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Abstract

:

The Russia-Ukraine war of 2022 showed the danger of reliance on autocratic regimes for energy supply. The use of renewables is a viable opportunity to substitute energy imports. Prosumption is one of the essential pillars of the Fourth Energy Package of the EU. After the war, Ukraine will require recovery packages, among other policies, aimed at increased energy prosumption. It will spur energy generation and foster employment, as well as being one of the means to avoid CO2 emissions. Following the example of Austria, the investment grant sizes for households and energy cooperatives in Ukraine were assessed. Potential job growth was estimated using the employment factor method and the size of CO2 emissions reduction. Should investment grants of EUR 50–200/kW for households and energy cooperatives be introduced, up to EUR 359.4 million would be required in 2022–2030. Households and energy cooperatives in Ukraine will still need to invest up to EUR 988 million until 2030. About 11 thousand full-time jobs may appear by 2030. Energy generation by households in 2020–2030 would enable the avoidance of 3.39–5.94 million tons of CO2 emissions.






Keywords:


renewables; prosumption; households; energy cooperatives; employment; Ukraine; Austria












1. Introduction


The Russia-Ukraine war of 2022 brought Ukraine numerous human losses and grief and, moreover, a clear understanding that reliance on fossil fuels, mainly imported from Russia, is no longer possible. The war underpinned the timid intentions of Ukraine regarding its climate neutrality: it was to be reached no later than by 2060, as stated in the National Economic Strategy of Ukraine until 2030 [1]. The high dependence of many European countries on fossil fuels imported from Russia became one of the reasons for reluctance to impose an oil embargo. However, the level of development of renewable energy technologies and other technological solutions (such as batteries) even in 2022 allows a great deal of substitution of fossil fuels with energy from renewables. Globally, many countries have reached good results in implementing renewable energy production; for example, Austria has good experience with the use of solar energy in households. This paper aims to study Austria’s experience in the use of solar energy by households in order to extend this experience to the conditions of post-war Ukraine in terms of policy instruments for wider renewable deployment in households. The goals of the paper are to estimate the investment needed to install the capacities projected by the existing and upcoming legislation, to assess the impact of solar energy in households and energy cooperatives on employment, and to estimate the potential CO2 emissions reductions resulting from broader deployment of solar energy by households in Ukraine, which constitutes the novelty of the research. Austria is one of the first countries globally to make renewables and green hydrogen a cornerstone of its energy and industrial policy, offering generous financial support (EUR 500 million by 2030) to the industry to ensure its competitiveness and create new jobs.



Small-scale energy self-generation and consumption leads to the creation of a particular type of energy user, namely prosumers. The term was introduced by Alvin Toffler in 1981 to describe people who consumed what they produced, “giving rise to the “prosumer” economics of tomorrow” [2]. Prosumers could be households, energy cooperatives, small utilities, etc. Prosumption implies energy supply decentralization, a general trend in many countries worldwide; in the EU, it was embodied in the Fourth Energy Package (Winter Package) [3]. The latter enables consumers or communities of consumers to produce, sell, store, and self-consume energy, “allowing them to take advantage of the falling costs of rooftop solar panels and other small-scale generation units to help reduce energy bills” [3]. The presence of small energy producers allows for decreased pressure on the network and increased transparency of the electricity market as well as enabling citizens to partially own the energy infrastructure when citizens become co-owners of the energy transition [4], as stipulated in the Fourth Energy Package. Prosumption has strong societal and political consequences as ownership of energy production increases the sovereignty of citizens with respect to the state and enhances a self-guided civic culture in the country. Globally, there are general obstacles to the development of distributed generation or prosumerism [4]:




	
financial, i.e., lack of financial resources or insufficient support programs;



	
technical, i.e., inflexible, obsolete, or sometimes even nonexistent energy infrastructure;



	
legislative, i.e., poorly tailored or nonexistent legislation;



	
social, i.e., insufficient public acceptance due to fear of new technology, “not-in-my-backyard” approach, coupled with insufficient ability to self-organize as a team.








In some countries or states, relatively high-generating installations in households or energy cooperatives face significant criticism from opponents—first of all, from the grid. This type of initiative can be seen in California, where trade unions and energy monopolists defend the vertical energy supply model, lobbying for lower payments to households within the net metering scheme and imposing additional monthly fees [5]. Olkkonen et al. urge energy companies to consider energy-generating households and energy cooperatives as co-producers and update the companies’ business models accordingly [6]. The very fact of prosumption may theoretically promote higher energy savings and smaller electricity expenditures of prosumers to maximize their benefits, as described by Goulden et al. [7], but further studies, including longitudinal ones, are needed.



Factors enabling the development of the prosumer market include declining cost of equipment, grass-root movements, and applicable governmental policies (including state support in various forms) [8]. However, in some countries, people may be interested in prosumption due to environmental concerns and technological interests rather than a business model (e.g., Norway) [8]. In Austria, environmental concerns are high as well, coupled with ambitious climate targets, as will be shown in Section 3.1.



