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Currently, there is a growing number of studies related to assessing the cost-effectiveness of renewable energy projects around the world. This topic is also very relevant for the Russian energy market that is otherwise dominated by oil and gas. The Russian Ministry of Energy forecasts that local power plants running on the renewable energy sources (RES) may not become economically efficient until 2025 or later. However, a research question arises: Is it possible to effectively implement RES projects in Russia without any state support? In order to answer this question, the authors need to assess the economic feasibility of seven scenarios for the construction of a solar power plant in the Orenburg region of Russia. The methodological basis of this work is the widely used in the energy sector classic method of investment analysis based on the calculation of discounted indicators: net present value (NPV), payback period (DPP) and internal rate of return (IRR) of the project. All our calculations are based on industry-specific initial capital investment estimates, energy storage equipment costs, and related annual operating costs. This led to the development of the scenarios on the basis of an analysis of the features of electricity and capacity generation in the Orenburg region, the existing options for joining the trading system of the energy market, energy storage applications, as well as the availability of the Russian government support and funding for the solar energy projects. Our results demonstrate that the economic feasibility of the development of renewable energy in Russia can become a reality. Out of the seven scenarios, three yielded the positive economic outcome (among them there were the two project scenarios without government support). These two projects featured the sale of electricity in retail markets and the installation of an additional energy storage system, despite an almost twofold increase in capital investments. The projects in question achieved the best economic results according to the three calculated criteria. In particular, the scenario that provided for the work on the retail market directly to the energy consumer receives an NPV of more than 1.5 times higher than other projects, an IRR of 10% and pays off at least 3 years faster. Achieving a positive economic result in the wholesale market was possible only in case of state support for the project. In addition, this scenario of the project numerically reached almost identical indicators, as in the case of selling energy on the retail market in the region where the power facility operates: NPV is almost 127 million rubles, IRR is within 13.9%, and DPP is 15 years. Other scenarios that do not provide for the use of energy storage systems or do not have state support for working in the wholesale market are not self-sustaining even during the 25-year life of energy equipment. These results might have practical significance and will be used in developing an approach to creating a profile of regions in terms of the advancements of renewable energy, as well as in developing strategies for the incentives of this sector in Russia.
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INTRODUCTION
Russia is one of the world leaders in the volume of reserves and the level of extraction of traditional natural resources such as natural gas (Enerdata, 2020), coal (VivaReit, 2020), oil (Shafranik, 2015; Enerdata, 2019), etc. (Shafranik, 2015; Enerdata, 2019; Enerdata, 2020; VivaReit, 2020). The relatively low cost of their extraction, a long period of depletion, as well as the implementation of large-scale government projects for the transportation of such resources, at first glance, make the development of other modern types of energy impractical. However, the examples of countries like China and the United States prove quite the opposite. These countries also possess a significant number of reserves of traditional resources (Enerdata, 2019; Enerdata, 2020; VivaReit, 2020) but manage to successfully develop alternative renewable energy sources. The reports of a number of leading agencies (REN21, 2020; IRENA, 2020) show that despite the intensifying competition, at the beginning of 2020, these countries still remain not only global leaders in terms of investments in the sector, but also in terms of the amount of installed capacity based on renewable energy sources.
This paper assesses the potential of renewable energy deployment in Russia. Unlike many critics some of whom used to call Russia “a gas station masquerading as a country” (McCain, 2020), the authors perceive the great potential for this country to conduct a transition towards the fossil-free economy and energy generation. In addition, the authors of this study believe that the promotion of the renewable energy projects in Russia is not only desirable but is also economically feasible.
Nowadays, the development of renewable energy source in Russia is almost completely supported by the state. Nevertheless, many researchers and policymakers alike agree that the country has enormous potential when it comes to the wind, solar (eprussia.ru, 2020; in-power.ru, 2020) and small hydro energy (Bushuev et al., 2016; geoenergetics.ru, 2020) (eprussia.ru, 2020; in-power.ru, 2020; Bushuev et al., 2016; geoenergetics.ru, 2020). Among the incentive measures implemented by the Russian government at the federal and regional levels, the following ones can be distinguished (Boute, 2012; Ermolenko et al., 2016; Kozlova and Collan, 2016; Lanshina and Kulakov, 2017; Kozlova et al., 2018; Energy bulletin, 2019; Federal Law “On Power Industry”, 2019; Chebotareva et al., 2020):
• Selection of investment projects of renewable energy according to a set of quantitative and qualitative criteria (Chebotareva et al., 2020)
• Conclusion of contracts for the supply of capacity (CSC) based on the results of selection of investment projects (Boute, 2012; Kozlova and Collan, 2016)
• Compensation of up to 50% of the cost of technical connection of renewable energy facilities through subsidies from the federal budget (Kozlova et al., 2018; Chebotareva et al., 2020)
• Establishment of an indicator of the degree of localization of renewable energy generating facilities to provide price and other benefits for the supply of capacity (Federal Law “On Power Industry”, 2019)
• Application of a currency adjustment factor (for renewable energy projects selected in 2013–2014) (Ermolenko et al., 2016; Chebotareva et al., 2020)
• Mandatory purchase of RES facilities by grid companies (5% of the volume of energy losses in grids) for the retail market (Energy bulletin, 2019)
• Establishment of long-term tariffs for electricity from RES facilities for the payback period of investment projects (Lanshina and Kulakov, 2017; Energy bulletin, 2019)
• Provision of tax incentives at the level of individual regions (Energy bulletin, 2019), etс.
