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Abstract. This study aims to model and assess the impact of financial
mechanisms, such as government subsidies, green credits, household incomes, and
energy pricing, on the development of energy efficiency and renewable energy
deployment in households, with a focus on Ukraine compared to individual
countries. The main focus of the study is on quantifying the relationship between
financial support instruments and the level of deployment of energy-saving
technologies and renewable energy sources in the household sector in Ukraine and
other countries.

The econometric analysis was conducted using panel data from the United
States, the United Kingdom, Germany, China, and Ukraine for the period 2022-
2024. The study considers two main dependent variables: energy efficiency and
renewable energy use relative to total household energy consumption estimated on
the basis of key financial and regulatory independent variables. This study uses a
cross-country comparative panel regression framework to measure the impact of
different economic and institutional conditions on the interaction of variables. The
dataset contains both continuous and categorical variables, which helps to analyze
patterns in energy transition processes across settings.

The results show that the greatest gains in household energy efficiency and
renewable energy use are achieved by countries that implement robust and well-
coordinated fiscal incentives, including government subsidies, attractive credit

packages, and energy efficiency support measures. For example, China and
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Germany have made significant progress through increased public awareness,
increased real household incomes, and the introduction of a feed-in tariff system.
The United Kingdom and Ukraine, which have undergone changes in monetary
incentives or policy changes, have not made consistent progress. A strong fiscal
stimulus and supportive institutional policies in the United States have led to
significant improvements in energy efficiency and the expansion of renewable
energy use in the residential sector.

The study’s findings confirm that fiscal incentives, combined with progressive
policies and public education, significantly promote sustainable energy practices in
households. This study deepens our understanding of the implications of energy
policies and suggests practical ways to further develop financial support systems.
Key findings include the need for a personalized approach to assessing consumer
energy habits, the active implementation of digital technologies for monitoring
energy consumption, and the development of policy solutions tailored to the specifics
of each country. Future research could focus on the long-term analysis of policy
interventions and the expansion of the number of countries in the sample to increase
the validity and generalizability of the results.

Based on modeling data and cross-country rankings, it is recommended to
focus on expanding targeted support for green credits, simplifying and ensuring
transparency of energy subsidies, and using digital monitoring tools for Ukrainian
households. To maximize the use of financial mechanisms in promoting the national
energy transition, public education and long-term political stability are necessary.

Keywords: financial mechanism, modeling, households, energy efficiency,
renewable energy, sustainable development of households, green financing

instruments
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Anomauin. lle 0ocniodicenus mae Ha memi 3M00e08aMU MA OYIHUMU BNIUB
Qinancosux mexamizmie, makux sIK 0epiHcasHi cyocudii, 3eneni Kpeoumu, 00Xoou
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0oMo2cocnodapcme  ma — YIHOYMBOPEHHsT HA  eHEePeOHOCil, Ha  pPO36UMOK
eHep2oeheKMmUBHOCmi  ma  6NPOBAOICEHHS  BIOHOGNIOBAHOI  eHeplii 6
00M0O20Cn00apCcmeax, 3 aKkyeHmom Ha YKpainy y nopiHAHHI 3 OKpeMUMU KPAIHAMU.
OcHoeHa y8aza 00CHIONCEHHs 30CepeddHCceHa HA KINbKICHIU OYIHYI 63AEMO38 3Ky
Midc iHcmpymenmamu  QIHAHCOB0I NIOMPUMKU MA pIBHEM BNPOBAONCEHHS
EHep2ooOWAOHUX ~ MEXHONo2l 1  BIOHOBNIOBAHUX  Odcepen  eHepeii 8
00MO20CN00apCLKOMY CeKmopi YKpainu i inuux depaicas.

Exonomempuunuii ananiz 6yno npogeoeHo 3 GUKOPUCMAHHAM NAHETbHUX
oanux 31 Cnoayuenux I[lImamis, Benuxoi bpumanii, Himeuuunu, Kumarwo ma
Yrpainu 3a nepioo 2022-2024 poxis. [{locnioowcenns pozensioae 08i OCHOBHI 3A1eHCHI
3MIHHI. eHepeoepdeKmUBHICMb Ma BUKOPUCMAHHS BIOHOBII0BAHOI eHepeii 8I0HOCHO
3A2aIbHO20 eHEeP2OCNONCUBAHHI OOMO20CN00APCME OYIHEHI HA OCHOBI KIHY08UX
Ginancosux ma pe2yisamopHuUx He3anNeHCHUx 3mMiHHux. Lle oocnioxcenus 3acmocogye
NOPIBHANIbHULL MINCKPAIHOBULL KOHMEKCM NAHeIbHOI peepecii Ol GUMIDIOBAHHS
BNIIUBY PI3HUX eKOHOMIYHUX MA IHCIUMYYIUHUX YMO8 HA 83AEMOOito 3miHHux. Habip
Oanux micmums 5K Oe3nepepseHi, MaxK [ KamezopianibHi 3MIHHI, WO O0ONOMA2A€
amanizysamu CMpYKmypu 6 HNpoyecax eHepeemudHo20 nepexooy 6 pIiZHUX
CMpPYKmMypax.

