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ABSTRACT   

In order to create a thriving clean energy industry, it is necessary to increase the number of households 

involved in energy efficiency. In addition, favorable conditions should be created to attract investment in 

innovation to create new energy-saving technologies. This also means expanding the use of existing 

environmentally friendly energy solutions, such as solar or wind energy development, which is particularly 

relevant for Ukraine, given the extensive damage to energy infrastructure caused by the fighting. When the 

cost-effectiveness of measures and guarantees of return on investment are insufficient for private investors 

or when measures that only indirectly contribute to energy efficiency are involved, financial support from 

the state is required, which should also be considered when developing approaches to ensuring the 

establishment of an effective system for investing in energy efficiency projects. Given the relevance of the 

topic under study, its goal is to identify the best ways to attract private investment in energy efficiency 

projects at the household level. To achieve this goal, the following tasks should be solved: to conduct a 

statistical analysis of the energy sector in Ukraine, to identify opportunities for financing energy efficiency 

projects in the residential sector, and to formulate recommendations for attracting resources to implement 

energy efficiency projects by households. The methodological basis of the study is statistical analysis and 

general scientific research methods. The study proves that co-financing, already being implemented in 

Ukraine under specific projects described in the paper, can become one of the main directions for developing 

energy efficiency projects. The strategies for supporting investment projects and raising funds to finance 

energy efficiency projects are also detailed and systematized. Possibilities of co-financing from various 

sources for projects in the main areas of energy saving are described in detail, which may be helpful primarily 

for households focused on implementing energy efficiency projects, either in terms of renewable energy 

production or improving the energy efficiency class of premises. 
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1. Introduction 

Ukraine's energy sector is one of the main components of the economy, its circulatory system. Against the 

backdrop of the significant destruction of the energy system due to hostilities in Ukraine, the role and importance 

of the energy sector is growing significantly. The development of industry, provision of services, organization 

of everyday life, and human health depend on the quantity and quality of energy supply. Thus, the energy sector 

is a direct guarantor of the vital activity of society and the stability of the economy [1]. At the current stage of 

development and recovery of Ukraine's economy, the industry faces new large-scale challenges, and to achieve 

them, it equally needs an inflow of capital and advanced, innovative technologies. The problem of investing in 

the country's energy sector, taking into account valuable Western experience, is urgent from both a theoretical 

and practical point of view, given that countries such as Ukraine, which have a large territory and significant 

potential for solar and wind energy production, also have significant opportunities to attract investment in this 

area, which need to be developed. 

Investment policy in the energy sector is understood as a system of instruments, mechanisms, and measures that 

ensure the accumulation of sectoral and corporate investment resources and their efficient use [2-4]. Looking 

deeper, the mission of investment policy is to generate investment resources of a certain amount and use them 

economically feasible, justified, and transparently. For Ukraine, private investment in the energy sector is of 

particular importance, as decentralization of energy generation processes can solve the issue of energy capacity 

shortages caused by damage due to enemy shelling.  

There are various forms of attracting investment funds in the energy sector: own investment funds, direct 

investment, issuance of additional shares (bonds), credit resources, budget financing, and leasing schemes for 

the use of energy equipment. 

According to many scholars [5-7], improving energy efficiency is one of the most effective ways to achieve 

multiple economic, social, and environmental benefits and a central element in making significant progress 

towards achieving the Sustainable Development Goals.  

One of the objectives of the global energy market is to double the global rate of energy efficiency improvement 

by 2030. Energy efficiency has been called the low-hanging fruit, a first-priority fuel, and a generator of 

numerous benefits for industry and the private sector. According to expert estimates [8-10], two-thirds of the 

world's energy efficiency potential remains untapped. In different sectors of the economy, the economically 

viable untapped energy efficiency potential is estimated as follows (for the period 2011-2035): in the electricity 

sector, it is almost 2,000 Mtoe; in the industrial and transport sectors, more than 4,000 Mtoe, and in the building 

sector, more than 5,000 Mtoe [11-13]. 

It is also widely recognized that significant progress is being made in energy efficiency. For example, in 2022, 

energy intensity improved globally by 1.8%, which is more than in 2021 (1.5%) and significantly higher than 

the annual rate of improvement observed in the previous decade (0.6%) [14]. A recent report on the Global 

Tracking System [15] states that progress in reducing the energy intensity of the global economy continues to 

accelerate: in 2022-2024, the average annual rate of improvement was 2.1%. However, the above figures are 

lower than the 2.6% improvement target set by the World Bank initiative [16]. To meet this target, significant 

investments are required. It is widely recognized that these investments will pay off both directly and from an 

economic point of view and by providing numerous benefits, such as improved quality of life, new jobs, better 

public health, climate change mitigation, etc. Moreover, the primary tool for improving the quality of energy 

development at the level of private households should be the attraction of private investment resources.  