Ukraine and Austria have different geographic conditions, but Austria has extensive experience in widespread solar energy use. The photovoltaic power potential of Austria and Ukraine is shown in Figure 1a,b.



This paper is structured as follows: after the description of the concept of prosumerism as well as the photovoltaic power potential of Austria and Ukraine in the Introduction, Section 2 focuses on the energy system of Ukraine, the role of renewables in the energy balance of Ukraine, legislation aimed at the increased share of renewables in the energy balance of Ukraine, and the methods used to assess employment and CO2 emissions reduction. Section 3 focuses on policies to stimulate the development of household solar energy in Austria, on socioeconomic implications for deploying solar energy by households and energy cooperatives in Ukraine, and on the potential CO2 emissions reductions. Section 4 presents the conclusion. We suppose that at the current electricity rates for households in Ukraine, installing the PV modules without the feed-in tariff is hardly feasible; thus, other support measures are needed. This assumption constitutes the hypothesis of the study. The research process is depicted in Figure 2.




2. Materials and Methods


2.1. Energy Sector and Energy Legislation in Ukraine


Before the war, Ukraine was one of the largest countries in Europe regarding territory and population, with approximately 41.2 million inhabitants as of late 2021 [10]. According to preliminary assessments, up to 8 million people (primarily women and children) left Ukraine and 12 million became internally displaced since the start of the war; as of August 2022, about 20% of the country is still occupied by the Russian Federation. Ukraine is a country whose energy system still relies on fossil and nuclear fuels: in 2020, Ukraine consumed 1.06 EJ of natural gas, 0.98 EJ of coal, 0.68 EJ of nuclear energy, 0.45 EJ of oil, 0.06 EJ of hydro energy, and 0.09 EJ of other renewables in the structure of primary energy supply [11]. Having such a high share of fossil fuels in the energy balance, Ukraine accounts for 0.5% (185 million tons) of global CO2 emissions. The country’s emissions reductions occur not only due to energy efficiency measures and a growing share of low-carbon fuels, but also because of economic slowdown and temporary loss of control over some of the territories.



Despite its deposits of coal, natural gas, and uranium ores, the currently used energy resources are, to a great extent, imported from other countries, including indirect imports (i.e., through third parties, such as the Slovak Republic, Poland, and Hungary) (Since November 2015, Ukraine has ceased to purchase natural gas directly from the Russian Federation.). Due to Russian aggression in the East of Ukraine starting in 2014, Ukraine made efforts to decrease its dependence on imported natural gas, trying to substitute it with other types of fuel, which resulted in the declining share of imported natural gas consumption. In 2020, it reached 44% compared to 81% in 2000 [12]. Ukraine has large deposits of coal (34375 million tons), comparable to the deposits in Germany and surpassing those in Poland. Ukraine has the largest deposits of uranium ores in Europe, accounting for 2% of global uranium ore deposits, but 100% of fuel for nuclear power plants is imported, mostly from the Russian Federation and, to a smaller extent, Sweden. Increased output of fossil fuels after the end of the war is not a viable option in the short term for several reasons: the exploitation of the available reserves requires significant investments, which are difficult to attract in light of global decarbonization trends when global-claimed fossil fuel divestment commitments in 2021 reached USD 32.9 trillion [13]. Ukraine will continue to have a high military risk even after the war due to its geographic proximity to an aggressive neighbor, which is a significant limiting factor for large international investors.



The efficiency of energy resource use still lags. In 2020, primary energy consumption in Ukraine reached 150 kg o.e./thousand USD of GDP (PPP in 2017 prices) compared to 59 kg o.e./thousand USD of GDP (PPP in 2017 prices) in Italy or 69 kg o.e./thousand USD of GDP (PPP in 2017 prices) in Germany [12]. However, energy consumption per capita in Ukraine in 2020 (75.8 GJ/capita) was smaller than that of Europe (113.6 GJ/capita) but higher than that of the world’s total (71.5 GJ/capita) [11]. Low energy intensity is especially the case for the residential sector: it consumes nearly half of the natural gas (45%).



The existing energy-generating equipment is rather obsolete: 80% of the available nuclear facilities were put into operation in the 1980s. Ukraine is currently prolonging the lifetime of the existing plants. Combined heat and power plants are also obsolete—the “oldest” CHP is more than one hundred years old, and the “youngest” is forty years old. As part of recovery packages after the war, Ukraine is to put efforts into the modernization of its energy system by employing the newest technologies available and not just restoring the outdated, damaged facilities.



During the last ten years, Ukraine reached a decent share of renewables in the energy balance. According to the State Agency of Energy Efficiency and Energy Saving of Ukraine [14], in 2020, the share of RES in final energy consumption reached 9.2% (including large hydro). The share of RES in power generation reached 13.9%, primarily due to the unprecedented installation of large-scale solar power plants; the share of RES in heating and cooling reached 9.3%, and in transport, 2.5% (Figure 3). Nonetheless, the growth of the installed capacities of renewables was achieved mainly due to the large-scale installations, while household solar installations contributed a smaller share. There are numerous reasons for this, including financial obstacles (high cost of capital and high upfront cost of the equipment), administrative and technological obstacles [15], as well as insufficient information on renewables in the public domain [16].



