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DEVELOPMENT AND ANALYSIS OF INVESTMENT STRATEGIES 

IN ENERGY EFFICIENCY FOR UKRAINIAN HOUSEHOLD 

PROSUMERS 
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Abstract. This article explores the development and analysis of investment strategies in energy 

efficiency for Ukrainian household prosumers using an econometric model. The study identifies key 

determinants influencing investment decisions by prosumers, such as income levels, energy prices, 

government subsidies, environmental awareness, technology adoption, urbanization, and 

education. By employing an econometric model, the research provides robust insights for 

policymakers, energy industry stakeholders, and prosumers themselves to enhance energy 

efficiency and promote sustainable energy practices in Ukraine. The analysis covers the period from 

2019 to 2023 and focuses on secondary data sources, including government reports, energy industry 

publications, and academic studies. The econometric model includes fixed effects and random 

effects to account for unobserved heterogeneity and panel-specific effects, with lagged dependent 

variables and instrumental variables to address endogeneity. Results show that higher income 

levels, government subsidies, environmental awareness, technology adoption, urbanization, and 

education positively influence investment in energy efficiency by prosumers. Energy prices have a 

negative impact, likely due to cost concerns. Case studies of successful prosumer investment 

strategies, such as solar panels, energy-efficient appliances, smart home technologies, and 

insulation/weatherization, further demonstrate the feasibility and benefits of energy efficiency 

investments. These findings offer valuable insights for policymakers and stakeholders to support 

prosumers in making informed and sustainable investment decisions, ultimately contributing to a 

more energy-efficient and sustainable future for Ukraine. The research highlights the need for 

consistent policy support to sustain investment momentum, especially in the context of the current 

war and its impact on Ukraine's energy infrastructure. Additionally, it underscores the importance 

of rebuilding and enhancing the country's energy systems in the post-war recovery phase to ensure 

long-term sustainability. 

Keywords: energy efficiency, prosumers, investment strategies, econometric modeling, sustainable 

energy, households. 
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1. INTRODUCTION 

Energy efficiency is a critical concept in the context of global and Ukrainian energy markets. It refers 

to the efficient use of energy to achieve a specific outcome, such as reducing energy consumption or 

maximizing energy output. Energy efficiency plays a crucial role in enhancing energy security, reducing 

greenhouse gas emissions, and promoting sustainable development (Kurbatova et al., 2023). In the 

context of global efforts to mitigate climate change, improving energy efficiency is recognized as one of 

the most cost-effective ways to reduce carbon emissions. 
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In Ukraine, energy efficiency is a key priority due to its potential to enhance energy security, reduce 

energy import dependency, and improve the competitiveness of the economy. The country has 

significant energy efficiency potential, particularly in the residential sector, where buildings are often 

poorly insulated and consume excessive amounts of energy for heating and cooling (Bekun et al., 2019). 

By investing in energy efficiency measures, Ukraine can reduce its energy consumption, lower energy 

bills for consumers, and contribute to its climate goals. 

The concept of prosumers, a portmanteau of “producer” and “consumer,” refers to individuals or 

entities that both consume and produce energy. Prosumers are becoming increasingly important in the 

energy sector due to the rise of distributed energy resources, such as rooftop solar panels and home 

energy storage systems. These technologies allow prosumers to generate their own electricity, reducing 

their reliance on the traditional grid and often enabling them to sell excess electricity back to the grid 

(Murshed, 2020). 

In the context of energy efficiency, prosumers play a crucial role as they have the ability to invest in 

energy-efficient technologies and practices to reduce their energy consumption. By becoming more 

energy efficient, prosumers can lower their energy bills, increase their energy independence, and 

contribute to a more sustainable energy system (Shkola et al., 2021). 

In Ukraine, the concept of prosumers is gaining traction, particularly in the context of renewable 

energy development. The country has significant renewable energy potential, particularly in solar and 

wind power, which can be harnessed by prosumers to generate clean electricity. As Ukraine seeks to 

diversify its energy mix and reduce its carbon footprint, prosumers are expected to play an increasingly 

important role in the country's energy transition. 

Energy efficiency and prosumers are two interconnected concepts that are shaping the future of the 

energy sector (Ren et al., 2022). By promoting energy efficiency and empowering prosumers, Ukraine 

can achieve its energy and climate goals while also enhancing energy security and promoting 

sustainable economic development. 

Scholars have focused on understanding the nexus between CO2 emissions, resource rent, 

renewables, and nonrenewable energy sources in various economies (Bekun et al., 2019). This research 

direction aligns with the global shift towards renewable energy sources and the imperative to reduce 

greenhouse gas emissions for sustainable development (Candra et al., 2023). 

Studies have also explored the impact of renewable energy consumption on economic growth, 

particularly in countries along the Belt and Road Initiative (Jia et al., 2023). The findings underscore the 

importance of renewable energy adoption in driving economic development and environmental 

sustainability. 

Researchers have investigated the interrelationship between financialization and natural resource 

rents, highlighting the complexities of economic systems and the need for sustainable resource 

management policies (Canh & Thong, 2020). Similarly, the impact assessment of foreign direct 

investment (FDI) on industrial green competitiveness emphasizes the importance of FDI heterogeneity 

in shaping environmental outcomes (Liu et al., 2022). 

Studies have examined the alignment of trade liberalization policies with renewable energy 

transition in low and middle-income countries, emphasizing the need for policy coherence for 

sustainable development (Murshed, 2020). The role of carbon markets and green bonds markets in 

promoting sustainable finance has also been investigated, highlighting the potential synergies between 

these markets (Ren et al., 2022). 