The effects that the introduction of renewable energy projects generates are due to many factors, including: Environmental reasons (saving natural fuel, reducing greenhouse gas emissions into the atmosphere) (Child et al., 2018; Valančius et al., 2018), as well as ensuring energy independence and security of states. Nevertheless, discussions about the possibility of achieving economic feasibility of RES projects (Navid et al., 2020; ZareOskouei et al., 2020) for the subsequent transition of this sector to a competitive market remain rather controversial.
Therefore, the key goal of the research presented in the article is to answer the extremely topical question of under what conditions it is possible to economically develop renewable energy in Russia: With or without using support mechanisms from the state; using energy storage systems; working on various types of energy markets in Russia, etc. The results obtained in the course of this research might be of high practical and scientific significance. In addition, these results can be used for modifying and ameliorating the existing approaches to the selection of renewable energy projects that would be eligible for the state funding as well as for the preparation of the new strategies for the development of renewable energy in Russia at the regional level. Furthermore, they can be used by the investors seeking to support the construction of the new generating facilities for the renewable energy.
Thence, the case study used in this article was the construction projects of solar power plant (SPP) with a capacity of 10 MW located in the Orenburg region (a part of the Ural region of Russia). This region has an enormous potential for the development of solar energy that distinguishes it from the rest of the country (e.g., about 300 sunny days a year) (Kommersant, 2020; Rambler, 2020).
The main tasks solved within the framework of this work are as follows: 1) study of the specifics of electricity generation at solar power plants in the region; 2) development of scenarios for the implementation of SPP projects, depending on the use of state support instruments, the use of energy storage devices, as well as the SPP operation markets; 3) a quantitative assessment of the economic efficiency of SPP projects in the Orenburg region in accordance with the developed scenarios.
Based on the results of a practical assessment of seven scenarios for SPP in the Orenburg region, the possibility of achieving a positive economic effect from RES projects has been proven. A similar result was obtained in three cases. Naturally, it was demonstrated by a project implemented under state support. However, it turns out that the best results are achieved when the solar power plant project is carried out without any incentives and state funds. Based on these premises, the following basic conditions for ensuring the economic feasibility of renewable energy projects in Russia can be formulated:
• Sale of electricity mainly in the retail markets of the region of presence or the territory of the consumer while minimizing such volumes in the wholesale market.
• Ensuring high initial capital investments associated with the construction and commissioning of not only a solar power plant, but also a network storage of generated energy, as well as subsequent costs associated with their maintenance.
Figure 1 shows the block diagram for the methodology highlighting various phases of the work.
[image: Figure 1]FIGURE 1 | Block diagram for the methodology highlighting various phases of the work.
The work has been carried out in several stages. Stage 1: Conducting a brief literature review on the existing methods and tools for evaluating the effectiveness of renewable energy projects used in modern industry practice. The review is based on the scientific articles published in leading industry journals. In addition, at the first stage, we studied the prospects and features of setting prices for natural fuels in Russia. Stage 2: The choice of a method for assessing the economic efficiency of building a solar power plant is based on studying the experience of applying widely used approaches in industry practice. It also takes into account specific Russian recommendations for such an assessment of energy projects. Stage 3: At this stage, we studied the limiting capabilities of a solar station with a given installed capacity to generate electricity during the day/year, the features of energy consumption in the region under study, as well as the technical, economic and cost specifics of this project. Stage 4: We developed seven possible scenarios for the implementation of the initial project. The scenario criteria included: 1) The use of state support tools for the SPP project, 2) the installation of an additional energy accumulation and storage system, 3) the peculiarities of calculating the cost of initial capital costs and station maintenance costs, due to the factors listed above, and 4) belonging to markets and price zones for the sale of electricity generated by a solar station. Stage 5: An assessment of the economic feasibility of a solar station project is carried out for each of the seven developed scenarios according to such classic investment criteria as net present value, discounted payback period and internal rate of return. Stage 6: We present the conclusions on the possibility and conditions for the effective implementation of solar power projects in Russia.
