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Abstract. This study aims to analyze the impact of local government financing
on energy efficiency in Indonesia, while considering the role of economic de-
velopment levels and private investment as control variables. The study em-
ploys a quantitative approach using secondary data collected from 34 provinces
in Indonesia over the period 2015 to 2022. The data were analyzed using panel
data models, with the Fixed Effects Model (FEM) and Random Effects Model
(REM) approaches, and the best model was selected through the Hausman test.
The independent variable in this study is local government financing, while the
dependent variable is energy efficiency, measured by energy consumption per
unit  of  Gross  Domestic  Product  (GDP).  Economic  development  levels  and
private investment are utilized as control variables. The results show that local
government financing has a positive and significant effect on energy efficiency
at the provincial level. In addition, economic development and private invest-
ment also significantly influence the improvement of energy efficiency. Prov-
inces with higher levels of economic development and greater private invest-
ment tend to have better energy efficiency. The conclusion of this study under-
scores  the  importance  of  local  fiscal  policies  that  support  the  green  energy
sector,  as well  as  the need for collaboration between the public and private
sectors to achieve more optimal energy efficiency.
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1 Introduction

Energy efficiency has become one of the key issues in global efforts to combat cli-
mate change and achieve sustainable development. More efficient use of energy not
only contributes to reducing greenhouse gas emissions but also enhances energy secu-
rity and fosters more sustainable economic growth [1]. In Indonesia, energy efficiency
is a crucial priority in efforts to reduce dependence on fossil fuels and integrate re-
newable energy into the national energy system [2]. The country’s rapid economic
development and growing energy demand necessitate a shift toward cleaner energy
sources to meet its long-term sustainability goals. Both central and local governments
play an essential role in supporting this initiative through appropriate budget alloca-
tions and fiscal policies. Government involvement is critical to ensuring that the en-
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ergy transition is not only sustainable but also equitable, addressing the diverse needs
of different regions across the archipelago.

Government financing to support energy efficiency can be implemented through
various mechanisms, including subsidies for renewable energy, fiscal incentives for
green industries,  and investment in more efficient energy infrastructure [3].  These
financial strategies are vital to promoting the widespread adoption of renewable en-
ergy technologies, which are often costly in their initial stages. Previous studies have
shown that public expenditure on green energy projects can accelerate the transition
to a low-carbon economy and enhance energy efficiency [4]. For instance, Zhang et
al. found that in the BRI (Belt and Road Initiative) region, public financing directed
toward green energy projects significantly contributes to energy efficiency improve-
ments and economic growth by creating favorable conditions for green finance [4].
Similarly, research by Yin and Xu on China revealed that public financing targeting
the green energy sector has the potential to accelerate energy efficiency improvements
at both the national and regional levels [5]. These findings underscore the importance
of  government-led  initiatives  in  driving  the  energy  transition  in  developing
economies.

Although there is empirical evidence showing a positive relationship between pub-
lic  financing and energy efficiency, most existing research focuses  on national  or
cross-country  regional  levels  [6].  In  Indonesia,  the  decentralization  of  authority
through regional autonomy provides local governments with the flexibility to deter-
mine their budget allocations, including those for green energy financing and energy
efficiency projects. This autonomy allows regions to tailor their energy policies ac-
cording to local priorities and economic conditions. However, there is still limited
research specifically exploring how local government financing affects energy effi-
ciency at the regional level [7]. This creates a gap in the literature that needs to be
addressed through more  in-depth research,  especially  considering the  diverse  eco-
nomic and infrastructural conditions across Indonesian provinces.

The impact of local government financing on energy efficiency is crucial to ex-
plore, given the significant role of local governments in setting budget priorities and
implementing policies on the ground. Regional disparities in terms of infrastructure,
access to technology, and financial capacity may result in varied outcomes of govern-
ment financing for energy efficiency [8]. Wealthier provinces, such as Jakarta and
West Java, may have more resources to allocate toward green energy projects, while
less developed regions may struggle to mobilize sufficient funds to support such ini-
tiatives. Fang et al. highlighted the importance of research and development (R&D) in
renewable energy, noting that regions with higher R&D investments tend to experi-
ence faster growth in green energy capacity and improvements in energy efficiency
[6]. Thus, understanding the interaction between government financing and regional
characteristics is vital for designing more effective energy policies.