Scholars have explored the potential role of economic growth, financial development, and research 

and development expenditures in achieving net-zero carbon emissions targets, emphasizing the 

importance of holistic approaches to sustainable development (Shahbaz et al., 2020). Lastly, research on 

cathode regeneration and upcycling of spent lithium-ion batteries emphasizes the importance of circular 

economy principles in promoting sustainability in the energy sector (Xiao et al., 2023). 

Recent literature has focused on understanding the dynamic impact of natural resource rents, 
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financial development, and technological innovations on environmental quality, particularly in 

economies involved in the Belt and Road Initiative (Zuo et al., 2021). This research highlights the need 

for sustainable resource management practices and technological innovations to mitigate environmental 

degradation. 

In the context of Ukraine, studies have explored policy improvements for renewable energy 

promotion in households, particularly focusing on feed-in tariff policies (Kurbatova et al., 2023). The 

findings emphasize the importance of effective policy mechanisms in promoting renewable energy 

adoption at the household level. 

Research has been conducted on managing energy efficiency and renewable energy in the residential 

sector, emphasizing the need for a holistic approach to energy management (Sotnyk et al., 2023; Sotnyk 

et al., 2024). This includes the integration of renewable energy sources, energy efficiency measures, and 

smart technologies to optimize energy use and reduce environmental impact. 

Support for household prosumers in the early stages of power market decentralization has been 

investigated, highlighting the challenges and opportunities associated with decentralized energy 

systems (Zhou et al., 2023). The study underscores the importance of supportive policies and regulatory 

frameworks to facilitate the transition to decentralized energy systems. 

Studies have also focused on determining the optimal directions of investment in regional renewable 

energy development, highlighting the need for targeted investments to maximize the impact of 

renewable energy projects (Sotnyk et al., 2022). This research provides valuable insights for 

policymakers and stakeholders seeking to promote sustainable energy development at the regional 

level. 

Research on state support policy for renewable energy development in emerging economies, such as 

Ukraine, emphasizes the importance of supportive policy environments for fostering renewable energy 

growth (Kurbatova et al., 2020). The findings underscore the need for clear and consistent policy 

frameworks to attract investment and promote renewable energy development. 

Green project assessment has gained significant attention within the context of advanced innovative 

development concepts, highlighting the importance of evaluating environmental impacts in project 

planning (Shkola et al., 2021). This research emphasizes the need for integrating sustainability 

considerations into project assessments to promote green and sustainable development practices. 

Carbon tax policies have been studied as effective instruments for environmental management, 

particularly in Ukraine (Nekrasenko et al., 2015). The research highlights the potential of carbon taxes to 

incentivize emissions reduction and promote sustainable energy practices. 

The adaptation of ecological entrepreneurship development has been explored as a means to 

promote sustainable business practices and environmental conservation (Prokopenko et al., 2020). This 

research underscores the importance of integrating environmental considerations into entrepreneurship 

models to achieve sustainable development goals. 

Effective management tools for addressing poverty and food waste in the context of integrated 

energy management have also been studied (Mihalcova et al., 2021). This research highlights the 

potential synergies between poverty alleviation efforts, food waste reduction, and energy management, 

emphasizing the need for holistic approaches to sustainable development. 

Studies have investigated energy poverty and energy efficiency in emerging economies, highlighting 

the challenges and opportunities associated with ensuring energy access and promoting energy 

efficiency (Li et al., 2022). The research underscores the importance of addressing energy poverty as part 

of broader sustainability and development agendas. 

The purpose of this study is to explore the development and analyze the investment strategies in 

energy efficiency for Ukrainian prosumers using an advanced econometric model. The study aims to 

identify the key determinants of investment decisions in energy efficiency and their impacts on the 

performance and behavior of households-prosumers. By employing an econometric model, the study 

seeks to provide robust and reliable insights for policymakers, energy industry stakeholders, and 



                                                                  Development and Analysis of Investment Strategies in Energy Efficiency… 65 

 

prosumers themselves to enhance energy efficiency and promote sustainable energy practices in 

Ukraine. 

Problem statement. Despite the potential benefits of investing in energy efficiency, such as reduced 

energy costs and environmental impact, there is a lack of comprehensive research on the investment 

strategies of Ukrainian prosumers in this area using econometric models. Existing literature often 

focuses on macro-level energy policies and technologies, overlooking the specific factors influencing 

investment decisions at the individual prosumer level. This gap in knowledge hinders the development 

of targeted policies and strategies to promote energy efficiency among prosumers in Ukraine. 

The aim of this research is to develop and analyze investment strategies in energy efficiency for 

Ukrainian household prosumers using an advanced econometric model. The study seeks to achieve 

several objectives. First, it aims to identify the key determinants influencing investment decisions in 

energy efficiency among Ukrainian prosumers, including factors such as income levels, energy prices, 

government subsidies, environmental awareness, technology adoption, urbanization, and education. 

Second, the research aims to quantify the impacts of these determinants on the level of investment in 

energy efficiency by prosumers, estimating the magnitude and direction of the effects of each 

determinant on investment decisions. 

Third, the study aims to develop an advanced econometric model that captures the dynamic nature 

of investment decisions in energy efficiency, incorporating lagged dependent variables and instrumental 

variables to address potential endogeneity issues. Fourth, it seeks to provide evidence-based policy 

recommendations for policymakers, energy industry stakeholders, and prosumers to enhance energy 

efficiency and promote sustainable energy practices in the household sector of Ukraine. These 

recommendations may include strategies to increase government subsidies, raise environmental 

awareness, and facilitate technology adoption among prosumers. 

