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Abstract: The aim of the article is to identify promising directions for increasing energy efficiency in the household sector of
Ukraine, focusing on green energy. The study involved a graphical, analytical and prognostic methods, in particular the trend
analysis of polynomial regression. The study was based on data on the volumes of generation, RES (renewable energy
sources) consumption, and the tariff for renewable energy for 2014-2022. The forecast covered a period of 8 quarters. Solar
power plants are the most popular renewable energy source among households. The high tariff for the sale of such energy
and the ease of installation of solar power plants are key factors in choosing this method of generating electricity from
renewable sources. Household solar power plants account for 11% of the total solar power plant capacity in the country. The
number and capacity of these plants are predicted to double every 2 years, which will ensure a proportional increase in
household income from the sale of electricity generated by solar power plants. The results of the study open up prospects for
studying the payback terms and economic efficiency of using different sources of renewable energy in different regions of
Ukraine, which is especially important for households and utilities.

Keywords: renewable energy sources; solar power plants; alternative energy; green energy; household energy efficiency.
JEL Classification: Q42; Q48; 013.
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Introduction

The concept of green energy has become extremely widespread over the last 30 years. This is explained
primarily by the low negative impact of some energy sources on the environment, climate and ecology. Green
energy includes alternative energy sources that do not produce harmful emissions into the environment, and such
energy can be obtained almost anywhere on the planet. The energy of the sun, wind, water, electromagnetic
waves, efc. is an alternative to fossil fuels, which are used to obtain energy. There are many energy programmes
aimed at the development of renewable energy sources (Australian Government 2023; Oguntona et al. 2021).
Many strategies for the implementation of renewable energy are also being developed at the state, industry, and
household levels (Maka and Alabid 2022; Elavarasan et al. 2020; Sala et al. 2023). Approaches to optimizing the
services of utility companies for the reconstruction of residential buildings to increase energy efficiency are being
studied (Amirbekova et al. 2023).

Alternative energy sources occupy an important place in the context of the economic and energy
development of the economy of Ukraine. This is evidenced by the large number of strategies and programmes for
the development of renewable energy adopted and implemented in Ukraine:

1) Energy Strategy of Ukraine by 2030 (Cabinet of Ministers of Ukraine 2013), which establishes the main
directions of development of renewable energy in Ukraine until 2030. These include increasing the share of
renewable energy sources in the total energy balance of Ukraine to 25%; expanding the use of renewable energy
sources in different sectors of the economy, in particular in transport, agriculture and the housing sector; creation
of favourable conditions for investment in renewable energy; raising awareness of the benefits of renewable
energy sources;

2) The National Action Plan for the Implementation of the National Strategy for the Development of
Renewable Energy in Ukraine by 2030 (Cabinet of Ministers of Ukraine 2020), which defines specific measures
that must be implemented to achieve the goals of the National Strategy for the Development of Renewable
Energy in Ukraine by 2030;

3) The Programme of State Support for the Development of Renewable Energy in Ukraine (Verkhovna
Rada of Ukraine, 2020). This Programme defines state support measures for the development of renewable
energy in Ukraine. In particular, these are the introduction of the green tariff, the provision of tax benefits to
investors in renewable energy, the creation of the Fund for the Development of Renewable Energy, the
development of a scheme for guaranteed reimbursement of costs for the construction of power plants;

4) The Energy Strategy of Ukraine by 2050 (Cabinet of Ministers of Ukraine 2023);

5) The Law of Ukraine “On Alternative Energy Sources”(Verkhovna Rada of Ukraine 2023).

The alternative energy sources are generally available and the threshold for entering this market is
relatively low. Moreover, green energy is also environmentally friendly. Green energy occupies one of the central
places in terms of finding ways to independently meet energy needs. A study Diachuk et al. (2017) by the
Heinrich Boell Foundation examines three scenarios for the development of green energy. A conservative
scenario assumes that the level of technology and efficiency of renewable energy will not change by 2050
compared to 2012. Under such conditions, only a small part of the advantages of renewable energy can be used
in practice. This scenario is used as a baseline for comparison. The liberal scenario assumes that the share of
renewable energy in the final aggregate consumer balance will exceed 30%. The revolutionary scenario assumes
that the development of alternative energy will advance at the state and interstate levels. The increased
development of this industry will ensure the share of renewable energy up to 91% of the total consumer needs. At
the same time, the need for energy will decrease by 42% due to the increased productivity of the economy.