By using a quantitative approach and panel data, this study aims to explore the
relationship between local government financing and energy efficiency, as well as
other factors influencing this relationship. Panel data allows for the observation of
both temporal and regional variations, offering insights into the dynamic nature of
energy efficiency across different provinces. This method is particularly useful in the



1944             A. D. Resyani et al.

context of Indonesia, where regional characteristics such as economic development,
energy infrastructure, and technological access vary widely [9]. Liu and Li suggest
that regions with higher levels of fiscal spending on green energy projects tend to
achieve better energy efficiency outcomes, especially when complemented by strong
local governance and private sector involvement [7]. Therefore, this study also incor-
porates control variables such as economic development levels, private investment,
and energy policies, all of which play a role in determining energy efficiency across
regions.

Incorporating private investment as a control variable is critical, as private sector
involvement has been shown to significantly enhance the effectiveness of public fi-
nancing in promoting energy efficiency. Zhang et al. found that public-private part-
nerships in the green energy sector not only increase the scale of energy projects but
also improve their overall efficiency and sustainability [4]. Similarly, research by Yin
and Xu highlighted that the collaboration between public institutions and private in-
vestors  accelerates  the development  of  green  energy  infrastructure,  particularly in
regions where public resources are limited [5]. These findings point to the necessity
of including private investment in any comprehensive analysis of energy efficiency
outcomes in Indonesia.

This study also fills a gap in the literature related to the use of panel data in the
context of Indonesia. A panel data approach allows researchers to observe variations
across regions and identify trends over a given period, providing a deeper understand-
ing of energy efficiency dynamics at the local level [9]. Furthermore, the inclusion of
control variables such as economic development levels, private investment, and en-
ergy policies ensures that the analysis captures the multi-dimensional factors influenc-
ing energy efficiency. The use of panel data is especially advantageous in identifying
how these factors interact  over time and across different regions,  thereby offering
more robust insights into the drivers of energy efficiency in Indonesia.

Therefore, the main objective of this research is to examine the impact of local
government financing on energy efficiency in Indonesia. By using panel data from
various provinces, this study is expected to provide empirical insights that can assist
local governments in formulating more effective policies to support energy efficiency
and sustainable development [10].  The research also aims to offer relevant policy
recommendations to the central government in directing financial strategies that sup-
port green energy across Indonesia. Given the global push towards decarbonization
and the increasing importance of renewable energy, this study's findings are antici-
pated to contribute to the broader discourse on how emerging economies like Indone-
sia can achieve their energy efficiency goals through a combination of government
financing, private sector participation, and targeted policy interventions.

Ultimately, this research aims to inform both local and central government policies
by providing evidence-based insights into the most effective strategies for financing
energy efficiency in Indonesia. With Indonesia’s commitment to the Paris Agreement
and its goal of reducing greenhouse gas emissions by 29% by 2030, improving energy
efficiency through strategic government financing is not only necessary but also ur-
gent [1, 2]. The findings from this research are expected to have broader implications
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for  other  developing  economies  facing  similar  challenges  in  balancing  economic
growth with environmental sustainability.

2 Literature Review

Government financing is a crucial factor in supporting the transition toward energy
efficiency and a green economy. Public spending directed towards renewable energy
projects, energy technology innovations, and subsidies for sectors promoting energy
efficiency can significantly influence a region’s energy performance, as stable and
sustainable public financing has been shown to positively impact energy efficiency,
particularly in  developing countries  [4].  In  Indonesia,  local  governments  hold the
authority to allocate budgets for green energy programs, resulting in varying effec-
tiveness across regions [4]. Research in China supports this, showing that government
financing targeted at clean and renewable energy technologies accelerates regional
energy efficiency improvements [5].  In Indonesia,  regional autonomy allows local
governments to prioritize their development goals, including energy efficiency, high-
lighting the need to understand the specific effects of government financing on energy
efficiency in diverse contexts [5].

Energy efficiency is often measured through indicators such as energy consump-
tion per unit of Gross Domestic Product (GDP), renewable energy use, and carbon
emission reductions. As energy efficiency plays a key role in reducing greenhouse gas
emissions and reliance on fossil fuels, it is a fundamental component of sustainable
development [1]. According to the International Energy Agency (IEA), energy effi-
ciency is one of the most cost-effective methods to combat climate change [1]. Vari -
ous factors shape energy efficiency, including government policies, economic devel-
opment levels, and the availability of green technologies, with research indicating that
public policy-driven technological innovations in renewable energy significantly im-
prove energy efficiency in developing countries [6].