Finally, the research aims to contribute to the existing body of knowledge on energy efficiency and 

prosumer behavior in Ukraine by filling gaps in the literature. By employing an advanced econometric 

model to analyze investment strategies at the individual prosumer level, this research seeks to provide 

valuable insights into the factors influencing investment decisions in energy efficiency among Ukrainian 

prosumers. These insights can inform policy decisions and support the development of effective 

strategies to promote energy efficiency and sustainable energy practices in Ukraine. 

The dynamic nature of the energy sector, including fluctuating energy prices, evolving technology 

trends, and changing government policies, poses challenges for prosumers in making informed 

investment decisions. Without a clear understanding of the factors influencing their investment choices, 

prosumers may miss opportunities to improve their energy efficiency and reduce their environmental 

impact. 

The ongoing war with Russia has significantly impacted Ukraine's energy infrastructure. Conflict 

zones such as Lugansk, Donetsk, and Crimea have experienced substantial destruction of energy 

facilities, reducing energy production capacities. The war has led to decreased investments in energy 

infrastructure and technologies due to uncertainty and financial strain. Destruction of residential 

buildings, which account for a large portion of energy consumption, further complicates the 

implementation of energy efficiency measures. 

Understanding the specific challenges and opportunities faced by Ukrainian prosumers in this 

volatile context is crucial for developing effective investment strategies and policies to enhance energy 

efficiency despite the challenges posed by the war. 

2. RESEARCH METHODS 

This research relies on secondary data sources, including government reports, energy industry 

publications, and academic studies, to gather information on the variables of interest. The data covers 

the period from 2019 to 2023 and includes information on household income levels, energy prices, 
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government subsidies, environmental awareness campaigns, technology adoption rates, urbanization 

trends, and education levels in Ukraine. 

The primary analytical tool used in this research is an advanced econometric model. Specifically, a 

panel data regression model is employed to analyze the determinants of investment strategies in energy 

efficiency for Ukrainian household prosumers. The model includes both fixed effects and random effects 

to account for unobserved heterogeneity and panel-specific effects. To address potential endogeneity 

issues, the model incorporates lagged dependent variables and instrumental variables. The Arellano-

Bond estimator is used for the dynamic panel data model, which allows for the analysis of investment 

behavior over time. This approach enables us to estimate the effects of various factors on investment 

decisions while controlling for confounding variables and capturing the dynamics of these decisions. 

The analysis involves estimating the parameters of the econometric model using statistical software 

such as Stata. The model is estimated using robust standard errors to account for heteroscedasticity and 

autocorrelation. 

The results are then interpreted to identify the key determinants of investment strategies in energy 

efficiency for Ukrainian household prosumers. The significance and magnitude of the estimated 

coefficients are analyzed to understand the impact of each determinant on investment decisions. 

While the econometric model provides valuable insights into the factors influencing investment 

strategies in energy efficiency, it is important to acknowledge its limitations. The model relies on the 

availability and quality of secondary data, which may be subject to measurement errors or missing 

information (World Bank, 2024; International Monetary Fund, 2024; International Energy Agency, 2024; 

Ministry of Energy and Coal Industry of Ukraine, 2024; Ministry of Finance of Ukraine, 2024; National 

Bank of Ukraine, 2024; State Statistics Service of Ukraine, 2024). Additionally, the model assumes that 

the relationship between the variables is linear and may not capture nonlinear relationships or 

interactions between variables. 

3. RESULTS AND DISCUSSION 

The transition towards energy efficiency in the residential sector has gained significant importance 

globally, and Ukraine is no exception (World Bank, 2024). Prosumers, individuals who both consume 

and produce energy, play a pivotal role in this transition. To enhance energy efficiency, it is crucial to 

understand the determinants and impacts of investment strategies adopted by these prosumers (Sotnyk, 

et al., 2020). This research develops and analyzes an econometric model that examines the factors 

influencing investment decisions in energy efficiency and their subsequent effects on the performance 

and behavior of Ukrainian household prosumers (Fig. 1). 

Note: 

(1) Where: 

- Investmentit: Investment in energy efficiency by prosumer i at time t. 

- Incomeit: Income level of prosumer i at time t. 

- EnergyPricesit: Energy prices faced by prosumer i at time t. 

- GovernmentSubsidiesit: Government subsidies available to prosumer i at time t. 

- EnvironmentalAwarenessit: Level of environmental awareness of prosumer i at time t. 

- TechAdoptionit: Rate of technology adoption by prosumer i at time t. 

- Urbanizationit: Urbanization level of the area where prosumer i lives at time t. 

- Educationit: Education level of prosumer i at time t. 

- αi: Unobserved individual-specific effect. 

- λt: Time-specific effect. 

- ϵit: Error term. 

 

 



                                                                  Development and Analysis of Investment Strategies in Energy Efficiency… 67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - A panel data regression model 

The primary econometric framework employed in this study is a panel data regression model. This 

model is chosen for its ability to control for unobserved heterogeneity and capture the dynamics of 

investment decisions over time. The model specification includes several key variables: income, energy 

prices, government subsidies, environmental awareness, technology adoption, urbanization level, and 

education. Each of these variables is hypothesized to influence the level of investment in energy 

efficiency by prosumers. 

Income is a fundamental determinant, as higher income levels typically enable greater investment 

capacity (Karpus, 2023). Energy prices are also critical, as higher prices provide stronger incentives for 

energy-saving investments (Mazur, et al., 2023). Government subsidies play a supportive role by 

reducing the financial burden of such investments (World Bank, 2024). Environmental awareness is 

Econometric model 
 

Objective 

Analyze the determinants and impacts of investment strategies in energy efficiency on the 

performance and behavior of Ukrainian household prosumers. 
 

