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Abstract
The paper deals with solar energy promotion in households in Ukraine. Despite the positive dynamics of solar power plants construction, today the share of electricity, generated on their basis, in the country’s electricity mix remains insignificant. The main reason for this is the need for essential start-up investments. Since the economic efficiency of investment projects depends on the installed capacity of plants, the structure, and cost of the project financing sources; the paper focuses on estimation of financial sustainability of solar photovoltaic power plants construction under the credit programme “Eco-Energy”. The obtained results show the high profitability of own and credit resources’ investment in the considered projects that varies from 78.91% for the 10 kW solar power plants to 128.04% for the 30 kW ones. On this basis, policy recommendations for improving financing and other economic mechanisms to enhance renewable energy development in Ukrainian households have been developed.
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1 Introduction
The problem of global warming, closely related to the need to ensure the sustainable development of nations, has been the subject of international discussions and agreements for several decades. The foreseen annual rise in Earth temperature, recorded by scientists, in the coming years threatens global catastrophes such as floods, hurricanes, abnormally high and low air temperatures that have already occurred in certain regions of the planet (Xiaoxin et al. 2017). Researchers state that excessive greenhouse gas emissions that are the result of human economic activity are one of the reasons for global warming. The process of fossil fuel combustion, ensuring the functioning of national economies, significantly contributes to the production of greenhouse gases (Abaas et al. 2018; Sovacool et al., 2014; Bilan et al. 2019; Kurbatova et al. 2015; Letcher 2019; Na et al. 2019; Sineviciene et al. 2017; Sineviciene et al. 2018; Sotnyk et al. 2014; Voronenko et al., 2017).
Reducing the non-renewable energy resources involvement in economic cycles and transiting to the use of renewable energy sources (RES) contribute to cutting greenhouse gas emissions. In addition, shift to virtually inexhaustible green energy sources allows countries with a shortage of their own fossil fuels to reduce energy import and fully provide themselves with clean energy.
The mentioned benefits of renewable energy (RE) have led to the active development of this sector in many countries of the world in the last decade (Banerjee et al., 2017). According to (UN Environment 2018), net renewable capacity change as a percentage of global capacity change has increased from just under 20% in 2007 to 61% in 2017. This indicates that today the world is increasing the green energy capacity to a greater extent than the traditional one, and with such tendencies preserving in the long term period one should expect a global transition to prevailing energy production from RES. Besides, the composition of major investors in the development of the sector is changing: in 2015, for the first time in history, developing countries spent more on RES than developed countries. In 2016-2017 this trend had been preserved. At the same time, in 2017, the gap grew sharply, so that the developing world accounted for 63% of the global total and developed countries of just 37% (UN Environment 2018).
Considering the shortage of own fossil energy resources and existing environmental problems, the issue of RE sector development is extremely relevant for Ukraine that has prompted its inclusion in the policy priorities (CMU 2014; CMU 2017). Since 2009, a feed-in tariff for enterprises, which today is the main economic instrument for stimulating the RES capacities development, and a number of other privileges have been adopted (CMU 2014; The Verkhovna 2019a). In 2015, the feed-in tariff was extended to private households (The Verkhovna 2015). At the same time, at the end of 2018, the share of RES in the country's electricity balance did not exceed 1.9% (NCSREPU 2019), despite the fact that Ukrainian feed-in tariff was the highest in Europe (NICU 2018). Thus, having great potential for using RES and the possibility to capitalize on higher rates of the feed-in tariff, Ukrainian enterprises and private households are reluctant to build RE plants. According to experts (Bashynska 2015; Liutak et al. 2017; Sotnyk et al. 2018), the reason for it, particularly in the household sector, is the problems of financial support for clean energy investment projects, associated with relatively high investments along with low incomes of Ukrainians. Furthermore, although such measures are profitable, their payback periods can be quite long that frighten away potential investors. In this regard, the issue of the financial support for implementing these projects in the Ukrainian household sector is relevant.
The necessary financial resources for implementing RE projects firstly depend on the installed capacity of energy facilities that affects the amount of the projects’ investment. In turn, the projects’ economic efficiency depends not only on the amount of electricity generation and on revenues from the electricity sale, but also on the structure of the project funding sources and their cost. For Ukrainian households, credits from banking institutions are the most available resources, besides their own ones, which are mostly lacking. In this regard, the article deals with the financial support possibilities for projects aimed at the installation of a solar photovoltaic power plant (SPP) for a private household, considering various combinations of installed capacity of the SPP and, respectively, investment and credit options. Based on the above, it has been revealed whether financial support for projects is sufficient, and recommendations for developing the policy concerning the improvement of financing mechanisms for building new RES capacities have been formulated.
The article has the following structure. Section 2 presents a review of recent scientific literature on economic incentives and financial support for the RE expanding in the developed and developing countries, in particular in the household sector. Section 3 provides the analysis of the existing economic support mechanisms for the RE plants construction, particularly the solar power industry, in Ukrainian households and results of mechanisms’ implementation. Section 4 describes the initial data of the research such as main characteristics of the household under examination and conditions for the construction of small SPPs with different installed capacity, namely 10, 20 and 30 kW. Section 5 discusses empirical research results of financial sustainability estimation of the SPP projects.  Section 6 contains the conclusions about the profitability of small SPPs construction as well as policy recommendations for improving financing and other economic mechanisms to enhance RE development in Ukrainian households.