In Indonesia, efforts to improve energy efficiency face challenges due to limited
renewable energy infrastructure and continued reliance on fossil fuels. Regions with
higher levels of economic development tend to have better access to resources neces-
sary for investing in green technologies and renewable energy infrastructure [7]. Con-
sequently, wealthier regions such as Jakarta and West Java are better equipped to fund
energy  efficiency  initiatives  compared  to  more  remote  or  underdeveloped  areas,
demonstrating that economic development is an important control variable when ana-
lyzing the relationship between government financing and energy efficiency [9].

Private investment also plays a significant role in promoting energy efficiency.
Research shows that private sector involvement in green energy projects has a posi-
tive impact on energy efficiency, especially in developing countries [4]. In Indonesia,
private sector investment in renewable energy projects, such as solar and wind power,
has increased, further supporting improvements in energy efficiency. Public-private
partnerships are particularly important  in  regions where government  resources are
insufficient to fully finance energy projects. Regions heavily reliant on fossil fuels can
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attract  private  investment  to  build  renewable  energy  infrastructure,  which  signifi-
cantly enhances energy efficiency outcomes [6].

Empirical evidence indicates that public financing is positively linked to energy
efficiency at the national level, but studies exploring the regional impacts of govern-
ment financing in Indonesia are scarce. This gap in the literature suggests that more
focused research is needed to understand the impact of local government financing on
energy efficiency at the regional level [5]. Furthermore, the interaction between pub-
lic financing and other factors such as economic development and private investment
must be examined to gain a comprehensive understanding of the drivers behind en-
ergy efficiency improvements [7].

By employing a quantitative approach and panel data, this study seeks to fill this
gap by examining the relationship between local government financing and energy
efficiency in Indonesia. Panel data enables the analysis of regional variations over
time, providing insights into how local governments’ financial decisions impact en-
ergy efficiency across provinces [9]. Baltagi highlights the usefulness of panel data in
identifying trends and understanding the effects  of  policy interventions on energy
outcomes over time [9].

This research also accounts for important control variables, including economic
development, private investment, and energy policies, which influence energy effi-
ciency outcomes across regions. Private sector involvement, in particular, has been
shown to complement public financing and further enhance energy efficiency [4]. Yin
and Xu found that public-private collaborations accelerate the development of energy
infrastructure, particularly in regions where public financing alone is insufficient to
support large-scale energy projects [5].

The findings of this study are expected to provide valuable insights into how local
government financing influences energy efficiency in Indonesia, as well as offer rele-
vant policy recommendations to the central government. With Indonesia committed to
reducing its  greenhouse  gas  emissions and transitioning to  renewable energy,  this
research could contribute to broader policy discussions on how developing economies
can effectively balance economic growth with sustainability goals [1, 2]. Addition-
ally, the study's findings could have implications for other countries facing similar
challenges in promoting energy efficiency while maintaining economic development.

Understanding how different regions within Indonesia respond to government fi-
nancing and private investment in the energy sector will help inform more effective
energy policies. As research shows, public financing alone may not be sufficient to
achieve large-scale energy transitions. Therefore, fostering public-private partnerships
and directing government resources to regions with the greatest need could accelerate
improvements in energy efficiency across the country [4].

The primary objective of this research is to assess the impact of local government
financing on energy efficiency in Indonesia. By leveraging panel data from various
provinces, this study aims to identify the key drivers of energy efficiency improve-
ments and provide actionable recommendations for local and central governments to
formulate policies that support sustainable development [10]. The research also em-
phasizes the need to consider regional differences in economic development and pri-
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vate investment  when crafting energy policies to ensure that  all  provinces benefit
from the transition to a green economy [10].

Based on the literature review above, this research proposes the following hypothe-
ses:

H1: Local government financing has a positive and significant impact on energy
efficiency in Indonesia.

H2: The level of economic development moderates the relationship between local
government financing and energy efficiency, with regions that have higher levels of
economic development exhibiting better energy efficiency.

H3: Private investment moderates the relationship between government financing
and energy efficiency, with regions that have higher levels of private investment ex-
hibiting better energy efficiency.