 

 

Econometric framework 

 

1. Model specification 

The primary model is a panel data regression model that captures the effects of 

various factors on the level of investment in energy efficiency by prosumers: 

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖𝑡 =  𝛽0 +  𝛽1 𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 +  𝛽2 𝐸𝑛𝑒𝑟𝑔𝑦𝑃𝑟𝑖𝑐𝑒𝑠𝑖𝑡  + 

𝛽3 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡𝑆𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠𝑖𝑡  + 𝛽4 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙𝐴𝑤𝑎𝑟𝑒𝑛𝑒𝑠𝑠𝑖𝑡  + 

𝛽5 𝑇𝑒𝑐ℎ𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽6 𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡  + 𝛽7 𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡   + 𝛼𝑖 + 𝜆𝑡 

(1) 

 

2. Fixed effects vs. random effects 

Fixed effects (FE) model controls for time-invariant characteristics of prosumers. 

Random effects (RE) model assumes that individual-specific effects are uncorrelated 

with the regressors. 

The Hausman test can be used to choose between FE and RE models. 

3. Dynamic panel data model 

To account for potential endogeneity and dynamics in the investment decisions, use a 

dynamic panel data model (e.g., Arellano-Bond estimator). 
 

Investmentit=γInvestmentit−1+β1Incomeit+β2EnergyPricesit+   (2) 

 

+⋯+αi+λt+ϵit  

 

 

4. Instrumental variables (IV) 

To address endogeneity issues, consider using instrumental variables. Potential 

instruments could be lagged values of endogenous variables or external instruments 

related to government policy changes. 

5. Model estimation 

The authors use panel data estimation techniques such as Fixed effects (FE), Random 

effects (RE), and Generalized method of moments (GMM)  

Implement robust standard errors to account for heteroskedasticity and 

autocorrelation. 
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expected to drive investment decisions, as more informed prosumers are likely to prioritize 

sustainability. The adoption of technology is another important factor, as modern, energy-efficient 

technologies can significantly reduce energy consumption (Leonov et al., 2024). Urbanization level is 

included to capture the differences in investment behavior between urban and rural areas. Education is 

considered as it influences both awareness and the capacity to make informed investment decisions. 

To account for potential endogeneity and the dynamic nature of investment decisions, a dynamic 

panel data model using the Arellano-Bond estimator is employed. This model includes lagged 

dependent variables to capture the persistence in investment behavior over time. Additionally, IV are 

used to address endogeneity issues, ensuring that the estimated effects are not biased by reverse 

causality or omitted variable bias. Potential instruments include lagged values of endogenous variables 

and external policy changes. 

The estimation of this model involves using robust statistical techniques to ensure the reliability of 

the results. FE and RE models are considered, with the Hausman test guiding the choice between them. 

GMM is utilized for the dynamic panel data model, providing consistent and efficient estimates even in 

the presence of potential endogeneity. 

The results of the econometric analysis are expected to provide valuable insights into the investment 

behavior of Ukrainian prosumers. By quantifying the impact of each determinant on investment levels, 

this study aims to identify the most influential factors and provide evidence-based recommendations for 

policymakers. For instance, if government subsidies are found to have a significant positive effect, 

increasing such subsidies could be a key policy lever. Similarly, enhancing environmental awareness 

through educational campaigns could drive higher investments in energy efficiency. 

This econometric model offers a comprehensive approach to understanding and analyzing the 

investment strategies in energy efficiency for Ukrainian prosumers. The findings of this study have the 

potential to inform policy decisions, promote sustainable energy practices, and ultimately contribute to 

the overall energy efficiency goals of Ukraine. By addressing the determinants and impacts of 

investment decisions, this research provides a robust framework for enhancing the role of household 

prosumers in the energy transition. 

The fixed effects model allows authors to control for unobserved heterogeneity and capture the 

influence of time-invariant characteristics on investment behavior. Meanwhile, the dynamic panel data 

model incorporates the dynamic nature of investment decisions and addresses potential endogeneity by 

using lagged dependent variables and instrumental variables. This comprehensive approach ensures 

that findings are robust and reflective of the true drivers of investment in energy efficiency. 

The data utilized in this study spans the years 2019 to 2023 and focuses on various regions in 

Ukraine. Due to the ongoing war with Russia, data from the Lugansk, Donetsk, and Autonomous 

Republic of Crimea regions were excluded, as these areas are currently occupied. This exclusion ensures 

the accuracy and reliability of the data collected and analyzed. The results of this analysis provide 

valuable insights into the effectiveness of various policy measures and the role of socio-economic factors 

in shaping investment decisions (Fig. 2, Fig. 3). These insights are crucial for designing targeted 

interventions to enhance energy efficiency and support the transition towards sustainable energy 

systems in Ukraine. 

The average annual per capita income for each region was sourced from the State Statistics Service of 

Ukraine. This data reflects the economic well-being of individuals in different regions, providing a 

foundation for understanding the potential for investment in energy-efficient technologies. Average 

prices for electricity and gas for households were obtained from the Ministry of Energy and Coal 

Industry of Ukraine. These prices are critical for analyzing the cost dynamics associated with household 

energy consumption and the potential savings from adopting energy-efficient technologies. 
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Fig. 2. Interpretation of results 

 

Fig. 3.  Dynamic panel data model output (Arellano-Bond) 



70  Olha Prokopenko, Yevhen Kovalenko, Svitlana Lytvynenko, Dmytro Riabtsev                                                                                                                                                                            

Information on the total amount of subsidies provided to households for implementing energy-

efficient technologies was sourced from the National Bank of Ukraine and the Ministry of Finance of 

Ukraine. These subsidies play a significant role in promoting the adoption of such technologies by 

reducing the financial burden on households. The level of environmental awareness among the 

population was assessed based on surveys and analytical reports. This variable indicates the 

population’s understanding and attitude towards environmental issues, which can influence the 

adoption rate of energy-efficient technologies. 