The development of energy-efficient technologies at the level of households deserves special attention since 

they can, due to the latest technologies, ensure the production of energy for their use and help the state in the 

formation of a new energy efficiency strategy, which is formed under the influence of the current state of the 

energy sector. Through incentive measures, households can ensure the development of an alternative energy 
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system and enable the state to focus on restoring the energy potential for industry, the social sphere, and those 

consumers who cannot ensure their energy autonomy. 

2. Method 

The study analyses the current state of Ukraine's energy sector and determines the degree of activity in 

implementing energy efficiency projects in the household sector. The analysis is based on time series analysis 

and statistical data analysis. In general, the data obtained indicate that at the current stage of development, 

Ukraine can be recognized as a country on the way to developing innovative energy-saving technologies and a 

green economy. In addition, the main problems accompanying the acquisition of investment funds for energy 

efficiency projects in the residential sector have been diagnosed.  

In general, the study was implemented in two stages. In the first stage, we analyzed statistical materials on the 

development of renewable energy in Ukraine [14] to confirm the interest in energy efficiency projects. In the 

second stage of the study, attention was focused on the search for investment resources and strategies to attract 

and develop energy-saving technologies, as this area of innovative economic development is quite costly and 

requires a significant inflow of financial resources at the stage of post-war economic recovery in Ukraine. The 

main emphasis was placed on the energy supply for the residential sector and the opportunities for private 

household investors in the context of energy efficiency projects.  

General scientific methods, particularly analysis, synthesis, generalization, systematization, induction, 

deduction, and graphical methods, were used to conduct the study. This set of general scientific methods, in 

combination with a unique method of comparative analysis of strategies for the development of private 

investment in energy efficiency projects, allowed to obtain a comprehensive result, which is determined by the 

main directions of further development of renewable energy in Ukraine and diagnostics of the leading financial 

risks of their implementation.  

The focus on energy investment activity in the residential sector has allowed for a broad and unbiased view of 

the development of renewable energy technologies not only from the state but also from the private household 

sector, which, in the face of significant damage to energy and civil infrastructure, is becoming one of the most 

important players in restoring the energy system. 

3. Results 

Energy efficiency has become an essential criterion for adopting various projects in recent years. For 

households, in the context of energy shortages and high energy costs, energy efficiency is becoming a key factor 

when deciding whether to purchase a property or design a future building. Of course, developers and large 

businesses are also addressing energy efficiency issues. However, the main focus in ensuring energy efficiency 

in each household is still on the households themselves. Energy efficiency projects are not only focused on 

energy production but also on energy saving. In general, the energy-saving capacity of a building is the absence 

of significant heat losses during the cold season, as heating costs are the most significant article of annual 

household expenditures. Energy efficiency is characterized by reduced energy consumption for heating. These 

indicators are determined according to the energy consumption for heating a building in the cold season, 

regardless of the type of energy used. The following categories of buildings are distinguished [17-19]: 

1. Passive. In such houses, the annual energy consumption for heating should be at most 15 kWh/m2. 

2. Active. Different levels of energy efficiency characterize such facilities. The main feature is increased 

comfort. Most often, such energy-efficient residential buildings have an automatic microclimate control 

system. 

3. With low energy consumption. Such cottages consume from 16 to 35 kWh per year/m2. 

4. With a zero-energy balance. Such buildings' total energy consumption is zero, as renewable energy 

sources compensate for losses. 

5. With a positive energy balance. Such buildings produce more energy than is consumed for heating. 
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For the Ukrainian economy, the main goal of using energy-saving technologies for a private house is to reduce 

heat and electricity consumption and maximize the number of passive buildings. Moreover, it is not just about 

winter but also about summer. When creating such a structure, a simple perimeter shape is used, conditions of 

complete airtightness are created, and "cold bridges" are excluded. The building is often orientated to the south, 

and warm and environmentally friendly materials are used for its decoration. 

In international practice, dividing buildings into energy efficiency classes is customary. Depending on the 

energy efficiency factor, there are several classes of buildings. They are denoted by Latin letters: 

A++ buildings consume 60% less energy than standard buildings. 

The A+ category saves about 50-60% of energy. 

Class A buildings are 40-50% energy efficient. 

B+ buildings consume about 30-40% less than Class C. 

B buildings provide resource savings of 15-30%. 

Class C+ allows you to save 5-15% of heat. 

Category C consumes 10-15% more heat and electricity. 

Not all residential buildings in Ukraine have an energy efficiency class, although many construction companies' 

internal documents require an energy efficiency class of at least B.  

Undoubtedly, the introduction and implementation of energy efficiency projects require significant investment 

and involve various investors. The government's efforts to create a favorable investment environment and stable 

and predictable business conditions will largely determine the effectiveness of attracting investment. The 

authorities have a range of methods at their disposal to support investment processes aimed at increasing the 

investment attractiveness of household projects (Table 1).  

Table 1. Ways to support investment projects and raise funds to finance energy efficiency projects 

Methods of supporting 

investment processes in the 

field of energy efficiency 

Characteristics of the methods 

Budget co-financing 

Participation in investment projects with budgetary funds on a parity basis. 