As of January 2022, the installed capacity of power-generating renewables in Ukraine reached 8.199 GW (the capacity of the entire energy system of Ukraine was 56.298 GW). In the structure of the power-generating capacities (excluding hydro), the largest share (78.23%) is the capacities of the solar power plants; the share of wind power plants is 18.65% [17]. The investments into RES power generating facilities reached more than EUR 6.2 billion. The installed capacity of heat-generating capacities using renewables in Ukraine reaches approximately 2.4 GW. The above-mentioned heat facility investments reached more than EUR 500 million [18].



The war reduced one of the significant obstacles to the increased contribution of RES in the energy supply, namely the lack of funds to pay for the produced green electricity. Due to the war, Ukraine had joined the ENTSO-E (ENTSO-E is the European association for the cooperation of transmission system operators for electricity) one year earlier than anticipated. Membership in the ENTSO-E enabled Ukraine to introduce commercial electricity sales to several EU countries at prices much higher than the market prices for electricity in Ukraine. Before the war, electricity generation from RES Ukraine surpassed its target; there was an insignificant delay in the heating and cooling sector, whereas the most considerable delay in achieving the targets was observed in the transport sector. During the war, the Russian Federation destroyed the existing oil refineries in Ukraine, decreased the population of Ukraine (and the number of road vehicles), and blocked the ports to prevent the export of grains. Altogether, these factors created the preconditions for the increased output and consumption of biofuels.



Ukraine strives for low-carbon development, having a relatively progressive primary legislation and particular targets for the increased share of renewables in the energy balance, growing energy efficiency, declining CO2 emissions, and so on. The available framework legislation includes the following documents:




	
National Renewable Energy Action Plan until 2020 (2014) [19];



	
Ukraine’s Updated NDC to the UNFCCC (2021) [20];



	
State Climate Policy Implementation until 2030 (2016) [21];



	
Action Plan to Implement the Concept of State Climate Policy (2017) [22];



	
Energy Strategy of Ukraine until 2035 (2017) [23];



	
Draft of Ukraine’s National Action Plan for the Development of Renewable Energy until 2030 [24].








Implementation of the provisions of the documents mentioned above requires significant investments. The Updated Nationally Determined Contribution of Ukraine to the Paris Agreement (hereinafter the 2NDC) presumes a 65% GHG emissions reduction by 2030 compared to the 1990 level. The current emissions level is 38%., thus the target may not seem very ambitious at first glance. However, substantial financial resources are needed to reach the target. According to the analytical review of the Updated Nationally Determined Contribution of Ukraine to the Paris Agreement [18], achieving the 2NDC targets in the energy sector will require EUR 26 billion by 2030. The private sector plays a crucial role in mobilizing the necessary financial resources. According to the WB classification, Ukraine is a lower-middle-income country. Given the economic situation and the intention to decrease state expenses in the economy, it is difficult for a country to create large infrastructure projects or invest in immature technologies (even though the state of Ukraine did invest in infrastructure projects, with a share of the budget funds as the source of investments in 2020 reaching 6% compared to 4.9% in 2019) [25]. For the government, it is vital to create an environment favoring private sector investments. In pre-war times, Ukraine was open to private capital from both abroad and the internal market; however, as of 2021, about two-thirds of investments in Ukraine are made by Ukrainian companies [26]. Households can be essential internal investors as well.




2.2. Methods and Assumptions


Below, we review the policies to promote solar energy prosumption by households in Austria using descriptive and historical methods (a brief review of the relevant legislation). We calculate the simple payback period for solar PV installations in Ukraine based on the projected installed capacities, as anticipated in the Draft of the National Renewable Energy Action Plan until 2030 (dNREAP) [24], as its provisions for households and energy cooperatives are reasonably realistic and achievable. A simple payback period (SPBP) is a period of time needed to return the investments [27], calculated using the following equation:


SPBP = Inv/CF,



(1)




where Inv is investments and CF is cash flow. In our case, the cash flow may result from selling the abundant electricity to the grid against the feed-in tariff (where the level of the tariff depends on the year of putting the station into operation) or selling it at the price of the day-ahead market within the net-billing system. The following assumptions were made for the calculation:




	
The household produces “green” electricity, consumes some part of it, and sells the remainder to the grid against the FIT, i.e., the household is the prosumer. The cost of “gray” electricity is EUR 0.053/kWh as of July 2022.



	
The average annual capacity factor for rooftop solar PV in conditions in Ukraine is 14.1% (in summer it is 23%, and in winter it is 2–3%) [28]. This capacity factor results in 61,758 kWh of yearly electricity output for a 50 kW PV solar installation in Ukraine. According to IRENA, the global average capacity factor is 24.2%.



	
The investment cost is EUR 600/kW.



	
The average monthly electricity consumption per household in Ukraine is 168 kWh (compared to the average of 303 kWh in the EU) [29].








