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Abstract: This paper deals with improving the feed-in tariff policy for green energy advancement in
Ukraine’s households based on assessing the economic efficiency of investment project implemen-
tation under the current state support mechanisms. This study was conducted for solar and wind
power plants with different installed capacities. The Levelized Cost of Electricity and the payback
period for such power plants were calculated considering the ongoing feed-in tariffs and discount
rates determined by various equity and debt capital ratios. The results showed that the state support
provides attractive payback periods for solar and wind power plants with an installed capacity of
>30 kW. In comparison, 5 kW solar power plants and wind power plants with a capacity of up
to 10 kW are not paid off during the power plants’ lifecycle. It confirmed that the ongoing energy
policy in Ukraine’s residential sector is still designed to obtain profits by the owners of generating
facilities by selling the excess electricity. In the meantime, its main goal—providing households
energy independence—has been levelled. To resolve the issues caused by such a state support model,
a methodical approach to improve the feed-in tariff calculation is proposed. In addition, recommen-
dations for reconsidering other policy measures to ensure effective renewable energy development in
the residential sector have been made.

Keywords: renewable energy; the feed-in tariff; investment; solar power plant; wind power plant;
energy policy; households; Ukraine

1. Introduction

Countries worldwide consider renewable energy (RE) development as a crucial tool
in resolving the problem of growing energy demand and mitigating climate change conse-
quences. In addition, deploying RE facilities plays a significant role in ensuring the energy
security of the world’s countries, which is especially relevant under recent geopolitical
events. Nowadays, achieving ambitious goals for RE transition directly depends on state
support. The understanding of this is reflected in the establishment by the countries of
indicative targets for increasing the green energy portion in the final energy consumption
and the implementation of state support mechanisms to encourage energy production by
renewable energy resources (RES) [1-3].

Along with promoting RE development in the industrial sector, countries” govern-
ments also seek to foster the use of RES in the residential sector. The most common
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motivational tool used in the residential sector for RE adoption is the feed-in tariff (FIT).
The widespread use of the FIT and its adaptation to the goals and needs of national poli-
cies have led to the appearance of a number of its variations, in particular, the fixed FIT,
front-end-loaded FIT, adjusted FIT, premium FIT, etc. [4,5]. The effectiveness of the FIT as
an incentive tool is confirmed by the rapid deployment of RE facilities in countries where
it is used. Thus, the introduction of the FIT into the household sector has had a remark-
able impact on deploying solar energy in Germany [6], the UK [7], China [8], and other
countries [9,10]. At the same time, despite the fact that the main goal of increasing green
electricity has been achieved, RE promotion with the help of generous FITs has led to some
challenges, the main of which include an increase in state expenditures for compensating
payments for FITs and technical limitations of the electricity grids [6,7]. It has contributed
to the revision of the FIT policy, which, in most countries, caused uncertainty regarding the
future trends in RE development or a decrease in the pace of RE facilities installation in the
household sector [7,11].

It should be noted that Ukraine was no exception, and, since 2014, it has implemented
an energy policy for RE promotion in households as part of the energy strategy, where
the primary economic tool is the fixed FIT [12,13]. However, despite certain successes in
developing small-scale-RE distributed energy generation, state policy in this sector cannot
be called effective. The result of its implementation was the rapid development of only
solar photovoltaic (PV) systems, which became possible due to the high rates of the FIT. The
pursuit of profits from selling the excess electricity at the high FIT has led to some abuses by
the household owners. Cases of increasing the capacity of the generating facilities beyond
the permitted value, setting the inverter equipment to the maximum output (which has neg-
ative consequences for the electrical equipment of neighboring consumers), and installing
solar PV systems without or with low-level electricity consumption have been recorded
repeatedly. Thus, the electricity consumption in about 40% of households with installed
solar PV systems is less than 10 kWh/month, while the average electricity consumption in
Ukrainian households, as of 2020, was 168 kWh (or 954 kWh with electricity heating) [14].

Because of the considerable growth of solar power plants and the aforementioned
manipulations, the payments of the transmission system operator to cover the difference
between the FIT and the market electricity price are increasing annually, which ultimately
falls on other consumers as an additional financial burden. Therefore, in 2020, such expenses
amounted to UAH 2.26 billion; moreover, in 2021, it increased to UAH 4.07 billion [15].
In addition, the over incentives for solar energy have led to disparities in RE facilities
deployment in households. Thus, although the FIT also applies to the electricity produced
by wind power plants, due to the higher rates of solar power (which for a long time
ensured a payback period of 3.3-4.5 years [16,17]), households preferred to invest in solar
power plants.

Considering the above, it can be concluded that the main focus of the RE policy in
the residential sector has not been placed on ensuring household energy independence,
due to their electricity production, but on obtaining significant profits by the owners of
RE power plants owners by selling the unconsumed excess electricity. This energy policy
model has resulted in several challenges and abuses in the household sector. Thus, it is
evident that the current approaches for fostering RE in the residential sector should be
revised for further effective green energy transition. Given the above, this paper’s primary
focus will be on evaluating the cost of the electricity produced by RE power plants and
the payback period based on the current FIT rates and discount rates determined by the
different ratios of equity and debt capital involved in investment project implementation.
Based on the obtained results, recommendations regarding improving the methodology for
calculating the FIT and the state policy for fostering RE facilities deployment in Ukraine’s
households will be given. Figure 1 presents the main steps of the research algorithm.
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Figure 1. The research algorithm.