Additional guarantees to the investor. Direct budget financing or co-financing 

is possible for both public and private sector facilities. Energy-saving 

measures in residential buildings reduce budget expenditures on benefits and 

subsidies. Energy saving in industry reduces budgetary expenditures on the 

development of municipal infrastructure. 

Subsidies, preferential 

budgetary lending  

Providing budgetary support for the implementation of investment projects 

on a repayable or non-repayable basis. 

Local tax cuts, tax credits, tax 

deferrals  

Improving the economic efficiency of households implementing investment 

projects in energy saving. 

Providing sales volume 

guarantees  

They are providing investors with business predictability. If energy-

producing households have surplus energy, they can sell it to the state under 

the so-called "feed-in tariff," which involves receiving payment for the 

energy sold at a fixed rate. This mechanism not only stimulates the 

development of alternative energy at the household level but also creates 

opportunities for additional earnings for individuals active in this field. 
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Methods of supporting 

investment processes in the 

field of energy efficiency 

Characteristics of the methods 

Tariff support (setting tariffs 

at the required level)  

When implementing projects falling under regulated activities, the tariff 

structure includes all necessary costs and the required rate of return on 

invested capital. Tariff support is implemented primarily for households by 

establishing a "feed-in tariff," which provides a guarantee of connection to 

the grid, a long-term contract to purchase all renewable electricity, and a 

premium to the cost of electricity produced by households. 

Conclusion of concession 

agreements and long-term 

lease agreements  

Private investors have long-term, predictable rules and conditions of 

business. In the process of developing green technologies at the household 

level, business representatives who manufacture, install and maintain solar 

and wind energy production systems can also be involved, accordingly, such 

business is also involved in the system of developing alternative energy for 

households. 

Arranging project financing, 

special leasing and credit 

programs (regional, 

corporate, etc.) 

Organizing financing/co-financing schemes for specific household 

investment projects also reduces the risks of private investors. 

Introduction of a fee for 

connection to the utility 

infrastructure  

Ensuring the rational use of developers' funds through their consolidation. 

Information and analytical 

support  

Additional information support helps to improve the validity of investment 

decision-making and reduces risks from unaccounted-for factors for investors 

in the residential sector. 

Preferential conditions for the 

use of land resources and 

resources, the right to dispose 

of which is within the 

competence of local 

authorities  

Creating additional incentives for investors to ensure the implementation of 

energy efficient projects. For example, the territorial community can allocate 

land plots on preferential terms for rent to those households that are focused 

on the implementation of energy-efficient projects and will show positive 

results of their activity in this area. 

Development of 

infrastructure for investment 

projects  

Reducing investment risks by diversifying investments and participating in 

infrastructure projects. For most households, the project to install an energy 

autonomy system or a solar panel system is very expensive, so there is a need 

to attract bank lending or investment funds, which also require regulation and 

protection through a system of legislative instruments and government 

support. 

Organization of research and 

field testing of new 

equipment and technologies  

Promoting the technological efficiency of investment projects and 

eliminating technological risks. 

Source: Compiled by authors on the basis of [20-22] 

The methods of supporting investment processes listed in Table 1 create an investment-attractive environment. 

However, the primary comprehensive tool for supporting and developing investment processes should be a 

system of strategic development of energy efficiency projects in the residential sector. 

However, before developing such a system, it is worth analyzing the current state of the renewable energy sector 

in Ukraine. Statistics show that the active growth of renewable energy generation has risen since 2015. The 

dynamics of the growth of renewable energy capacities in Ukraine are shown in Fig. 1. 
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Figure 1. Dynamics of annual growth of renewable energy capacities in Ukraine, MW (Source: Compiled by 

authors based on [14] ) 

Renewable energy production is based on wind and solar energy. However, since the beginning of the full-scale 

invasion of Ukraine, the industry has been losing a significant amount of money. According to [14], the industry 

lost almost 50% of its revenues during the year of the full-scale war. At the beginning of 2023, the level of 

payments rose to 91%, but in the following months, it began to fall again. Fig. 2. It is worth emphasizing that 

such dynamics are also characteristic of households that generate energy from alternative sources and sell it at 

a feed-in tariff. 

 
Figure 2. Status of payments for renewable energy sales (Source: Compiled by authors based on [14]) 

The main factors behind the low payment level are the insufficient transmission tariff for Ukrenergo, the low 

efficiency of the state's trade activity in energy purchases, the lack of sustainable exports, and price restrictions 

on the market. Accordingly, the potential low interest of households in implementing projects under such 

payment dynamics can be emphasized. In total, several directions for energy efficiency projects in private and 

residential apartment buildings were implemented in Ukraine between 2015 and 2022: 

1. The "European Investment Bank provides funds for the Energy Efficiency of Public Buildings in 

Ukraine" program. 

2. The project "Energise Your Business" is implemented with the support of the European Union under 

the EU4Business initiative, as well as with the support of Ukrgasbank (EUR 4 million) and Bank Lviv 

(EUR 3 million). The project concerns the business sector, but companies using funds within the project 

can provide services to households to improve their energy efficiency. 