There are two main approaches to assessing the number of jobs in the energy sector. The ones used most commonly are top-down and bottom-up approaches. The top-down approaches rely on labor-intensive input-output models, while bottom-up approaches are much simpler and allow a high level of transparency. This paper uses a bottom-up approach, namely the employment factor method, presented by Rutowitz et al. [30] and further elaborated by Ram et al. [31]. It describes the jobs that appeared during the manufacturing of equipment, its construction and installation, operation and maintenance, and decommissioning. In this paper we consider the 2020–2030 period, thus no decommissioning would be needed yet. Employment can be assessed using the following equations [30]:


Employment = Equipment manufacturing + Construction and installation + Operation and maintenance.



(2)






Equipment manufacturing = MW installed per year × Manufacturing employment factor × Regional job multiplier per year.



(3)






Construction and installation = MW installed per year × Construction and installation employment factor × Regional job multiplier per year.



(4)






Operation and maintenance (O&M) = Cumulative capacity × O&M employment factor × Regional job multiplier per year.



(5)







To know the available and projected installed capacities, we use the data from the dNREAP [24]. Due to war, the Draft was not adopted, but it indicates a reasonably realistic increment of installed capacities for households and energy cooperatives. The dNREAP anticipates the growth of solar energy for heating and cooling purposes. However, it does not specify the types of heat generators; in other words, household amount of solar energy for heating is unknown. Therefore, it is not included in the calculation. The projected capacities for solar energy use by households and energy cooperatives in Ukraine are shown in Figure 4.



Regional employment multipliers and the share of local manufacturing for Ukraine are shown in Table 1. We assume that the percentage of local manufacturing is 50% because the equipment for solar PV is mainly imported. However, the metalwork is primarily Ukrainian.



The manufacturing (Mfc), construction and installation (C&I), operation and maintenance (O&M) factors for Ukraine are shown in Table 2.



Below, we assess the potential CO2 emissions reduction emerging from using solar energy by households and energy cooperatives. CO2 emissions vary depending on the season and time of day. Therefore, we cannot average the CO2 emissions following the individual generation profile. In the middle run, the generation profile will change. The literature on the topic is quite scarce. As of 2022, the Order of the National Agency of Environmental Investment of Ukraine “on approval of specific emissions indicators carbon dioxide in 2011” [32] remains in force. It defines the default values for CO2 emissions at 1.063–1.227 kg CO2/kWh. According to the assessments of Low Carbon Ukraine, the 2019–2030 default emission factor is 0.97 tCO2/MWh [33].



For the purpose of our calculation, we assume that the prosumer consumes a particular share of energy, whereas the remainder needs to be balanced. As of 2022, there is a high probability that it will be balanced by coal-fired generation, or to a smaller extent by natural gas-fired generation. In order to assess the emissions savings, we use historical and projected data on national emission factors presented by the European Commission and Joint Research Center [34] (Figure 5).



Furthermore, using the European Commission’s projected data for default emission factors for natural gas (0.202 tCO2/MWh) and coal (0.354 tCO2/MWh) [35] for 2022–2024, we prolong the respective coefficients until 2030, given the numerous uncertainties: the duration of the war, the population of Ukraine (and therefore the energy demand), the structure of fuel mix, the technological advances as part of recovery packages, the availability of coal/natural gas for balancing, etc.





3. Results and Discussion


3.1. Policies to Stimulate Development of Household Solar Energy in Austria


In the EU, several policies are aimed at making small-scale energy generation (and prosumerism) more beneficial and acceptable for citizens. They include but are not limited to a shortened licensing procedure period (it should not exceed one year); simplified installation procedures; exemption of small-scale installations from participation in auction/tender procedures [4]; fair remuneration for abundant electricity; priority grid access and simplified taxation [36].



Austria has witnessed the spread of solar water heaters since the 1990s, starting its first federal solar water heater programs in 2012. Since then, the regulations for these markets have become more advanced. A EUR 36 million rebate program for solar installations and batteries was launched in 2020. Two-thirds of the funds were aimed at PV installations. In particular, there was the EUR 250/kW rebate for solar PV installation and EUR 200/kWh of storage. The threshold installed capacities eligible for the rebate were 500 kW and 50 kWh respectively [37].



Austria claimed to be able to generate 100% of its electricity from renewables by 2030. The country is expected to reach carbon neutrality by 2040. According to Austria’s National Energy and Climate Plan (NECP), the government intends to equip one million PV systems (solar roofs) with photovoltaic installations by 2030. The previous target was set by Mission 2030, and the aim was to establish 100 thousand solar PV rooftops. As of early 2020, the installed capacities of solar energy in Austria reached 2 GW.



As for current stimulation policies, there is the Renewable Energy Sources Expansion Act (EAG) as part of the Austrian Recovery and Resilience Plan. Apart from renewables, it also anticipates Sustainable Construction and Climate neutral transformation. As for renewables, the additional contribution of different sources of energy is as follows: 11 TWh/year of solar, 10 TWh per year of wind, 5 TWh/year of hydropower, and 1 TWh/year of biomass energy (to reach 27 TWh/year increment, which is a two-fold increase compared to 2020). To ensure the needed increment of the installed capacities, Austria plans to increase the domestic output of solar modules twofold [38].