Data on the percentage of households using energy-efficient technologies, such as solar panels and 

heat pumps, was obtained from the Ministry of Energy and Coal Industry of Ukraine. This variable 

measures the penetration of these technologies in households, providing insight into the current state 

and potential growth areas. The percentage of the urban population in each region was sourced from the 

State Statistics Service of Ukraine. Urbanization levels can impact energy consumption patterns and the 

feasibility of implementing certain energy-efficient technologies. The percentage of the population with 

higher education was also sourced from the State Statistics Service of Ukraine. Higher education levels 

are often associated with greater awareness and adoption of new technologies, including those for 

energy efficiency. 

The data collection process adhered to rigorous standards to ensure accuracy and reproducibility. 

Each variable was sourced from reliable and authoritative national agencies, ensuring that the data 

reflects the actual conditions in each region. Environmental awareness was based on comprehensive 

surveys and reports, reflecting public attitudes and knowledge. Technology adoption data was collected 

from national energy agencies, reflecting the prevalence of modern energy solutions in households. By 

detailing the sources and methods used to gather and calculate these variables, we ensure that the data 

set is transparent and can be replicated by other researchers, adhering to the principles of data integrity 

and reproducibility. This approach not only enhances the credibility of the study but also provides a 

clear pathway for future research to build upon these findings. 

The econometric analysis reveals that income, government subsidies, environmental awareness, 

technology adoption, urbanization, and education are key drivers of investment in energy efficiency 

among Ukrainian prosumers. The persistence of investment behavior over time underscores the 

importance of sustained policy interventions. These findings provide valuable insights for policymakers 

to design effective strategies to promote energy efficiency investments, such as enhancing subsidies, 

raising environmental awareness, and facilitating the adoption of advanced technologies. 

In the fixed effects model, several variables emerge as significant determinants of investment 

behavior. Income is positively and significantly associated with investment in energy efficiency, 

suggesting that higher income levels enable prosumers to allocate more resources towards energy-

saving measures. Conversely, energy prices (electricity and gas for households) show a negative and 

significant relationship with investment, indicating that higher energy costs may deter prosumers from 

investing, possibly due to the increased financial burden they face. This finding highlights the sensitivity 

of investment decisions to cost considerations. Government subsidies are found to have a positive and 

significant impact on investment, demonstrating the effectiveness of financial incentives in promoting 

energy-efficient investments. This suggests that increasing subsidies can play a crucial role in 

encouraging prosumers to invest in energy efficiency. Environmental awareness also exhibits a positive 

and significant relationship with investment, indicating that prosumers who are more conscious of 

environmental issues are more likely to invest in energy-saving technologies. The rate of technology 

adoption is another significant factor, with a positive association indicating that higher rates of adoption 

of new technologies lead to greater investments in energy efficiency. This underscores the importance of 

facilitating access to and adoption of advanced technologies to boost energy efficiency. Urbanization is 

positively and significantly related to investment, suggesting that prosumers in urban areas are more 

inclined to invest in energy efficiency compared to those in rural areas. This could be due to better 

access to resources, information, and infrastructure in urban settings. Education also plays a significant 
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role, with higher levels of education being associated with greater investments in energy efficiency. This 

highlights the role of education in raising awareness and understanding of the benefits of energy 

efficiency. 

The dynamic panel data model using the Arellano-Bond estimator confirms and extends these 

findings. Lagged investment is positively and significantly associated with current investment, 

indicating persistence in investment behavior over time. This suggests that prosumers who have 

invested in energy efficiency in the past are likely to continue investing, emphasizing the importance of 

maintaining consistent policy support to sustain investment momentum. The results for income, 

government subsidies, environmental awareness, technology adoption, urbanization, and education 

remain consistent with the fixed effects model, with all these variables showing positive and significant 

associations with investment. This consistency reinforces the robustness of the findings across different 

econometric specifications. Similarly, the negative and significant relationship between energy prices 

and investment is consistent with the fixed effects model, further emphasizing the deterrent effect of 

high energy costs on investment decisions. 

Given that the period of this study encompasses the ongoing war, it is crucial to address how the 

war has impacted the results. The war has led to significant destruction of energy infrastructure, which 

has inevitably influenced energy consumption patterns and investment behaviors in Ukraine. The war 

has resulted in the destruction of at least 50-70% of the country's energy capacity, with the highest 

percentage of damage occurring in the residential sector. This extensive damage has not only disrupted 

the supply of energy but also reduced the capacity for both consumption and investment in energy-

efficient technologies. The war has led to a significant reduction in overall investments, as resources 

have been diverted towards immediate recovery and defense needs rather than long-term energy 

efficiency projects. Government subsidies, which are critical for encouraging the adoption of energy-

efficient technologies, have also been affected. These subsidies have likely been redirected or reduced 

due to the pressing needs caused by the war. Additionally, the destruction of infrastructure has made it 

difficult for households to implement and maintain energy-efficient technologies, further impacting the 

potential for energy efficiency improvements. 

The level of environmental awareness and education among the population, which are key factors in 

promoting energy-efficient investments, have been influenced by the ongoing war. The focus of the 

populace has shifted towards survival and immediate recovery efforts, potentially reducing the priority 

given to energy efficiency. The war has also led to a significant displacement of people, which has 

altered urbanization patterns and disrupted the demographic and economic profiles of many regions. 

The destruction of energy infrastructure and the shifting priorities due to the war have inevitably 

influenced the results of this study. It is important to consider these factors when interpreting the 

findings, as they highlight the significant challenges faced by Ukrainian households in investing in 

energy efficiency during this period. The study's model reflects these impacts, showing reduced 

investments and altered consumption patterns as direct consequences of the war. This context 

underscores the need for targeted policies and support mechanisms to rebuild the energy infrastructure 

and promote energy efficiency in the post-war recovery phase. 