3. The Energy Efficiency in Municipalities project is being implemented at the regional level. The project 

directly concerns households, as it can provide them with stable access to energy resources without the 
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active involvement of the state. In addition, the project has social significance, forming the public's 

understanding of the importance of energy-efficient projects. 

This is not an exhaustive list of projects; only the most ambitious ones are presented. However, it should be 

borne in mind that all projects and programs involve government participation and the provision of preferential 

financing, with the subsequent opportunity to obtain results from the implemented technologies and funds spent.  

Statistical data on the amount of money households invest in energy efficiency projects is not publicly available, 

so we can only go by the data that, on average, 8 out of 12 territorial communities in Ukraine were active in 

implementing energy efficiency projects [23-25].  

Such low activity of territorial communities, and as a result, households, emphasizes the importance of 

developing strategies for energy efficiency projects. Moreover, when developing such a system, it should be 

borne in mind that co-financing should be the main instrument for the effective implementation of these projects, 

i.e., the idea is that not only the household fully finance energy efficiency projects for itself but also has state 

support or the opportunity to attract more prominent investors. Opportunities for co-financing from various 

sources in the main areas of energy saving are presented in Table 2. 

Table 2. Opportunities for co-financing from various sources in the main areas of residential energy saving, 

(Source: Compiled by authors based on [26-28] ) 

Sources of funding 

Results of implementation of energy saving projects 

Improving the 

efficiency of 

existing energy 

supply systems in 

the settlement 

Reducing the need 

for additional 

energy resources 

for energy 

recovery 

Reduced energy 

consumption by 

existing customers 

Meeting energy 

demand from 

renewable sources 

Production programs of energy 

supply organizations 
+    

Investment programs of energy 

supply organizations 
 +  + 

Connection fee + + + + 

Funds for building overhauls   +  

Consumer funds   + + 

Invoicing   +  

Sale of released capacity + + + + 

Funds of developers 

(connection fee) 
+ + + + 

Investors + + + + 

Budgetary allocations + + + + 

Funds from international 

partners 
+ + + + 

Notes: «+» indicates the positive impact of one or another project with a certain source of financing on 

obtaining certain results of implementation of energy saving projects.  
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According to the comparison presented in Table 2, it is possible to state that the main system of strategic 

development of energy efficiency projects should be based on the search for co-financing of expensive projects. 

The development of co-financing projects should result in two main directions: 

1. Increase in renewable energy consumption as a percentage (up to 50% by 2050). 

2. Ensure thermal modernization of buildings in the volumes shown in Table 3.  

Table 3. Expected results of thermal modernization of buildings by 2050 

Name Units of 

measurement 

Residential 

buildings 

Non-residential 

buildings 

individual communally 

owned 

houses 

public other non-

residential 

Buildings thermally 

modernized (fully or partially) 

units. 3 088 352 97 916 15 784 74 192 

Renovated building areas million m² 220.6 260.0 59.4 66.8 

Annual natural gas (natural gas 

equivalent) savings*. 

billion cubic 

meters 

2.5 

(8.37) 

0.71 

(2.36) 

0.17 

(0.58) 

0.12 

(0.40) 

Annual heat energy savings GWh 31 606 22 595 7 389 5 136 

Annual electricity savings GWh 247 453 1 062 1 105 

Annual savings million euros 1 022.2 939.2 580.3 397.9 

* Annual savings of natural gas according to its share in heat generation (30%) (and the estimated amount of 

energy savings in natural gas equivalent) 

Source: National energy and climate plan for the period up to 2030 

It is essential to emphasize the need to combine both key areas, namely the growth of renewable energy 

generation and the improvement of energy efficiency in buildings, as only such a comprehensive combination 

can achieve efficient use of energy resources. Accordingly, the goals of the system of strategic development 

of energy efficiency projects are as follows [29-31]: 

• formation of regional and sectoral energy programs that will contribute to ensuring the energy 

independence of households. 

• ensuring a favorable investment climate in the industry to address reproduction tasks with a sufficient 

level of transparency to attract international investors. 

• creating a field of investment strategies that provide uniform rules for the formation and use of 

investment resources by energy companies and private household suppliers of renewable energy. 

• for the national energy system entities: revision of the current wholesale market pricing mechanism, 

change of the algorithm for setting the market price for residential electricity. 

• for the entities of the sectoral investment subsystem: creation and constant updating of the regulatory 

framework for the activities of sectoral investment institutions and banks. 

• implementation of corporate and sectoral mechanisms for the formation of investment resources, 

which can be implemented by purchasing energy from households at a "feed-in tariff" and using energy 

released due to greater energy autonomy of households. 

• determining the functioning and status of households that are actively involved in implementing 

energy efficiency projects for their legal protection and further development of investment projects 

precisely within the framework of stimulating the private sector to increase energy efficiency. 
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These goals allow adaptation to environmental conditions and create a favorable climate for the development 

of energy projects of various kinds in the residential sector. 