Since mid-2017, Austria enabled the joint use of energy generating facilities by several households, provided that the energy might be consumed and not routed through the grid of the grid operator. This allows for electricity to be produced in a PV community system and distributed to individual participants. If PV power generation and power consumption coincide, the grid cost is reduced [39]. Such a model requires at least two participants. The challenge of this model is the necessity of obtaining the consent of all homeowners to install the PV station [40]. It is possible to receive national or regional funding for community systems as well as individual generation systems. To ensure a basis for decision-making, a publicly available calculator was introduced, allowing the assessment of individual output and consumption of electricity [41].



In 2022, the funding budget has quadrupled to reach EUR 240 million as a solar rebate program coupled with special market premiums. In particular, there are investment grants (subsidies) for households and small companies installing a solar PV station with a capacity of up to 50 kW. The investment grant is EUR 150–250 per kilowatt of installed capacity, depending on the capacity of the entire system.



The program also enabled residents to combine federal, municipal, and state funding for 100 kW systems. EUR 260 million will be disbursed in 2022–2023, whereas the cumulative investments in renewables and green hydrogen will reach EUR 1 billion by 2030 [42]. Citizen energy communities consuming and producing energy are the key elements of EAG. These citizen energy communities emerge at the supra-regional level when several users come together to form a virtual community. A group from different federal states can invest in a large new photovoltaic system, share the energy it produces, and benefit from the sale of surplus energy. Under EAG, prosumers receive the right to connect to the grid for renewable energy output: everyone can supply as much electricity as their installation produces to the grid.



In summary, the most interesting lesson from the case of Austria with potential for implementation in Ukraine is the experience of investment grants. So far Ukraine had never used this instrument in the field of renewable energy, favoring a feed-in tariff system instead. The joint installation of PV stations may become popular in Ukraine in the future with the development of the net billing system, when household electricity prices will become significantly higher than they are in 2022 and when a levelized cost of electricity generated by solar PVs of households will be commensurable with household electricity prices. After the war, Ukraine will face pressing needs with regard to rebuilding housing, schools, hospitals, transportation, infrastructure, and funding social programs for millions of returning refugees and internally displaced people; an energy system reform will be also required, as the existing energy system—or what will remain of it by the end of the war—will have objectively exhausted its lifetime. The paper estimates how much funding might be needed if Ukraine chooses to stimulate decentralized energy generation. The question of whether the country can afford it remains open; nonetheless, the respective assessments need to be made. Before the war, when Ukraine was (and currently remains) a country with lower GDP than Austria, it nevertheless managed to achieve significant growth in household installations; this trend may continue after the war.




3.2. Socio-Economic Implications for Deploying Solar Energy by Households and Energy Cooperatives in Ukraine


Overall, before the war, there were about 45 thousand solar PV installations in Ukraine (compared to 6 million households in Ukraine), so the potential for growth of solar installations is enormous (Figure 6).



As of early 2022, the overall installed capacity of solar installations in Ukrainian households reached 1.205 GW. It is interesting to note that the most significant number of installations is observed in regions with relatively limited solar radiation levels (these are primarily regions in the West of Ukraine, such as the Ivano-Frankivsk, Ternopil, Zakarpattya), and Dnipropetrovsk regions (East of Ukraine) [44].



This turned out to be a favorable coincidence, because, as of early June 2022, the regions of West Ukraine have suffered significantly less from the shelling of Russian troops than those in the East and South of Ukraine or the Kyiv region. There are numerous reported cases of available rooftop solar installations allowing an entire neighborhood in the village to charge mobile phones or cook food once a day during the weeks of interruptions in the centralized electricity supply. Due to the extent of the atrocities, sometimes it takes up to six weeks to restore the electricity supply. In some hospitals in the Kyiv region’s de-occupied areas, which suffered from the Russian troops the most, Tesla Powerwalls and solar PVs were installed to ensure uninterrupted power supply to critical infrastructure facilities [45]. In other words, rooftop- and small ground-mounted solar installations, apart from providing business functions, started to perform essential social functions. It is known that as of early June 2022, the installed capacity of household solar installations in Ukraine is smaller due to the atrocities. However, the exact capacities of damaged equipment are not known yet.



According to the existing legislation [46], households in Ukraine can have an installed capacity of energy-generating facilities up to 50 kW (and the energy sources are sun and wind only). In contrast, energy cooperatives may have an installed capacity of up to 150 kW and may use sun, wind, biomass, biogas, geothermal, and hydro energy. As of June 2022, there is only one electricity-generating energy cooperative in Ukraine, “Solar Town”, located in the town of Slavutych (Kyiv region). The installed rooftop solar PV capacity is 200 kW [47].