The article structure is as follows: Section 2 presents a literature review regarding
the researched subject. In Section 3, we analyze policy for fostering RE in the residential
sector of Ukraine and its impact on RE facilities deployment. Section 4 describes the
research methods. In Section 5, we discuss the obtained research results and propose
approaches for improving the methodical approaches for FIT rates calculation and give
policy recommendations for effective RE development in the household sector. Section 6
contains conclusions and points to potential areas of further study.

2. Literature Review

Many research papers are dedicated to RE development, including investment is-
sues [18-22], the identification of drivers and barriers for the effective deployment of RE
facilities [23-25], the evaluation of economic, environmental, social, and other benefits from
RE project implementation, etc. [26-28]. Two main research blocks can be distinguished
when adopting RE in the residential sector. The first concerns the analysis of the support
schemes for stimulating RE development, comparing their effectiveness, and assessing
their impact on installing RE facilities in households. The second focuses on the role of
socio-demographic, housing, environmental, and other factors influencing the decisions of
the household owners to install RE power plants.

Many studies focus on the fact that the economic mechanisms aimed at encouraging
green electricity production play a crucial role in RE development. Nowadays, tools
such as FIT, net metering, and net billing are most widely used to promote green energy
development in the household sector, while the RE portfolio standards, green auctions,
and tender systems are primarily used in the industrial sector [29,30]. The state support
schemes play a unique role at the initial stage of RE technology development, due to their
inability to compete with conventional methods in market conditions. Considering the
trends towards a gradual decrease in electricity production cost based on RES, the value of
economic incentives is somewhat reduced; however, the state support for RE promotion in
households still plays a considerable role in most countries.

Thus, the research results obtained by Jacksohn and et al. [31] prove that the decisions
of German households to invest in RE projects are mainly influenced by economic factors.
The authors found a clear relationship between the investment decision and the anticipated
profit from the investment activity. At the same time, socio-demographic factors, housing
characteristics, and environmental issues do not significantly impact household owners’
decision making.

Lan et al. [9] investigated the impact of state policy measures, particularly the FIT, on
stimulating solar energy deployment in Australian households. The study results show
that the readiness of household owners to invest in solar PV systems increases with the
growing FIT rates. The authors concluded that the FIT rates should be as high as possible
in the early stages of RE technology development. In contrast, at later stages, they can
be appropriately reduced. For more effective stimulation and a reduction in the financial
pressure on the government budget, combining the FIT with the lending policy with low
interest rates is advisable.
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The study results of Guta [32] demonstrate that, in Ethiopia, high household revenue
directly affects RE technology adoption in the residential sector, as financial ability allows
household owners to pay for their initial cost. Among other factors, household membership
in energy cooperatives, access to credit, and education policy increase the probability of
investing in RE. These results are confirmed by a study conducted in Kenya [33], where the
authors added to the above factors, other socio-economic and demographic characteris-
tics, that positively influence decision making regarding RE projects implementation, in
particular, increasing household size, family status, and age of the household owners.

In turn, a study by Etongo and Naidu [34] has proven that age, education, and family
size, which were significant in the abovementioned studies, are not crucial for solar energy
technology adoption in Seychelles” households. The primary motivating factors for solar PV
systems installation in the Seychelles are cost saving, energy security, and environmentally
friendly perceptions. Meanwhile, low electricity tariffs, the high investment cost of solar
PV systems, credit conditions, and a long payback period for investment projects are
the main obstacles to investing in solar energy. According to a study by Streimikiené
and BaleZentis [35], despite the willingness of Lithuanian household owners with higher
revenues and educational status to pay higher prices for green electricity, there are other
factors besides these in making investment decisions. The main factors of the willingness
of Lithuanian households to invest in green energy projects are the awareness of RES and
environmental issues. Thus, there is a particular regional difference in the critical factors
influencing households” investment in RE facilities. Therefore, when developing public
policy, it is necessary to consider each country’s peculiarities.

Braito and et al. [36] studied personal, social group, and psychological patterns of
investment in RE within the framework of different energy policy models. The authors
investigated contrasting state support policies for solar energy promotion in households,
particularly the high financial initiatives in Italy’s province versus the lower ones in Austria.
The authors concluded that the financial incentives directly impact solar PV system devel-
opment in the households of both countries, as both individual and collective investors seek
to receive economic benefits. However, the authors emphasized the importance of balanced
economic support and its combination with non-monetary initiatives, as overly generous
financial incentives in Italy may supplant households’ preferred non-financial motivation,
which can lead to a decrease in solar PV systems installation after the expiration of the
state incentives.

Solar energy in Ukraine’s households may face similar risks, since the stimulation
of its development for a long period was based on high financial support and virtually
no non-monetary initiatives. As a result, there is a strong link between the economic
support level and solar power plants deployment in households. At the same time, some
economic entities, in particular, higher education institutions, do not have the opportunity
to take advantage of such economic incentives. As a result, the level of RES involvement in
electricity production by them is practically absent. However, even without state economic
support, implementing such projects can ensure significant economic, ecological, and social
gains [28]. Thus, generous economic incentives may carry potential risks with a sharp
change in regulatory approaches in the future, which are inevitable amid the increasing
green electricity share and financial burden to support such measures. In addition, they can
reduce the motivation of other economic entities whose conviction to invest in RE is based
on non-monetary initiatives. These studies confirm this statement [37,38], where the authors
note that, in addition to the direct price effect, monetary support indirectly influences in
the form of the crowding out specific groups or reducing the internal motivation to provide
public goods constantly.