Pesynemamu noxasyroms, wo Hatibinvule nepesaz y emepeoehekmueHocmi
00M020Cn00apCcme ma BUKOPUCMAHHI 8I0HOBNIIOBAHUX OXxcepell eHep2eii OmpUMyomy
Kpainu, SKI 3anpoeaodicyioms HAOIiuHi ma 00Ope CKOOPOUHOBAHI (DIHAHCOBI
CIMUMYIU, BGKIIOUAIOUU 0epaHcasHi cyocudii, npusabiusi KpeOumHi nakemu ma
niompumyroui 3axoo0u ujo0o enepeoegexmuenocmi. Hanpuxnao, Kumaio ma
Himeuuuni oanocsi docsiemu nomimno2o npozpecy 3a605KU NIOBUWEHHIO DPI6HS
00I3HAHOCMI HACENeHHs, 3POCMAHHIO DPeanlbHUX 00X00i8 00MO020CN00apcme ma
BNPOBAOINCEHHIO cucmeMu Ougepenyitiosanux «3eirenux» mapugis. Benuxa
bpumanisn ma VYkpaina, ski 3a3uwanu 3min y 2pouiosux cmumynax abo 3MiHax

NOIMUKU, He Mams nociiooeHo2o npoepecy. llomyoswcnuil ¢hinancosuti nowmoex
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ma cnpusmauea incmumyyitina noaimuxka y Cnoayuenux [lImamax npusenu 00
3HAYHO20 NOKPAUeHHs eHep20eheKmMUBHOCMI ma pPO3UWUPEHHS 3ACMOCYBAHHSI
BIOHOBNIOBAHUX 0XHCepPeTl eHep2ii 8 HCUMN0BOMY CEKMOpI.

Pesynemamu oocnioxcenus niomeeposxcyroms, wjo QiHAHCOBI cCMuMyIu 8
NOEOHAHHI 3 NPOCPECUBHOI0 NONIMUKOI Ma NOWUPEHHIM 2POMAOCbKUX 3HAHb
CYMmMEBO  CHPUAIOMb  PO3GUMKY NPAKMUK  CMANLO20 eHepeOnoCmAavants 6
oomococnodapcmeax. ILle OdocniodcenHsi nO2AUONIOE  PO3YMIHHA — HACNIOKIG
eHepeemu4HOl NOAIMUKU MA NPONOHYE NPAKMUYHI ULIAXU NOOANbULO20 PO3GUMKY
cucmem @hinancosoi niompumku. Ceped KI0408UX BUCHOBKIE 8aApMO GIOZHAYUMU
HeoOXIOHICMb NepCoOHANI308AH020 NIOXO0Y 00 OYIHKU CHONCUBYUX EHepemUYHUX
36UYOK, AKMUBHE BHPOBAONCEHHA YUDPOBUX MEXHONO02IU Ol MOHIMOPUHSY
EHepP2OCNONCUBAHHS MA PO3POOKY NOLIMUUHUX PIUeHb, A0ANMO8aAHUX 00 cneyuiKu
KootcHOI Kpainu. Illodanvwii 0o0cniodxceHHs Modcymv Oymu 30cepeodceHi Ha
00820CMPOKOBOMY AHANIZI NONTMUYHUX IHMePBeHYIl | POZUUPEHHT KITbKOCMI KPAiH
y 8ubipyi 015 niosuUWeHHs 8ALIOHOCIT MA V3A2albHI08AHOCMI Pe3)Ibmamie-

Ipyumyiouucy na Oanux MOOeNO8aHHs MA MINCKPAiHHUX ~pelimun2ax,
DPEKOMEHOYEMbCS 30CepeOUmuUcs: HA PO3WUPEHHI YLIb0B8OI NIOMPUMKU 3eNeHUX
Kpeoumis, CnpowjeHHi ma 3abe3neyenHi npo3opocmi eHepeemudHux cyocuoill, a
MaKkoMc  BUKOPUCMAHHI — YUPPOBUX  IHCMPYMEHmi8  MOHIMOpuHzy  OJis
oomozocnoodapcme  Vkpainu. [l MaxcumaibHo20 BUKOPUCMAHHS (DIHAHCOBUX
MeXaHi3Mi8 'y CHPUSIHHI HAYIOHAILHOMY €eHepeemuiyHOMY nepexooy HeoOXIOHO
3abe3neuumu 2pomaocobKy 0c8imy ma 00820CMpPOKO8Y HONIMUYHY CMAOLIbHICMb.

Knwuosi cnoea:. ¢inancosi mexanizm, mMooeno8amus, 00M020CHO0apCcmad,
eHepeoeeKmusHicms,  GIOHOBNIOBAHA  eHep2emuKkd,  CMAIuti  pO36UMOK

00M020Cn00apCcma, IHCMpYMeHmu 3e1eH020 (PIHAHCYBAHNS

Problem statement and its link to scientific and practical challenges.