One of the reasons for the low efficiency of investment activity in the renewable energy field is the need for 

more logical interconnections between individual elements of the sectoral investment process. Today, the 

energy sector is using something other than an investment policy but rather an investment tactic that focuses 

on implementing current projects. It is necessary to change the very ideology of investment interaction between 

energy companies, households, and investors, prioritizing the use of own sources of investment financing and 

the use of state support in the case of global investment projects and only through the mechanism of public-

private partnership and co-financing of investment activities. 

3. Discussion 

Energy-saving issues are attracting increasing attention from the scientific community, politicians, and 

practitioners, and there is a need to develop a unified view on how the most effective projects should be 

implemented in the energy efficiency field.  

At the same time, researchers [32-34] emphasize that actions that an individual considers individual energy-

saving activities implemented by him/her at the expense of his/her own or borrowed funds will not always be 

considered such by the state when providing budgetary or tax support measures.  

For example, projects to install energy metering devices, conduct energy audits, implement energy management 

systems, and develop pre-investment documentation either precede the implementation of energy-saving 

measures or contribute to the rational use of energy resources [35-37]. Although such projects are considered 

priority areas for financing regional programs and often receive financial support from specialized investment 

sources, they are only indirectly related to energy efficiency improvement. As a result of their implementation, 

energy savings may not occur. We fully agree with this opinion and emphasize that only the state should regulate 

the issue of determining the significance of energy projects, if they are as transparent as possible and meet the 

primary goal.  

Another example that can also be cited concerns projects aimed at constructing multi-apartment buildings and 

the purchase of climate control equipment for buildings and vehicles with high energy efficiency. The most 

frequent discussions are related to new construction projects or purchasing new equipment that does not replace 

existing equipment [38-40]. Often, investments in energy saving are equated with the costs of implementing an 

investment project in which the energy component is insignificant. As a rule, the priority tasks of such projects 

are to implement the main functions of the respective facilities: providing housing for the population, creating 

space for offices and production for the commercial sector, ensuring the necessary microclimate, etc. 

In general, projects, including innovative ones, aim to organize the production of equipment and materials with 

high energy efficiency [41]. Their implementation does not lead to energy savings for the investor, although 

such equipment and materials can save energy for consumers. Accordingly, such projects can also be considered 

energy efficient. 

Thus, even if we exclude the need for an expert assessment of the amount of funds raised for energy savings 

through the formation of a system of official statistical observation, criteria for evaluating the projects 

themselves are still needed, which is easiest to do based on determining the effectiveness of a particular project 

[42-44]. This reasonable opinion supports the idea of targeting investment funds to implement energy efficiency 

projects. 

5. Conclusions 

Based on the study's results, it is possible to state that in Ukraine, the system of financing energy efficiency 

projects will significantly impact the economic recovery in the near future, as the decentralization of the energy 

system today affects the population's comfort and ability to perform basic social and production functions. 
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Unfortunately, Ukraine is currently unable to fully comply with global trends and reach the level of renewable 

energy development typical of EU countries. However, the prerequisites for the development of energy 

efficiency projects are present, and such projects were successfully implemented before the full-scale invasion 

of Ukraine. It is also worth noting that Ukraine lacks financial resources to finance green projects. Hence, the 

issue of mobilizing the funds needed to invest in sustainable green technology projects is at the forefront.  

An analysis of statistical data showed that the renewable energy market currently needs improvement, mainly 

due to active hostilities in the eastern and southern regions. The country needs government support for its 

development, primarily in the joint implementation of energy-saving investment projects. The study proved that 

implementing energy efficiency projects requires the joint participation of households, investors, international 

organizations, and the state to succeed.  

According to the results obtained in the process of the research, the key directions of the development of the 

strategy for ensuring energy efficiency at the household level have been specified:  

• Develop regional and sectoral energy plans that contribute to achieving household energy self-

sufficiency.  

• Ensuring a favorable investment climate for the renewable energy industry with sufficient transparency 

to attract international investors.  

• Establishment of areas of investment strategies that provide uniform rules for the creation and utilization 

of investment resources by energy companies and private household suppliers of renewable energy.  

• For organizations of the national energy system: reviewing the existing wholesale market pricing 

mechanism and modifying the market pricing algorithm for domestic electricity.  

• For institutions of sectoral investment subsystems: establish and continuously update the regulatory 

framework for the activities of sectoral investment institutions and banks.  

• Implement institutional and sectoral mechanisms for investment resource formation that can be 

implemented by purchasing energy from households at a 'fixed price' and using the energy released by 

households' energy self-sufficiency.  

• Establishing the legal protection of households actively involved in implementing energy efficiency 

projects and defining their functions and status for further investment development. 

Declaration of competing interest  

The authors declare that they have no known financial or non-financial competing interests in any material 

discussed in this paper. 

Acknowledgements 

This research was funded by the National Research Foundation of Ukraine within the project “Formation of 

economic mechanisms to increase energy efficiency and provide sustainable development of renewable energy 

in Ukraine's households” (No. 0122U001233). 