The main impetus for solar PV installations in Ukraine is the feed-in tariff (FIT) [48]. The FIT (EUR 0.163/kWh until 2025 and EUR 0.146/kWh from 2025) is available only until 2030. No net billing has been introduced, but the respective draft law has been developed. According to the latter, the net billing system would be related to the electricity price of the day-ahead market, which was EUR 0.06/kWh in June 2022. However, now households mostly install rooftop solar PV (and small wind turbines) as a business model, not to only meet their energy demand. Below, we calculate the simple payback period for a 30 kW, 50 kW, and 200 kW solar PV installation at different feed-in tariff rates (depending on the year when it was granted—before 2025 or after 2025) and with net billing (no FIT).



Table 3 presents the simple payback period for solar PV installations at the different rates of FIT and with net billing.



Table 3 demonstrates that the simple payback period does not exceed four years in the presence of FIT. In contrast, in the absence of FIT, solar PV installations as a business model are not feasible. However, the government states that the FIT model for households does not encourage the owners of (mostly) solar and wind installations to use the produced electricity for their consumption. The significant difference between the FIT amount and the market price encourages rooftop PV owners to maximize the supply of expensive green electricity to the grid to make a profit. Therefore, the government intends to introduce the net billing system, which would enable the prosumer to receive payments for the electricity transferred to the grid in the form of money (and not in the form of kWh, as in the case of the net metering system), and the funds received could be spent on electricity that is consumed from the grid in the hours of non-production. The idea of this policy measure in the conditions of Ukraine is meant to avoid increasing the cross-subsidization of different consumers and to ensure that energy is produced where there is demand for it. Table 3 also indicates that the net billing system significantly prolongs the simple payback period (compared to the presence of FIT), making the project significantly less feasible. Evidence from other countries also confirms that return on investments is low for prosumers in a net billing system [8,49]. However, it may spur the development of storage capacities when households and energy cooperatives sell electricity during peak hours, when it is the most expensive, thus smoothing the peaks.



Following the example of Austria, below we calculate the volume of funds in the form of investment grants of EUR 50–200/kW for households and energy cooperatives with the capacity of up to 50 kW as part of the post-war recovery package (Table 4). The investment grants in the calculation below allow a decrease in the upfront costs so that the investment grant amount per kWh is subtracted from the initial investment costs per kWh. The significant increment of the installed capacities in 2023, anticipated by dNREAP, reflects the attempt to ensure the payback with the feed-in tariff, valid until 2030.



Table 4 indicates the number of necessary investment grants, i.e., should the investment grants be applied for the projected installed capacities in 2022–2030 in the amount of EUR 50–200/kW, EUR2021 89.9–359.4 million are required. It means that at the investment cost of EUR 600/kW, Ukrainian households or energy cooperatives will still need to invest EUR2021 719–988 million (Table 5). Overall, the investment cost of EUR2021 600/kWh includes the solar panels, the grid inverter, a system of fastenings suitable for installing panels on a roof, installation, and commissioning works. It does not include the interest on the borrowed capital, exchange rate fluctuations, nor any expenditures related to the allocation of funds (e.g., via banking institutions).



That said, the simple payback period is calculated below with the net billing system in case the investment grant is applied (Figure 7).



Figure 7 indicates that investment grants may reduce the payback period of solar PV installations in Ukraine. In contrast, even the highest investment grant (EUR 200/kW) presumes a simple payback period exceeding five years. Therefore, we recommend extending the FIT period until 2035 to ensure the payback period of solar PV installations that would take place closer to 2030. Should the net billing system be introduced, investment grants would be needed (to lower the upfront costs).



Renewable energy is one of the sectors that the government of Ukraine claims to be one of the priority areas, as was announced in the post-war recovery plan and presented in Lugano, Switzerland, in July 2022 [50]. More precise measures to mobilize the international and domestic capital will be developed after the end of the war, as they will depend on many factors, such as the duration of the war, the level of remaining and damaged energy infrastructure, energy demand, inflation rate, interest rates of banks, remaining military and political risks, and many others which lie beyond the scope of this paper.



Capital grants would increase the affordability of solar PVs for households in Ukraine, being one of the means to overcome financial and legislative obstacles. Additionally, the electricity tariff for households in Ukraine is very low, though increasing it has been discussed within the last several years. Due to war, the President of Ukraine signed a memorandum not to increase the utility bills. It will be done after the war, and it is expected to aggravate the energy poverty in Ukraine; still, indirectly, this measure will make the PVs of households more economically feasible. As of 2021, Ukraine had the largest installed capacities of household solar PV amongst all the observers’ parties of the Energy Community [51]. It may indirectly indicate that society’s opposition to this technology is not high. As for technical obstacles, hostilities are the most significant so far; nonetheless, the grid is maintained when needed.



As mentioned, the post-war recovery of Ukraine should be based on contemporary energy technologies, which can be a source of jobs. Below, we assess the contribution of small solar installations in Ukraine to employment. Based on the factors available and projected installed capacities, we estimate the employment effect. The latter is shown in Figure 8.