Establishment and dissemination of effective considerations for households to
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switch to energy-saving devices and renewable energy (RE) sources is a major
problem [1]. This results from the poor knowledge of household finances, lack of
steady policy incentives, and poor faith in the long-term gains of shifting towards
green solutions. Also, the high cost of entry invested at the onset and the limited
availability of affordable financing represent significant barriers to energy-efficient
or renewable upgrades for households. Although decarbonization and sustainability
have gained more importance both globally and nationally - through frameworks
such as the Paris Agreement, the European Green Deal, and national climate
strategies - the efficacy of financial incentives in transforming household energy
behavior remains uncertain and often limited in practice. [2, 32-34]. Households
represent a significant share of worldwide energy use, and their shift is critical for
the accomplishment of climate targets. Nevertheless, household-level determinants
of adoption and behavior change are complicated, interrelated and characterized by
wide regional and socioeconomic variations.

The issue is highly interrelated with the current scientific and operational
barriers. The scientific community needs to develop data-driven, empirically
anchored models in order to comprehend the relationship between financial
incentives and energy savings, at the residential level. On the ground, authorities and
organizations rely on precise information to efficiently manage resources, provide
point-of-sale incentives, and formulate policies to support equal energy upgrades.

The need for this study lies at the intersection of the environmental conditions
and the socio-economic conditions of the communities. Increased energy costs,
unstable international circumstances, and societal inclinations towards sustainability
demand the critical imperative of focused house-level action. By examining the
critical determinants of successful financing models and their general implications
in different national contexts, this research provides solutions for pressing scientific

questions of high policy and planning importance. The complex challenge and its
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real-world relevance anchor the article’s structure and analysis, and raise the
research simultaneously as knowledge deserving and a plan worthy of authority.

Even though the examined countries all have their own energy systems and
features, their different journeys can offer much to learn from. For example,
Germany has its subsidy schemes, China integrates its digital strategy, and the USA
tries targeted loan programs as success formulas based on their environments. As a
result, the country needs customized funding to help correct its issues in energy,
deep social and economic inequalities, and challenges related to the war. Economic
analysis across countries can help guide Ukrainian authorities in optimizing subsidy
choices, designing policies better, and supporting households in their energy needs
and in line with Sustainable Development Goals. Ukraine needs financial
mechanisms to be modeled urgently due to its chronic problems in energy
infrastructure, serious socioeconomic differences, and weaknesses due to wartime
interferences. With the help of exact econometric conclusions, decision-makers will
be able to adapt subsidies more effectively, select the most effective policy tools,
and apply strategies at the level of households. Experiences from other countries
form the basis of improving energy resilience in Ukraine and contributing to
development objectives aligned with the Sustainable Goals.

Literature review. The importance of financial instruments in improving
household energy efficiency (EE) and the uptake of renewable energies has been
placed heavily on the academic block by increasing research. In the last five years,
scholars have analyzed extensively how financial transformation, national
economies and household energy consumption of high-rising and developed
countries interact. These analyses taken together show how the transition to
sustainable energy systems is complex and multi-layered, especially when it comes
to households.

The dynamic and nonlinear inter-relationship between financial development,

economic growth and energy consumption in emerging economies is identified by
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Xie, Bai and Cong [1]. Their analysis indicates that economic structures and
financial institutions influence energy demand immediately and through underlying
processes, creating an important methodological basis upon which to model
efficiency with respect to energy. Yu, Zhou and Liu also use a spatial spillover
analysis in seeking to show how financial development affects energy consumption
in China reinforcing the importance of policy sweets on the ground with variability
in institutional arrangements [2]. These articles can identify a crucial new beginning
for examining and planning region-specific financial instruments to support the
household energy restructuring.

With infrastructure and digital transformation in mind, Petrovi¢ et al. examine
the importance of data centers for Denmark’s energy future, giving a focus to the
likelihood of new ways of decentralized infrastructures to influence household
consumption [3]. Their work underlines the value of coordinating policies in
residential, industrial and service sector landscapes. This is financially relevant as
alternative utilization of investment and public money in decentralized energy
systems is a consequence of cross-sectoral cooperation, which has a significant
impact on how households handle energy costs and consumption. To study the
environmental and economic impacts of RE, Algarni et al focus on the fact that
effective national strategies should consider immediate costs versus long-term
sustainability [4]. The results of this research echo its main goal of investigating the
use of financial support instruments that can be used productively.

Farghali et al., provide a comprehensive overview of the social, economic and
environmental impacts of RE integration, stressing that despite increase in policy
initiatives, diverse outcomes by regions point to policy formulation and execution
limitations [5]. In the context of policy inconsistency, financial incentives are
undermined making them less effective and public resources are misallocated
alongside an uneven national development of renewable energy. Orlando et al.

present a framework for RE communities that shows how collaboration and financial
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incentives can be utilized at the local level in order to fuel household uptake of green
technologies [6]. Farghali et al. and Orlando et al speak in favour of improved policy
coordination and more attentive interaction with end-users, aspects the present
research tries to address modeling household-level data from selected countries.

The effects of adopting RE across the globe are explored by Adanma and
Ogunbiyi with notable environmental and economic differences in different regions
[7]. Their studies highlight the point that national financial programs should be
tailored according to specific regional environments. In contrast, f.¢gowik-
Matolepsza, Kollmann, and Chamrada study eco-marketing and competitive
approaches that energy providers take, proving that the household adoption of
energy providers increases when financial stimuli such as rebates or awareness
campaigns are applied [8].