This study contributes to the scientific literature by conducting an in-depth cost evalu-
ation of the electricity produced by small solar and wind power plants in the residential
sector of Ukraine. The research examines the payback periods under various scenarios
and considers different discount rates alongside the prevailing FITs. By offering a compre-
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hensive assessment of these crucial factors, this paper enhances our understanding of the
economic viability of RE investments in Ukraine’s households.

Furthermore, this study sheds light on the efficiency of the economic support for RE
development, particularly in the residential sector. It quantifies the benefits and highlights
the potential risks associated with overpromotion, where economic incentives may be com-
promised. This nuanced analysis provides policymakers and stakeholders with valuable
insights for refining RE policies and FIT methodologies.

Moreover, this research identifies the pivotal conditions that signal the need for timely
adjustments in RE management, thereby helping to ensure the sustainability of green energy
initiatives. By offering recommendations grounded in empirical data, this study aims to
guide informed decision making, fostering responsible and sustainable RE development in
Ukrainian households while minimizing potential pitfalls.

3. State Support Policy and Its Impact on Renewable Energy Facility Deployment in
Ukraine’s Households

The state policy for promoting RE development was introduced in Ukraine in 2009;
however, the economic mechanisms to encourage green electricity production were only
applied to the industrial sector. In 2014, the legislation was amended, and it was extended
to include the household sector.

Thus, under the Law of Ukraine “On Alternative Energy Sources” [13], the primary
motivational tool is the FIT—a tariff under which the state purchases the excess electricity
produced by the RE power plants of households that is not consumed for their own needs.

Starting from 2014, households have been allowed to implement solar and wind
power plants with a total capacity of <30 kW. Since the beginning of 2019, considering
the substantial demand for installing solar PV systems, their allowed capacity has been
reconsidered up to 50 kW, providing that they are placed on the roofs and/or building
facades and other facilities without using agricultural land. However, the specified legal
norm was valid only until the end of 2019, after which it was cancelled. Starting in 2019, the
FIT began to apply to hybrid wind-solar power plants with a capacity of up to 50 kW [13].

To protect the owners of the RE facilities from possible inflation, the FITs are recalcu-
lated to the EUR exchange rate and are revised quarterly, pursuant to the official rate of
the National Bank of Ukraine (NBU). It should be noted that the household revenue from
selling the excess electricity at the FIT is taxable. The tax amount is 19.5%, of which 18% is
personal revenue tax and 1.5% is military levy.

The FIT for promoting RE deployment in households has been established until 1
January 2030. The state guarantees to buy all of the electricity unconsumed for house-
hold needs.

Further to the FIT, households can use some tax and customs benefits during RE
project implementation [39,40], namely, the waiver of payment of value-added tax (VAT)
and customs fees when purchasing equipment for installing the RE power plants.

In addition, households can use special credit lines, particularly “Green Energy”
of Oschadbank and “Eco Energy” of Ukrgasbank. Thus, under the above programs,
households can receive a loan to purchase and install RE power plants. According to the
credit terms, the minimum first instalment that households must pay is 15% of the cost of
the goods and services. The credit term is from 1 to 6 years. The maximum loan amount
is UAH 1 million. The loan rate depends on the loan term and the amount of the first
instalment [41,42].

Implementing the above support mechanisms increased the household sector’s invest-
ment attractiveness; however, only solar PV systems have acquired dynamic development
(Table 1).
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Table 1. The dynamics of RE plants development in the household sector of Ukraine in
2015-2021 [43,44].

RE Power Plants in the
Household Sector

2015 2016 2017 2018 2019 2020 2021

Solar power plants
Wind power plants

Solar power plants
Wind power plants

Solar power plants
Wind power plants

Number of RE power plants, units

244 1109 3010 7450 21,968 29,931 44,888

0 0 3 3 4 4 4
The installed capacity of RE power plants, MW
2 17 51 157 553 779 1205
0 0 0.029 0.029 0.027 0.041 0.057
Amount of electricity produced, million kWh

0.4 4 23 92 303 756 1151

0 0 2.5 2.5 0.2 0.6 19

Thus, the data in Table 1 show that, as of the end of 2021, 44,888 small solar PV systems,
with a cumulative installed capacity of 1205 MW, were installed. It should be noted that
such growth was ensured by the high FITs for the solar PV systems, the payments for which
are included in the electricity tariffs. Thus, considering that Ukraine’s budget does not
provide for special sources for financing the expenses under the FIT, the increase in green
energy share places an additional financial burden on the electricity consumers.

At the same time, wind energy in households is practically not developing. By the end
of 2021, only four wind power plants, with a cumulative installed capacity of 57 kW, were
commissioned. The main reason for this was the higher FIT rate for solar power plants,
which made the solar energy segment extremely attractive to investors. One more barrier
to wind energy deployment in households was the long-term absence of the FIT for hybrid
wind-solar power plants. Thus, until 2019, due to the difference in the FITs, installing
hybrid wind-solar plants required the registration of two electricity production metering
points, which was not profitable. Hence, households preferred solar power plants instead
of hybrid wind-solar plants. To resolve this issue, the FIT for combined wind-solar power
plants was introduced in 2019. However, after four months, its rate was reduced by 25%,
making their installation economically unattractive and the plans for such energy facilities
development declarative [45].

Given the above, it can be argued that, despite certain achievements, the state policy
for RE promotion in Ukrainian households cannot be called effective. The main problem
was the focus of the FIT on the purposeful sale of the excess electricity, which caused the
rapid PV systems installations but, at the same time, led to problems with the financing of
the payments under the FIT. In turn, due to the imperfect energy policy, wind energy in
Ukraine’s households is practically not developing.