Ukraine actively implements international agreements to promote the development of green energy. Since
2011, Ukraine has been an official member of the European Energy Community, and in 2016 it ratified the Paris
Agreement (Verkhovna Rada of Ukraine 2016), taking on commitments to develop renewable energy sources.
The Government of Ukraine approved the Energy Strategy of Ukraine (Cabinet of Ministers of Ukraine 2017),
which assumes that renewable energy will cover 25% of the energy needs of end consumers by 2035.

As we can see, Ukraine has created all the necessary prerequisites for the development of renewable
energy, but the question about the renewable energy sources which are the most promising and cost-effective for
the development in Ukraine remains open. The legislation does not distinguish individual priority directions for the
development of particular sources. However, not all regions of our country can develop different sources of
alternative energy with equal success. This affects the budgetary support for the development of alternative
energy and its efficiency (Sotnyk et al. 2021).
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The novelty of the study consists in the application of a comprehensive analysis of energy production from
renewable sources in Ukraine, considering the participation of households in this process, as well as in the
formation of an approach to forecasting the further development of this area. The proposed study is important in
the context of the development of renewable energy in Ukraine, as it allows determining the potential of solar
energy production by households and predicting their impact on the overall energy supply system. Analyzing the
volumes of generation and consumption of energy from renewable sources also contributes to balanced planning
and management in the country's energy sector. So, the aim of the study is to determine promising directions for
increasing the energy efficiency of green energy in the household sector of Ukraine. The aim involves the
fulfilment of the following research objectives:

- Study the structure and dynamics of the development of renewable energy sources in Ukraine;

- Explore the state and dynamics of the development of electricity generation from renewable sources by
households;

- Determine the forecast indicators of the development of electricity generation by households from
renewable sources.

1. Literature Review

Green energy cannot develop separately from other sectors of the economy and is an element of sustainable
development of the country. A positive relationship between the development of green energy and the
achievement of sustainable development goals is reported (Aktar et al. 2020). The authors note that the
development of green energy makes energy more accessible, thereby contributing to economic development. But
the economic effect can be significant only if there is state support in the form of implementing a national strategy.
Otherwise, the development of green energy is partial, which does not have a significant impact on the national
scale. In their study, the authors do not consider renewable energy in terms of types of energy production, but this
is absolutely necessary when determining the impact of its development on the sustainable development of the
country. Such a distribution is even more important in the context of assessing the impact of renewable energy on
the economic development of the state as a whole and households in particular. This aspect of the issue under
research remains unresolved.

The study of Majeed and Luni (2019) is more informative in this regard, where each type of renewable
energy is considered separately in the context of its development potential. The authors focus on the impact of
various renewable energy sectors on the environment. In addition, the authors' findings confirm the theory of
social choice and welfare economics by substantiating the utility of environmental improvement for consumers.
However, the prospects of each type of renewable energy for meeting the needs of households is insufficiently
disclosed in the work. It is worth noting that the technological level of development of green energy allows it to be
used to meet the needs of various groups of consumers, including households, which is especially relevant for
Ukraine.

Alternative energy is becoming cheaper every year, as evidenced by a study by the United States
Environmental Protection Agency (2023). Besides, the development of the alternative energy sector is also
evidenced by the increasing number of jobs in the field of installation and maintenance of plants for alternative
energy sources. Reducing cost of entering the alternative energy market makes green energy more affordable.
As researchers note, the number of installed renewable energy capacities doubled between 2012 and 2018, and
renewable energy accounts for 65% of the world’s gross investment in the energy sector (Kurbatova and
Perederii 2020). This is one of the main factors in the spread of alternative energy among households. The high
cost of initial investment was a traditional obstacle to the mass distribution of alternative energy among Ukrainian
households (Sotnyk et al. 2022). In combination with an unstable economic situation, accompanied by inflationary
and devaluation surges, this made alternative energy practically unaffordable to ordinary Ukrainians. But
technology improvements and cost reductions make alternative energy more affordable, which is an important
factor in its spread among Ukrainian households and utilities.