This paper is structured as follows: Section Literature Review presents a brief literature review on the methods and tools for evaluating the effectiveness of renewable energy projects used in modern industry practice, as well as the prospects and features of setting prices for natural fuels in Russia. Section Methodology presents a method for assessing economic efficiency is conceptually described, based on the calculation of classical indicators of investment analysis, which was subsequently applied to solar energy projects. Section Features of Electricity Generation at Solar Power Plants presents the specifics of electricity generation based on the case study of the SPP in the Orenburg region which is the basis for the development of initial requirements for ensuring the economic efficiency of such projects. Features of the development of solar energy in the Orenburg region, as well as a description of solar power plant projects are presented in Section Orenburg Region Case Study. Details of the full cost of SPP projects, as well as a practical assessment of their economic feasibility and the discussion of the research results are shown in Sections Estimation of the Cost of Construction and Operation of Solar Power Plants in the Orenburg Region and Discussion of Results, respectively. Finally, Section Conclusion is devoted to the main conclusion.
LITERATURE REVIEW
Literature Review of Methods for Assessing the Effectiveness of Renewable Energy Projects
The economic efficiency of renewable energy projects constitutes a very important field of study that attracts many researchers. Thus, in accordance with the guidelines (Guidelines for Evaluating the Effectiveness and Development of Investment Projects and Business Plans in the Electric Power Industry, 2020) developed for capital-intensive Russian energy projects, such an assessment should fully depend on the technological features of the power facility, be determined by the systemic specifics of the joint work of the industry facilities, take into account the strict dependence on the energy consumption regime, and also be guided by the use of existing and projected tariffs on the wholesale market. Therefore, the assessment of projects in the electric power industry should take place from two positions: system-wide and individual. This takes into account the following types of efficiency: Public, commercial, industrial, social, etc.
In foreign practice, where the experience of implementing renewable energy projects is much higher, the performance indicators are more specific. As a rule, the study of the effectiveness of sector projects involves a comprehensive environmental (Landi et al., 2019), technical and economic (Duman and Güler, 2018; Karmaker et al., 2018; Mehrpooya et al., 2018) assessment. Typically, the technical and economic assessment of the effectiveness of various renewable energy projects is carried out using HOMER (Hybrid Optimization Model for Electric Renewables) software (Diemuodeke et al., 2019; Rad et al., 2020), which is complemented by a set of widely used methods. These include MCDM (Multi Criteria Decision Making), Analytic Hierarchy Process, SAW (Simple Additive Weighting), Artificial Bee Colony, PSO (Particle Swarm Optimization) (Rad et al., 2020), TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) (Diemuodeke et al., 2019; Rad et al., 2020), DEA (Data Envelopment Analysis) (Camioto et al., 2018; Rentizelas et al., 2019), MILP (Mixed Integer Linear Programming) (Obukhov et al., 2019), etc.
The effectiveness of renewable energy projects can be assessed using a plethora of methods and approaches, however the cost-effective method is by far and large the most popular. It calculates the indicators of output cost of energy, total net present cost (Bezmalinović et al., 2013; Duman and Güler, 2018; Karmaker et al., 2018; Rad et al., 2020), return on investment (Savic et al., 2019), and details other types of costs: total costs (Nieves et al., 2019; Rentizelas et al., 2019; Savic et al., 2019; Adefarati and Obikoya, 2020; Zhu et al., 2020), operating and maintenance costs (Duman and Güler, 2018; Diemuodeke et al., 2019; Ghiasi et al., 2020; Rad et al., 2020), capital costs (Duman and Güler, 2018; Diemuodeke et al., 2019; Adefarati and Obikoya, 2020), decommissioning costs (Duman and Güler, 2018), fuel costs (Kobayashi et al., 2019), financial expenses (Caglayan et al., 2019; Gebrehiwot et al., 2019), energy storage costs (Collins et al., 2018; Schlachtberger et al., 2018). The average cost of individual areas of activity within the framework of RES projects is taken into account in: LCOE (Levelized Cost of Energy) (Bezmalinović et al., 2013; Mehrpooya et al., 2018; Zhu et al., 2020), LCOD (Levelized Cost of Delivery) (Baldinelli et al., 2020), LCOS (Levelized Cost of Storage) (Baldinelli et al., 2020) and LCOA (Levelized Cost of Auxiliary Energy Supply) (Baldinelli et al., 2020). The life cycle cost analysis method (Zhang and Yang, 2019) is similar, which divides all costs into three stages: Cost of construction stage, operation and maintenance stage, as well as retirement stage. In addition to the above, the considered costs may include: The costs of decision-making and project design, depreciation deductions, the cost of a feasibility study, financial costs, etc. Another approach in (Duman and Güler, 2018; Savic et al., 2019) provides for the calculation of not only costs, but also revenues from generating electricity and heat (through economic incentive measures) and preventing greenhouse gas emissions (with environmental incentives).
In works (Karmaker et al., 2018; Dia-Core project, 2019; Diemuodeke et al., 2019; Landi et al., 2019; Ghiasi et al., 2020), when assessing the efficiency of renewable energy projects, such classical investment indicators are used as: Net Present Value, Internal Rate of Return, Pay Back Period, as well as cost of equity, cost of debt and debt/equity-ratio.