Figure 8 indicates a very high share of construction and installation jobs in 2021 and 2023, which is explained by the projected significant installed-capacity growth in 2021 and 2023. Obviously, due to war, the 2022–2023 capacities will very likely not be installed. Moreover, the number of jobs in construction and installation might be smaller because some share of rooftop solar PV was destroyed due to war. We hope the destroyed capacities will be restored, which may occur faster than obtaining new permits or installing new capacities from scratch.



After six months of war, the unemployment rate in Ukraine is 35%, whereas the unemployment rate among internally displaced people is 60% [52]. The duration of war is unknown, and so is the amount of labor force available by the end of the war and the level of infrastructure destruction. A study [53] conducted in 2021, i.e., before the war, indicates that the coal phase-out in Ukraine will lead to the loss of 55 thousand full-time jobs. Still, it will enable the creation of 160 thousand new full-time jobs in renewables, which will benefit the state budget through the 50% higher tax revenues over the next ten years.



The share of jobs in equipment manufacturing is insignificant so far. Still, it can be increased should Ukraine be willing to produce its solar panels and compete with Asian producers, as a solid technological base is in place in Ukraine. While the equipment can be manufactured elsewhere, installation and maintenance are usually conducted locally, which requires local jobs. Overall, each megawatt of installed capacity requires 0.28 workers to ensure the installation functioning in 2030 compared to 1.3 in coal mining (the largest share of which goes to raw material output, i.e., coal mining) [53]. Jobs in renewables in terms of technology and skills are overall more sophisticated and advanced than coal mining itself.




3.3. Potential CO2 Emissions Reductions


Knowing households’ and energy cooperatives’ projected energy output, we assess the avoided CO2 emissions using the EC default values. The results of the estimates are presented in Figure 9.



Figure 9 indicates that the total avoided CO2 emissions for 2020–2030 vary between 3.39–5.94 million tons of CO2 depending on the fuel that is not used for energy generation (coal or natural gas).





4. Conclusions


The role of renewable energy in the energy mixes of countries has to grow. It is reinforced by many factors, such as climate change and the growth of prosumerism. This trend was underpinned and backed by the Russia-Ukraine war of 2022, when energy carriers appeared to significantly influence the projected and expected energy consumption in many countries, including Ukraine.



As to prosumerism, there are common obstacles—financial, technical, legislative, and social—to the development of distributed generation, but they can be rather successfully overcome, primarily with the declining cost of equipment, as well as examples from other prosumers and appropriately tailored support policies.



In 2020 the share of energy from RES in Ukraine reached 9.2% compared to the projected 11%. The country still relies on fossil fuels to a significant degree; thus, after the war ends, Ukraine will need to rebuild its energy system based on the new technologies available, including RES. Austria has several successful and ambitious programs aimed at increasing the share of energy from RES in the energy mix and the use of solar energy by households in particular.



As of early 2022, the installed capacity of solar installations in Ukrainian households reached 1.205 GW. During the war, solar installations started to play critical social functions (access to communication, cooking, and medicine) due to the significant destruction of the grid. In Ukraine, FIT for households is in force until 2030, and Ukraine will introduce the net billing system for the new installations. The calculations indicate that the simple payback period for 30 kW and 50 kW installations does not exceed four years in the presence of FIT. In contrast, in the absence of FIT, solar PV installations have a much more extended payback period: up to 10 years. It may spur the development of storage capacities when households and energy cooperatives may sell electricity during peak hours. Still, the details of the latter (price difference, system design, etc.) are not known in Ukraine yet.



The main policy recommendation at the national level is the introduction of investment grants. Following the example of Austria, should investment grants of EUR 50–200/kW for households and energy cooperatives with the capacity of up to 50 kW be introduced as part of a post-war recovery package, EUR2021 89.9–359.4 million are required in 2022–2030. At the investment cost of EUR 600/kW, Ukrainian households or energy cooperatives will still need to invest EUR2021 719–988 million. In this case, investment grants of more than EUR 200/kW are required to ensure a simple payback period of about six years. As for the post-war recovery packages, the local authorities of amalgamated territorial communities are highly encouraged to make a complete inventory of land and surfaces that could host new solar panels and water heaters, assessing the number of investments needed, which is a policy recommendation at the local level. Understanding the scale of the needs is suitable for potential recovery programs. Small solar installations could potentially be attractive for investors because Ukraine did not have a viable source of feed-in tariff financing even in pre-war times. In contrast, payments to small-scale installations came not through the Guaranteed Buyer, but through local distribution system operators.



Should the projected capacities be installed, about 11 thousand full-time jobs may appear by 2030 solely for household and energy cooperative installations. This is especially the case with the installation and maintenance of equipment, as these jobs are usually local. Each megawatt of installed capacity requires 0.28 workers to ensure the installation functioning in 2030 compared to 1.3 in coal mining.



Energy generation by households in 2020–2030 would enable the avoidance of CO2 emissions in the amount of 3.39–5.94 million tons of CO2 depending on the fuel that is not used for energy generation (coal or natural gas).