Ukraine has made significant strides in promoting energy efficiency initiatives and regulations in 

recent years. The country has adopted several policies and measures to improve energy efficiency, 

including the Energy Efficiency Action Plan and the Energy Strategy of Ukraine until 2035 (IMF, 2024). 

These initiatives aim to reduce energy consumption, increase energy efficiency in various sectors, and 

promote the use of renewable energy sources. One example of a successful energy efficiency initiative in 

Ukraine is the Energy Efficiency Fund, which provides financial support for energy efficiency projects in 

the residential sector (IEA, 2024). The fund has helped improve the energy efficiency of thousands of 

homes, reducing energy consumption and greenhouse gas emissions. Now, the Housing Recovery Fund 

is also in place, and its impact should be noted. 

Despite these efforts, Ukrainian prosumers face several challenges in improving energy efficiency. 
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One major challenge is the high upfront costs of energy-efficient technologies, such as solar panels or 

energy-efficient appliances. Many prosumers may not have the financial resources to invest in these 

technologies, limiting their ability to reduce energy consumption and costs. Additionally, the lack of 

awareness and information about energy efficiency measures and technologies is a barrier for many 

prosumers. Without access to accurate information, prosumers may not be aware of the benefits of 

energy efficiency or how to implement energy-saving measures in their homes. However, there are also 

opportunities for improving energy efficiency in Ukraine. The country has vast renewable energy 

potential, particularly in solar and wind power, which can be harnessed by prosumers to generate clean 

electricity. By investing in renewable energy technologies, prosumers can reduce their reliance on fossil 

fuels and contribute to a more sustainable energy system. 

The ongoing transition to a liberalized energy market in Ukraine presents opportunities for 

prosumers to participate in energy trading and demand response programs. These programs can 

incentivize prosumers to reduce energy consumption during peak hours, helping to balance the grid 

and reduce overall energy costs. While this is doubtful under wartime conditions, it is promising for the 

post-war period, and it is worth mentioning this perspective. 

While Ukrainian prosumers face challenges in improving energy efficiency, there are also significant 

opportunities for progress. By addressing these challenges and capitalizing on these opportunities, 

Ukraine can further enhance its energy efficiency efforts and move towards a more sustainable energy 

future (Sotnyk et al., 2022). 

Investments in energy efficiency for Ukrainian prosumers encompass various types, including solar 

panels, energy-efficient appliances, smart home technologies, and insulation/weatherization. These 

investments offer significant benefits but also come with costs that need careful evaluation. Solar panels 

enable prosumers to generate their own electricity, reducing reliance on the grid and lowering energy 

bills. Energy-efficient appliances, such as refrigerators and air conditioners, reduce energy consumption 

and costs. Smart home technologies, like thermostats and lighting controls, help manage energy use 

more efficiently. Insulation and weatherization improve energy efficiency by minimizing energy loss. 

A cost-benefit analysis is crucial for evaluating these investments. Financially, while initial costs 

vary, long-term savings on energy bills offset them (Prokopenko et al., 2024). For example, solar panels 

can pay for themselves within 4 to 15 years. Environmentally, investing in energy efficiency reduces 

greenhouse gas emissions and environmental pollution. Socially, it enhances comfort and quality of life, 

especially in extreme weather conditions. While there are upfront costs, the long-term financial, 

environmental, and social benefits of energy efficiency investments outweigh them. Ukrainian 

prosumers can save money and contribute to a sustainable energy future by investing in these 

technologies. 

Table 1 below presents case studies of successful prosumer investment strategies in Ukraine or 

similar contexts. These case studies highlight various types of investments in energy efficiency, 

including solar panels, energy-efficient appliances, smart home technologies, and 

insulation/weatherization. The period of time for each case study indicates the duration over which the 

investments were made and the outcomes achieved. 

The case studies illustrate the effectiveness of various investment strategies in improving energy 

efficiency and reducing costs for prosumers. Solar panels emerge as a popular choice, offering 

substantial energy savings and environmental benefits. For example, Solar Tech's investment resulted in 

a 30% reduction in energy costs over three years, demonstrating the long-term viability of solar energy. 

These case studies demonstrate the effectiveness of various prosumer investment strategies in 

improving energy efficiency and reducing energy costs. Solar panels and energy-efficient appliances are 

shown to be particularly successful, with many companies achieving significant reductions in energy 

consumption and costs over relatively short periods. 

Smart home technologies and insulation/weatherization also prove to be effective strategies, 

highlighting the importance of adopting a holistic approach to energy efficiency. These case studies 
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provide valuable insights for other prosumers and policymakers looking to promote energy efficiency 

initiatives. 

Tab. 1 

Successful investment strategies in energy efficiency by Ukrainian prosumers 

№ Company Period  Outcome 

1 Solar Tech 2018-2021 Solar Tech, a Ukrainian company, invested in solar panels for its 

facilities, reducing energy costs by 30% over three years. 

2 Eco Home  

Solutions 

2019-2022 Eco Home Solutions upgraded to energy-efficient appliances, 

cutting electricity bills by 20% annually since 2019. 

3 Smart 

Living  

2020-2023 Smart Living implemented smart home technologies, leading to a 

15% reduction in energy consumption from 2020 to 2023. 

4 Warm  2017-2021 Warm invested in insulation and weatherization, resulting in a 

25% decrease in heating costs over four years. 

5 Sun 

Power 

2018-2022 Sun Power, a solar energy company, installed solar panels for 

residential customers, with an average payback period of 5 years, 

leading to significant savings and reduced environmental impact. 