Other approaches involve the assessment of other specific criteria, for example: Renewable energy fraction and electricity sold (Rad et al., 2020), the volume of energy produced (Karmaker et al., 2018), total energy consumption (Ho, 2018; Nieves et al., 2019; Rentizelas et al., 2019), total CO2 emissions [34, 38, 39, 46, 50].
The method for assessing energy efficiency in (Camioto et al., 2018) is based on optimization of the criteria: A decrease in energy consumption, the use of labor and capital with an increase in gross domestic product and a decrease in carbon dioxide emissions.
In (Collins et al., 2018; Schlachtberger et al., 2018; Kozarcanin et al., 2019; Zhu et al., 2020), when evaluating efficiency, in addition to costs, uncertainties such as weather data and political constraints are taken into account. This is accompanied by the use of weather-driven modeling for scenario analysis. Reducing dependence on weather conditions is based on forecasting the demand for heat and cooling.
Within the framework described (Landi et al., 2019), the efficiency of a RES project for autonomous users is based on the development of a “user’s energy consumption profile” and, in addition to the traditional economic and investment assessment, provides for modeling energy production based on self-consumption and self-sufficiency indicators.
As a result of the presented literature review, it is obvious that there are no uniform approved methodological bases for the assessment to calculate the efficiency of renewable energy projects. Modern researchers apply a combination of different methods, ranging from classical investment analysis, various cost approaches that take into account the assessment of costs and cash flows for projects, specific private indicators, analysis by life cycle stages, and also study a combination of such uncertainty factors as weather data, the presence of political restrictions, in addition, they use a variety of industry-specific software.
Perspectives for Carbon Pricing in Russia
The development of renewable energy should be based not only on the provision of subsidies or other types of state funding, but also on the increase of the costs of the energy generated by the fossil fuels (Oree et al., 2017; Gielen et al., 2019). Both approaches contribute to the mitigation of the climate changes that include the reduction of the greenhouse gas emissions, as well as to increase of the economic competitiveness of new types of energy.
This could be a turning point in global climate action, following U.S. President Joe Biden’s decision to re-join the Paris Agreement the commitment to achieve carbon neutrality by 2050 (with China making a commitment to do the same by 2060 and Russia promising to reduce its CO2 emissions by 33% by 2030) (Fuhrman et al., 2020; Cho, 2021; Strielkowski et al., 2021). The International Monetary Fund calculates that the average global carbon price is just $2 per ton (Panetta, 2021). A higher price for carbon is not just about reducing emissions, but also about diverting economic activity away from carbon-intensive activities. Carbon pricing is internalized, with emitters emitting and paying the price for their carbon emissions in the form of higher taxes and fees (Snyder, 2020). This will fundamentally shape what can and cannot be achieved in the policy area and will fundamentally influence the so-called distributional effects of carbon pricing on economic activity (Li et al., 2018). The cost of carbon pricing is concentrated in certain sectors, including those that invest significant capital in gas-fired power plants. However, price increases can lead to market share losses for these companies and they will pass some of this on to consumers, depending on the market situation. Advocates claim that carbon pricing is the most efficient climate policy tool, because it allows the market to distribute and take into account emissions as in other sectors, such as energy efficiency and renewable energy (Maestre-Andrés et al., 2019; Tagliapietra et al., 2019; Green, 2021). It is apparent that the carbon tax might stimulate economic growth by using tax revenues for reducing the distorted prices and income taxes (Dissanayake et al., 2020; Hassan et al., 2020).
In order to achieve the goals of the Paris Agreement (i.e., limiting the increase in global average temperature to 2°C above pre-industrial levels and pursuing the commitment to limit the temperature increases to 1.5°C) profound changes should be introduced to the fossil fuel market. The least cost path to achieving this goal would be for coal demand to fall immediately, oil demand to slow by the mid-to-late 2020s, and natural gas to fall to about half its current level by mid-2040. This, in turn, would leave the remaining 2C scenario undeveloped for the next decade or so (Bachmann, 2020). Even where a decision is made on the most cost-effective path to 1.5°C, there must be a clear commitment to a low-carbon energy transition from fossil fuels to renewable energy. Most economists believe that the best way to achieve this goal is to move from fossil fuels to renewable energy by the mid-to-late 2040s (Naylor and Higgins, 2017; Jordan and Moore, 2020).
The benefits of reducing greenhouse gas emissions from carbon pricing far outweigh the costs making it a driving force of the energy transition. Businesses, as the driving force of society, must express their support for sound policies that protect businesses’ ability to create jobs and prosper. One of the most important steps in the right direction is the introduction of own internal carbon price to help community combat climate change. A well-designed price for carbon is crucial to incentivize innovation and investment that will drive the transition to a low-carbon economy. A carbon tax pays for cleaner resources, enabling more investment in clean technologies.