References 

[1] I. Sotnyk, T. Kurbatova, A. Blumberga, O. Kubatko, and O. Kubatko, "Solar energy development in 

households: ways to improve state policy in Ukraine and Latvia," International Journal of Sustainable 

Energy, vol. 41, no. 11, pp. 1623-1649, 2022a, doi: https://doi.org/10.1080/14786451.2022.2092106. 

[2] I. Sotnyk, T. Kurbatova, Y. Romaniuk, O. Prokopenko, V. Gonchar, Y. Sayenko, G. Prause, and A. 

Sapiński, "Determining the op-timal directions of investment in regional renewable energy development", 

Energies, vol. 15, p. 3646, 2022b, doi: https://doi.org/10.3390/en15103646. 



 PEN Vol. 12, No. 4, December 2024, pp.637-650 

647 

[3] S. Sieriebriak, and O. Kozhushko, “The role of artificial intelligence in the legal, business and economic 

spheres to achieve sustainable development”, Law, Business and Sustainability Herald, vol. 3, no. 3, pp. 4–

16, 2023, https://lbsherald.org/index.php/journal/article/view/52 

[4] R. Rychka, “Artificial intelligence to predict solar energy production: risks and economic efficiency”, 

Futurity Economics & Law, vol. 4, no. 2, pp. 100–111, 2024, doi: 

https://doi.org/10.57125/FEL.2024.06.25.06 

[5] P. Gudz, Y. Oliinyk, I. Shkurupska, V. Ivanchenkov, O. Petrenko, and Y. Vlasenko, "Formation of foreign 

economic potential of the region as a factor of competitive development of the territory", International 

Journal of Management, vol. 11, no. 5, pp. 590-601, 2020. 

[6] T. Kurbatova, I. Sotnyk, O. Prokopenko, I. Bashynska, and U. Pysmenna, "Improving the feed-in tariff 

policy for renewable energy promotion in Ukraine's households," Energies, vol. 16, p. 6773, 2023, doi: 

https://doi.org/10.3390/en1619677 

[7] R. Li, Y. Xin, I. Sotnyk, O. Kubatko, I. Almashaqbeh, S. Fedyna, and O. Prokopenko, "Energy poverty and 

energy efficiency in emerging economies", International Journal of Environment and Pollution, vol. 69. 

No. 1-2, pp. 1-21, 2022, doi: https://doi.org/10.1504/IJEP.2021.125188 

[8] B. Mihalcova, A. Koraus, O. Prokopenko, J. Hvastova, M. Frenákova, P. Gallo, and B. Beata, "Effective 

management tools for solving the problem of poverty in relation to food waste in the context of integrated 

energy management", Energies, 14, 4245, 2021, doi: https://doi.org/10.3390/en14144245 

[9] O. Prokopenko, A. Chechel, I. Sotnyk, V. Omelyanenko, T. Kurbatova, and T. Nych, "Improving state 

support schemes for the sustainable development of renewable energy in Ukraine", Polityka Energetyczna, 

vol. 24, no. 1, pp. 85-100, 2021, doi: https://doi.org/10.33223/epj/134144 

[10] O. Prokopenko, M. Prokopenko, A. Chechel, V. Marhasova, V. Omelyanenko, and A. Orozonova, (2023). 

Ecological and Economic Assessment of the Possibilities of Public-private Partnerships at the National 

and Local Levels to Reduce Greenhouse Gas Emissions. Economic Affairs, 68 (01s), pp. 133-142, 2023, 

doi: https://doi.org/10.46852/0424-2513.1s.2023.16 

[11] A.A. Malinovskyi, V.H. Turkovskyi, A.Z. Muzychak, and M.B. Sabat, “Generalized approach to modes 

analysis of modern heat supply systems”, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, vol. 

1, pp. 80–88, 2018. 

[12] S. Orhani, “Philosophy of e-learning vs m-learning”, Futurity Philosophy, vol. 2, no. 4, pp. 4–23, 2023, 

doi: https://doi.org/10.57125/FP.2023.12.30.01 

[13] O. Prokopenko, O. Telizhenko, Y. Kovalenko, S. Lytvynenko, T. Nych, and A. Kovalskyi, "Promising 

directions of increasing energy efficiency and development of green energy in the household sector of 

Ukraine," Review of Studies on Sustainability, vol. 2, 2024, doi: https://doi.org/10.3280/RISS2023-002007 

[14] What is left of "green" energy in Ukraine. Economic truth, 2024. 

https://www.epravda.com.ua/publications/2023/05/24/700431/ 

[15] V. Koval, O. Laktionova, N. Rogoza, O. Chumak, V. Komandrovska, and M. Berdar, "The impact of fiscal 

policy on environmental management in ensuring sustainable economies", IOP Conference Series: Earth 

and Environmental Science, vol. 1126, no. 1, p. 012016, 2023. 

[16] M. Masik, Z. Buryk, O. Radchenko, V. Saienko, and Y. Dziurakh, "Criteria for governance' institutional 

effectiveness and quality in the context of sustainable development tasks", International Journal for 

Quality Research, 17(2), 501-514, 2023, doi: https://doi.org/10.24874/IJQR17.02-13. 