In its study, author states that the development of alternative energy can improve the economic situation of
such vulnerable population groups as low-income households. In addition to getting cheap energy, they can sell it
to the national market as suppliers (Deloitte 2023). Sales of the excess of generated energy into the power grid
will provide additional income for this category of population. But this study does not indicate the most cost-
effective types of renewable energy for households. This is why determining the most promising types of
renewable energy is a key task, if the development of this sector of the economy is focused on households.

In a study of the prospects for investing in renewable energy in Ukraine (Sotnyk et al. 2019; Ostapenko et
al. 2020), the authors conclude that the share of renewable energy in Ukraine can reach 25% by 2030 with proper
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institutional support from the state. This issue is especially important in the context of reducing the import of
energy carriers, on which Ukraine largely depends. The authors of the study demonstrate the economic efficiency
of investments in renewable energy using Net Present Value. However, the authors omit the payback for different
types of renewable energy. In our opinion, it is necessary to compare different types of renewable energy and
choose the type that is most appropriate for its use by households.

The researchers assess the suitability of the investment climate for installing renewable energy generation
capacities (Kuzior et al. 2021; Latysheva et al. 2020). The authors found that more than 60% of the surveyed
respondents support increased tariffs for Ukraine’s transition to renewable energy. This support for the transition
to green energy indicates significant prospects for the introduction of renewable energy in Ukrainian households.

The analysis of literature showed that renewable energy is popular both in Ukraine and in the whole world.
However, the analysed studies do not provide a comprehensive answer to the question about the most promising
types of renewable energy in terms of different countries and different categories of consumers.

2. Methodology

The research will be conducted in three stages. The first stage involves the analysis of the structure and
dynamics of energy generation from renewable sources in Ukraine. The study covers the following areas in which
energy is generated from renewable sources: Heating and cooling systems; Electricity; Transport sector.

At the first stage, the volumes of generation from renewable sources and energy consumption in each
sector were analysed. The structure of energy generation from renewable sources includes: Hydroelectric power
plants; Solar power plants; Wind power plants; Use of biomass.

The second stage provided for the analysis of electricity generation by households in Ukraine. As
households mainly use solar power plants to generate electricity, the generated power, the share in the structure
of the generation of all electricity in Ukraine from solar power plants, and the income of households from the sale
of electricity obtained from solar power plants were analysed.

To perform the procedures of the first and second stages, graphs will be used to visually demonstrate the
dynamics of indicators. Analytical calculations of these indicators will be used to determine the specific weight of
indicators.

The third stage of the study involves forecasting the indicators of the development of electricity generation
from household solar power plants. Based on the available data, a forecast of growth in the number and capacity
of household solar power plants and revenue growth was made. Forecasting was carried out using the trend
method and the selection of dependence, which demonstrated the highest degree of model adequacy.
Polynomial regression with degree 2 was used in all predictive models.

The study used data on generation volumes, RES consumption, and the tariff for RES for 2014-2022. The
study used data on generation volumes, energy consumption from renewable sources and the size of the tariff for
energy from renewable sources for the period 2014-2022. The study considers the size of tariffs for renewable
electricity in 2021. It is during this period that statistical observation is conducted and information is accumulated
about the renewable energy industry in Ukraine. The forecast of the above indicators will be carried out for 2023-
2024 after the date of the last available observation. This decision is determined by several factors. The first
factor is the lack of publicly available information on the state of development of renewable energy in Ukraine for
2022-2023. The second factor is that Russia’s full-scale invasion of the territory of Ukraine significantly reduced
the number of solar power plants and power generation because of the damage to facilities and infrastructure.
Such circumstances are unforeseeable and constitute a force majeure.

