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ABSTRACT

A current global trend in the development of renewable energy (RES) is the phasing out of state support and the transition of this sector to an exclusively competitive market. The question however is, when, among other things, it would be possible for such projects to achieve self-sufficiency. Therefore, the main goal of this work is to study the economic efficiency of Russian RES projects as a prospect for their functioning outside of state support programs. Fifty-two solar, wind, and hydropower projects, which have received support in the form of a capacity-based support scheme in 2018–2020, were selected as the objects of research. The methodological basis of this work is the classical method of investment analysis, supplemented by an industry-specific approach. The efficiency assessment was carried out for the 15-year period of projects’ state support, as well as for the entire designed operation period of power plants. The dependence of the projects’ economic effect on a combination of factors, including the type of project, the commissioning period, regional affiliation, capital expenditures, etc., were studied. Based on the results of the analysis, the conclusions about the current unpreparedness of the Russian RES sector to operate in a competitive market were substantiated; proposals for the development of programs to support the sector were formulated. A unique factor that has a significant impact on the achievement of a positive economic effect by such projects – the value of specific capital expenditures – was identified. The obtained research results are of practical and methodological significance. 

They will be used in the development of a methodological approach to assess the effectiveness of the rejection by the Russian RES market of state support tools at certain stages of the projects. 
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1  INTRODUCTION

State support for the development of the renewable energy (RES) market in Russia began to be provided in 2013 and will be available till 2024 [1]. The main tool is a program for pref-erentially priced capacity contracts for the wholesale market (CPS RES) [2]. The program envisages competitive selection of projects for the construction of RES generating facilities and the signing of CPS RES on the selected projects. This program covers solar, wind, and small hydroelectric power plants. Moreover, the law introduces a number of target indicators for the types of projects [1, 3]: the maximum value of specific capital expenditures (per 1 kW 

of installed capacity), the volume of new capacity put into service, the degree of localization, and the volume of exports. 

Currently, it is being decided whether to extend this program for the period 2025–2035. 

According to preliminary estimates, it will allow the commissioning of RES generation with a total installed capacity of more than 6.7 GW. This decision is due to the success of the initial program, as well as the need to integrate Russian energy into global trends in the development of energy systems, and to increase its environmental friendliness. However, locally this trend does not have the support of all parties involved. On the one hand, experts predict that Russian consumers will have to pay about 1.63 trillion rubles for green energy by 2024 

($21.5 billion at the current exchange rate). In this regard, consumers advocate the abolition 
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of state support for such programs [4]. On the other hand, the Ministry of Economy of the Russia proposed to cut the budget of the new program by half from 400 to 200 billion rubles, as well as to tighten sanctions for the failure to meet the requirements for localization and export volumes [5]. 

There is, therefore, an urgent task to study the possibility of a gradual reduction in the volume of state support for RES within the context of the development of the Russian energy market. This article hypothesizes that such programs can only be scrapped if the sector’s projects do not achieve self-sufficiency on a permanent basis. Therefore, the main aim of the work is to assess the economic efficiency of projects, as well as to study factors that have the most significant impact on the economic results achieved. Fifty-two Russian projects were selected as objects; these were received under the program CPS RES in 2018–2020. 

This problem and goal determined the following structure of the article. The second  section describes a method for assessing the economic efficiency of Russian projects based on classical investment analysis and taking into account the industry specifics of calculating capacity charges in such projects. Further on, in the third section, a brief description of the studied Russian RES projects is given, including their type, affiliation, investment volumes, technical features, etc. A practical assessment of the economic efficiency of the projects was carried out in the fourth section using the indicator of net present value within the time frame of the implementation of CPS RES and full operation of power facilities. The fifth section presents the results of a pairwise regression analysis of factors affecting the economic out-come of these projects. The ‘Conclusion’ part summarizes the main results of the article; rational conclusions were drawn about the current impossibility of the Russian RES market to refuse state support, and directions for adjusting such programs by project types were proposed. 

2  A METHOD FOR ASSESSING THE ECONOMIC EFFICIENCY  

OF RUSSIAN RES PROJECTS

The basic approach to assess the effectiveness of RES projects is the classical method of assessing economic efficiency, which is the most common in the world industry practice, based on the NV, NPV, and IRR indicators, as well as the additional criteria of PP (PP′) and DPP (DPP′) [6–12], where NV is Net Value, NPV is Net Present Value, IRR is Internal Rate of Return, PP is Payback Period, PP′ is Exact Payback Time, DPP is Discounted Payback Period, and DPP′ is Exact Discounted Payback Time. 