2 Literature review
Research of economic and financial mechanisms for the RE development is in the focus of numerous foreign and Ukrainian scientists’ papers, for example (Abolhosseini & Heshmati 2014; Donastorg et al. 2017; Deng & Guo 2017; Haas et al. 2011; Jacobs & Sovacool 2012; Klopov 2016; Kurbatova & Khlyap 2015; Liu et al. 2018; Liutak et al. 2017; Mentel et al., 2018; Savchuk 2018). Scientists analyse the ways and tools for financing RE projects, substantiate the efficiency of various economic and financial incentives for the RE development for different investor categories (state, private sector, households), considering the wide range of influencing factors for both developed and developing countries.
For instance, S. Abolhosseini and A. Heshmati (2014) consider feed-in-tariffs, tax incentives and tradable green certificates as main support mechanisms to finance renewable energy development. However, they emphasize the advisability of imposing tax credits, which could be applied to the investment, production, or consumption segments of electricity generated by RES since it makes cash available. Therefore, it could be an important financial incentive for private investors as well as an opportunity to make small investments, because it directly increases investor liquidity. The authors also note that feed-in-tariff policies are suitable to encourage the RES development. However, the renewable portfolio standard system should be applied after the implementation of RES has reached a certain level.
R. Haas et al. (2011) compare the different support schemes for RE development in European countries and conclude that the feed-in-tariff systems are effective at relatively low additional costs for final customers. Thus, a well-designed (dynamic) feed-in-tariff system provided a certain deployment of RE in the shortest time and at the lowest costs for society in comparison with national green certificate trading schemes.
S. Proenca and M. Aubyn (2013) evaluate economic and environmental impacts of a feed-in-tariff policy in Portugal while applying a hybrid top-down/bottom-up general equilibrium model to analyse the interaction among energy, economics, and environmental issues in relation to energy policies. They prove that the feed-in-tariff policy provided an effective and cost-efficient instrument to promote RES for electricity generation. In addition, the economic adjustment cost was low, and the deployment of RE led to significant reductions in carbon emissions. 
D. Nelson and G. Shrimali (2014) analyse RE financing in emerging economies and point out that despite significant labour, land, and construction cost advantages, rapidly emerging countries must often pay as much for RE as the US and Europe, and sometimes much more. The difference is in the cost of financing RE projects; more specifically, the cost and terms of debt. For instance, in India, the cost and terms of debt can add 24-32% to the cost of utility-scale wind and solar photovoltaic projects. With regard to these barriers, the authors recommend (1) bringing in developed world capital to these markets at lower interest rates in order to provide lower financing costs by linking a portion of RE feed-in-tariffs or contract prices to foreign currencies; (2) subsidize RE project debt to bring interest rates down to the levels of developed world debt. They prove that incentives needed to make projects attractive to RE project developers in developing world economies could cost 30% less if delivered through subsidized debt rather than through higher tariffs or subsidies on top of wholesale energy prices. These conclusions are valid concerning Ukraine, where low incomes hinder the investment of enterprises and households in RE development, although green industries innovations related to RES are the effective instrument for economic systems adaptation to resource fluctuations (Melnyk & Kubatko 2013).
Analysing the mechanisms of economic support for RE expanding in countries around the world, P. J. Crossley (2015) points out that one of the major barriers to the widespread deployment of RE is the high initial capital costs involved with establishing new RE projects. As a result, the cost and availability of debt and project financing have a major impact on the long-term viability of the RE sector. In an attempt to address these challenges, 65 countries use clean energy loans as one of their regulatory support mechanisms to promote the accelerated RE deployment. Despite many benefits of these programmes, the significant disadvantage is the need for the country to be sufficiently wealthy to be able to dedicate the funds to establish the initial pool of capital from consolidated revenue. This may be difficult to do in lower income countries, which may have more pressing problems such as health (for example, see (Kubatko & Kubatko 2017; Kubatko & Kubatko 2019)) or education that need to be addressed first. It is likely that this explains why nearly half of the countries with clean energy loan programmes are high-income countries.
Exploring the sources and trends of current RE financial investment and projects, A. Donastorg et al. (2017) and S. Leonov et al. (2012) confirm that access and availability of finance is a major challenge for many developing countries. Financing RE projects require access to significant resources, by multiple parties, at varying points in the project life cycles. Developing countries find themselves at a crossroad when it comes to investments in the clean technology sector, as this always combines with capital intensity and new technologies that the countries lack. Therefore, securing project financing from local or international sources can prove to be a critical step in the creation and growth of the RE sector. Policymakers and international financial institutions must deploy the right policy and fiscal tools to address these risks and mobilise private sector investment. 
S. Griffith-Jones et al. (2012) state that even when the basic economics of RE projects and returns are attractive enough, the most important characteristic is that the finance is long-term. Investment in RE can take years, or even decades, to yield good returns. What is needed, therefore, is ‘patient capital’, which is precisely the type of investment that is most difficult to attract to developing countries, given typical short-term horizons of private capital markets. One of the most straightforward and effective ways to catalyse investment in RE in developing countries would be to increase the resources available to development finance institutions for this purpose.
V. Bobinaite and D. Tarvydas (2014) revealed that governments, multilateral development banks, regional development banks, commercial banks and EU are important RE sector financing channels in developing countries. The research results showed that availability to use financial channels also depends on income level, type of RES, and technology implemented. Formal financing channels become available when income level increases. Moreover, the availability of financial channels depends on the stage of the life cycle of RE sector development. Because of high risk, technology research activity is mainly financed using public financial sources, such as grants or subsidies. When technologies move out of research to the development stage, the amount of public financing reduces. Financial sources of the credit market are available when RES plants are constructed.
H. Liming (2009) argues that governmental finance is the most important channel for financing RE in developing countries. The tool that can be used by the state to accomplish this task involves the development and implementation of state and regional RE sector development programmes, the provision of subsidies to compensate for part of the private investments in RE projects, tax incentives, preferential loans, etc. Simultaneously, H. Liming (2009) and A. Behrens (2009) outline some constraints that hinder private investments to come in the RE sector in developing countries. Among them there are the external nature of the benefits received from green energy projects (for example, the environmental benefits for society that are not reflected in the economic outcomes for investors), the imperfection of environmental legislation in developing countries; high initial investment in RE projects and consequently raised economic risk associated with long-term payback periods; high credit rates on debt funds for RE investments due to unstable economic situation in developing countries etc. Thus, additional financing channels, diminishing the above-mentioned constraints, are essential.
Y. Bashynska (2015) and Y. Yevdokimov et al. (2018) analyses the current status of RE development in Ukraine and the advantages of investing in renewables in Ukraine. The author concludes that wide RE use would be a good solution for Ukraine to decrease the number of imported energy resources. However, despite several state and regional financial initiatives promoting RES, the main problem of RE development is lack of funding. This conclusion is confirmed in (Liutak et al. 2017).  Therefore, all the efforts made by the Ukrainian government should be aimed at creating an enabling environment for domestic and foreign direct investments in RE. 
T. Kurbatova and H. Khlyap (2015) study the current state for non-renewable and renewable energy in Ukraine and state policy of its development in the long-term perspective. Based on this analysis, they identify key obstacles, which reduce the effectiveness of RE deployment, and barriers to RE projects’ implementation by investors. The authors conclude that the main problem for large-scale RE development is the need for significant initial investment for RE power plants construction as well as the absence of long-term credit programmes aimed at financing these projects. This statement is confirmed by Ye. V. Savchuk (2018) for the household sector of Ukraine, who notes that encouraging the Ukrainian population to use, in particular, solar energy, can be provided by the methods of state tax incentives (preferential tax treatment, value-added tax exemption while importing equipment and components), and financial support.
Considering existing economic mechanisms for stimulating RE development in Ukraine,                T. Kurbatova et al. (2014) argue that the most effective economic instrument is the feed-in tariff, which is the highest in Europe. At the same time, the share of electricity in the overall energy balance of Ukraine is the lowest compared to EU countries. This indicates that the effective stimulating RE deployment depends on introducing a set of motivating mechanisms, especially the combination of the feed-in tariff, tax incentives, available credit programmes, etc. Confirming the research results of the previous authors, I. Klopov (2016) claims that the effectiveness of the state regulation mechanisms for RE development in Ukraine is insufficient and requires the substantial improving in the current situation.
Considering the significant number of studies devoted to economic stimulation of RE development in Ukraine, the issue of financing mechanisms for RE investment projects in the household sector has not been studied properly. As a rule, researchers focus on business agents that have more financial resources and state-provided incentives for RE plants construction. Besides, the scale of industrial projects results in higher returns to their owners, whereas small private RE power plants deployment is characterized by a lower return on invested capital.
However, given the large potential of RES in the private sector, the implementation of which can significantly help to solve the problems of both remote areas energy supply and environmental quality improvement, the RE projects deployment by the population is an important contribution to the achievement of the state objectives of green energy development. In this regard, the financial support of these processes needs further improvement.