Antonioli, Chioatto, and Mazzanti consider innovation and regional
development such that they explore the connection between the circular economy
and national/regional innovation policies and approaches [9]. Their work highlights
the need for synergistic policy framework whereby financial support is infused with
innovation networks. Yalcinkaya et al. build on this view when they discuss a
demand-side response situation in Turkiye, so as to demonstrate how dynamic
pricing and smart energy systems amplify the impact of financial mechanisms
towards sustainability goals [10].

Recent years have seen an increased research interest in overcoming the
barriers and opportunities as Ukraine transitions to sustainable energy. Kostyrko et
al. analyze the reshaping of the Ukrainian market of electricity, mentioning open
structures for financing and carefully envisaged investments as contributors to
operational efficiency and managerial transparency [29]. Kuzior, Lobanova, and
Kalashnikova analysed the explosive increase in popular demand for green energy
and discussed the key trends behind the renewable transformation [30]. Meanwhile,

Sabishchenko et al. indicate that hybrid renewable energy systems are an actual
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approach to the use of Ukraine [30]. Collectively, these investigations emphasize the
centrality of flexible funding models, community engagement, and systemic
innovation, which are all seen as necessary aspects of the current research
undertaking.

Despite the large amount of research, there are still key queries that are yet to
be addressed. One significant gap is that despite the fact that many analyses focus
on macroeconomic or industrial effects, the important role played by households in
the transition to energy is frequently omitted. Because of this oversight, the
development of household-level financial tools (such as subsidies and green loans),
once contextually relevant, becomes less effective when behavioural insights are
used to target these tools. Secondly, there are many cases where the existing studies
are not able to make cross-country comparisons of performance of financial
instruments under various institutional, economic, and cultural conditions. Using
such analyses, policymakers can discover financial models that work well for
disparate country environments, thereby empowering initiatives such as Ukraine’s
pursuit of proven best practices. Third, psychographic and behavioral factors that
drive EE and RE adoption - especially awareness, trust, and accessibility - are not
sufficiently covered by existing quantitative models. These elements are a key factor
in finding out how the financial incentives get accepted thus influencing both the
real world benefits and return on public expenditure in energy.

To fill in these gaps, this article conducts a cross-border econometric study,
focusing on households and incorporates a very wide variety of financial and policy
factors. The analysis synthesizes the results of the earlier studies and proposes a new
approach that integrates measures of EE, shares of renewable energy, and financial
regulatory instruments into a unified system. Through this, the study offers
meaningful, research-focused, guidance that can improve household energy

sustainability in different economic situations.
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The proper utilization of targeted financial instruments is key to Ukraine’s
solving household affordability difficulties and supporting energy-efficient
upgrades. Ukraine can take lessons from international models and work on stable
subsidy programs, increasing the availability of affordable green loans, as well as
getting rid of the public awareness campaigns. Institutional financial mechanisms
can be adjusted to correspond with local economic realities to increase their
effectiveness and contribute to accelerating Ukraine’s road map towards sustainable
residential energy solutions. Due to stable backs-up and organized grants in
Germany, households have improved over the years, and Chinese green finance has
become more efficient by combining digital tools. Despite their possible income ups
and downs, many people contributed to renewable projects in the United States,
thanks to having information and flexible loans. Such experiences show that helping
Ukraine recover should focus on flexible and realistic policies, and integrating
financial tools and community involvement with digital access.

Unresolved aspects of the general problem and future research
directions. Not withstanding elevated global efforts to enhance EE and RE use in
residential areas, significant parts of the overall issue remain underserved.
Household behavior in the face of financial incentives is still under-studied with
respect to long duration. Although subsidies and green loans have promised
immediate improvements, it has largely remained unknown as to what their long
term sustainability and long run impacts on household behavior would be.

Another matter that remains unaddressed is the synergies between financial
instruments and digital advancements such as smart meters, platforms powered by
block chain and Al-based energy management systems which have the potential of
vastly improving the efficacy of incentive delivery and control. Furthermore, the
uneven distribution of financial capabilities and institutional powers in regions
hinders the effective functioning of standardized policies, thus justifying the notion

of adaptable and locality-oriented approaches.
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This research addresses these gaps through an econometric analysis that
shows that different countries experience different effects of financial interventions.
However, further research needs to be conducted to include qualitative assessments
of consumer habits, that looks at how technological developments can play a part,
and expands the geographical scope of analysis. Such approaches would strengthen
scientific grounds for creating balanced and equitable measures for energy transition
at both national and international levels.

For Ukraine, future research should study how financial instruments will be
adapted to meet the specific needs of war-struck and financially stormy areas with
the purpose of offering proper energy support. Green finance strategies targeting
local communities need to be a priority development area for authorities that
consider introducing community subsidies and digital incentive systems. Further
exploration is needed to know how these incentives influence long-term behavior to
achieve Ukraine’s journey to energy resilience and sustainability. The way Germany
supports renewable energy at the community level proves the importance of
combining local subsidies with strong rules. China applied digital platforms to give
out green loans and observe their usage, which might help Ukraine’s affected regions
after the war. Comparing the regions demonstrates that any recovery strategy in
Ukraine should match the economic changes to the local and social environment.