The most flexible and effective mechanisms for such support are recognized almost all over the world by economic (market) instruments that create an actual “carbon price”. For example, carbon taxes allow for the external costs that the economy will incur to cope with the effects of such emissions. As of the end of 2020, according to the World Bank, 64 active or starting carbon pricing initiatives have already been developed. These initiatives cover 46 national and 35 subnational jurisdictions and cover 22.3% of global greenhouse gas emissions (World Bank, 2021).
However, despite the obvious advantages, the issue of introducing a carbon tax in Russia as a measure of economic incentives for renewable energy sources remains controversial until now. Many relevant ministries and other organizations have been discussing the economic feasibility of this instrument in Russia since the summer of 2019, when such an initiative was proposed for the first time. Therefore, Russian Union of Industrialists and Entrepreneurs states that the carbon tax would inevitably lead to an increase in tariffs for housing and communal services, accelerate inflation, and inflate the costs of products of the metallurgical complex and transport services (Gorbunov, 2019; AIF, 2019). In addition, the Russian Ministry of Energy argues that an introduction of a charge for greenhouse gas emissions would create preconditions for an increase of the prices of domestic goods and would lead to an increase in tariffs for heat and electricity for the population (Begiashvili, 2019; Slobodyan, 2019). The current methodological unpreparedness for the introduction of such environmental taxes is due to the insufficient level of elaboration of the following fundamental issues: 1) Taking into account the level of absorption of produced carbon in forests and other ecosystems as compensation for emissions; 2) the possibility of implementing forest climate projects as an alternative to the carbon tax; 3) developing and approval of new methods for assessing carbon emissions, their cost, as well as the balance between the volume of actual emissions and their absorption by the forest; 4) assessment of current and prospective forest reserves (Medvedev, 2021). Along with this, a long-term preparation of the population and business is required for the adoption of new taxes and the accompanying increase in additional obligations.
As a result, according to preliminary estimates of experts, the introduction of a carbon tax in Russia is possible no earlier than 2025, а the value of such a tax can be about $ 15 per 1 ton of CO2 equivalent (Pushkarev, 2021).
METHODOLOGY
Based on the results obtained in the course of the above literature review of methods for evaluating the effectiveness of RES projects (Section Literature Review of Methods for Assessing the Effectiveness of Renewable Energy Projects), as well as taking into account the methodological features of evaluating directly Russian energy projects (Guidelines for Evaluating the Effectiveness and Development of Investment Projects and Business Plans in the Electric Power Industry, 2020), the authors used the following approach. To study the economic feasibility of building solar power plants in Russia, a classical investment method for assessing the effectiveness of investment projects was used, based on the calculation of the indicators presented below (Dayananda et al., 2002; Baker and English, 2011; Karmaker et al., 2018; Landi et al., 2019; Ghiasi et al., 2020):
• Net present value estimated based on discounted cash flows (DCF).
• Internal rate of return.
• Discounted payback period.
This method will be used both to assess the effectiveness of a project implemented without state support instruments, and in the case of a project based on the application of the CSC mechanism.
The indicator of the net present value of a solar power plant project is calculated by Eq. 1 (Dayananda et al., 2002; Baker and English, 2011):
[image: image]
where [image: image]—initial investment in the SPP project; [image: image]—discounted cash flow in period t; n is the number of time periods for which cash flows of the SPP project appear (starting from the first period).
The discounted cash flow for a separate period t is the present value of the future (expected) cash payment for the SPP project to the current time according to Eq. 2 (Dayananda et al., 2002; Baker and English, 2011):
[image: image]
where [image: image] is the cash flow in the time period t, equal to the difference between costs and receipts for the project; r—discount rate.
The costs of construction and operation of the SPP project include (Agyekum and Velkin, 2020; Morais et al., 2020; Mouaky and Rachek, 2020):
1 Investments for the purchase of equipment for solar power plants (including solar panels, inverters and automatic inverter control system, cables, complete switchgear equipped with switching equipment, means of relay protection of linear automation, measuring transformers and measurement sensors)
2 Costs for design, construction and commissioning of equipment for solar power plant
3 Annual operating maintenance costs
It is assumed that the investment and commissioning costs of a power plant are incurred at the beginning of the project and operating costs at the beginning of each time period. Funds from the SPP activities are mainly related to the sale of electricity and capacity generated by it. It is assumed that these funds will begin to be generated the next year after the investment is made.
The discount rate for the SPP project within the framework of the presented method is determined by Eq. 3:
[image: image]
where s1 is the key rate of the Bank of Russia, equal to 6.25% (calculations were made before February 10, 2020) (cbr.ru, 2019); s2—inflation rate; s3 is the value of the risk of inaccuracy in assessing the technical effectiveness of measures, equal to 5.00% (PolozheniePAO, 2019; Gitelman et al., 2020). This inaccuracy can be performed by the owner of the SPP which is an energy company or a business enterprise seeking to build the SPP and generate profits from its operation. Hence, this risk is solely carried by the SPP owner.