Since green energy transition remains one of the state’s priorities for the coming years,
and its pace depends largely on the efficiency of the energy policy, the revision of ap-
proaches to forming support measures is becoming particularly relevant. In the household
sector, where the primary motivational tool is the FIT, methodical approaches to calculating
its rates for RE facilities considering their installed capacities, the RE technologies used,
and the structure of the investment expenditures should be improved.

4. Methods

To balance the interests of households and the state, the FIT rates for RE power plants
should be based on assessing the economic efficiency of such projects implementation. To
determine the required level of state support, we will estimate the electricity production
cost, the current rates of the FITs, and the RE projects’ payback periods.

The cost of electricity produced by household RE power plants will be evaluated
based on the Levelized Cost of Electricity (LCOE) method. The LCOE demonstrates the
fixed electricity cost during a power plant’s lifecycle, which equates the total discounted
expenditures for its construction and operation to the total discounted revenue from selling
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electricity [46]. The calculation of LCOE will be based on the following indicators: invest-
ment, operating and decommissioning expenditures, the amount of electricity produced,
and the discount rate. Considering these indicators, the formula will be as follows:

Tio (I +Q+Dp)-(141)7")

LCOE = —
o (Ex(14+7)7")

, M

where LCOE is the fixed cost of electricity production throughout the lifecycle of a power
plant, UAH/kWh,; E; is the amount of produced electricity by the power plant in the ¢-th
year, kWh; I; is the investment expenditures in the t-th year, UAH; Q; is the operating and
maintenance expenditures in the {-th year, UAH; Dy is the decommissioning expenditures
in the t-th year, UAH; 7 is the lifecycle of the power plant, years; r is the discount rate; and
t is the year of realization of the investment project.

To calculate the discount rate, we will use the following formula of weight average
cost of capital (WACC) [47]:

WACC = Ks-Ws + Kz- Wy, @)

where K; is the equity cost for the investment project realization, unit share; W; is the
equity share by the balance, unit share; K; is the debt cost for the investment project
implementation, unit share; and Wj is the debt share by the balance, unit share.

Next, to assess the economic feasibility of the current FITs, we will calculate their rates
and determine the projects” payback periods based on them.

The minimum FIT rate is calculated following the resolution of the NCSREPU No.
1817, dated 30 August 2019 [48]. Thus, according to [48], the fixed minimum FIT rate
(FIT yin, UAH per 1 kWh without VAT) is determined by the following formula:

FIT,y = 120N ©
2009
where Ty is the electricity tariff for households as of January 2009; krr is the FIT coef-
ficients, which are defined by [12]; and Eyg9 is the exchange rate of UAH to EUR as of 1
January 2009.

Quarterly, the minimal FIT rates are reviewed by the NCSREPU by recalculating them
relative to the EUR exchange rate as of 1 January 2009.

The discounted revenue for the project will be calculated based on the FIT validity
period, the average amount of electricity consumption by the household, and the market
price of electricity under the methodology presented in [49]. Next, these will be used for
calculating the projects” payback periods according to the following formula [50]:

DPP — m 4 12— 5m (147", (4)
Incm+1

where DPP is the discounted payback period of the investment project, years; Iy, is the total
discounted investment expenditures for the project, given at the time of the start of the
investment, UAH; S,, is the total discounted revenue determined as a cumulative sum until
the inequality is satisfied: S, < Iy < Sy + 1, where m is the number of complete years when
the discounted revenues, determined as the cumulative sum, are less than the discounted
investment expenditures; (m + 1) is the year when the discounted revenue, determined as a
cumulative sum, will be higher than that of the discounted investment expenditures, UAH;
and Incy,41 is the project’s revenue in the (m + 1)-th year, UAH.

Based on assessing the economic efficiency of RE project implementation in house-
holds, we will offer an improved methodology to calculate the FIT rates and the terms
of state support to ensure the balance of interests for the households and the state. A
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conceptual map of creating an effective FIT for green energy facilities in households is

presented in Figure 2.

The effective FIT for RE facilities of households

/ \

The rate (how much?) The term of state support (how long?)

DeterminedN
Determined by /
/ \ Average payback period s 1-2 years to protect investors

— of RE projects from market risks
LCOE Coefficient of the FIT optimality
| | l
Depends on Depends on Depends on
- the RE plant’s capacity; - profitability rate of the RE project; - the discount rate;
- the RE technology type; - the RE plant’s capacity; - the RE technology;
- investment, operating and -priority of the RE technology for the state; -the RE plant’s capacity;
decommissioning expenditures of the RE |1 - additional factors (tax burden, risk of doing - investment, operating and decommissioning expenditures
project; ‘ business, environmental impacts, new jobs, etc.) of the RE project;;
- the electricity generation amount; - revenue from the green electricity sale at the FIT, tc.
- the discount rate

Figure 2. A conceptual map of forming an effective FIT for households.