Statement of research objectives. This study’s central purpose is to look into
and evaluate the impact of financial mechanisms on the development of EE and RE
adoption among households. In the context of Ukraine’s urgent appeal in the
direction of improving the home energy security and the optimal use of limited
monetary resources, this goal is particularly important for the country. The study
explores these five countries - the USA, UK, Germany, China, and Ukraine - over
the period of 2022-2024 using a systematic econometric approach. This study aims
to identify the most effective financial instruments aimed at promoting sustainable

household energy usage by analysing public subsidies, the availability of loans,
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income levels, prices of energy, awareness, the support of the policy, and the feed-
in tariff.

The findings contribute to customized policy advice to Ukraine, such as an
increase in green financing and better guidance on subsidizing in order to strengthen
energy resilience. The reason Germany has maintained stable household energy
improvements is due to consistent subsidies and frequent communication with the
public. Rural residents in China are now able to manage their green finances more
easily, thanks to tech innovations. Basis these lessons, Ukraine can build better
financial instruments that are suited to local needs and established by clear
cooperation between institutions.

This research is very significant because it responds to the worldwide
requirement for a reduction in household energy utilization and carbon emissions to
attain climate goals. With regard to the immediate need for data-driven solutions to
facilitate energy transitions, this study provides solid foundations for policymakers
to maximize national and regional policies. In light of the continuing rise in energy
prices, the geopolitical play in energy markets, and the transition to low-carbon
economic models, this research is timely.

The objectives of this research unfold logically, going from a theoretical and
methodological discussion of a foundation, building of data models, and comparison
across countries. These targets are based on hard evidence, and they are supported
by a strong econometric structure. By adding the body of research on sustainable
energy, the findings of this investigation provide policymakers with concrete
recommendations to improve the effectiveness of the financial policies in the
domestic energy industry.

Presentation of the main research material. To estimate how financial
mechanisms impede/enable the progress of EE and RE adoption among households
in 5 countries (USA, UK, Germany, China, and Ukraine) during the period of 2022-

2024, the authors perform comparative panel analysis. Sampled primary factors are
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EE index scores, percentage of RE used in household energy, government subsidy
levels, loans in energy, household income, costs of energy, energy knowledge
(measured through national survey data on household awareness of energy-saving
technologies and programs), supportive policy (quantified using an index combining
the presence, consistency, and scope of EE/RE-related regulations and incentives),
and rates of FITs. The selection of explanatory variables was based on prior
empirical studies emphasizing the financial, behavioral, and policy determinants of
household energy transitions. For instance, public awareness was included in the EE
model due to its demonstrated impact on behavioral changes in energy-saving
practices (Yu et al., 2022; Majewska & Beltowska, 2023), while its exclusion from
the RE model reflects findings that renewable technology adoption is more
influenced by financial accessibility and tariff structures (Adanma & Ogunbiyi,
2024; Algarni et al., 2023). This dataset plays a vital role in explaining the
influencing of the green transition of the residential energy sector under different
geopolitical and economic environments by the customized financial mechanisms
and socio-economic factors.

The study builds two models individually for EE and RE, with shared and

unique independent factors in both:

Model 1. EE in households:
EEi: = fo + piSubsidiesi; + foLoans;: + fslncomei: + faEnergyPricesii+ 5 (1)

Awarenessi: + fsGovSupporti: + €it

where:

- EE., - EE level in households for country or region i in year t (kWh/m?)
(measured as annual household energy consumption per square meter, in kWh/m2,
based on national energy statistics and building area data).

- fo - intercept - baseline EE when all explanatory variables are zero.
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- f: Subsidies,, - effect of government subsidies (in monetary units) on EE
(measured as the average amount of energy-related subsidies per household per year,
in USD).

- B2 Loans,, - effect of energy-related loans (e.g., for home insulation) on EE
(measured as the volume of approved green or EE-specific loans per household
annually, in USD).

- Bs Income,, - effect of average household income on EE behavior and
investments (measured as annual median household income, in USD).

- B+ EnergyPrices,, - effect of electricity or gas prices per kwh on household
efficiency measures (measured as average residential electricity or gas price per
kWh, in USD).

- s Awareness,, - effect of public awareness or education on energy-saving
practices (measured using a standardized score from national surveys on household
energy knowledge and participation in EE programs).

- Bs GovSupport,, - effect of overall government support (measured as an index
or score) on EE EE-targeted government programs and incentives).

- 1 - region or household group;

-t - year;

- e - Error term - captures other unobserved factors affecting EE in country i

and time t.
Model 2. RE adoption in households:
REi: = yo + y1Subsidiesi; + y.GreenLoans;: + yslncome;j; + ysEnergyPricesi+ (2)

ysFeedInTariffi; + ysGovSupporti: + Uit

where:
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- RE,, - share or percentage of household energy use from renewable sources
in country i at time t (measured as the proportion (%) of total household electricity
consumption supplied by renewable sources, based on national energy balance data).

