment attractiveness of regional industries in the context of green development. 
Economy of Regions. 19(2), pp. 494–510, 2023. (In Russian.) 
https://doi.org/10.17059/ekon.reg.2023-2-15. 

[12] Matthäus, D., Designing effective auctions for renewable energy support. Energy 
Policy, 142, 111462, 2020. https://doi.org/10.1016/j.enpol.2020.111462. 

[13] European Commission, Irish capacity mechanism. State aid No. SA.44464 (2017/N). 
http://ec.europa.eu/competition/state_aid/cases/267880/267880_1948214_166_2.pdf. 
Accessed on: 1 Jul. 2024. 

[14] Zhu, Q., Chen, X., Song, M., Li, X. & Shen Z., Impacts of renewable electricity 
standard and renewable energy certificates on renewable energy investments and 
carbon emissions. Journal of Environmental Management, 306(5), 114495, 2022. 
https://doi.org/10.1016/j.jenvman.2022.114495. 

[15] IRENA & IEA, REN21 renewable energy policies in a time of transition. 
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_ 
IEA_REN21_Policies_2018.pdf. Accessed on: 1 Jul. 2024. 

[16] IRENA, Renewable energy prospects: Dominican Republic. https://www.irena.org/-/ 
media/Files/IRENA/Agency/Publication/2016/IRENA_REmap_Dominican_ 
Republic_report_2016.pdf. Accessed on: 1 Jul. 2024. 

[17] Simon, F., Hodgson, R. & Schwarz, V., Capacity markets for electricity. 
https://en.euractiv.eu/wp-content/uploads/sites/2/special-report/EURACTIV-Special-
Report-Capacity-markets-for-electricity.pdf. Accessed on: 1 Jul. 2024. 

[18] European Commission, State aid: Commission approves six electricity capacity 
mechanisms to ensure security of supply in Belgium, France, Germany, Greece, Italy 
and Poland. http://europa.eu/rapid/press-release_IP-18-682_en.htm. Accessed on: 1 
Jul. 2024. 

[19] Chebotareva, G.S. (ed.), Investments: Assessment, Industry Features, Specific Types 
[Investicii: ocenka, otraslevye osobennosti, specificheskie vidy], KNORUS: Moscow, 
pp. 31–41, 2021. (In Russian.) 

[20] Porfirev, B.N. et. al. (eds), Green Economy and Green Finance [Zelenaya ekonomika 
i zelenye finansy], ANO HE ‘IBI’: Saint-Petersburg, pp. 88–99, 2018. (In Russian.) 

[21] Gilchrist, D., Yu, J. & Zhong, R., The limits of green finance: A survey of literature in 
the context of green bonds and green loans. Sustainability, 13(2), 478, 2021.  
https://doi.org/10.3390/su13020478. 

[22] Capotă, L.-D., Giuzio, M., Kapadia, S. & Salakhova, D., Are ethical and green 
investment funds more resilient? ECB Working Paper Series, 27407, 2022. 

 
 
 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 262, © 2024 WIT Press

Sustainable Development and Planning XIII  115



[23] On the mechanism of stimulating the use of renewable energy sources in the wholesale 
market of electric energy and capacity [O mekhanizme stimulirovaniya ispol’zovaniya 
vozobnovlyaemyh istochnikov energii na optovom rynke elektricheskoj energii i 
moshchnosti]. Resolution of the Government of the RF dated May 28, 2013 No. 449. 
https://base.garant.ru/70388616/#block_45. Accessed on: 1 Jul. 2024. (In Russian.) 

[24] Chebotareva, G., Economic efficiency of Russian renewable energy projects in the 
context of state support of the sector. International Journal of Energy Production and 
Management, 7(3), pp. 226–244, 2022. https://doi.org/10.2495/EQ-V7-N3-226-24. 

[25] Chebotareva, G., Tvaronavičienė, M., Gorina, L., Strielkowski, W., Shiryaeva, J. & 
Petrenko, Y., Revealing renewable energy perspectives via the analysis of the 
wholesale electricity market. Energies, 15(3), 838, 2022.  
https://doi.org/10.3390/en15030838. 

[26] Rausser, G., Chebotareva, G., Smutka, L., Strielkowski, W. & Shiryaeva, J., Future 
development of renewable energy in Russia: A case of solar power. Frontiers in 
Energy Research, 10, 862201, 2022. https://doi.org/10.3389/fenrg.2022.862201. 

[27] Institute for Climate Economics, Global carbon account 2019. https://www.i4ce.org/ 
en/publication/global-carbon-account-2019/. Accessed on: 1 Jul. 2024. 

[28] Kommersant, The price of the carbon footprint: How paying for CO2 will increase the 
cost of electricity [Cena uglerodnogo sleda. Kak plata za CO2 uvelichit stoimost’ 
elektroenergii]. https://www.kommersant.ru/doc/5060855. Accessed on: 1 Jul. 2024. 
(In Russian.) 

[29] Bank of Russia, Official exchange rates for a given date, set daily [Oficial’nye kursy 
valyut na zadannuyu datu, ustanavlivaemye ezhednevno]. https://cbr.ru/currency_ 
base/daily/. Accessed on: 1 Aug. 2024. (In Russian.) 

[30] RBC, In Russia, it was proposed to introduce a fee for greenhouse gas emissions. The 
authorities will have to determine the scope and form of the ‘carbon price’ [V Rossii 
predlozhili vnedrit’ platu za vybrosy parnikovyh gazov. Vlastyam predstoit opredelit’ 
ohvat i formu ‘ceny na uglerod’]. https://www.rbc.ru/economics/26/01/2024/ 
65b243229a79472c5cfc3592. Accessed on: 1 Aug. 2024. (In Russian.) 

[31] Google Sheets, Economic assessment of projects’ scenarios. https://docs.google.com/ 
spreadsheets/d/1909ZrdBdXVK2PP6gDKfIsPLBZFlC8LnUUhYqKKo5LqQ/edit?gi
d=0#gid=0. Accessed on: 5 Aug. 2024. 

 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 262, © 2024 WIT Press

116  Sustainable Development and Planning XIII