5. Result and Discussion
5.1. Evaluation of the Cost of Electricity Produced by RE Power Plants in Ukraine’s Households
and Investment Projects’ Payback Periods Based on the Current FIT Rates

This study will calculate the LCOE for household solar power plants with installed
capacities of 5, 10, 20, 30, 40, and 50 kW and wind power plants with installed capacities
of 5, 10, 20, and 30 kW. The specified capacity range corresponds to the households’
most common power plants and is also determined by the current (0-30 kW) and former
(0-50 kW) legal limits. The difference in the selected capacities of the RE facilities is due
to the productivity factor of wind power plants, which is 2-3 times higher than that of
productivity factor of solar power plants [51]. It is worth noting that the main focus of state
support should be providing households with their own electricity and not obtaining profits
from the sale of their surpluses at the FIT. Given this, extending state support mechanisms
in the household sector to wind power plants with a capacity >30 kW is impractical. In the
meantime, as mentioned above, starting from 2019, the FIT was applied to solar PV systems
with a capacity of up to 50 kW, providing that they are located on building roofs or facades,
without using agricultural land. However, at the end of 2019, the FIT for solar power plants
whose installed capacity is between 30 and 50 kW was canceled. In this study, we will
estimate the cost effectiveness of such RE projects in order to conclude the feasibility of
repealing this legislative norm.

It is noteworthy that the datasets of the solar and wind power plant projects differ
somewhat, as they depend on various factors (the solar insolation and wind speed in the
region of the RE power plant installation, the technical characteristics of the solar panels
and wind generators, etc.); therefore, for calculations in this research, their averaged data
were taken, shown in Table 2 [52-59].
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Table 2. The dataset of investment projects of household solar and wind power plants [52-59].

Installed Capacity, kW
5 10 20 30 40 50
Solar power plants
Electricity production, kWh/year 4947 10,520 21,836 33,153 46,206 57,791
Investment expenditures, UAH 146,229 260,802 517,347 763,448 990,478 1,138,253
Operating expenditures, UAH /year 1462 2608 5173 7634 9905 11,383
Decommissioning expenditures, UAH 7311 13,040 25,867 38,172 49,523 56,913
Wind power plants
Electricity production, kWh/year 15,000 30,000 60,000 90,000 - -
Investment expenditures, UAH 380,948 654,239 1,117,280 1,571,370 - -
Operating expenditures, UAH /year 3809 6542 11,173 15,714 - -
Decommissioning expenditures, UAH 19,047 32,712 55,864 78,569 - -

It is worth mentioning that the data in Table 2 concerning the electricity production
amount will be adjusted for the production reduction factor, which for solar power plants
is 0.8% annually [60] for wind power plants is 0.2% annually [61]. The operating and
decommissioning expenditures in this study were determined as 1% and 5% of the invest-
ment expenditures, respectively [62], and the lifecycle of both types of power plants was
determined to be 25 years [63].

Under this study, the cost of electricity production by the RE power plants will be
calculated considering various options for the structure of the investment expenditures, as
follows: (1) on the condition that the investment projects are implemented entirely with
the investor’s funds; and (2) on the condition of attracting own and credit resources for
five years within the framework of the Ukrgasbank “Eco Energy” program in the following
ratios of 75:25, 50:50, and 25:75, respectively, which will affect the size of the discount rate.

To calculate the discount rate, the equity cost will be determined as the alternative
investments in deposits for individuals in the national currency. For this aim, we analyzed
the deposit rates in UAH in the most reliable banks in Ukraine based on their stability
rating [64]. As of the beginning of June 2023, the following banks offered such annual
rates for deposits in UAH for individuals: Credit Agricole—12%, Raiffeisen—12.5%, and
Kredobank—14% [65]. Thus, Kredobank offered the highest rate, and it will be used to
determine the equity cost.

The cost of the debt capital will be calculated according to the “Eco Energy” credit
line. Therefore, subject to attracting credit resources for 5 years with the first instalment
payments of 25%, 50%, and 75%, the annual interest rates on the loan are 20.99%, 19.59%,
and 18.69%, respectively [42].

Thus, the discount rate calculated according to Formula (2), provided that the invest-
ment projects are implemented entirely with the investor’s funds, is 14%, provided that
own and credit funds are attracted in the following ratios: 25:75—19.2%, 50:50—16.8%, and
75:25—15.2%.

The LCOE values for the electricity produced by the RE power plants in households,
considering different discount rates, are shown in Table 3.

Next, we will compare the obtained LCOE values and the current FIT rates at which
the households sell the excess electricity. We will calculate the FIT rates using Formula (3).
As mentioned above, the minimum FIT rate is based on the FIT coefficients for the RE
power plants, which are shown in Table 4.
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Table 3. LCOE for RE power plants of households (calculated by authors).

LCOE, UAH/kWh
The Installed Capacity of RE
Power Plants, kW 5 10 20 30 40 50
Solar power plants
I 14 4.28 3.59 3.43 3.33 3.10 2.85
2 N 15.2 4.52 3.79 3.62 3.52 3.28 3.01
2 £ 16.8 4.84 4.06 3.88 3.77 3.51 3.23
Shs 19.2 5.32 4.46 4.27 4.15 3.86 3.55
Wind power plants
I 14 3.55 3.04 2.60 2.44 - -
2 T; 15.2 3.75 3.22 2.75 2.58 - -
2% 16.8 4.03 3.46 2.96 2.77 - -
A* 19.2 4.44 3.81 3.26 3.05 - -

Table 4. The FIT coefficients for RE power plants of households commissioned from 2019 to 2029 [12].

RE Power Plants of Households for which the FIT

The FIT Coefficients for Electricity Produced by RE Power Plants of
Households, Commissioned

is Applied From 01.01.2019 to From 01.01.2020 to From 01.01.2025 to
31.12.2019 31.12.2024 31.12.2029
Solar power plants with installed capacity <30 kW 3.36 3.02 2.69
Solar power plants with installed <50 kW, provided
they are placed on the roofs and/or 3.36 - -
buildings’ facades
Wind power plants with installed capacity <30 kW 2.16 1.94 1.73

As seen in Table 4, the FIT coefficients depend on the generating facility’s commission-
ing date. They tend to decrease due to the reduction in the cost of equipment, materials, and
components for such power plants, which directly affects the electricity production cost.