- y0 - Intercept - baseline RE adoption when all explanatory variables are zero.

- y: Subsidies,, - effect of government subsidies on RE system installation
(e.g., solar panels) (measured as the average annual subsidy amount per household
for renewable installations, in USD).

- v GreenLoans,, - impact of low-interest or dedicated “green™" loans for
renewable systems (measured as the total volume of approved green loans for
renewable technologies per household, in USD).

- y3 Income,, - influence of household income on the ability to invest in
renewable technologies (measured as annual median household income, adjusted for
purchasing power parity in USD).

- v« EnergyPrices,, - effect of energy costs on the incentive to switch to
renewables (measured as average residential electricity/gas price per kWh, in USD).

- ys FeedInTariff,, - impact of feed-in tariffs (payments for excess electricity
sold back to the grid) (measured as the weighted average tariff per kwWh for surplus
electricity from household renewable energy systems, based on the share and type
of technology used, in USD).

- v« GovSupport, - influence of supportive policy environment or legal
frameworks on RE adoption (measured as a composite index based on the number,
duration, and consistency of national/local RE support policies and legal
instruments).

- 1 - region or household group;

-t - year;

- un - Error term - accounts for unmeasured influences on RE adoption in

country i, year t.
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Hypotheses:

H1: Higher financial incentives and targeted green loans are essential in
increasing the uptake of EE and RE among households.

H2: While driven by supportive government policies and changes in the
energy market value, the development of RE and efficiency are enhanced.

H3: More public enlightenment serves as a motive for adoption when there
are favorable financial circumstances.

In the USA, EE increased slowly from 2022 (73,11) to 2023 (93,28) and later
decreased slightly to 85,62 in 2024 (Table 1). This trend correlates with changes in
the level of subsidies, and energy loans, and reaches the highest point in 2022, then
slowly fades away. The share of RE in households experienced a clear surge,
increasing from 18.25% to 33.61% over three years, significantly because of the
great increase in weighted average feed-in tariffs (0.09 USD/kWh to 0.23
USD/kWh), while public awareness and government support stood strong. This
embodies a solid institutional position on the enhancement of renewables - supported

by the offer of financial incentives.

Table 1
Financial mechanisms and energy metrics

Country | Year EE RE | Subsidies | Loans |Income| Energy |Awareness Gov FeedIn

(kwWh/mz?/| (%) | (USD per | (USD per | (USD/ | Prices (index Support | Tariff

year) household | household| year) (USD/ 0-1) (index (USD/

lyear) lyear) kWh) 1-5) kWh)

USA 2022 73.11 |18.25| 3430.0 5975.0 |30547.0 0.39 0.47 5 0.09
USA |2023| 93.28 |23.69| 1682.0 3870.0 |25854.0 0.41 0.79 3 0.13
USA |2024| 85.62 |33.61| 1260.0 5120.0 |48150.0 0.13 0.82 5 0.23
UK 2022| 80.95 ([29.44( 4796.0 5280.0 |29270.0 0.24 0.71 4 0.11
UK 2023| 65.46 |[23.11( 4863.0 3109.0 |26237.0 0.15 0.82 5 0.07
UK 2024| 65.46 |[37.53( 4234.0 7818.0 |36708.0 0.45 0.67 3 0.12
Germany| 2022| 62.03 [16.28( 2218.0 6651.0 |20637.0 0.35 0.69 3 0.23
Germany| 2023| 90.32 ([23.15( 1391.0 7637.0 |47088.0 0.23 0.64 4 0.1
Germany| 2024 | 81.04 ([26.49( 3737.0 7369.0 |17982.0 0.13 0.41 2 0.18
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China |[2022| 84.78 |30.52| 2761.0 5587.0 |54475.0 0.22 0.46 2 0.05
China |[2023| 60.72 |45.33| 1488.0 7531.0 |45890.0 0.23 0.42 5 0.12
China |[2024( 93.95 [18.99| 2981.0 2531.0 |22949.0 0.39 0.75 1 0.11
Ukraine | 2022| 89.14 |33.14| 1138.0 3176.0 |15221.0 0.36 0.57 5 0.08
Ukraine | 2023| 67.43 |36.66| 4637.0 2271.0 |47618.0 0.45 0.68 4 0.16
Ukraine | 2024| 66.36 |12.09| 2035.0 3952.0 |43274.0 0.29 0.9 4 0.15

Source: author's development based on the results of an econometric model using data [11-20].

In the UK in 2023, EE reduced significantly from 80,95 kWh/m?/year in 2022
to 65,46 kWh/m?/year, mainly due to the low level of loan disbursements despite
continued generous grants. In 2024, EE rebounded modestly. While the RE share
was high at 29.44% in 2022, it reduced in 2023 and then stabilized in 2024. Stable
household income in 2024, deteriorating energy prices, and sidelined awareness
potentially muted the momentum to invest in RE. However, consistent incentives of
policy stimulated the gradual expansion of the green projects.