3 Promotion of solar energy for households: economic measures and outcomes  

As noted above, the state incentive policy in the field of RE for enterprises was introduced in Ukraine in 2009. In 2015, the Law of Ukraine “On electric power industry” was amended for economic incentives for electricity generation from RES to become available to private households. Let consider them in more detail from the perspective of promoting solar energy generation.
In accordance with the Law of Ukraine “On Electricity Market” (The Verkhovna 2019a) owners of private households have the right:
‒ to construct small solar power plants, the total installed capacity of which does not exceed 30 kW. The allowed capacity has been recently increased from 30 kW to 50 kW for small SPPs installed on roofs and building facades by the law adopted on April 25, 2019 (The Verkhovna 2019);
‒ to sell to an electricity supply company the electric energy produced by small SPPs of the above-mentioned capacities at a feed-in tariff in the amount that exceeds the monthly electricity consumption by a private household.
The feed-in tariff is a special tariff for the purchase of electricity generated from RES. The feed-in tariff level, according to which owners of private households sell an excess of electricity generated from solar energy, directly depends on the date of putting the solar power generation equipment into operation (table 1) (The Verkhovna 2019a). 
As shown in table 1, starting in 2015, the feed-in tariff rate has displayed a steady trend toward declining, because of the objective reduction in the cost of electricity generated on the basis of solar radiation. Figures in table 1 show that putting a small SPP in operation in a private household in 2014 guaranteed the feed-in tariff that was almost twice higher than the feed-in tariff for an SPP, which was put in operation during 2017-2019.
In Ukraine, the income from green electricity sale is taxable and is subjected to profit tax of 18% and military tax of 1.5% for population. For private households, the tax agent is an energy supply company, to which the household sells an excess of its green energy. Therefore, this company is responsible for transferring the above-mentioned taxes to the budget, and the household receives the revenue from sold electricity on its account, reduced by the tax amount.
The scheme of stimulating the RE development for private households with the help of the feed-in tariff is valid until December 31, 2029. In case the legislation regulating the stimulation of RES electricity production is amended, private households will be able to choose new mechanisms, if they are more beneficial for them.
In addition to the feed-in tariff, private households can take advantage of a number of benefits provided by the Tax Code and Customs Code of Ukraine (The Verkhovna 2010; The Verkhovna 2012). Thus, according to the above-mentioned codes, the following importations into the customs territory of Ukraine are exempted from taxation and customs duties:
• equipment and materials for solar energy generation;
• materials, equipment, accessories used for producing the equipment that works on solar radiation.
Taking advantage of the above-mentioned tax and customs privileges is possible only if a taxpayer uses such goods for own electricity generation or identical goods with similar qualitative parameters are not produced in Ukraine.
The introduction of economic incentives has served a significant catalyst for solar energy development in the household sector. Thus, the number of small SPPs installed in recent years has a steady tendency to increase (fig. 1).
At the end of 2018, their number was 7450. Only in 2018 the number of small SPPs put into operation by private households increased by 2.5 times. Compared to 2014 (before the feed-in tariff introduction), this figure has increased 356 times, indicating the investment attractiveness of solar energy deployment for private households.
At the same time, the installed capacity of small SPPs put into operation by private households at the end of 2018 amounted to 157 MW (fig. 2). It has increased 3 times compared with 2017 and more than 9 times compared with 2016.
Despite positive trends in the growth of electricity generated by private households from solar radiation, its share in the overall balance of electricity generation from RES is currently only 2.3%, while the remaining 97.7% of green electricity is provided by large RE plants that are in private ownership of legal entities (NCSREPU 2019). Meanwhile, the total share of electricity from RES in the total final electricity consumption of Ukraine is also extremely low. At the end of 2018, this figure was only 1.9% (NCSREPU 2019).
It follows from the above that despite positive trends of solar energy development in the household sector, this direction is of secondary importance in the domestic RE sector today. Simultaneously, Ukrainian green energetics is only at the stage of its formation, because at the end of 2018, more than 98% of electricity generation in Ukraine was based on nuclear power and fossil fuels. Thus, existing economic incentives for RE development presented by feed-in tariff and tax incentives are clearly insufficient to promote solar energy in households. In this regard, we present the analysis indicating whether financial support for RE development in this sector is satisfactory.

4 Research data 
Analysis of the Ukrainian banks' credit policy on RE projects financing for individuals (Oschadbank 2018; Ukrgasbank 2018) showed that the most profitable offer on the domestic credit resource market is targeted loans of JSB “Ukrgasbank”. Its programme “Eco-Energy” provides credits for households, which are available at rates of 0.001-18.99%, depending on the period of loan (up to 5 years) and the amount of borrower’s down payment (15% and more). The loan programme “Eco-Energy” is a product of the cooperation between JSB “Ukrgasbank” and partner firms that carry out a full range of works on construction of SPP, wind farms and installation of heat pumps as well as putting all of them into operation (Ukrgasbank 2018). Considering the possibility of completing RE project on a turnkey basis and low-rate credits for these purposes, it is expedient to analyse the peculiarities of financing and payback of SPP project for a household under the above-mentioned programme.
 All calculations will be made in a relatively stable currency (EUR), with the official hryvnia exchange rate 3171.4138 UAH for 100 EUR as of January 1, 2019, established by the National Bank of Ukraine (NBU 2019). Assuming the euro is more stable as a currency in comparison with the hryvnia, the time factor was not accounted in the calculation of projects’ incomes and expenditures.
The object of the research is a private household represented by a two-storey private house with a heated area of 200 m2 and situated in the northeast of Ukraine, Sumy. The house is connected to the network of three-phase power supply, gas supply and central water supply. The contracted limit for the installed energy capacity of this household before the start of the study was 3 kW. The amount of household electricity consumption for own needs was calculated based on the averaged empirical data for 2015-2018 collected from the local electricity supply company “Sumyoblenergo” for households of Sumy City with regard to private houses’ heated areas. This amount is given in table 2 and it is paid according to a two-zone residential tariff with tariff coefficients of 1.0 at day and 0.5 at night. At the beginning of 2019, the basic electricity tariff was 2.84 euro cents / kWh with monthly consumption up to 100 kWh and 5.3 euro cents / kWh with monthly consumption of over 100 kWh (Sumyoblenergo 2019). 	
Taking into account the parameters of the above-mentioned household, we consider variants of SPP construction with a capacity of 10, 20 and 30 kW in 2019 to generate electricity and sell it at the feed-in tariff. Putting SPP in operation in 2019 will provide the feed-in tariff that is higher than the traditional electricity price at 3.36 times and equals to 0.18 euro / kWh (The Verkhovna 2019a; Sumyoblenergo 2019а). Under the current legislation, the validity of the feed-in tariff for RE plants is set by December 31, 2029. Hence, the high income from sale of the SPP generated electricity will be available for the owner over the next 11 years (2019-2029). The standard life term of solar panels is 25 years, thus, in the further 14 years, starting from January 1, 2030, the payment for the generated electricity will be carried out at market prices and the owner's income from its sale will change. 
SPPs under consideration have the following photovoltaic system specifications: photovoltaic module – Si-mono, model – LR 6-60 PE 300 M; manufacturer – Longi Solar, unit nominal power – 300 Wp; inverter model – Sunny Tripower (Longi Solar 2019; SMA 2019).