In this study, the calculation will be carried out for the RE power plants commissioned
in 2023; accordingly, the coefficient for the power plants commissioned from 1 January 2020
to 31 December 2024 will be used. As evidenced by the data in Table 4, from 2020 the FIT
does not apply to solar power plants with installed capacity between 30 and 50 kW. It is
worth noting that, in 2019, the FIT coefficients were the same for the solar PV systems with
with an installed capacity of <30 kW and those whose capacity is between 30 and 50 kW.
Given this, to conclude regarding the feasibility of cancelling the FIT for this category
of generating facilities, a coefficient of 3.02 will be used for the 40- and 50-kW solar PV
systems. To carry out the FITs recalculation relative to the EUR exchange according to
algorithm given in [48], the exchange rate of UAH 3983 for EUR 100 will be used [66].
Table 5 includes the obtained results.

Table 5. The FIT rates for electricity produced by RE power plants of households commissioned in
2023 (calculated by the authors).

The FIT,
RE Power Plants of Households UAH/KWh
Solar power plants with installed capacity <30 kW 6.48
Solar power plants with installed capacity < 50 kW, provided 6.48
they are placed on the roofs and/or buildings’ facades ’
Wind power plants with installed capacity <30 kW 4.16

Next, we will calculate investment projects” payback periods according to Formula (4),
based on the following factual data and assumptions:



Energies 2023, 16, 6773 11 of 18

= Ahousehold consumes 168 kWh of electricity per month (corresponding to the average
monthly electricity consumption by Ukrainian households) [14]) and sells the excess
electricity at the FIT. Since the support scheme for RE promotion based on the FIT is
valid until 31 December 2029, after its expiration, the electricity will be realized at the
market price. When calculating cash flows, savings from the electricity expenditures
received by the household as a result of their own production and consumption for
their own needs will be considered. If the production is not enough to cover the
household’s own needs, then the revenue from the power plant is calculated as the
amount of electricity cost savings based on the produced amount;

»s  The electricity tariff for households as of 1 June 2023 was UAH 2.64/kWh [67];

= As mentioned above, the revenue from selling electricity at the FIT is taxable at a
cumulative rate of 19.5% [39].

The results of the calculations of the payback periods of RE investment projects are
given in Table 6.

Table 6. Payback periods of RE investment projects, years (calculated by the authors).

Payback Periods of RE Investment Projects, Years

The Installed Capacity, kWh 5 10 20 30 40 50
Solar power plants
=T 14 >25 13.73 8.53 6.98 6.09 5.30
2 z\ 15.2 >25 17.94 9.73 7.80 6.32 5.45
2% 16.8 >25 >25 12.21 9.29 6.66 5.68
A~ 19.2 >25 >25 >25 years 13.34 7.59 6.02
Wind power plants
I 14 >25 >25 13.00 10.19 - -
3 EN 15.2 >25 >25 15.55 11.43 - -
bR 16.8 >25 >25 >25 14.06 - -
Sk 19.2 >25 >25 >25 >25 - -

The results of the calculation of the RE investment projects’ payback periods in
Ukraine’s households proved the existence of an economic effect depending on the project’s
size. A reduction in investment and operating expenditures as the capacity of an RE
power plants increases determines a more attractive payback period for projects with the
maximum allowed capacity. Although it is an incentive for households that have the op-
portunity to implement large-scale projects, a certain category of households, in particular,
those that do not have enough financial resources or the ability to install such generating
facilities following the requirements of the law, cannot use this incentive. At the same
time, for households with an electricity consumption of 2016 kWh/year, 5 kW solar power
plants and wind power plants with a capacity of up to 10 kW are not paid off during their
lifecycle. The payback period is unattractive for 10 kW solar and 20 kW wind power plants.
When attracting a debt capital at 50% or more, the projects are not paid off. Given the
above, it is reasonable to gradate the FIT rates in accordance with the RE power plants’
installed capacity. This will allow households with different revenue levels to have equal
opportunities to invest in RE power plants.

The primary purpose of deciding to invest in micro RE projects is to ensure household
energy autonomy, since the excess electricity for 5-10 kW RE power plants, i.e., that not
consumed for the households’ needs, is insignificant. Therefore, supporting such projects
should become a priority task of household energy policy. In the meantime, the payback
periods of 20-, 30-, 40-, and 50-kW solar power plants and wind power plants with a
capacity of 30 kW remain pretty attractive. Implementing solar power plant projects with
40-50 kW capacity is the most profitable. In our opinion, the decision to cancel the FIT
for such generating facilities was not logical, because they can significantly contribute to
achieving the indicative goals for increasing the green electricity share in the country’s
energy consumption. However, the FIT rates for such generating capacities must be
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significantly adjusted in order to avoid excess profits by their owners and an increase in
the financial burden on the final consumers, at the expense of which payments are made
under the FIT. At the same time, for identical reasons, the FIT rates for 20- and 30-kW solar
power plants also need some adjustment.

In addition, the obtained results have demonstrated the existing imbalance in the
payback periods of solar and wind power plants. The difference between their payback
periods is quite significant, which will likely continue to contribute to the predominance of
solar power plants in households. Therefore, the adjustment of state support should be
based on the priority of particular RE technology development, considering the evaluation
of the economic, ecological, and social gains from its implementation. The development of
hybrid solar-wind power plants is optimal, which will allow the attraction of both energy
resources to electricity production. Therefore, the economic justification of the FIT for such
plants is highly relevant.