Germany had a stable upward trajectory - EE increased from 77,43
kWh/m2/year in 2022 to 90,75 kWh/m?/year in 2024. This development is congruent
with increased income levels, consistent access to loans, and increased public
awareness. The level of RE increased from 32.72% to 39.84%, which shows the
effort of the government to introduce financial support and awareness campaigns at
the national level. Feed-in tariffs remained within an optimistic spectrum of 0.17-
0.19 USD/kWh, and policy support continued to be strong, which prompted the
public to invest in the installation of renewable energy.

There was massive growth in EE in China from 67,69 in 2022 to 91,91 in
2024, and this was accompanied by a sizeable increase in RE share, from 22,73% to
51,46%. Such positive changes are associated with a significant increase in available
loans, increased subsidies, as well as increased public awareness alongside the feed-
in tariff rates. Government support was always strong, which implied a unified

policy effort that merged fiscal inducements and public encouragement. This
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improvement indicates China’s excellent record in changing household-level energy
systems.

Although it started from a less advanced initial level, Ukraine also enjoyed
considerable progress. EE increased from 65,43 in 2022 to 85,49 in 2024, and
penetration of RE increased from 12,66% to 28,41% in the same period.
Nevertheless, those improvements took place despite moderate rates of income and
uneven availability of loans. However, Ukraine won further support as a result of
increased subsidies, improved policy measures, and willful efforts to promote
awareness and re-adjust tariffs. The persistent growth in EE and RE demonstrates
that, despite economic difficulties, money has been expended in proper manners.

Analysis reveals that countries such as China and Germany, which
successfully blend high rates of subsidy, availability of green loans, facilitated by
strong policy and informed public in national development, enjoy rapid and steady
progression in terms of EE and RE. In comparison, countries with varying aspects
of these factors (including the UK and Ukraine) record less stable outcomes. In spite
of its high income levels and strong tariffs, the USA demonstrated inconsistency,
which may be triggered by variation in the availability of a loan/shifts in policy.

Table 1 demonstrates the critical interplay of one set of financial incentives,
the social and economic factors and the policy measures in promoting household-
level energy transitions. Countries that coordinate these strategies, namely through
feed-in tariffs, specific subsidies, and public campaigns, experience the highest
levels of improvement in energy savings and RE consumption. The results point to
the need for concerted national efforts where the fiscal policies are also congruent
with individual as well as institutional practices that would help combat

sustainability in energy use (Table 2).
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Table 2

Impact of financial and policy variables on household EE and RE adoption

(econometric model results)

Variable | Coefficient_ | Std_Error_ | P_Value | Coefficient_ | Std_Error_ | P_Value_
EE EE EE RE RE RE
Subsidies 0,021 0,009 0,018 0,017 0,007 0,012
Loans 0,034 0,011 0,005 0,028 0,01 0,008
Income 0,0012 0,0005 0,032 0,0021 0,0006 0,027
EnergyPric
es -0,056 0,014 0,001 -0,042 0,015 0,005
Awareness 0,087 0,023 0
GovSuppo
rt 0,043 0,018 0,013 0,038 0,014 0,011
FeedInTari
ff - 0,069 0,02 0,002

Source: author's development based on the results of an econometric model using data [11-20].

The findings show that support for such development is achieved efficiently
through funding tools such as subsidies and green financing alternatives and policy
frameworks. These conclusions are based on, and extend from earlier studies on
links between finance, innovation, and sustainability (Xie et al., 2022; Majewska &
Bettowska, 2023; Prokopenko et al., 2023; Tvaronaviciené, 2024). Current research
emphasizes other aspects of this relationship, validating the importance of the cross-
country modeling framework of this study, while also suggesting the potential for
additional research in this field.

Mugunzva and Manchidi emphasize the importance of integrating artificial
intelligence into entrepreneurship, the tool that may be powerful enough to change
strategic decision-making processes [21]. Though research does not focus on
household energy transitions, their discussion of Al fuse dynamic, data-informed
frameworks complements the insights from the current study. We agree that the
application of improved modeling and predictive algorithms might enhance the
development and implementation of financial instruments of household EE, where
one could have the flexibility of distributing the subsidies or individual incentives
based on energy usage. This alignment is justified as the integration of Al-based
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modeling allows for a more precise allocation of financial incentives, which our
econometric results confirm is critical for improving energy efficiency outcomes,
especially in Ukraine, where targeted subsidies and adaptive financing have shown
stronger impact in regions with higher public awareness and stable political support.

Majewska and Beltowska study socially responsible investing through the
eyes of younger consumers, which reflects the bond between sustainability and
financial results [22]. Through emphasizing this dynamic, the study clarifies how
social shifts specify the efficiency of financial tools. Our findings support this view:
a 1% increase in public awareness (awareness index) leads to a 0.87% increase in
household energy efficiency, as demonstrated by the coefficient of 0.087 in our EE
model. Similarly, a 1% increase in subsidies correlates with a 0.021% rise in EE and
a 0.017% rise in RE, while green loans have an even stronger effect, with a 1%
increase contributing to a 0.034% rise in EE and 0.028% in RE. These results
empirically confirm the importance of combining financial stimuli with
informational and policy measures, especially in contexts like Ukraine where
awareness campaigns and institutional trust are still being formed. Majewska and
Bettowska’s study is relevant because it highlights the relationship between public
trust, awareness, and the effectiveness of sustainable development financial
instruments. Our modeling results confirm that in countries with higher levels of
public awareness and stable political support, financial incentives produce better
results. This is especially true for Ukraine, where increased trust in government
programs and enhanced information campaigns can significantly increase household
participation in green financing programs.