Statistics on renewable energy are taken from the official website of the State Agency on Energy
Efficiency and Energy Saving of Ukraine (2023), which conducts statistical monitoring and publishes relevant
information. Calculations and visualizations were made in Microsoft Excel.

3. Results

Green energy in Ukraine is developing not in all, but only in some industries. As a rule, power generation is aimed
at meeting the needs of the generating entities. At the time of the study in Ukraine, renewable energy sources are
used for energy generation in the transport sector, heating and cooling systems, and power industry. The share of
renewable energy sources in the overall structure of energy production is analysed below (Figure 1).
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Figure 1. The share of renewable energy sources in the structure of energy production in Ukraine
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Since 2014, there has been a gradual increase in the share of renewable energy in the structure of energy
production in Ukraine. In 2020, compared to 2014, the share of energy production from renewable sources in
heating and cooling systems increased by 175%, in electricity production by 88%, and in the transport sector by
37%. The cumulative increase in energy production from renewable sources was 136%. Such a significant
increase in the volume of energy production from renewable sources indicates a steady trend towards the
transition to green energy in different industries.

In addition to the analysis of energy production from renewable sources, it is necessary to analyse the
structure and volumes of consumption in each of the production sectors (Figure 2).

Figure 2. Gross final volume of RES consumption (thousand ktoe)
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Statistics indicate a steady trend towards growth in the gross volume of RES consumption in all analysed
industries except for transport. The increase in RES consumption in 2020 compared to 2014 is 104% in heating
and cooling systems, 59% in electricity generation. The transport sector experienced a 34% drop in consumption.
In general, the gross RES consumption increased by 78% during the analysed period.

The structure of energy production in terms of different sources of renewable energy is analysed in more
detail below (Figure 3).
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Figure 3. The structure of energy generation from renewable sources in the power industry (MW)
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Hydroelectric power plants take the largest share in the structure of electricity generation, but the
dynamics of their energy generation growth is only 9% in 2020 compared to 2014. On the other hand, obtaining
electrical energy from solar power plants, wind power plants, and from the use of biomass has significantly higher
growth rates. The volume of electricity generation from the biomass increased by 221%, from wind power plants
increased by 220%, and from solar power plants increased by 1572%. Such a rapid growth of the electrical
energy obtained from the use of solar power plants has been observed since 2016, and has a steady tendency to
increase.

The dynamics of energy generation in heating and cooling systems is analysed (Figure 4).

Figure 4. Structure of energy generation from renewable sources in heating and cooling systems (MW)
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In heating and cooling systems, the largest share of generated energy is energy obtained from biomass.
Moreover, there is a steady trend towards an increase in the share of energy received from this source. The
increase in generated energy in 2020 compared to 2014 is 100%. The energy received from solar power plants
takes the smallest share of 0.1 MW in 2014, and 0.6 MW in 2020. Renewable energy from heat pumps also
demonstrates the positive dynamics of the increase in the volume of generated energy. This is also a promising
source of obtaining energy as a result of the accumulation and use of thermal energy from the operation of heat
pumps.

Next, the dynamics of changes in the volume of RES in the transport sector is analysed (Figure 5).
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Figure 5. Structure of energy generation from renewable sources in the transport sector (MW)
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Data analysis shows an increase in the amount of energy generation from the use of bioethanol (a 21%
increase in generation in 2020 compared to 2014) and a decrease in energy generation from renewable sources
in 2020 by 6% compared to 2014. In general, with the exception of 2019, a steady pace of energy generation in

the transport sector is observed.

Analysing the obtained results, we can say that the sphere of energy generation is developing most
dynamically in those sectors where consumers are households or small and medium-sized businesses. The
largest increase is shown by solar power plants, wind power plants and the use of biomass.

The next stage of the research is the analysis of the dynamics of the green tariff in Ukraine, which is set
for RES (Figure 6). In this context, it is worth noting that the green tariff in Ukraine is not a market one. It is set by
the state and is higher than the market rate, as the tariff performs a stimulating function for the development of
green energy. It is expected to be gradually reduced and transferred to market pricing, which will ensure the

development of competition in this market niche of renewable energy.