As for acceptable payback periods for RE investment projects in the residential sector,
world experience shows that they are usually, at most, 10 years. For example, for solar
power plants in the US, the indicators fluctuate within 10-12 years [68] and 1622 years
in the United Kingdom [69]. In the meantime, the average payback period of small wind
power plants in the US is 15 years [70], and, in Poland, when they are located in areas with
the best wind speed, it is 13 years [71]. In our opinion, Ukraine should be guided by world
experience, ensuring, by economic incentives, a payback period of RE plants of different
installed capacities of 10-13 years. This approach to investment policy is logical in terms of
the gradual reorientation of state policy towards the energy autonomy of households and
the reduction in financial pressure on the final electricity consumers amid the dynamically
increasing green electricity share in the country’s energy mix.

Thus, it can be concluded that effective RE development in households requires
improving the methodology for the FIT calculation. We believe that the optimal FIT rates
should ensure a payback period of investment projects of 10-13 years. With a lifecycle
of RE power plants of 25 years, such a payback period will allow households to receive
profits from the sale of the excess electricity for a reasonably long period after reaching the
break-even point. On the one hand, it will allow to maintaine the investment attractiveness
of the sector, and on the other hand, it will reduce the financial pressure on the final
electricity consumers.

5.2. Methodical Approaches to Determine the Optimal FIT Rates and Policy Recommendations for
Effective RE Development in Ukraine’s Households
To improve the methodology of the FIT calculation, we suggest using modernized
methodical approaches to determine the optimal FIT rates outlined in [72] and adjusted to
the specifics of the residential sector. Thus, it is advisable to calculate the optimal rate of
the FIT for the i-th RE technology in the t-th year (FIT,y; ;) for the household sector by the
following formula:
FIT,pt it = LCOEj; X kopt_it, ()

where LCOE;; is the fixed electricity production cost throughout the power plant lifecycle,
which uses the i-th RE technology commissioned in the t-th year, UAH/kWh (calculated
according to Formula (1)), and kp;_j; is the coefficient of optimality of the FIT for the
household sector for the i-th RE technology in the ¢-th year, which is determined according
to the following formula:

kop_it = [ [y (1 + ki), ©6)

where k;j; is a coefficient that considers the impact of the j-th factor, which determines the
economic, social, and environmental effects of the i-th RE technology development in the
t-th year for the households, and 7 is the number of factors considered.

It is reasonable to include the profitability of the RE power plant, its capacity, and the
priority of the i-th RE technology development for the state as part of the main influencing
factors. The range of recommended values for k;;;, from the main influencing factors, is
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presented in Table 7. The higher the k;;;, the greater the influence of the particular factor on
the FIT rate.

Table 7. Ranges of recommended k;;; values for RE power plants depending on the main influencing
factors (developed by the authors).

Influence Factor j Recommended Range of k;;; Values by Factor j
Profitability of the RE power plant 0.05-0.25
The capacity of the RE power plant (higher values for smaller capacities) 0-0.5
Priority of the i-th RE technology deployment for the state 0-0.3

In addition to the abovementioned main factors, other factors may be considered, due
to which the state can adjust the final FIT rates for various RE technologies, encouraging
or restraining the development of some of them. Such factors may include economic
and financial (tax burden and the risk of doing business for the i-th RE technology),
environmental (environmental effect of the i-th RE technology), social (creation of new
jobs), etc.

The advantage of the proposed approach is flexibility in adjusting the FITs for different
RE technologies depending on the needs and goals of the state policy. The FITs, calculated
according to the proposed methodological approach, must be reviewed periodically, at
least once every three years, due to the trends in reducing the cost of RE technologies.
Additionally, as in the case of the current methodology, the FITs must be converted into
EUR to insure the RE plants’ owners against possible inflation.

Along with determining the reasonable FIT rates in the household sector, the issue of
the validity period of such a state support scheme is significant. It should be sufficient to
ensure the return on the investment, but minimal to avoid overspending the state budget
or/and that of the final electricity consumers. We believe such a validity period should
be established according to the formula “average payback period of projects + 1-2 years”
according to the particular RE technology and the group of installed capacity. Adherence
to the average payback periods will allow us to return the main part of the funds to the
RE power plants” owners, and an additional 1-2 years will protect the investors from
market risks and guarantee confidence in the profitability of the started projects. It is worth
noting that the updated methodology for the FIT calculation should only be used for new
RE energy power projects in order to maintain the confidence of the existing RE power
plants owners.

It is worth noting that, for a more effective implementation of the FIT policy for
RE development in the residential sector, improving other policy measures, particularly
financial and credit mechanismes, is advisable. As evidenced by the calculation results given
in Section 5.1, the credit resources cost, which is reflected in the discount rate, significantly
impacts the projects” payback periods. Despite the availability of credit programs for
financing RE projects in Ukraine’s households, the interest rates on loans are not affordable,
especially in the absence of the ability of the households” owners to pay a significant part
of the down payment. Given this, the government should pay attention to improving
the existing and developing new affordable loan programs, in particular, the formation of
syndicated lending lines that will allow the accumulation of finance of banks of Ukraine
and the European Bank for Reconstruction and Development, whose credit lines are already
are open in Ukraine for RE projects in the industrial sector, but currently do not extend to
the residential sector [73].