5 Results and Discussion
Tables 2, 3 and 4 show the empirical monthly amounts of green electricity generation by the private SPP, depending on its installed capacity. The weather conditions of a typical meteorological year in Sumy region (Ukrainian 2019; SAEE 2019a), the above-mentioned photovoltaic system specifications and the averaged empirical data of electricity generation collected from JSB “Ukrgasbank” and its partner company Helios Strategia (Helios 2019) for households in Sumy region, on the territory of which SPPs with a capacity of 10, 20 and 30 kW were installed last years, were taken into account in energy calculations. It is worth noting that for 10 kW SPP, three winter months (December, January and February) are characterized by a zero income from sale of electricity at the feed-in tariff since during this period, the electricity amount consumed for household’s own needs exceeds the generated one. The green electricity generation in winter is minimal due to the small number of sunny days and considerably continuous presence of snow cover that prevents stable electricity generation. Regarding the empirical data, only two winter months (December and January) for the SPP with 20 kW installed capacity and only December for the SPP with 30 kW installed capacity respectively are characterized by a zero income from sale of the generated electricity at the feed-in tariff due to the same reason mentioned above. For similar RE projects in the southern regions of Ukraine, the income from the sale of the generated electricity may increase in times due to both the greater number and duration of sunny days and higher level of solar radiation.
The investment in the construction of SPPs with different installed energy capacities consists of two main parts: the actual SPP construction investment and the one-time payment to the local energy supply company for SPP connection to the electricity grid. The amount of this payment depends on the connected capacity size and is 40.99 euro per 1 kW of connected capacity for the region considered (Sumyoblenergo 2019b). Table 5 presents the calculation of investment for SPPs with different installed energy capacity, including these two constituents. 
Tables 2, 3 and 4 present calculations of household’s monthly net income from sale of electricity generated by SPPs with different energy capacity at the feed-in tariff. Both profit and military tax are also taken into account. Besides, the additional income of the household is calculated on the basis of savings on consumed electricity payment, which is covered fully or partly (depending on the month) due to own electricity generation. Thus, the total income from SPP operation includes the feed-in tariff income and savings on consumed electricity payment.
To justify the attraction of credit resources in order to cover the costs of SPP construction, in tables 6, 7 and 8 there have been calculated the cash flows of credit payments and receipts from SPP projects of different capacity, and basing on it, the payback periods of credit funds that correspond to the terms of granting credits have been substantiated. The calculations were made based on the best lending conditions under the programme “Eco-Energy” offered by JSB “Ukrgasbank” (Ukrgasbank 2018). It proposes the lowest credit rate and the longest period of lending, namely: the annual credit rate is 0.001%, the term of the loan is 5 years providing that the down payment is 50%, a one-time commission for the issuance of a loan is 4% (Sotnyk et al. 2018). In addition, payback periods for SPP projects with different energy capacities were calculated, including and excluding the alternative cost of household’s own resources use that constitutes 50% of the project construction investment along with the payment for the connected capacity and the bank commission, which were not included in the loan amount. To account the alternative cost of own funds, the lost profit was calculated as a loss of income from the placement of the total amount of own resources in a bank deposit account at the current market interest rate of 3% per annum (in euro) in 2019 during the payback period of own funds. The results of the calculations are presented in table 9. The lost profit from the use of household’s own resources was calculated as a loss of income from the deposit with its annual reduction due to partial compensation of own investments as a profit from the green electricity sale, remaining after credit payments and the repayment of the principal. Table 10 provides profitability calculations of SPP projects with different energy capacities based on credit and own funds.
According to the results of the performed calculations, the following conclusions should be made. Firstly, the preferential credit rate of 0.001% is significantly lower than the alternative cost of the use of household’s own funds at rate of 3% per annum (placement on a bank deposit account in euro), even including the 4% bank commission. Therefore, for SPP construction with a capacity of 10, 20 or 30 kW, it is economically expedient to take a loan instead of investing own resources (even if they are sufficient). As a result, the additional income of 301.41 (577.24), 1017.04 (530.85) and 746.14 (1429.35) euro respectively can be generated for 5 years, including (excluding) the payback of invested funds (loan amount) derived from annual income from the feed-in tariff, applied to the construction projects of SPP with the capacity of 10, 20 and 30 kW.
Secondly, according to the considered credit programme each variant of construction of SPP with the capacity of 10, 20 and 30 kW is guaranteed with full repayment of credit funds on income from the feed-in tariff within the established terms of lending (5 years). Furthermore, each year after credit payments during the first 5 years, the household receives an annual income from the green electricity sale in the amount of 319.37, 997.74 and 1731.31 euro from operating SPP with the capacity of 10, 20 and 30 kW respectively. It allows to compensate annually 5.56, 9.83 and 11.84% of own invested funds for each project respectively. After full repayment of the loan in 5 years, the household’s unpaid costs will be amounted of 4150.09, 5164.18 and 5970.21 euro (excluding the lost profit) for SPP projects with the capacity of 10, 20 and 30 kW respectively with a constant annual income of 1369.37, 2847.78 and 4331.35 euro during subsequent 6 years of the feed-in tariff. Thus, the full payback periods for all invested funds (excluding the lost profit) will be 8.25, 6.75 and 6.5 years for SPP projects with the capacity of 10, 20 and 30 kW respectively. While including the lost profit from the use of own funds, the full payback periods for projects are slightly increasing and amount to 8.83, 7.5 and 6.75 years respectively (see Table 9). Consequently, SPPs with higher capacity are paid back faster.
Thirdly, considering that the feed-in tariff validity period for SPP construction in 2019 is 11 years, income from green electricity sale after the payback period of all investments and until the end of the feed-in tariff validity (provided that its value will be maintained at 0.18 euros / kWh) will be 2971.53, 10536.79 and 17325.40 euro for SPP projects with the capacity of 10, 20 and 30 kW respectively (see Table 10). Assuming that after 31.12.2029, the tariff for electricity generated by SPP of the household would fall 3.36 times (The Verkhovna 2019a), the income from electricity sales for the next 14 years under the other unchanged conditions would be 5705.70, 11865.76 and 18047.29 euro respectively. Thus, taking into consideration the SPP project’s life cycle of 25 years, the profitability of own and credit resources’ investment in the construction of SPPs with the capacity of 10, 20 and 30 kW will be 78.91, 115.46 and 128.04% respectively.
As appears from the calculations, the projects involving the construction of SPP with higher capacity are more cost-effective. It is quite logical, because the generation of a larger quantity of green electricity leads to the reduction of capital expenditures per a unit of produced electricity; it promotes faster payback and higher profitability of projects.
6 Conclusions
Overall, the presented calculations conclude that the construction of new solar power plants is highly profitable within the current high levels of the feed-in tariff in Ukraine and the programmes of RE projects preferential crediting. Simultaneously, the profitability of projects increases with the growth of capacity of the constructed power facilities, encouraging investors to develop green energy sector. Consequently, if the Ukrainian household has own funds constituting at least 50% of the required investment in a RE plant, there are no obstacles to implementing the relevant project with the partial involvement of cheap credit resources and gaining profit from green electricity generation.