The main limitation of the research undertaken is the lack of knowledge about current market interest rates, as loans are not provided during the war in Ukraine. Understanding the interest rate would make the calculations more realistic.



The gradual reform of Ukraine’s renewables support system requires future research in the use of batteries and energy storage for wider renewable energy deployment (in particular, incentives and support schemes, enabling legislation, and measures to stimulate the demand). After the war is over, numerous new studies will be needed regarding the energy system’s capacity, energy demand, labor force, and many others.
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Figure 1. (a) Photovoltaic power potential of Austria [9]. (b) Photovoltaic power potential of Ukraine [9]. 
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Figure 2. The graphical description of the study. 
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Figure 3. The share of energy from renewables in final energy consumption, % [14]. 
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Figure 4. The projected installed capacities of solar installations in Ukraine in households and energy cooperatives, MW [24]. 
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Figure 5. National emission factors for electricity consumption in Ukraine, tCO2/MWh [34]. 
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Figure 6. The number of solar power installations of households in Ukraine, units [43]. 
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Figure 7. Simple payback period with net metering at various sizes of investment grants (IG) applied, years. 
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Figure 8. The projected employment at household and energy cooperative solar installations in Ukraine in 2020–2030, jobs/year. 
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Figure 9. The projected avoided CO2 emissions as the result of solar energy generation by households and energy cooperatives, kton. 
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Table 1. Regional multipliers for Ukraine [30].
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	2020
	2025
	2030





	Regional multipliers
	1.08
	1.10
	1.13



	Share of local manufacturing, %
	50
	50
	50
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Table 2. Main factors for rooftop solar PV installations [31].
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	Mfc., Job-yrs /MW
	C&I, Job-yrs/MW
	O&M, Jobs/MW





	Solar PV
	6.7
	26
	1.4
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Table 3. The simple payback period for a 50 kW solar PV installation with FIT or net billing in Ukraine.
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30 kW

	
50 kW

	
200 kW




	

	
FIT until 2025

	
FIT in 2025–2029

	
Net Billing

	
FIT until 2025

	
FIT in 2025–2029

	
Net Billing

	
FIT until 2025

	
FIT in 2025–2029

	
Net Billing






	
Investments, EUR thousand

	
18

	
30

	
120




	
Electricity output, kWh/year

	
37,055

	
61,758

	
247,032




	
Own consumption, kWh/year

	
2016

	
3024

	
8064




	
FIT rate, EUR/kWh

	
0.163

	
0.146

	
0

	
0.163

	
0.146

	
0

	
0.163

	
0.146

	
0




	
Electricity rate, EUR/kWh

	
0.053

	
0.053

	
0.06

	
0.053

	
0.053

	
0.06

	
0.053

	
0.053

	
0.06




	
Simple payback period, years

	
3.2

	
3.5

	
8.6

	
3.1

	
3.5

	
8.5

	
3.1

	
3.4

	
8.4
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Table 4. Funds needed to ensure investment grants for households and energy cooperatives, EUR2021 million.
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Year

	
Increment of

Installed Capacities, MW

	
Grant Size




	
50 EUR/kW

	
100 EUR/kW

	
150 EUR/kW

	
200 EUR/kW






	
2022

	
185

	
9.3

	
18.5

	
27.8

	
37.0




	
2023

	
357

	
17.9

	
35.7

	
53.6

	
71.4




	
2024

	
179

	
9.0

	
17.9

	
26.9

	
35.8




	
2025

	
179

	
9.0

	
17.9

	
26.9

	
35.8




	
2026

	
180

	
9.0

	
18.0

	
27.0

	
36.0




	
2027

	
179

	
9.0

	
17.9

	
26.9

	
35.8




	
2028

	
179

	
9.0

	
17.9

	
26.9

	
35.8




	
2029

	
179

	
9.0

	
17.9

	
26.9

	
35.8




	
2030

	
180

	
9.0

	
18.0

	
27.0

	
36.0




	
Total

	

	
89.9

	
179.7

	
269.6

	
359.4
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Table 5. Funds needed to be invested on top of the investment grant, EUR2021 million.
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Year

	
Increment of

Installed

Capacities, MW

	
Grant Size




	

	

	
50 EUR/kW

	
100 EUR/kW

	
150 EUR/kW

	
200 EUR/kW






	
2022

	
185

	
101.8

	
92.5

	
83.3

	
74.0




	
2023

	
357

	
196.4

	
178.5

	
160.7

	
142.8




	
2024

	
179

	
98.5

	
89.5

	
80.6

	
71.6




	
2025

	
179

	
98.5

	
89.5

	
80.6

	
71.6




	
2026

	
180

	
99.0

	
90.0

	
81.0

	
72.0




	
2027

	
179

	
98.5

	
89.5

	
80.6

	
71.6




	
2028

	
179

	
98.5

	
89.5

	
80.6

	
71.6




	
2029

	
179

	
98.5

	
89.5

	
80.6

	
71.6




	
2030

	
180

	
99.0

	
90.0

	
81.0

	
72.0




	
Total

	

	
988.4

	
898.5

	
808.7

	
718.8
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