Figure 6. Dynamics of changes in the green tariff in Ukraine (€ct/kWh)
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The data of Figure 6 show that in Ukraine the highest tariffs are set for solar power plants, and the lowest
— for wind power plants. Most tariffs remained unchanged, but relatively high during 2015-2019. This tariff was
the main tool for stimulating the development of renewable energy in Ukraine, but since 2020 it has been reduced
for all types of energy sources. At the same time, there is no change in the structure of tariffs for different RES.

2827



Volume XIV, Issue 7(71), Winter 2023

So, the state continues to prioritize the development of solar power plants. Such a decision by the regulators is
logical, as solar power plants are the most simple and affordable source of energy generation that does not
require technologically complex equipment and expensive maintenance. This is the reason why solar power
plants have become so popular among households in Ukraine.

If the household sector of energy consumers in Ukraine is analysed, the vast majority use solar power
plants to generate power from renewable sources.

The share of solar power plants belonging to households is constantly increasing in the entire gross power
generation from solar power plants (Figure 7).

Figure 7. The ratio of the capacity of household solar power plants to the total generation of solar power plants in Ukraine
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Since 2014, the share of household power plants has increased from 0.02% to 11.31% in 2018. The share
remains the same thereafter, although capacity continued to grow from 157 MW in 2018 to 779 MW in 2020. The
unchanged share of household solar power plants is explained by the parallel growth of the share of power plants
owned by companies.

In connection with the rapid growth of power generation by household solar power plants, there was also
an increase in the volume of sold power generated by the latter (Figure 8).

Figure 8. Volume of sold power generated by household solar power plants, million kWh
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As the highest tariff for the purchase of electricity was established for solar power plants of private
households, this entailed an increase in the volume of electricity sales from 3 million kWh in 2016 to 1,094 million
kWh in 2021. The dynamics of increasing amount of sold electricity generated by household solar power plants is
explained by the possibility of obtaining high income from the sale of electricity. Even after the downward revision
of the green tariff after 2020, household solar power plants are expected to have the highest tariff,

The amount of revenue that owners of green energy facilities can receive was analysed to assess the
profitability of power generation from different renewable sources (Figure 9). For a better understanding of the
situation, the relative share of revenue from each source of renewable energy was calculated, not the absolute
amount of revenue in euros.
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Figure 9. Shares of types of renewable energy in power generation in gross revenue from sold electricity
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The data of Figure 9 indicate that the share of revenue from the sale of electricity generated by solar
power plants exceeds the share of the generation of such electricity. This indicates that electricity from solar
power plants brings significantly higher profitability compared to other RES, for which the specific weight of

generation and revenue maintains its proportionality.

It is worth noting that the full-scale war in Ukraine significantly complicated the process of development of
alternative renewable energy. The energy sector has faced significant challenges both in terms of installing new
capacity and in realizing energy due to damage to the energy infrastructure. This is followed by the analysis of
how the sector of electricity generation by households using solar power plants would develop. Figure 10 shows
the forecast dynamics of growth in the number of household solar power plants during 2023-2024.

Figure 10. Estimated number of household solar power plants in Ukraine for 2023-2024 (forecast base 2015-2022)
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There were 43,540 solar power plants at the end of 2022, and their number is expected to reach about
70,000 by the end of 2023. That is, every 2 years the number of household solar power plants in Ukraine would

double.

Similarly, the capacity of such power plants would grow (Figure 11).
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Figure 11. Forecast capacity of household solar power plants in Ukraine for 2023-2024 (forecast base 2015-2022)
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If at the end of 2022 the capacity of household solar power plants was 1,043 MW, it would reach 2,000
MW by the end of 2024. But these forecast calculations do not take into account the development of
technologies. With the improvement and use of more efficient solar panels, the generated power can more than
double every 2 years.

Given that the size of the green tariff is established and fixed for the entire period of 2020-2024, we can
make a forecast of the annual increase in revenue from the sale of electricity from household solar power plants
in Ukraine (Figure 12).