However, given the slow RE deployment in the household sector due to the lack of sufficient free financial resources by the population, there exists a need to provide cheap loans or other financial incentives guaranteed by the state and/or local authorities to household owners in order to cover all construction costs for RE facilities. In this regard, it is expedient to actively develop state and local programmes of bank interest compensation on RE projects, involving a wider range of banking institutions that provide long-term loans for RE plants construction at preferential rates (in particular, close to the rates, presented in this study). It will stimulate the growth of RE power capacities in households. Besides, such loans should be provided for a period of at least 7-8 years to ensure the repayment of all funds. Now in Ukraine there are examples of regional programmes to stimulate the efficient use of energy resources and energy saving, which include encouraging the population to install and operate private SPP as an alternative source of electricity. For instance, in Zhytomyr region local authorities provide one-time refunding, within a budget year, in amount of 20% from the regional budget, but not more than 100,000 UAH of the loan amount borrowed for the purpose of small SPP construction (Zhytomyr Regional Council 2015). It is expedient to introduce such a programme in other regions of Ukraine. 
Moreover, the problem of preferential long-term financing could be partially solved by external lending, for example, by the programmes of the European Bank for Reconstruction and Development (EBRD), whose appropriation lines are open in Ukraine, namely: Ukraine Sustainable Energy Lending Facility (USELF 2019) and Ukraine Energy Efficiency Programme (UKEEP 2019). However, these programmes do not cover small SPP construction projects for households. In addition, the European Investment Bank (EIB) finances improvements in the country’s transport infrastructure and building energy efficiency in Ukrainian universities while its programmes are not available for private households (EIB 2019). Another financial possibility is IQ Energy programme of EBRD that provides grants for small solar thermal power plants in households but does not cover small SPP construction (IQ Energy 2019). Therefore, the government's actions should be aimed at developing affordable domestic lending programmes, extending both the EIB and EBRD loans to households or developing syndicated loans programmes, which will involve the pooling of financial resources of Ukrainian banks as well as the EIB and EBRD.
Nowadays the most lucrative loans of Ukrainian banks for the population provide the attraction of credit and own funds on a parity basis in RE projects that is not always acceptable for low-income households. For instance, the cost of installing a small SPP with a permissible capacity of 30 kW varies from at least 16-17 thousand euro (Solar 2019; Joule 2019). Instead, the monthly average wage (according to statistics, it forms 80% of household incomes (Sidorova 2017), at the end of 2018 amounted to only 350 euro (Ministry 2018), that means that the annual income of a typical Ukrainian household is 4,200 euro, at least 2/3 of which are consumed. Consequently, a household can invest up to 1,400 euro annually in RE projects or about 8.5% of project costs.
In addition, due to the planned reduction of feed-in tariff rates from 18 to 16.3 euro cents/kWh in 2020 and down to 14.5 euro cents/kWh in 2025, the profitability of such projects will also decrease. Therefore, the financial support for RE projects’ implementation would be crucial. In that context, along with the introduction of low-cost loans, it would be reasonable to increase the maximum installed capacity of households RE plants allowed by the legislation that would contribute to the growth of RE capacities in the private sector as well as to reduction of payback periods and increment of projects profitability. The first step has already been done recently by adopting the law increasing the maximum capacity of small SPP from 30 to 50 kW (The Verkhovna 2019).
Based on the calculations carried out by the authors, SPP construction in the northern regions of Ukraine is highly profitable at the current feed-in tariff levels. Considering the more favourable natural conditions for the solar energy development in the southern regions of the country (a larger number of sunny days, absence or a minimum number of days with constant snow cover, etc.), the profitability of the relevant projects in these regions will be much higher and the payback periods will be shorter. For example, according to (SAEE 2019a), the average annual amount of total solar radiation coming to northern parts of Ukraine is 1070 kWh / m2 while it is up to 1400 kWh / m2 in the south of Ukraine and even higher in the Crimea. It follows that RE projects for the southern Ukrainian regions and the Crimea may have profitability at least 30% higher than for the northern territories.  Thus, an important political step should be the active involvement of households to RE projects implementation in all regions of Ukraine and, first of all, in the south of the country,
The necessary but insufficient conditions for RE development in the household sector are created nowadays in Ukraine since the financial support for RE projects implementation is significant only for wealthy households that have some savings and can invest in green energy projects. Simultaneously, due to low incomes, the vast majority of household owners are not able to take advantage of the opportunity to make money out of the feed-in tariff. Preservation of such a situation in the future will contribute to further stratification of the Ukrainian society, causing the rich to get richer and the poor to get poorer along with creating the basis for the social conflicts’ emergence. In addition, the reason for social conflicts can be a further rising cost of electricity for all categories of consumers due to the increase in the share of expensive green electricity in the country's electric power balance. Overall, to preserve social stability, the growth of RE production and the decarbonisation of the national economy, it is necessary to further expand the state financial and credit support of households in the form of cheap long-term loans for investing in RE projects that will ensure equal opportunities for each family to make money out of the feed-in tariff.
Additional opportunities for RE deployment in the household sector that should be considered by politicians are the formation of energy cooperatives to combine the financial resources of households to build small SPPs jointly. Despite the fact that the cooperative model in the energy sector is quite widespread and successful in many countries, the lack of a coherent legislative framework for its creation does not allow Ukraine to develop this sector at the desired pace (Kurbatova at al. 2018). In this case, it is expedient to extrapolate the experience of the leading countries in creating optimal organizational and economic conditions for energy cooperation of private households.
Driver for SPPs installation in the household sector also can be the development of domestic solar energy technologies. It is worth noting that today Ukraine is already taking confident steps to develop own technologies in the solar energy field. The most successful representative in the market for the production of silicon monocrystalline ingots is the JSC “Kvazar”, which has a complete infrastructure – from scientific investigations to industrial production (Kvazar 2019). For the more dynamic development of domestic solar energy technologies, the attention of the Ukrainian government should be focused at financing research and innovation in this field. It should be noted that the state has been supporting such studies for the past years, in particular in the field of the synthesis of modern materials for solar energy (Diachenko 2016; Dobrozhan 2018), however, insufficient funding does not allow to implement these results to industrial production.
Another recommendation is to abandon the state subsidizing of prices for natural gas, electricity and heat for the population that makes it economically unfeasible to install small SPPs in households. For instance, the budget of Ukraine in 2019 provides 1.66 billion euro (The Verkhovna 2019b) for the targeted subsidies for communal services and heating fuel. In contrast, the government should focus on increasing incomes and reducing the attractiveness of traditional energy.
The poor public awareness of the advantages of solar energy in general and the financial benefits that private households may receive when selling electricity surplus at the feed-in rate in particular impedes RE development in households. Therefore, informing the household owners about the economic, social and environmental benefits of RES could significantly contribute to the process of small private SPPs deployment in Ukraine.
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Tables:

Table 1 – Feed-in tariffs for electricity generated from solar radiation for private households in Ukraine (calculated by the authors basing on (The Verkhovna, 2019a)

	Term of putting solar power plant in operation 
	Feed-in tariff, EUR/kWh

	01.04.2013 − 31.12.2014
	0.36

	01.01.2015 – 30.06.2015
	0.32

	01.07.2015 – 31.12.2015
	0.20

	01.01.2016 – 31.12.2016
	0.19

	01.01.2017 − 31.12.2019
	0.18

	01.01.2020 – 31.12.2024
	0.163

	01.01.2025 – 31.12.2029
	0.145




Table 2 – Average monthly household electricity generation and consumption with SPP of 10 kW installed capacity 

	Month
	Electricity generation, kWh
	Electricity consumption, kWh
	Payment for electricity consumption (real or conditional1), EUR
	Green electricity fed into the grid, kWh2
	Income from green electricity sold at the feed-in tariff (before taxes), EUR 3
	Taxes (18% – profit tax; 1,5% – military tax), EUR
	Net income from green electricity sale, EUR4
	Net income from electricity sold at the feed-in tariff and  saving on consumed electricity payment, EUR

	January
	61
	180
	5.94
	0
	0
	0
	0
	2.015

	February
	128
	171
	5.61
	0
	0
	0
	0
	4.205

	March
	286
	162
	5.08
	124
	22.32
	4.35
	17.97
	23.05

	April
	1419
	80
	1.63
	1339
	241.02
	47.00
	194.02
	195.65

	May
	1290
	72
	1.63
	1218
	219.24
	42.75
	176.49
	178.12

	June
	1666
	57
	1.15
	1609
	289.62
	56.48
	233.14
	234.29

	July
	1486
	58
	1.16
	1428
	257.04
	50.12
	206.92
	208.08

	August
	1707
	59
	1.18
	1648
	296.64
	57.84
	238.80
	239.97

	September
	985
	89
	1.96
	896
	161.28
	31.45
	129.83
	131.79

	October
	781
	124
	4.57
	657
	118.26
	23.06
	95.20
	99.77

	November
	462
	147
	4.99
	315
	56.70
	11.06
	45.64
	50.64

	December
	54
	182
	6.03
	0
	0
	0
	0
	1.795

	Total
	10325
	1381
	40.94
	9234
	1662.12
	324.11
	1338,01
	1369,37










Table 3 – Average monthly household electricity generation and consumption with SPP of 20 kW installed capacity

	Month
	Electricity generation, kWh
	Electricity consumption, kWh
	Payment for electricity consumption (real or conditional1), EUR
	Green electricity fed into the grid, kWh2
	Income from green electricity sold at the feed-in tariff (before taxes), EUR 3
	Taxes (18% – profit tax; 1,5% – military tax), EUR
	Net income from green electricity sale, EUR4
	Net income from electricity sold at the feed-in tariff and  saving on consumed electricity payment, EUR

	January
	122
	180
	5.94
	0
	0
	0
	0
	4.035

	February
	256
	171
	5.61
	85
	15.30
	2.98
	12.32
	17.93

	March
	572
	2
	5.08
	410
	73.80
	14.39
	59.41
	64.49

	April
	2838
	80
	1.63
	2758
	496.44
	96.81
	399.63
	401.27

	May
	2580
	72
	1.63
	2508
	451.44
	88.03
	363.41
	365.04

	June
	3332
	57
	1.15
	3275
	589.50
	114.95
	474.55
	475.70

	July
	2972
	58
	1.16
	2914
	524.52
	102.28
	422.24
	423.40

	August
	3414
	59
	1.18
	3355
	603.90
	117.76
	486.14
	487.32

	September
	1970
	89
	1.96
	1881
	338.58
	66.02
	272.56
	274.52

	October
	1562
	124
	4.57
	1438
	258.84
	50.47
	208.37
	212.94

	November
	924
	147
	4.99
	777
	139.86
	27.27
	112.59
	117.58

	December
	108
	182
	6.03
	0
	0
	0
	0
	3.585

	Total
	20650
	1381
	40.94
	19401
	3492.18
	680.98
	2811.20
	2847.78





Table 4 – Average monthly household electricity generation and consumption with SPP of 30 kW installed capacity

	Month
	Electricity generation, kWh
	Electricity consumption, kWh
	Payment for electricity consumption (real or conditional1), EUR
	Green electricity fed into the grid, kWh2
	Income from green electricity sold at the feed-in tariff (before taxes), EUR 3
	Taxes (18% – profit tax; 1,5% – military tax), EUR
	Net income from green electricity sale, EUR4
	Net income from electricity sold at the feed-in tariff and  saving on consumed electricity payment, EUR

	January
	183
	180
	5.94
	3
	0.54
	0.11
	0.43
	6.38

	February
	384
	171
	5.61
	213
	38.34
	7.48
	30.86
	36.47

	March
	858
	2
	5.08
	696
	125.28
	24.43
	100.85
	105.93

	April
	4257
	80
	1.63
	4177
	751.86
	146.61
	605.25
	606.88

	May
	3870
	72
	1.63
	3798
	683.64
	133.31
	550.33
	551.96

	June
	4998
	57
	1.15
	4941
	889.38
	173.43
	715.95
	717.10

	July
	4458
	58
	1.16
	4400
	792.00
	154.44
	637.56
	638.72

	August
	5121
	59
	1.18
	5062
	911.16
	177.68
	733.48
	734.66

	September
	2955
	89
	1.96
	2866
	515.88
	100.60
	415.28
	417.24

	October
	2343
	124
	4.57
	2219
	399.42
	77.89
	321.53
	326.11

	November
	1386
	147
	4.99
	1239
	223.02
	43.49
	179.53
	184.52

	December
	162
	182
	6.03
	0
	0
	0
	0
	5.375

	Total
	30975
	1381
	40.94
	29614
	5330.52
	1039.45
	4291.07
	4331.35



Notes to tables 2-4:
1 Both real and conditional payments for the consumed electricity are calculated based on the two-zone electricity residential tariffs and the amount of its consumption by the household over the corresponding zone. However, the conditional payment is not actually paid by the household, since it is covered by the amount of generated green electricity, as opposed to real one when household’s own electricity generation is less than its consumption.
2 The amount of green electricity fed into the grid is calculated as the difference between electricity generation and electricity consumption amounts if generation exceeds consumption. Provided that consumption exceeds generation, electricity is not sold, therefore for those months the volume of sales is equal to 0.
3 Income from green electricity sold at the feed-in tariff (before taxes) is calculated based on the feed-in tariff of 0.18 euro / kWh.
4 Net income from green electricity sale is calculated as the difference between income from green electricity sale and amount of taxes paid.
5 Indicators are calculated in accordance with the amount of generated green electricity that is consumed by the household for its own needs and the current two-zone electricity residential tariffs. 