 PEN Vol. 12, No. 4, December 2024, pp.637-650 

648 

[17] N. Kovshun, V. Kostrychenko, V. Solodkyy, O. Savytska, N. Kushnir, and L. Malanchuk, (2023). 

"Methodological aspects of determining the economic efficiency of environmental management", IOP 

Conference Series: Earth and Environmental Science, vol. 1126, no. 1, p. 012017, 2023. 

[18] T. Kurbatova, I. Sotnyk, O. Kubatko, Ye. Baranchenko, E. Arakpogun, and H. Roubik, "State support 

policy for renewable energy development in emerging economies: the case of Ukraine", International 

Journal of Global Energy Issues (IJGENVI), vol. 19, no. 1-3, 2020. doi: 

https://doi.org/10.1504/IJGENVI.2020.114864 

[19] T. Kurbatova, I. Sotnyk, O. Prokopenko, R. Sidortsov, and Y.-X. Tu, "Balancing Ukraine's energy system: 

challenges under high renewable energy penetration and the COVID-19 pandemic," E3S Web of 

Conferences, 280, 05007, 2021, doi: https://doi.org/10.1051/e3sconf/202128005007 

[20] N. Kovshun, O. Doroshenko, I. Zhydyk, N. Nalyvaiko, Y. Vashai, and S. Skakovska, "Global measurement 

of ecological footprint in the context of sustainable development", IOP Conference Series: Earth and 

Environmental Science, vol. 1269, no. 1, p. 012032, 2023. 

[21] Y. Malynovska, I. Bashynska, D. Cichoń, Y. Malynovskyy, and D. Sala, "Enhancing the Activity of 

Employees of the Communication Department of an Energy Sector Company", Energies, vol. 15, no. 13, 

p. 4701, 2022, doi: https://doi.org/10.3390/en15134701. 

[22] M. Tymoshenko, V. Saienko, M. Serbov, M. Shashyna, and O. Slavkova, "The impact of industry 4.0 on 

modelling energy scenarios of the developing economies," Financial and Credit Activity-Problems of 

Theory and Practice, vol. 48, no. 1, pp. 336-350, 2023, doi: 10.55643/fcaptp.1.48.2023.3941 

[23] O. Hruzevskyi, “A systematic analysis of the impact of the military conflict on the distance education 

system in Ukraine”, E-Learning Innovations Journal, vol. 1, no. 11, pp. 71–87. 2023, doi: 

https://doi.org/10.57125/ELIJ.2023.03.25.04 

[24] L. Sembiyeva, A. Zhagyparova, E. Zhusupov, and A. Bekbolsynova, “Impact of investments in green 

technologies on energy security and sustainable development in the future”, Futurity of Social Sciences, 

vol. 1, no. 4, pp. 61–74, 2023, doi: https://doi.org/10.57125/FS.2023.12.20.03 

[25] N. Kovshun, A. Radko, S. Moshchych, A. Syrotynska, and I. Zhydyk, "Information support of nature 

management and environmental protection in Ukraine", IOP Conference Series: Earth and Environmental 

Science, vol. 915, no. 1, p. 012031, 2021. 

[26] I. Sotnyk, T. Kurbatova, O. Kubatko, O. Prokopenko, and M. Järvis, "Managing energy efficiency and 

renewable energy in the residential sector: A bibliometric study", Problems and Perspectives in 

Management, vol. 21, no. 3, pp. 511-527, 2023, doi: https://doi.org/10.21511/ppm.21(3).2023.41. 

[27] W. Wójcik, N. Savina, N. Kovshun, R. Akselrod, O. Bezsmertna, S. Adikanova, and G. Akbarova, "Risk 

assessment as a decision-making tool in the field of public health and environment," Journal of Ecological 

Engineering, vol. 24, no. 8, pp. 271-276, 2023. 

[28] L.A. Nekrasenko, O.V. Prokopenko, and V.I. Aranchiy, "Carbon tax as an instrument of environmental 

management in Ukraine", Actual Problems of Economics, vol. 165, no. 3, pp. 196-202, 2015. 

[29] O. Prokopenko, L. Korchevska, M. Shulga, A. Zakharchenko, T. Staverska, and Y. Sydorov, "Adaptation 

of the development of ecological entrepreneurship," International Journal of Scientific and Technology 

Research, vol. 9, no. 3, pp. 1112-1115, 2020. 

[30] V. Shkola, O. Prokopenko, A. Stoyka, V. Nersesov, and A. Sapiński, "Green project assessment within the 

advanced innovative development concept," Estudios de Economia Aplicada, vol. 39, no. 5, 2021, doi: 

https://doi.org/10.25115/eea.v39i5.5135 

https://doi.org/10.57125/FS.2023.12.20.03


 PEN Vol. 12, No. 4, December 2024, pp.637-650 

649 

[31] N. Popadynets, O. Yakymchuk, A. Yakymchuk, R. Bilyk, I. Irtyshcheva, I. Hryhoruk, K. Blishchuk, Y. 