As part of the calculations, it was assumed that the conditional inflation rate is 0.00%. This is due to the peculiarities of the tariff setting for electricity and capacity. The generated income from the activities of SPP is associated with a natural product in the form of electricity and power, therefore the monetary expression of such income does not depend on inflation.
The internal rate of return of the SPP project is calculated as the minimum acceptable level of profitability of the project according to Eq. 4:
[image: image]
The discounted payback period of the SPP project is numerically equal to the number of the time period when the cumulative total of the discounted cash flow becomes positive in accordance with the conditions Eq. 5:
[image: image]
FEATURES OF ELECTRICITY GENERATION AT SOLAR POWER PLANTS
The main feature of electricity and capacity generation at solar power plants is the unevenness of electricity generation both during the day (Figure 2) and throughout the year (Figure 3). The data presented is obtained from the SCADA system.
[image: Figure 2]FIGURE 2 | Daily irregularity of electricity generation at a 10 MW solar power plant in the Orenburg region (average value, 2019).
[image: Figure 3]FIGURE 3 | Annual irregularity of electricity generation at a 10 MW solar power plant in the Orenburg region (2019).
The distribution of daily and annual electricity generation presented in Figures 2, 3 indicates that the daily hours of maximum generation power of solar stations in the Orenburg region is reached from 12 p.m. up to 3 p.m. mainly in the spring and summer months. For a preliminary assessment of the efficiency of solar power plants, this period should be compared with peak load hours (PLH)—the maximum electricity consumption in a given region. It is during the time period of the PLH that the actual capacity is recorded and paid for in the wholesale electricity and capacity market (WECM). The values of PLH for the Orenburg region are presented in Figure 4 (esplus, 2020).
[image: Figure 4]FIGURE 4 | Peak hours in the Orenburg region (December 2019, 5-day work week).
Hence, during December 2019, PLH in the Orenburg region were in the period from 8 a.m. to 12 p.m. and from 4 to 7 p.m. During the study period, they never coincided with the hours of maximum output of the solar power plant.
As a result, solar power plants operating on the capacity market on a general basis without government support will not be able to receive full payment for capacity on the wholesale market. Thus, the actually affordable income level of solar generation in the capacity market can be no more than 25% of the potential income.
The only available means that will still allow solar power plants to receive payment for capacity in the full potential volume is the use of networked energy storage devices (NES) at SPP. They allow you to accumulate the generated electricity in the hours of maximum generation of solar power plants and deliver it to the grid at the right time, namely during the PLH period. Therefore, in the subsequent practical assessment of the payback of solar power plants, in the absence of government support mechanisms, scenarios involving the installation of solar power plants will be considered. Based on the results of evaluating the distribution of data in Figures 1, 2, it is assumed that the real utilization factor of the installed capacity that can be obtained at solar power plants in the Orenburg region is approximately 17%.
ORENBURG REGION CASE STUDY
Development of Solar Energy in the Orenburg Region
The Orenburg region is one of the long-term leaders among the regions of Russia, not only in terms of the potential of solar energy (about 300 sunny days a year) (Kommersant, 2020; Rambler, 2020) (Figure 5), but also in terms of the rate of development of this sector in the country.
[image: Figure 5]FIGURE 5 | Insolation map of Russia (Map of Insolation of Russia, 2019).
At the beginning of 2020, thirteen solar power plants with a total installed capacity of more than 300 MW are already operating in this region (Solar Power Plants in the Orenburg Region, 2019). According to experts’ forecasts (ural56.ru, 2019), by the end of 2020, at least three more SPP with a total installed capacity of about 90 MW should be put into operation. Moreover, some solar stations are hybrid and generate energy together with wind and biogas plants. The main energy companies developing solar energy in the Orenburg region are the Russian Hevel Group, including “Avelar Solar Technology” LLC, and “Renova”, including “T Plus” PJSC, as well as the Finnish company “Fortum” and the French company “Schneider Electric”.
Characteristics of Solar Power Plant Projects in the Orenburg Region
To assess the economic efficiency of the development of solar energy in Russia using the example of the Orenburg region, it is proposed to consider two basic projects for the construction of solar power plants, initially differing depending on the availability of state support.
The first project is a 10 MW solar power plant located in the Orenburg region, the construction and operation of which is planned to be carried out without state support.
The second project is the Orenburg SPP, owned by “Fortum” PJSC, which will be connected to the trading system of the Russian energy market following the selection of renewable energy projects in 2018. It is assumed that power supplies for this project will begin in December 2021. The planned volume of the installed capacity of this station is also 10 MW. As measures of state support for this project, the mechanism of a contract for the supply of capacities is used (geoenergetics.ru, 2020).
It is important to clarify that in order to obtain government support, the selection of investment projects for renewable energy in Russia is carried out on a competitive basis at the level of individual regions (Vygon consulting, 2020). Among the quantitative criteria are:
• The planned volume of electricity production should not exceed 5% of the forecasted losses of grid companies in the region
• Minimization of capital and operating costs that are used in the calculation of electricity tariffs for end users
In turn, the contract for the supply of capacities, which will be applied in the second project, is an economic mechanism of a non-market nature, shifting the costs of modernizing the existing generation and building a new generation based on renewable energy sources to end consumers (Chebotareva et al., 2020).