This approach is complemented by national guidelines for calculating the share of costs to be reimbursed by payment for the capacity of generating facilities operating on the basis of renewable sources (presented further in section 2.1). 

2.1  Calculation of the capacity price

The Decree of the Government of the RF N449 ‘On the mechanism for stimulating the use of renewable energy sources in the wholesale market of electric energy and capacity’ [13] regulates the rules for determining the price for the capacity of generating facilities operating on the basis of RES. In this paper, calculations were carried out according to the methodology adopted for projects selected before 1 January 2021. 

Thus, the price for the capacity of a generating facility is defined as the multiplication of the share of costs compensated by the capacity fee and the total costs, including capital expenditures, operational expenditures, and property tax costs. 
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•  1 – if the actual degree of localization exceeds or equals the value of the target indicator. 



• 0.35 – for the solar power plant, if the actual degree of localization is below the value of the target indicator. 

•  0.45 – for the wind or hydroelectric power plant, if the actual degree of localization is lower than the value of the target indicator. 

The second adjustment is made on the basis of the profit coefficient from the wholesale electricity and capacity market (after the payback period and before the end of the service life of the generating facility):

•  0.99 – for the solar power plant. 

•  0.9 – for the wind or hydroelectric power plant. 

The value of specific  operational expenditures is set as of 1 January 2012 by type of generating facilities and is indexed for each subsequent period in accordance with the official consumer price index:

•  For the solar power plant – 170 thousand rubles/mW per month. 



• For the wind power plant – 118 thousand rubles/mW per month. 

•  For the hydroelectric power plant – 100 thousand rubles/mW per month. 

As a result, the calculation of the component of the price for the capacity of facilities that ensures the return of capital and operational expenditures is done using eqn (1): R   RR

 i

 i 1   ri
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where   CP  is the price of capacity, which ensures the return of capital and operational i

expenditures in the  i-th year;  R  is the amount of invested capital at the beginning of the  i-th i

year;  RR  is the rate of return on invested capital for the previous  i-th year;  IT is income tax i– 1

rate;  r  is the amount of return on invested capital in the  i-th year; and  EC  is the multiplication i

 i

of the value of the operational expenditures of the  i-th year and the share of costs compensated by the payment for the capacity of generating facilities. 

The rate of return for the  i-th year is calculated using eqn (2): 1  RR  1  LTGO 

 RR

 b

 i





 i

1 , (2)



1  LTGOb

where  RR  is the rate of return on capital invested in the unit for the  i-th year;  RR  is the basic i

 b

level of the rate of annual return on invested capital, equal to 12%;  LTGO  is average profita-i

bility of long-term government bonds; and  LTGO  is the basic level of annual profitability of b

long-term government bonds, equal to 8.5%. 
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The calculation of the amount of return on invested capital in the  i-th year is done using eqn (3):

 R   RR
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The amount of invested capital at the beginning of the  i-th year (for  i from 2 to 15) is calculated using eqn (4):
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where  R  is the amount of invested capital at the beginning of the year preceding the  i-th i–1

year and  r  is the amount of return on invested capital in the year preceding the  i-th year. 

 i–1

 Property tax costs are calculated in accordance with the value of the property and the current tax rate. This amount is adjusted for the preliminary share of costs (PSC), compensated by the payment for the capacity of generating facilities:

•  PSC equals 0 if the ratio of the projected profit from the sale of electricity to the total costs of the supplier for the  i-th year is greater than 1. 



• PSC equals 1 if this ratio for the  i-th year is lower than 0. 

•  PSC is (1 – the ratio) if this ratio for the  i-th year is from 0 to 1. 

Then this indicator is adjusted in regard of the coefficient of the generating facility load (CGFL), the installed capacity utilization coefficient (ICUC), and the power consumption factor for own/household needs (equal to 1.005 for all types of generation):

•  CGFL equals 0 if the growth rate of the ICUC has not exceeded 0.5. 



• CGFL equals 0.5 if the growth rate of the ICUC has not exceeded 0.75. 