Boiko, N. Hryshyna, I. Sirenko, Y. Yakymchuk, and S. Serhiychuk, "Increasing competitiveness of 

economic regions: prospects for innovative development," Advances in Intelligent Systems and Computing, 

vol. 1322, pp. 496-502, 2021. 

[32] O. Prokopenko, V. Kysly, and H. Shevchenko, "Peculiarities of the natural resources economic assessment 

under the transformational conditions", Economic Annals-XXI, vol. 7-8, pp. 40-43, 2014. 

[33] K. Redko, O. Borychenko, A. Cherniavskyi, V. Saienko, and S. Dudnikov, "Comparative analysis of 

innovative development strategies of fuel and energy complex of Ukraine and the EU countries: 

international experience", International Journal of Energy Economics and Policy, vol. 13, no. 2, pp. 301-

308, 2023, doi: https://doi.org/10.32479/ijeep.14035 

[34] D. Sala, I. Bashynska, O. Pavlova, K. Pavlov, N. Chorna, and R. Romanyuk, "Investment and innovation 

activity of the electric power industry of the southeastern region of Ukraine as the basis of sustainable and 

renewable energy," Energies, vol. 16, p. 2363, 2023, doi: https://doi.org/10.3390/en16052363 

[35] I. Sotnyk, T. Kurbatova, V. Dashkin, and Ye. Kovalenko, "Green energy projects in households and its 

financial support in Ukraine," International Journal of Sustainable Energy, vol. 39, no. 3, pp. 218-239, 

2020, doi: https://doi.org/10.1080/14786451.2019.1671389 

[36] M. Zhou, U. Pysmenna, O. Kubatko, V. Voloshchuk, I. Sotnyk, and G. Trypolska, "Support for household 

consumers in the early stages of power market decentralisation in Ukraine," Energies, no. 16, p. 6365, 

2023, doi: https://doi.org/10.3390/en16176365 

[37] T. Kurbatova, D. Lysenko, G. Trypolska, O. Prokopenko, M. Järvis, and T. Skibina, “Solar energy for 

green university: estimation of economic, environmental and image benefits”, International Journal of 

Global Environmental Issues, vol. 21, no. 2-4, pp. 198–216, 2022. 

[38] I. Sopronenkov, N. Zelisko, V. Vasylyna, I. Lutsenko, and V. Saienko, "Tax policy: impact on business 

development and economic dynamics of the country," Economic Affairs, vol. 68, no. 04, p. 2025-2034, 

2023, doi: https://doi.org/10.46852/0424-2513.4.2023.14. 

[39] I. Sotnyk, I. Shvets, Y. Chortok, and L. Momotiuk, "Management of renewable energy innovative 

development in Ukrainian house-holds: problems of financial support", Marketing and Management of 

Innovations, no. 4, pp. 150-160, 2018, doi: http://doi.org/10.21272/mmi.2018.4-14. 

[40] National energy and climate plan for the period up to 2030. Ministry of Economy of Ukraine, 2024. 

https://me.gov.ua/Documents/Detail?lang=uk-UA&id=17f558a7-b4b4-42ca-b662-

2811f42d4a33&title=NatsionalniiPlanZEnergetikiTaKlimatuNaPeriodDo2030-Roku 

[41] H. Hrinchenko, O. Prokopenko, N. Shmygol, V. Koval, L. Filipishyna, S. Palii, and L.-I. Cioca, 

"Sustainable Energy Safety Management Utilizing an Industry-Relative Assessment of Enterprise 

Equipment Technical Condition," Sustainability, vol. 16, p. 771, 2024. [Online]. Available: 

https://doi.org/10.3390/su16020771 

[42] G. Pei, O. Horbachova, Y. Tsapko, S. Mazurchuk, and B. Denysiuk, "Assessment of the durability of the 

adhesive bond in a carpentry product to atmospheric fluctuations," Ukrainian Journal of Forest and Wood 

Science, vol. 14, no. 2, pp. 67–82, 2023. doi: 10.31548/forest/2.2023.67 [Online]. Available: 

https://www.scopus.com/record/display.uri?eid=2-s2.0-85170708970&origin=resultslist 

[43] Y. Tsapko, O. Horbachova, and S. Mazurchuk, "Establishment of regularities of the influence of polymeric 

shell on wood biodegradation," Ukrainian Journal of Forest and Wood Science, vol. 12, no. 4, pp. 50–63, 

2021. doi: 10.31548/forest2021.04.005 [Online]. Available: 

https://www.scopus.com/record/display.uri?eid=2-s2.0-85137641017&origin=resultslist 



 PEN Vol. 12, No. 4, December 2024, pp.637-650 

650 

[44] Y. Tsapko and O. Horbachova, "Use of a polymer shell of thermally modified wood to establish moisture 

diffusion patterns," Ukrainian Journal of Forest and Wood Science, vol. 12, no. 1, pp. 41–47, 2021. doi: 

10.31548/forest2021.01.005 [Online]. Available: https://www.scopus.com/record/display.uri?eid=2-s2.0-

85125854406&origin=resultslist 

 