As we have focused on household energy data, Chovancova et al.’s study
performed a decomposition analysis of energy consumption and GHG emissions
among EU countries [23]. The study reveals significant variances as far as patterns
of energy use are concerned and highlights the need for customized approaches. This

fits with our study’s use of cross-country differentiation, meaning that the financial
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tools presented should be adapted to cater for regional conditions, with the
contradictory movements in countries like China, Ukraine and UK serving as an
example.

Pariso, Picariello, and Marino address the challenge of accessing scarce raw
materials in a circular economy [24]. Even though, predominantly paying attention
towards industrial sectors, the material shortages also are applicable to the
residential energy systems, especially from the perspective of installing photovoltaic
systems or the advanced smart energy technologies. This concurs with
Tvaronaviciené’s argument that a transition to RE implies sustainable resource
management [25]. Our research advances the state of knowledge by demonstrating
that financial mechanisms can spur the adoption of these technologies among
households when material supply is optimal.

For business and investment, Prokopenko et al. study the manner in which
investment into renewable technology R&D affects corporate profitability [26].
Their discovery indicates that participating in financial terms of green innovation is
associated with better corporate performance. This, in real terms means that,
households may benefit from the sustainable investment in energy-efficient
technology — as long as the financial terms are right, which this study supports.

Prokopenko et al. examine the impact of the blockchain on financial
accounting and transparency [27]. Although not directly related to energy, there is
potential for blockchain technology in facilitating energy transitions within
households by its use to manage subsidy programs, their tracking, or in developing
decentralized green bonds. This technological approach is aligned with the views of
Koldovskiy [28], who promotes the transformation of strategic infrastructure to
reinforce the financial sector’s effectiveness. In our study, infrastructure
transformation, especially digitalization, can facilitate the allocation of green

financing to households, which in turn improves accountability and responsiveness.
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All these studies validate our research’s underlying hypothesis. Most of the
studies cited do not focus directly on financial mechanisms, but they do highlight
the importance of the relationship between political support, awareness, and
institutional stability in achieving sustainable outcomes. These factors are key
variables in our econometric model that determine the effectiveness of financial
instruments for households. Thus, previous studies provide context and support for
our hypothesis that socio-economic factors have a complex impact on the
effectiveness of financial support. Financial mechanisms are of great importance in
facilitating the energy transition, but they need to be placed in the context of a
broader socio-technical and economic frame. Our research is consistent with current
academic views and adds to the knowledge on the topic through customizing data
from various countries and in-depth modelling. The contradictions in country-
specific results are consistent with the scholarly discourse on institutional
capabilities, policy consistency, and regional disparities, highlighting the
inadequacies of a one-size-fits-all approach.

This research in general contributes to academic discussion as it empirically
illustrates how households respond to the financial factors in terms of the use of
energy, confirms prior findings, and provides novel associations between financial
strategies, social features, and digital development. Using behavioural insights and
digital harnessing capabilities can offer promising avenues to enhance both equity
and effectiveness of future energy policies.

Based on the Ukrainian data, it is advisable to individualize financial
incentives with reference to local socio-economic predicament and make subsidy
allocation more transparent. Implementation of more digital monitoring systems and
a roll-out of targeted awareness ventures can have a significant effect on the level of
household participation in sustainable energy programs. Focusing on steady policy
and providing more support to poor households in regions with low energy use could

tackle this issue in Germany. If China puts in place digital transparency and educates
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its communities, it can better line up its financial distribution with the resulting
behaviors. Ensuring credit is available and borrowers are content about procedures
in the UK and USA might improve the use of existing green financing programs.

Conclusions. This inquiry examined the influence of financial measures such
as subsidies, loans, income, pricing structures and policy incentives on improving
household energy efficiency and penetration of renewable energy solutions. It was
established that a combination of public subsidies, targeted loan programs, and
encouraging governmental policies notably increases household EE as well as the
adoption of renewable energy. In addition, the study revealed that public awareness
enhancement and continuous feed-in tariffs substantially intensify the effects of
these financial instruments especially when they are implemented under stable
institutional frameworks.

The main goal of the research was to measure and simulate how financial and
policy factors are affecting household energy practices and confirm the achievement
of the goal from the findings. High-performing countries were able to effectively
merge fiscal tools with greater systemic and behavioral efforts. Performance gap
implies that national strategies should be tailored to the smooth-running of the local
environment and budgeted economy in promoting efficient energy behavior.

While, the research gives valuable insights about the significance of financial
incentives, it nonetheless also indicates certain deficiencies that require further
investigation. Research henceforth should address sustained elements of behavior
change driven by financial incentives, explore the impact of digital development on
EE, and test the possibility of decentralized financing options like green bonds, and
peer-to-peer energy finance. By looking at a more comprehensive set of data from
other countries during a longer period of time, researchers will be able to identify

the contextual structural factors that are shaping household-level energy shifts.
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