•  CGFL equals 1 if the growth rate of the ICUC has exceeded 0.75. 


3  BRIEF DESCRIPTION OF THE PROJECTS

For the period 2018–2020, 52 RES projects were competitively selected and approved for implementation [14], including 34 wind energy (wind power plants [WPP]), 11 solar energy (solar power plants [SPP]), and 7 hydropower projects (small hydroelectric power plants 

[SHPP]). Their brief characteristics are presented in Table 1. 

The projects were geographically spread across 16 regions of Russia and initiated by 10 companies. The presented projects belong mainly to the first price zone of the wholesale electricity market (the territories of the European part of Russia and the Urals [15]), with the exception of two SPP projects implemented in the Altai Republic (the second price zone [15]). All projects differ significantly in terms of initial installed capacity, as well as the amount of specific capital expenditures. For SHPP projects, this indicator usually exceeds similar values of WPP and SPP 

by 100–200%, which is due to the higher capital intensity of hydropower facilities. 

4  PRACTICAL ASSESSMENT OF THE ECONOMIC EFFICIENCY  

OF RES PROJECTS

To carry out an assessment for two time spans, it should be noted that CPS RES state support for all projects is provided for a period of 15 years, the accepted full service life is 25 years for WPP and SPP, and 40 years for SHPP [13]. 
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[13, 16–18]. The results of the practical assessment are presented in Table 2. 

4.1  Wind energy projects

Among the 34 wind energy projects, only 11 power plants achieved a positive economic effect during the 15-year period of the CPS RES program and 33 facilities achieved a positive economic effect during their planned full operation lifecycle. The only project that has not achieved a positive economic effect is characterized by extremely high specific capital expenditures – 130,926 thousand rubles/kW, with an installed capacity of 10 MW. It is being implemented in the Krasnodar Territory (the first price zone). For comparison, the average amount of specific capital expenditures in 2020 and 2019 was 65 thousand rubles/kW, and in 2018, 71 thousand rubles/kW. 

4.2  Solar energy projects

Among the 11 solar energy projects, 7  projects achieved a positive economic effect over a 15-year period and 8 over 25 years. Three projects that did not show a positive  economic effect even over the full life of the SPP also have high specific capital expenditures – about 122 

thousand rubles/kW for each project. The installed capacity of such projects varies significantly: 5 MW, 10 MW (both are in the Altai Republic, the second price zone), and 23.5 MW 

(the Republic of Kalmykia, the first price zone). For comparison, the average value of specific capital expenditures in 2019 amounted to 49.8 thousand rubles/kW and in 2018 – 80.7 

thousand rubles/kW (in 2020, SPP projects were not selected by competition). 

4.3  Small hydropower projects

Among the seven hydropower projects, none has achieved a positive economic effect either during the period of state support or over 40 years of full operation. The selected projects are implemented only in the first price zone, characterized by a high level of  specific capital expenditures: an average of 193 thousand rubles/kW in 2020, almost 176 – in 2019 and 174.5 

– in 2018. The installed capacity of such projects varies from 7 to 23.7 MW. 

Figure 1 presents as a graphical interpretation of the results obtained; and the structure of the projects that have achieved an economic effect by year of selection is shown in Fig. 2. 

As a result, out of 52 Russian RES projects, a third – 18 plants, including 11 wind power and 7 solar – have achieved a positive economic effect over the 15 years of the CPS RES 

program. According to the results of the period of full operation, only 20% were ineffective. 

Taken together, this indicates that at the current stage, the Russian RES sector is not ready to refuse state support. 

As a result, out of 52 Russian RES projects, a third – 18 plants, including 11 wind power and 7 solar – have achieved a positive economic effect over the 15 years of the CPS RES 

program. According to the results of the period of full operation, only 20% were ineffective. 

Taken together, this indicates that at the current stage, the Russian RES sector is not ready to refuse state support. 

The subsequent study of the degree of influence of individual factors on the achievement of positive economic results by such projects (section 5) will justify the possibility of phasing out state support programs for the sector. 
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Figure 1: The number of projects that have achieved a positive economic result, by period. 

Figure 2: The degree to which the SPP (a), WPP (b), and SHPP (c) projects have achieved a positive economic effect, depending on the year of selection. 