Figure 12. Forecast growth of revenue from the sale of electricity from household solar power plants in Ukraine for 2023-
2024 (forecast base 2015-2022)
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The obtained results indicate that the most promising direction of increasing energy efficiency in the
household sector is the transition to RES. The practical experience of implementing programmes for the
development of green energy has shown that Ukrainian household consumers are interested in investing in the
installation of solar power plants to obtain electrical energy, and in case of its excess in selling it to the grid. A
forecast of the growth dynamics of the number and capacity of household solar power plants showed that these
figures would double every 2 years. A similar situation is observed with the revenue from the sale of electricity at
the green tariff fixed for the studied period.

4. Discussions

Comparing the obtained results with other studies on this issue, it is worth paying attention to studies on human
rights in the context of sustainable development (United Nations Human Rights Office of the High Commissioner
2022) and on the acceleration of innovations in the field of renewable energy (World Economic Forum 2018). The
authors of the study claim that free access to energy is one of the main human rights, which contributes to the
sustainable development of mankind. Our research confirms this position, because households in Ukraine,
realizing their right to access to energy, not only fully provide themselves with electricity, but also act as
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participants in the energy market of Ukraine. Selling the excess of generated electricity into the country’s unified
grid, households provide other subjects with electricity and receive income for it, which stimulates consumption
and forms solvent demand. This proves that the development of renewable energy is a positive driver of
economic development and ensures the achievement of the sustainable development goals.

The behaviour of households in Ukraine regarding the growing demand for RES is consistent with the
household behaviour pattern in the EU. According to the results of the study (European Court of Auditors 2018),
the target indicator of the share of renewable energy in the EU is 20% in 2020 and will be 27% by 2030. In
Ukraine, the target indicators retain approximately the same level, but the results of our research show that if the
share of energy from household solar power plants doubles every 2 years, by 2030 this indicator may exceed the
one in the EU. Moreover, as a number of studies (Diatlova and Petryk 2019; Prokopenko et al. 2021; Brych et al.
2021) noted, Ukraine has chosen one of the most effective methods of stimulating the development of alternative
energy — the formation of RES market. This ensures the interest of investors and the development of new RES
projects, including among households.

It is interesting to compare the obstacles to the development of renewable energy in Ukraine and other
countries. The study indicates that most countries are characterized by the following obstacles: excessive
dependence on fossil fuels (coal), political and regulatory barriers, technical barriers, market barriers, socio-
cultural barriers, financial and economic barriers, as well as geographic and environmental barriers (Kariuki
2018). Our results show that financial obstacles are the most characteristic for Ukraine. Although alternative
energy is becoming more affordable and its generation is increasing every year (Federal Ministry for Economic
Affairs and Energy 2019; Resilient Energy Platform 2019), initial investments are still quite high for the average
Ukrainian household. The novelty of the obtained is the determined trends in the development of green energy in
Ukraine among households and forecasted trends in the development of renewable energy under the conditions
of a free market and the absence of military actions.

Conclusions and Further Research

The problem of meeting energy needs is acute for almost all economies in the world, and Ukraine is no exception.
This problem is even more acute for household consumers, who are largely dependent on energy price
fluctuations. In such conditions, the development of green energy is a way to solve this problem. Renewable
energy sources ensure the availability of energy for household consumers and utilities, and the government policy
in Ukraine enables selling the excess of generated energy in a unified grid.

The conducted research showed that the vast majority of households in Ukraine use solar power plants to
generate electricity. The main motivation is self-provision with electricity. Additional motivation is the possibility of
selling excess electricity and making a profit. The predominance of solar power plants for energy generation is
determined by the high tariff for such energy and the relative ease of installation of solar power plants. Household
solar plants account for 11% of the total capacity of solar power plants in Ukraine. Calculation of the forecast
values of the number and capacity of solar power plants showed that they will double every 2 years. This will
ensure a proportional increase in household income from the sale of electricity generated from solar power
plants.

The obtained results can be applied in the development and economic justification of investment projects
for the development of household solar power plants and in the implementation of state programmes for the
development of green energy.

The conducted research opens up prospects for further studies, in particular regarding payback terms and
economic efficiency of using different RES in the regions of Ukraine.
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