6 Green 

Appliance 

2019-2021 Green Appliance replaced old appliances with energy-efficient 

models, saving 15% on electricity bills within two years. 

7 Bright 

Home 

2020-2023 Bright Home adopted smart lighting controls, resulting in a 10% 

reduction in energy usage from 2020 to 2023. 

8 Insul Pro 2018-2022 Insul Pro focused on insulation upgrades, achieving a 20% 

decrease in heating and cooling costs over four years. 

9 Sun Tech 2019-2023 Sun Tech installed solar panels for residential customers, with an 

average payback period of 6 years, demonstrating the viability of 

solar energy investments. 

10 Energy 

Saver 

2017-2021 Energy Saver implemented a combination of solar panels and 

energy-efficient appliances, reducing overall energy costs by 35% 

over four years. 

11 Climate 

Comfort 

2018-2022 Climate Comfort invested in smart thermostats and HVAC 

upgrades, leading to a 15% reduction in heating and cooling costs 

over four years. 

12 Green 

Power  

2019-2023 Green Power focused on solar panel installations for residential 

buildings, achieving an average payback period of 4.5 years and 

significant reductions in energy bills. 

13 Bright Eco 2018-2021 Bright Eco upgraded to energy-efficient lighting, resulting in a 

12% decrease in electricity consumption over three years. 

14 Solar 

Solutions 

2020-2023 Solar Solutions installed solar panels for residential clients, with 

an average payback period of 4.8 years, demonstrating the 

feasibility and benefits of solar energy investments. 

15 Clean 

Energy 

2019-2022 Clean Energy implemented a mix of solar panels and energy-

efficient appliances, achieving a 25% reduction in overall energy 

costs over three years. 

Source: authors development using (IEA, 2024; World Bank, 2024). 

Investment in energy efficiency is crucial for the sustainable development of Ukraine, especially 

given the challenges posed by the ongoing war. From the government's perspective, several strategies 

are in place but require further enhancement. Currently, the government offers subsidies and financial 

incentives to promote energy efficiency projects, such as through the Energy Efficiency Fund which 
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provides financial support for residential energy efficiency projects. To enhance this strategy, it is 

recommended to increase the allocation of funds and expand the scope of subsidies to cover a broader 

range of energy-efficient technologies and projects. Additionally, targeted subsidies for the most 

vulnerable populations should be introduced to ensure equitable access to energy efficiency benefits. 

The regulatory framework is another critical area where the government has established policies like 

the Energy Efficiency Action Plan and the Energy Strategy of Ukraine until 2035. Strengthening and 

enforcing these regulations by setting clear, achievable targets for energy efficiency improvements is 

essential. Moreover, mandatory energy efficiency standards for new buildings and major renovations 

should be introduced to ensure compliance and progress. 

Awareness and education campaigns are currently limited in their efforts to educate the public about 

the benefits of energy efficiency. To address this, launching comprehensive campaigns to inform citizens 

about energy efficiency measures, available incentives, and the long-term benefits of investing in energy 

efficiency is recommended. Partnering with educational institutions and media can help reach a wider 

audience. 

Infrastructure development has seen some investment in supporting energy efficiency, such as smart 

grids and renewable energy sources. Accelerating the development and deployment of energy 

infrastructure, focusing on smart grids, energy storage solutions, and renewable energy integration is 

crucial. Ensuring that post-war reconstruction efforts prioritize energy efficiency and resilience will also 

be vital for sustainable development. 

From the prosumers' perspective, several strategies can be adopted to improve energy efficiency. 

Currently, prosumers are adopting technologies like solar panels, energy-efficient appliances, and smart 

home systems. To encourage wider adoption, providing clear information on the financial and 

environmental benefits of these technologies and facilitating access to affordable financing options, such 

as low-interest loans or leasing arrangements, is essential to reduce the upfront costs. 

Participation in energy trading and demand response programs is currently limited due to the 

ongoing war. Once feasible, promoting participation in these programs to optimize energy use and 

reduce costs is recommended. Developing platforms and tools that enable prosumers to easily engage in 

these programs will also be beneficial. 

Community-based initiatives are few and far between. Fostering the development of community 

energy projects, such as local solar cooperatives or shared energy storage systems, and providing 

support and guidance to communities to help them organize and implement these initiatives is 

necessary for broader engagement. 

Continuous learning and adaptation are also critical. Prosumers often lack the knowledge and 

resources to stay updated on the latest energy efficiency advancements. Establishing continuous 

learning programs and resources for prosumers to stay informed about new technologies, best practices, 

and policy changes is recommended. Creating networks and forums for prosumers to share experiences 

and learn from each other can also help in spreading awareness and knowledge. 

In conclusion, by clearly defining and implementing these investment strategies, both the 

government and prosumers can significantly improve energy efficiency in Ukraine. The 

recommendations provided aim to enhance the current strategies, ensuring they are comprehensive and 

effective in promoting sustainable energy practices. As Ukraine continues to develop its energy 

infrastructure and policies, these strategies will play a crucial role in achieving a more energy-efficient 

and resilient future. 

4. CONCLUSIONS 

This article has highlighted the significance of energy efficiency and the role of prosumers in 

advancing sustainable energy practices in Ukraine. Through an analysis of investment strategies using 

an advanced econometric model, several key findings have emerged. Higher income levels, government 



                                                                  Development and Analysis of Investment Strategies in Energy Efficiency… 75 

 

subsidies, environmental awareness, technology adoption, urbanization, and education positively 

influence investment in energy efficiency, while energy prices have a negative impact. 