5  ANALYSIS OF FACTORS AFFECTING THE ECONOMIC EFFICIENCY  

OF RES PROJECTS

To identify the factors that have the greatest impact on the economic efficiency of the submit-ted projects, the following 10 criteria (independent variables) were studied:

•  Project type (×1). 



• Project selection year (×2). 



• Duration of the commissioning period for the plant (×3). 



• Year of commissioning (×4). 



• Regional affiliation of power facilities (×5). 



• Project initiator company (×6). 
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• Price zone (1 or 2) (×7). 



• Installed capacity of the power plant (×8). 



• Approved value of specific capital expenditures (×9). 

•  The volume of investment in the project (×10). 

As a dependent variable, the achieved economic effect of the project was selected (NPV 

indicator). Two types of dependencies have been studied for different project implementation periods: a) for a 15-year period of support through the CPS RES program (y1) and b) during the envisaged full life of the power plant (y2). 

Econometric analysis using dummy variables was chosen as the method of the dependency assessment [19, 20]. The results of the pairwise regression analysis are presented in Tables 3 

and 4. 

Table 3: The impact of 10 variables on the economic effect of renewable energy (RES) projects over 15 years of the CPS RES program (y1). 

Coefficient 

Coefficient 

Independent variable

 R 2

(Y-intersection)

(Independent variable)

×1
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0.168967421
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0.325104135
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×9
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0.77373052

−0.00493584

×10

0.150333166

0.770430206

−2.12372E-07

Table 4: The impact of 10 variables on the economic effect of renewable energy projects for the full period of operation of plants (y2). 

Coefficient  

Coefficient  

Independent variable

 R 2

(Y-intersection)

(Independent variable)
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×10
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0.850040921

−3.08236E-08
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Figure 3: Distribution of the average annual value of specific capital expenditures by type of renewable energy projects*. 

*In 2019, one SPP, one WPP, and one SHPP project were selected; in 2020, SPP projects were not selected by competition. 

As a result, according to the indicator ‘ R 2’, a very weak influence of these factors on the dependent variable ‘y1’ was found. Among the factors that have the greatest impact are the duration of the commissioning period for the plant (×3), as well as the amount of specific capital expenditures (×9), the initiator company of the project (×6), and the volume of investments in the project (×10). 

When studying the influence on the variable ‘y2’, other factors come to the fore, such as the installed capacity of the power plant (×8), the type of project (×1), and which price zone it belongs to (×7). However, the maximum impact among all the studied cases on the efficiency of projects was noted to be produced by the factor of specific capital expenditures (×9); the resulting value of ‘ R 2’ exceeds 0.8. 

As a result, it is the planned amount of capital expenditures, which is stated in the documentation for the competitive selection of projects and approved by the competition commission, that has the greatest impact on the effectiveness of Russian RES projects. Moreover, the economic efficiency of such projects decreases as the unit capital expenditures increase, and vice versa. The distribution of the average value of this indicator by selection year and project type is shown in Fig. 3. 

The presented dynamics of the average annual value of specific capital expenditures as the main factor and the structural analysis of the achievement of a positive economic result by projects (Fig. 2) further justify the ways of phasing out state support programs aiding the Russian RES sector (section 6). 


6  CONCLUSIONS

The assessment of RES projects has shown that the Russian sector is currently characterized by a low level of economic effect achieved. Only a third of the 52 announced projects demon-strated a positive result during the 15-year period of the CPS RES program. According to the results of the planned full-service life, 11 power plants did not achieve the required effect. As a result, the refusal of state support for the Russian RES sector is impractical now, provided that it is necessary to ensure its sustainable development. 

Based on the results of the pairwise regression analysis, a strict relationship was estab-lished between the efficiency of RES projects and the amount of specific capital expenditures for them. The economic efficiency of projects decreases with the growth of this factor and 
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The study of the dependence of the economic efficiency of sector projects solely on the value of specific capital expenditures revealed the following patterns:

•  The volume of specific capital in solar energy projects in 2019 is reduced by more than 1.6 

times compared to the previous year. As a result, three projects selected in 2018 did not achieve a positive economic effect and one project did so only during its full operational life. The only project selected in 2019 achieved an economic effect in a 15-year period. 



• The average specific capital of wind energy facilities is also decreasing by almost 1.1 

times compared to 2018 and is set at approximately the same level in 2019 and 2020. 