Table 5 – Investment in SPPs with different installed energy capacity
	Type of investment, EUR
	Installed energy capacity of SPP, kW

	
	10
	20
	30

	Construction investment
	10500.00
	18500.00
	26000.00

	One-time payment for the connected capacity
	286.94 (40.99 euro/kW××(10-3) kW)
	532.89 (40.99 euro/kW××(20-3) kW)
	1106.76 (40.99 euro/kW××(30-3) kW)

	Total investment
	10786.94
	19032.89
	27106.76



Table 6 – Calculations of the cash flows of credit payments and receipts from SPP project with 10 kW installed capacity (calculated by the authors using a loan calculator of JSB “Ukrgasbank”) 
	Lending terms

	One-time payment for the connected capacity, EUR
	286.94

	One-time commission for the issuance of the loan (4% of the loan amount), EUR
	210.00

	Collateral value, EUR
	10500 

	Down payment (50%), EUR
	5250

	Loan funds (50%), EUR
	5250

	Term of the loan, months
	60

	Interest rate, %
	0.001

	Monthly loan payment, EUR
	87.5

	Month
	Monthly payment, EUR
	Monthly income, EUR
	Loan principal debt, EUR

	
	
	
	1st year
	2nd year
	3rd year
	4th year
	5th year

	January
	87.5
	2.01
	5 250.00
	4 200.02
	3 150.03
	2 100.03
	1 050.02

	February
	87.5
	4.20
	5 162.50
	4 112.52
	3 062.53
	2 012.53
	962.52

	March
	87.5
	23.05
	5 075.00
	4 025.02
	2 975.03
	1 925.03
	875.02

	April
	87.5
	195.65
	4 987.51
	3 937.52
	2 887.53
	1 837.53
	787.52

	May
	87.5
	178.12
	4 900.01
	3 850.03
	2 800.03
	1 750.03
	700.02

	June
	87.5
	234.29
	4 812.51
	3 762.53
	2 712.53
	1 662.53
	612.51

	July
	87.5
	208.08
	4 725.01
	3 675.03
	2 625.03
	1 575.03
	525.01

	August
	87.5
	239.97
	4 637.51
	3 587.53
	2 537.53
	1 487.53
	437.51

	September
	87.5
	131.79
	4 550.02
	3 500.03
	2 450.03
	1 400.03
	350.01

	October
	87.5
	99.77
	4 462.52
	3 412.53
	2 362.53
	1 312.52
	262.51

	November
	87.5
	50.64
	4 375.02
	3 325.03
	2 275.03
	1 225.02
	175.00

	December
	87.5
	1.79
	4 287.52
	3 237.53
	2 187.53
	1 137.52
	87.50

	Total
	1050.00
	1369.37
	 
	 
	 
	 
	 

	Annual value added, EUR
	319.37
	Value added for 5 years, EUR
	1596.85
	Unpaid costs (down payment + one-time payment for the connected capacity + one-time bank commission – value added for 5 years) at the moment of principal repayment, EUR1
	4150.09



Table 7 – Calculations of the cash flows of credit payments and receipts from SPP project with 20 kW installed capacity (calculated by the authors using a loan calculator of JSB “Ukrgasbank”) 

	Lending terms

	One-time payment for the connected capacity, EUR
	532.89

	One-time commission for the issuance of the loan (4% of the loan amount), EUR
	370.00

	Collateral value, EUR
	18500 

	Down payment (50%), EUR
	9250

	Loan funds (50%), EUR
	9250

	Term of the loan, months
	60

	Interest rate, %
	0.001

	Monthly loan payment, EUR
	154.17

	Month
	Monthly payment, EUR
	Monthly income, EUR
	Loan principal debt, EUR

	
	
	
	1st year
	2nd year
	3rd year
	4th year
	5th year

	January
	154.17
	4.03
	9 250.00
	7 400.04
	5 550.06
	3 700.06
	1 850.04

	February
	154.17
	17.93
	9 095.84
	7 245.87
	5 395.89
	3 545.89
	1 695.87

	March
	154.17
	64.49
	8 941.67
	7 091.71
	5 241.72
	3 391.72
	1 541.70

	April
	154.17
	401.27
	8 787.51
	6 937.54
	5 087.56
	3 237.55
	1 387.53

	May
	154.17
	365.04
	8 633.35
	6 783.38
	4 933.39
	3 083.38
	1 233.36

	June
	154.17
	475.70
	8 479.18
	6 629.21
	4 779.22
	2 929.22
	1 079.19

	July
	154.17
	423.40
	8 325.02
	6 475.05
	4 625.06
	2 775.05
	925.02

	August
	154.17
	487.32
	8 170.86
	6 320.88
	4 470.89
	2 620.88
	770.85

	September
	154.17
	274.52
	8 016.69
	6 166.72
	4 316.72
	2 466.71
	616.68

	October
	154.17
	212.94
	7 862.53
	6 012.55
	4 162.56
	2 312.54
	462,51

	November
	154.17
	117.58
	7 708.37
	5 858.39
	4 008.39
	2 158.37
	308.34

	December
	154.17
	3.58
	7 554.20
	5 704.22
	3 854.22
	2 004.21
	154.17

	Total
	1850.04
	2 847.78
	 
	 
	 
	 
	 

	Annual value added, EUR
	997.74
	Value added for 5 years, EUR
	4988.71
	Unpaid costs (down payment + one-time payment for the connected capacity + one-time bank commission – value added for 5 years) at the moment of principal repayment, EUR1
	5164.18



Table 8 – Calculations of the cash flows of credit payments and receipts from SPP project with 30 kW installed capacity (calculated by the authors using a loan calculator of JSB “Ukrgasbank”) 

	Lending terms

	One-time payment for the connected capacity, EUR
	1106.76

	One-time commission for the issuance of the loan (4% of the loan amount), EUR
	520.00

	Collateral value, EUR
	26000 

	Down payment (50%), EUR
	13000

	Loan funds (50%), EUR
	13000

	Term of the loan, months
	60

	Interest rate, %
	0.001

	Monthly loan payment, EUR
	216.67

	Month
	Monthly payment, EUR
	Monthly income, EUR
	Loan principal debt, EUR

	
	