The case studies of successful prosumer investment strategies further underscore the importance of 

tailored approaches. These strategies include investments in solar panels, energy-efficient appliances, 

smart home technologies, and insulation/weatherization. Installing solar panels can significantly reduce 

reliance on grid electricity, leading to lower energy costs and reduced environmental impact. Upgrading 

to energy-efficient appliances can reduce energy consumption, resulting in long-term cost savings and 

environmental benefits. Smart home technologies, such as smart thermostats and lighting systems, can 

optimize energy use, further reducing costs and environmental impact. Improving insulation and 

weatherization can reduce energy loss, particularly in older buildings, resulting in lower energy bills 

and improved comfort. These strategies have led to significant reductions in energy costs and 

environmental impact, demonstrating their effectiveness in promoting sustainable energy practices.  

For policymakers, it is recommended to continue and expand subsidies and incentives for energy 

efficiency investments. Given the ongoing war, it is crucial to address the impact on energy supplies and 

costs. Policies should also focus on raising awareness and providing education on the benefits of such 

investments. Additionally, policies should be implemented to facilitate technology adoption and 

support prosumers in making informed investment decisions. 

For prosumers, the recommendations include conducting a thorough cost-benefit analysis before 

making investments, considering factors such as payback periods and long-term savings. It is also 

important to stay informed about new technologies and opportunities for energy efficiency 

improvements. By implementing these recommendations, policymakers and prosumers can work 

together to enhance energy efficiency investments, reduce energy consumption, and promote 

sustainable energy practices in Ukraine. 

Future research endeavors could delve into several areas to further expand our understanding of 

energy efficiency investments among prosumers in Ukraine. Firstly, exploring the long-term impacts of 

energy efficiency investments beyond the scope of this study could provide valuable insights. 

Understanding how these investments evolve over time and their sustained effects on energy 

consumption patterns and environmental outcomes would be beneficial. 

Investigating the role of regulatory frameworks and policy interventions in shaping prosumer 

investment decisions could offer valuable insights. Exploring the effectiveness of different policy 

instruments, such as financial incentives, tax credits, and energy efficiency standards, in encouraging 

energy efficiency investments could inform future policy development. 

Exploring the barriers and drivers of energy efficiency investments among different segments of the 

prosumer population could provide a nuanced understanding of the factors influencing investment 

decisions. Factors such as income level, geographic location, housing type, and awareness of energy 

efficiency technologies could be explored to identify targeted interventions to promote energy efficiency. 

Examining the potential synergies between energy efficiency investments and other sustainability 

initiatives, such as renewable energy adoption and carbon reduction efforts, could provide insights into 

holistic approaches to sustainable development. 

Addressing the limitations of the current study, such as data availability and model assumptions, 

could enhance the robustness of future research efforts. Utilizing more comprehensive datasets, refining 

econometric models, and incorporating additional variables could improve the accuracy and reliability 

of future analyses. Overall, future research endeavors in these areas could contribute to advancing our 

knowledge of energy efficiency investments among prosumers and informing evidence-based policy 

interventions. 
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Прокопенко Ольга, Коваленко Євген, Литвиненко Світлана, Рябцев Дмитро. Розробка та аналіз 

інвестиційних стратегій в енергоефективність для українських побутових споживачів. Журнал 

Прикарпатського університету імені Василя Стефаника, 11 (2) (2024), 62-78. 

Ця стаття досліджує розробку та аналіз інвестиційних стратегій у підвищення енергоефективності для 

українських домогосподарств-продуцентів, використовуючи економетричну модель. Дослідження визначає 

ключові чинники, що впливають на інвестиційні рішення домогосподарств-продуцентів, такі як рівень 

доходів, ціни на енергію, державні субсидії, екологічна обізнаність, прийняття технологій, урбанізація та 

освіта. Застосовуючи економетричну модель, дослідження надає надійні висновки для політиків, 

зацікавлених сторін енергетичної галузі та самих домогосподарств-продуцентів для покращення 

енергоефективності та сприяння сталим енергетичним практикам в Україні. Аналіз охоплює період з 2019 

по 2023 роки і базується на вторинних джерелах даних, включаючи урядові звіти, публікації в енергетичній 

галузі та академічні дослідження. Економетрична модель включає фіксовані ефекти та випадкові ефекти 

для врахування неспостережуваної гетерогенності та специфічних ефектів панелі з залежними змінними та 

інструментальними змінними для вирішення проблеми ендогенності. Результати показують, що вищий 

рівень доходів, державні субсидії, екологічна обізнаність, прийняття технологій, урбанізація та освіта 

позитивно впливають на інвестиції домогосподарств-продуцентів у підвищення енергоефективності. Ціни 

на енергію мають негативний вплив, ймовірно, через занепокоєння щодо вартості. Кейси успішних 

інвестиційних стратегій домогосподарств-продуцентів, таких як сонячні панелі, енергоефективні прилади, 

технології розумного дому та утеплення/ізоляція, додатково демонструють здійсненність та переваги 

інвестицій у підвищення енергоефективності. Ці висновки надають цінну інформацію для політиків та 

інших зацікавлених сторін, щоб підтримати домогосподарств-продуцентів у прийнятті обґрунтованих та 

сталих інвестиційних рішень, що в кінцевому результаті сприяє більш енергоефективному та сталому 

майбутньому України. Дослідження підкреслює необхідність постійної політичної підтримки для 

збереження інвестиційного імпульсу, особливо в контексті поточної війни та її впливу на енергетичну 

інфраструктуру України. Крім того, наголошується на важливості відновлення та покращення енергетичних 

систем країни в період післявоєнного відновлення для забезпечення довгострокової стійкості. 

Ключові слова: енергоефективність, продуценти, стратегії інвестування, економетричне моделювання, 

сталий розвиток, домогосподарства. 
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