ESTIMATION OF THE COST OF CONSTRUCTION AND OPERATION OF SOLAR POWER PANTS IN THE ORENBURG REGION
Initial Cost of the First Project
According to Russian suppliers for solar power plants (altecology.ru, 2019; Solar controller, 2020), the average cost of equipment for solar power plants with an installed capacity of 10 MW is 310 million rubles. The expertly ratedcost of design, delivery, construction, installation of equipment, as well as the purchase of the necessary cable products, wires and a complex electrical switchgear is 100 million rubles (altecology.ru, 2019; Solar controller, 2020).
Thus, the total cost of the first solar power plant project with a capacity of 10 MW, which is planned for implementation without government support, is 410 million rubles.
Initial Cost of the Second Project
Capital costs for the construction and commissioning of the Orenburg SPP which is planned to be connected to the trading system based on the results of the selection of investment projects, are calculated based on the specific value of the planned costs (Competitive selection of renewable energy projects, 2020). The planned value of capital costs per 1 kW of installed capacity of this facility was 0.059 rubles/kW. As a result, when recalculated for the station’s installed capacity of 10 MW, the total capital expenditures amount to 594 million rubles.
Additional costs for design, construction and commissioning of equipment for the SPP are equal to 100 million rubles (altecology.ru, 2019; Solar controller, 2020). This increases the initial cost of the second project to 694 million rubles.
Cost of Network Energy Storage
Based on the results of the analysis of the distribution of peak load hours and maximum power generation in the Orenburg region, it was decided that to increase the efficiency of the SPP, it is possible to use lithium-ion storage network energy storage units with a capacity of 10 MWh. According to ENERZ (ENERZ, 2020), the number of charge-discharge cycles of similar lithium-ion batteries they produce is 5,000 cycles. In the case of operating such batteries with one charge-discharge cycle per day, the service life of such NES is 13–16 years.
The specific cost of lithium-ion batteries per 1 kWh is 0.03 million rubles (ENERZ, 2020). Taking into account the installation and commissioning of the 10 MWh storage battery NES, the project cost may be increased by 300 million rubles.
Operating Costs
The operating costs associated with the maintenance of the solar power plant and the network energy storage device were estimated by experts on the basis of the implementation of projects similar in their characteristics in Russia rubles (altecology.ru, 2019; Solar controller, 2020). As a result, the annual cost of maintenance of a solar power plant with an installed capacity of 10 MW is 0.1 million rubles. The annual cost of maintenance of the lithium-ion battery NES is 0.4 million rubles.
The total construction, commissioning and maintenance costs of the submitted solar energy projects as well as grid storage are detailed in Table 1.
TABLE 1 | Solar power plant construction and maintenance costs.
[image: Table 1]DISCUSSION OF RESULTS
Calculations for assessing the efficiency of the SPP were carried out for three types of market:
• In the first price zone on the wholesale electricity and capacity market, which includes the Orenburg region (Annual report on the activities of the organization, 2019; Federal Law “On Power Industry”, 2019)
• In the retail electricity market when placing a solar power plant in the Orenburg region
• In the retail market with the placement of a solar power plant near or on the territory of the consumer to exclude payment for services for the transmission of electricity and capacity of the power grid company
Table 2 contains the results of assessing the annual income of SPP from the sale of electricity and capacity, depending on the markets for providing services.
TABLE 2 | Annual income of 10 MW SPP from the sale of electricity and capacity on the energy market, million rubles.
[image: Table 2]Thus, the following scenarios for connecting solar power plants to the electricity and capacity trading system are possible, which are shown in Table 3.
TABLE 3 | Scenarios for connecting SPP to the electricity and capacity trading system.
[image: Table 3]Also, when assessing the economic efficiency of projects, the following assumptions were made:
• 2020 was adopted as the first time period for investment
• For the first SPP project, implemented without state support, the number of income-generating years is set at 25 years
• For the project of the Orenburg SPP, implemented through the CSC, the state guarantees a payback within 15 years (Vygon consulting, 2020)
• Discount rate is 11.25%
• Numerical values of electricity and capacity sales volumes are determined on the basis of official published data on prices and tariffs for electricity, capacity and services for the transmission of electricity and capacity through electric grids
The results of assessing the main indicators of the economic efficiency of SPP projects in the Orenburg region according to the scenarios are presented in Table 4.
TABLE 4 | Economic efficiency of SPP projects in the Orenburg region.
[image: Table 4]The calculations presented above showed that in three of the seven cases presented, a positive economic effect is achieved on solar energy projects in the Orenburg region. These include the third, fifth and seventh scenarios. For each of them, the main estimated net present value is positive, the internal rate of return is the highest, and the discounted payback period is the lowest among the scenarios presented.