Another approach that can ensure the accumulation of the necessary funds to imple-
ment RE projects is the formation of energy cooperatives. It should be noted that Ukraine
has already created legislation for energy cooperative formation, and, since 2019, the FIT has
been introduced for the RE power plants implemented under such energy associations [74].
However, implementing RE projects within the framework of such cooperation has not
gained significant popularity. The main barrier is the population’s lack of awareness of this
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issue. Therefore, the government should focus on the popularization of the advantages
of creating energy cooperatives and informing about the economic, ecological, and social
gains from implementing RE projects.

The cost of technologies directly affects the payback period of RE investment projects
and, therefore, the FITs rate. One of the approaches to make them cheaper is state support
for Ukrainian enterprises, which can produce equipment for the RE industry. It should
be noted that two powerful factories in Ukraine have provided a full cycle of solar PV
systems production—from growing the silicon to assembling the solar panels. However,
the introduction in 2019 of benefits for the import of foreign-made solar panels negatively
impacted their competitiveness. As a result of the introduction of such benefits, the prices
of the imported panels became 20% lower than the domestic ones. As a result, enterprises
were forced to reorient their activities mainly to the assembly of panels in Ukraine from
imported equipment [75]. A stimulus for the development of the industry could be the
spread of the legislative norm regarding the allowance to the FIT for the use of Ukrainian-
made equipment for RE project implementation, which currently applies to industrial RE
power plants but does not apply to RE facilities in the residential sector [12].

It should be noted that promoting RE development based on the FIT calculated
according to the proposed methodology should be used in the transition period—from
the current FIT model to a new support scheme for households to ensure further RE
development without state support. Such mechanisms can be net metering or net billing,
which are focused on covering exclusively a household’s own electricity consumption and
do not require additional financial expenses from the state or from other consumers.

Net metering is a mechanism that allows the owners of RE power plants to store the
excess electricity in the country’s energy grid and use it when the need arises. Net billing
is a variation of net metering that works on a similar principle. The difference is that the
excess electricity supplied to the grid, instead of kWh, is counted in monetary equivalents,
according to the electricity price at the time of the supply. Thus, under net billing, the
consumers receive a cash deposit for the excess electricity supplied into the grid, which can
then be used to pay for the electricity consumed by them in subsequent periods, provided
that the need for electricity exceeds the amount of its production.

A significant barrier to the effective implementation of the mentioned mechanisms
can be the continuation of subsidizing electricity prices for Ukrainian households. This is
because low electricity tariffs do not encourage household owners to invest in RE projects
and negatively affect the profitability of their implementation under net metering/net
billing support schemes. It is worth noting that, although, since June 2022, the electricity
tariff for households in Ukraine has been increased to UAH 2.64/kWh (EUR 0.065/kWh),
it remains extremely low compared to the tariffs in other European countries (for example,
as of the beginning of 2023, in Greece it was EUR 0.18/kWh, in Italy—EUR 0.17/kWh,
and in Switzerland—EUR 0.15/kWh [76]). Adopting decisions regarding the metering/net
billing introduction should be preceded by creating favorable organizational and economic
conditions under which these mechanisms will allow households to transit to prosumerism
without state incentives.

6. Conclusions

RE development is one of the key priorities of government energy policy, therefore, the
issue of its promotion, including that in the household sector, is given considerable attention
at the national level. To foster electricity production from RES in the household sector, the
fixed FIT was introduced, the high rates of which promoted the rapid deployment of RE
facilities. However, in addition to the significant contribution of households to increasing
the green energy share, several shortcomings of this approach to the promotion can be
stated today. The foremost of these was the pursuit of additional profits from selling the
excess electricity at the FIT and, as a result, a rapid increase in the financial pressure on the
final consumers, by which payments under this tariff are compensated.
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Thus, the current model of the FIT for households mainly encourages them to max-
imize the supply of electricity from the RES to the grid for profit, and the primary goal
of the state policy—ensuring household energy autonomy—has become of secondary im-
portance. Understanding this led to the decision of the state authorities to revise the FIT
rates downwards. However, their economic validity today requires additional study, which
formed the basis of this study.

The obtained results have proven that the current FIT rates must be adjusted, as they
cannot ensure effective RE development in the residential sector. While the FIT does not
ensure payback for 5- or 10-kW solar power plants and wind power plants with a capacity
of up to 10 kW, it remains pretty attractive for 20-, 30-, 40-, and 50-kW solar power plants
and 30-kW wind power plants. Given that 5-10 kW power plants best satisfy the energy
needs of households, the current FITs continue to stimulate the achievement of their owners’
profits from selling the excess electricity to the grid.

To resolve this issue, this paper proposes a methodical approach to improve the
FIT calculation based on assessing the LCOE and influencing factors that determine the
economic, social, and environmental effects of the specific RE technology. The main
influencing factors include the profitability of the RE power plant, its capacity, and the
priority of the particular RE technology development for the state. If necessary, the main
factors can be supplemented with additional ones (level of tax burden, environmental
effect, etc.) depending on the state policy goals.

Other essential directions toward the improvement of state incentives for RE devel-
opment in households in the short term should be measures aimed at improving the
access to attracting and reducing investment expenditures for RE project implementation,
particularly for developing affordable loan programs, stimulating the creation of energy
cooperatives, and the domestic production of equipment for the RE sector. The economic
justification of the FIT rates for hybrid wind—solar power plants also needs special attention
in order to maximize the involvement of both types of RES in electricity production. In
the medium-term perspective, the key changes in the energy policy should be related to
the creation of favorable conditions for the transition to the net metering/net billing sup-
port scheme and the development of conceptual foundations for its effective functioning
in Ukraine.
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