	
	1st year
	2nd year
	3rd year
	4th year
	5th year

	January
	216.67
	6.38
	13 000.00
	10 400.05
	7 800.08
	5 200.08
	2 600.05

	February
	216.67
	36.47
	12 783.34
	10 183.39
	7 583.41
	4 983.41
	2 383.38

	March
	216.67
	105.93
	12 566.68
	9 966.72
	7 366.75
	4 766.74
	2 166.71

	April
	216.67
	606.88
	12 350.02
	9 750.06
	7 150.08
	4 550.07
	1 950.04

	May
	216.67
	551.96
	12 133.35
	9 533.40
	6 933.41
	4 333.41
	1 733.37

	June
	216.67
	717.10
	11 916.69
	9 316.73
	6 716.75
	4 116.74
	1 516.70

	July
	216.67
	638.72
	11 700.03
	9 100.07
	6 500.08
	3 900.07
	1 300.03

	August
	216.67
	734.66
	11 483.37
	8 883.40
	6 283.41
	3 683.40
	1 083.36

	September
	216.67
	417.24
	11 266.70
	8 666.74
	6 066.75
	3 466.73
	866.69

	October
	216.67
	326.11
	11 050.04
	8 450.07
	5 850.08
	3 250.06
	650.02

	November
	216.67
	184.52
	10 833.38
	8 233.41
	5 633.41
	3 033.39
	433,34

	December
	216.67
	5.37
	10 616.72
	8 016.74
	5 416.75
	2 816.72
	216.67

	Total
	2600.04
	4 331.35
	 
	 
	 
	 
	 

	Annual value added, EUR
	1731.31
	Value added for 5 years, EUR
	8656.55
	Unpaid costs (down payment + one-time payment for the connected capacity + one-time bank commission – value added for 5 years) at the moment of principal repayment, EUR1
	5970.21



Note to tables 6-8:
1 Excluding the lost profit (income from the placement of own resources in a deposit account).

Table 9 – Calculations of lost profit (loss of income from alternative use of own resources) and full payback periods for construction projects of SPP with different installed energy capacities 

	Indicator
	Year

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	For SPP project with 10 kW installed capacity 

	Unpaid costs at the beginning of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	5 746.94
	5 427.57
	5 108.20
	4 788.83
	4 469.46
	4 150.09
	2 780.73
	1 411.36
	41.99

	- including the lost profit
	5 746.94
	5 599.98
	5 448.61
	5 292.70
	5 132.11
	4 966.70
	3 746.34
	2 489.36
	1 194.67

	Lost profit from the placement of own funds in a deposit account (at rate of 3% per annum), EUR
	172.41
	168.00
	163.46
	158.78
	153.96
	149.00
	112.39
	74.68
	35.84

	Annual value added of the project, EUR
	319.37
	319.37
	319.37
	319.37
	319.37
	1 369.37
	1 369.37
	1 369.37
	1 369.37

	Unpaid costs at the end of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	5 427.57
	5 108.20
	4 788.83
	4 469.46
	4 150.09
	2 780.73
	1 411.36
	41.99
	-1 327.38

	- including the lost profit
	5 599.98
	5 448.61
	5 292.70
	5 132.11
	4 966.70
	3 746.34
	2 489.36
	1 194.67
	-138.86

	Full payback period, years1:
	

	- excluding the lost profit
	8.25

	- including the lost profit
	8.83

	For SPP project with 20 kW installed capacity

	Unpaid costs at the beginning of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	10 152.89
	9 155.14
	8 157.40
	7 159.66
	6 161.92
	5 164.18
	2 316.40
	
	

	- including the lost profit
	10 152.89
	9 459.73
	8 745.78
	8 010.41
	7 252.98
	6 472.83
	3 819.23
	1 141.53
	

	Lost profit from the placement of own funds in a deposit account (at rate of 3% per annum), EUR
	304.59
	283.79
	262.37
	240.31
	217.59
	194.18
	114.58
	32.58
	

	Annual value added of the project, EUR
	997.74
	997.74
	997.74
	997.74
	997.74
	2 847.78
	2 847.78
	2 847.78
	

	Unpaid costs at the end of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	9 155.14
	8 157.40
	7 159.66
	6 161.92
	5 164.18
	2 316.40
	-531.39
	
	

	- including the lost profit
	9 459.73
	8 745.78
	8 010.41
	7 252.98
	6 472.83
	3 819.23
	1 086.03
	-1 729.17
	

	Full payback period, years1:
	

	- excluding the lost profit
	6.75

	- including the lost profit
	7.5

	For SPP project with 30 kW installed capacity 

	Unpaid costs at the beginning of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	14 626.76
	12 895.45
	11 164.14
	9 432.83
	7 701.52
	5 970.21
	1 638.86
	
	

	- including the lost profit
	14 626.76
	13 334.25
	12 002.97
	10 631.75
	9 219.39
	7 764.66
	3 666.25
	
	

	Lost profit from the placement of own funds in a deposit account (at rate of 3% per annum), EUR
	438.80
	400.03
	360.09
	318.95
	276.58
	232.94
	109.99
	
	

	Annual value added of the project, EUR
	1 731.31
	1 731.31
	1 731.31
	1 731.31
	1 731.31
	4 331.35
	4 331.35
	
	

	Unpaid costs at the end of the year, EUR:
	
	
	
	
	
	
	
	
	

	- excluding the lost profit
	12 895.45
	11 164.14
	9 432.83
	7 701.52
	5 970.21
	1 638.86
	-2 692.49
	
	

	- including the lost profit
	13 334.25
	12 002.97
	10 631.75
	9 219.39
	7 764.66
	3 666.25
	-555.11
	
	

	Full payback period, years1:
	

	- excluding the lost profit
	6.5

	- including the lost profit
	6.75



Note to table 9:
1 Including the actual monthly income distribution from the feed-in tariff.

Table 10 – Calculations of profitability of SPP projects with different energy capacities 
	Indicator
	Indicator value for SPP project with the installed capacity of

	
	10 kW
	20 kW
	30 kW

	Household income from the feed-in tariff after the payback period of all investments (until 31.12.2029), EUR
	2971.53
	10536.79
	17325.40

	Income from SPP operation excluding the feed-in tariff
(14 years), EUR
	5705.70
	11865.76
	18047.29

	Total net income (profit) of the project, EUR
	8677.23
	22402.55
	35372.70

	Profitability of the project, % of the amount of credit and own funds (including the cost of equipment, bank commission and payment for the connected capacity)
	78.91
	115.46
	128.04


 
Figures:
[image: ]

Fig. 1 ‒ Number of small SPPs installed by private households in 2014 –2018 in Ukraine (SAEE  2019)  

[image: ]
Fig. 2 – Installed capacity of small SPPs put into operation by private households in 2014 –2018 in Ukraine, MW (SAEE 2019)
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