This also contributes to more effective implementation of such projects: all of them have achieved a positive economic effect and projects for the selection year 2020 are within the terms of the CPS RES program. 

•  The exception to the presented dynamics is the SHPP projects. The average volume of specific capital for such facilities is steadily growing (by 1.1 times by 2020), and all projects are economically inefficient even during their full life. 

Thus, the gradual reduction of specific capital expenditures by 2020 and the positive dynamics of achieving the economic effect of SPP and WPP projects allow us to talk about the possibility of a subsequent reduction in the terms of providing state support to such energy plants. However, this is possible only if the previous dynamics of specific capital expenditures on them is maintained. A complete rejection of the CPS RES program for SPP and WPP projects is impossible. In the case of the SHPP, support programs should again have longer timeframes and budgets due to the high degree of inefficiency of such projects. 

The results obtained will be used in the development and practical testing of the methodological approach to the comprehensive assessment of the effectiveness of Russian sector projects, integrating several types of analysis into a single approach, as well as taking into account the influence of specific uncertainty factors (risks). The purpose of this methodology will be to answer the question about the possibility of implementing Russian projects at the expense of mainly private rather than public investments. 
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ECONOMIC EFFICIENCY OF RUSSIAN RENEWABLE
ENERGY PROJECTS IN THE CONTEXT OF STATE
SUPPORT OF THE SECTOR

GALINA S. CHEBOTAREVA
Academic Department of Energy and Industrial Enterprises Management Systems,
Ural Federal University, Russia.

ABSTRACT

A current global trend in the development of renewable energy (RES) is the phasing out of state support
and the transition of this sector to an exclusively competitive market. The question however is, when,
among other things, it would be possible for such projects to achieve self-sufficiency. Therefore, the
‘main goal of this work is to study the economic efficiency of Russian RES projects as a prospect for
their functioning outside of state support programs. Fifty-two solar, wind, and hydropower projects,
which have received support in the form of a capacity-based support scheme in 2018-2020, were
selected as the objects of research. The methodological basis of this work is the classical method of
investment analysis, supplemented by an industry-specific approach. The efficiency assessment was
carried out for the 15-year period of projects state support, as well as for the entire designed operation
period of power plants. The dependence of the projects’ economic effect on a combination of factors,
including the type of project, the commissioning period, regional affiliation, capital expenditures, etc.,
were studied. Based on the results of the analysis, the conclusions about the current unpreparedness of
the Russian RES sector to operate in a competitive market were substantiated; proposals for the devel-
opment of programs to support the sector were formulated. A unique factor that has a significant impact
on the achievement of a positive economic effect by such projects — the value of specific capital expen-
ditures — was identified. The obtained research results are of practical and methodological significance.
They will be used in the development of a methodological approach to assess the effectiveness of the
rejection by the Russian RES market of state support tools at certain stages of the projects.

Keywords: capacity-based support scheme, capital expenditures economic efficiency, energy market,
hydroelectric power, investment analysis, renewable energy, solar power, state support, wind power.

1 INTRODUCTION

State support for the development of the renewable energy (RES) market in Russia began to
be provided in 2013 and will be available till 2024 [1]. The main tool is a program for pref-
erentially priced capacity contracts for the wholesale market (CPS RES) [2]. The program
envisages competitive selection of projects for the construction of RES generating facilities
and the signing of CPS RES on the selected projects. This program covers solar, wind, and
small hydroelectric power plants. Moreover, the law introduces a number of target indicators
for the types of projects [1, 3]: the maximum value of specific capital expenditures (per 1 kKW
of installed capacity), the volume of new capacity put into service, the degree of localization,
and the volume of exports.

Currently, it is being decided whether to extend this program for the period 2025-2035.
According to preliminary estimates, it will allow the commissioning of RES generation with
atotal installed capacity of more than 6.7 GW. This decision is due to the success of the initial
program, as well as the need to integrate Russian energy into global trends in the develop-
ment of energy systems, and to increase its environmental friendliness. However, locally this
trend does not have the support of all parties involved. On the one hand, experts predict that
Russian consumers will have to pay about 1.63 trillion rubles for green energy by 2024
($21.5 billion at the current exchange rate). In this regard, consumers advocate the abolition
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