As a result, high economic efficiency is achieved when working in retail markets, both directly in the region of presence (S3), and with the placement of SPP on the consumer’s territory (S5), provided that a network energy storage device is installed and used. The Orenburg SPP which is being implemented with the support of relevant government measures (S7), is naturally among the economically efficient projects. However, the indicators of its economic efficiency practically coincide with the results of the third scenario, but significantly inferior to the fifth. So, when comparing the fifth and seventh scenarios, NPV of the first project is 73.6 million rubles higher, IRR—by 1.4%, and the payback period is reduced by 3 years.
As the main reason for the results obtained, it is important to note the peculiarities of tariff and pricing in the wholesale (first price zone) and retail electricity markets. Even without the installation of NES, the income of the SPP in question in the retail markets significantly exceeds the income in the wholesale market. Installing an energy storage device almost doubles the initial cost of a project, and quadruples its annual maintenance costs. Nevertheless, such investments are reasonable, since they allow achieving high economic efficiency of the operation of such a solar power plant.
CONCLUSION
All in all, this paper demonstrates that renewable energy has some future in Russia, with solar plants being the most obvious choice given the conditions in this country. We elaborate on a case study of a solar power plant in a southeast Orenburg region of Russia to prove that the economic return on investment of renewable energy projects in this country is not only possible but also economically feasible. The findings show that this outcome is highly possible despite the high cost of equipment for power facilities, both with the application of government support measures and without their use.
Our findings demonstrate that the payback of solar power plants in Russia without government support at the current energy prices can be achieved when they operate at the retail electricity markets. In this case, the payback period does not exceed 15 years. The recoupment of such Russian SPP can be accelerated up to 12 years when it is located in the immediate vicinity of its end consumers and the transmission range is short. In this case, a reduction in the payback period of the SPP is achieved by eliminating the payment for services for the transmission of electricity and power through the electric network and the compromise distribution of the obtained economic effect between the SPP and the consumer (50% by 50%).
To ensure the state-guaranteed 15-year payback period for the Orenburg SPP operating under the CSC, the annual payment for capacity alone should amount to 75 million rubles. If we take into account that on the WECM such a power plant without CSC and without NES would receive about 6.5 million rubles per year for capacity, the state will pay almost 70 million rubles a year to the investors who have built this SPP. The resulting difference by non-market methods will be included in the tariffs for paying for electricity for the population, business and small enterprises.
For investors, it is undoubtedly more profitable to build plants under the terms of a CSC, since in this case state guarantees are provided that the station will pay off within a certain period of time, and the number of risks is significantly reduced at the same capital costs. However, these conditions are categorically disadvantageous for end users of electricity who pay increased electricity tariffs.
Thus, with the rejection of state support for renewable energy and the transition to a competitive market environment, it is possible to achieve a positive economic effect from the implementation of RES projects in Russia. However, this requires the following important conditions to be met:
• Work mainly in the retail electricity and capacity markets, since it is market prices that provide the required level of income for renewable energy facilities
• Minimization of the volume of trade in electricity and capacity in the wholesale markets, since the payback of SPP facilities at the current level of equipment prices is not ensured
• Ensuring the supply of electricity and capacity of SPP under bilateral agreements with consumers of the retail market, but not with a supplier of last resort. The guaranteeing supplier of the retail market purchases electricity and capacity at prices that do not exceed the price of the WECM which do not provide a payback for the SPP
• The need for additional capital investments associated with the acquisition, installation, and subsequently maintenance of network energy storage devices. This is due to the peculiarities of energy generation at SPP: The discrepancy between the hours of maximum generation and peak electricity consumption. For SPP with an installed capacity of 10 MW, costs will increase by almost 2 and 4 times, respectively
• Installation of storage battery NESs at SPPs should ensure the combination of the maximum output of power, equal to the rated power of the generating installation, with the hour of peak consumption, during which the fulfillment of obligations to supply power to the market is recorded
These conditions can be used when developing new and improving existing approaches to the procedure for selecting renewable energy projects for state support. Moreover, these results might be used as the basis for the creation of the regional profiles from the standpoint of energy production and consumption based on the renewable energy sources for the subsequent development of a new strategy for the development of renewable energy not only in Russia but also in other gas- and oil-rich economies. Additionally, the findings might also be used by the investors in the design and comprehensive assessment of the new generating facilities in Russia focusing on the alternative energy sources. From the point of view of subsequent scientific research, a rather promising direction is the assessment of the economic efficiency of the implementation of hybrid renewable energy projects in Russia, i.e., those combining several types of renewable energy sources with traditional energy facilities.
In the context of future research opportunities, it might be interesting to extend the scope of this research to other regions in Russia to assess the feasibility and the economic profitability of the solar power plants in other locations. Furthermore, comparative studies for the results of SPP projects in Russia with those of countries could prove of some value.
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