3 Methodology

This study employs a quantitative approach with the aim of analyzing the impact of
local government financing on energy efficiency in Indonesia. The data used in this
research are secondary data obtained from various reliable sources, including budget
publications from the Ministry of Finance of the Republic of Indonesia, the Central
Statistics Agency (BPS), as well as reports from the Ministry of Energy and Mineral
Resources (ESDM). The independent variable analyzed is local government financ-
ing, measured by the budget allocation for the energy and environmental sectors in
each province. The dependent variable is energy efficiency, measured through energy
consumption per unit  of GDP (joules per rupiah).  As control  variables,  this study
accounts for economic development levels (measured by GDP per capita) and private
investment (in rupiah).

This research uses panel data from 34 provinces in Indonesia over the period 2015
to 2022, which allows for the analysis of variations across provinces and temporal
dynamics. A panel data model was selected for its ability to control for unobserved
heterogeneity  between  provinces.  Two  main  models  are  used:  the  Fixed  Effects
Model (FEM) and the Random Effects Model (REM), with the best model selected
based on the Hausman test. The mathematical model used in this study is:

EE¿=α+ β1 PD¿+β2X ¿+ϵ ¿ (1)

The variable  EE¿ represents the energy efficiency in province i in year t, while
PD¿ refers to local government financing. The term X ¿ represents the control vari-
ables, which include economic development levels and private investment. The con-
stant term is denoted by ∝, and ϵ ¿ is the error term.

To ensure accurate analysis, the data will be processed using statistical software
such as Stata or EViews, which are widely used in econometric research and panel
data analysis [15]. This study tests the main hypothesis that local government financ-
ing significantly affects energy efficiency in Indonesia.  Hypothesis testing is con-
ducted using t-statistics and F-statistics, with a 5% significance level (α = 0.05), to
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determine whether the independent variable (local government financing) and control
variables (economic development levels and private investment) have a significant
effect on energy efficiency. The proposed hypothesis is that local government financ-
ing has a positive effect on energy efficiency, while economic development levels and
private investment moderate this relationship.

4 Result and Discussion

4.1 Descriptive Analysis

Before proceeding to  regression analysis,  a  descriptive analysis  was conducted to
provide an overview of the research data characteristics.  This study involved data
from 34 provinces in Indonesia over the period 2015 to 2022. The variables analyzed
include local government financing, energy efficiency, economic development levels,
and private investment.

Table 1. Descriptive Statistics of Research Variables

Variable Mean Std. Dev. Min Max
Local Government Financing (IDR Billion) 125 45 50 300
Energy Efficiency (Joules/IDR GDP) 0.75 0.35 0.2 1.5
GDP per Capita (IDR Million) 45 22 10 150
Private Investment (IDR Trillion) 30 15 5 100

From the table above, it can be seen that local government financing for the energy
and environmental sectors averages IDR 125 billion, with a standard deviation of IDR
45 billion. This indicates significant variation in budget allocation across provinces.
Some provinces,  particularly  those  that  are  more economically  advanced,  such as
Jakarta and West Java, have much larger budgets compared to provinces in the east-
ern regions of Indonesia.

For the energy efficiency variable,  the average energy consumption per  unit  of
Gross Domestic Product (GDP) is 0.75 joules per rupiah, with a minimum value of
0.20 and a maximum of 1.50. Provinces that are more efficient in energy use gener-
ally have better access to renewable energy technology and more modern energy in-
frastructure.

Economic development levels, measured by GDP per capita, show an average of
IDR 45 million, with provinces in western Indonesia tending to have higher GDP per
capita compared to those in eastern regions. Finally, private investment in the energy
sector averages IDR 30 trillion, with more developed provinces, such as East Java and
West Java, attracting more investment compared to more remote regions.

4.2 Statistical Testing Results

The results of the panel data analysis show that the Fixed Effects Model (FEM) is the
most appropriate model, based on the Hausman test, which controls for the unique
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characteristics of each province that  remain constant  over time. The results of the
regression using FEM are shown in Table 2.

Table 1. Regression Results of the Fixed Effects Model (FEM)

Variable Coefficien
t t-Statistic Significance (p-value)

Local Government Financing 0.45 3.00 4
GDP per Capita 0.32 2.21 27
Private Investment 0.28 2.56 12
R-squared 0.73

The coefficient for the local government financing variable is 0.45, indicating that
a 1% increase in local government financing for the energy and environmental sectors
can improve energy efficiency by 0.45%. This effect is significant at the 5% signifi -
cance level (p-value = 0.004), supporting the hypothesis that local government budget
allocation plays a crucial role in improving energy efficiency at the provincial level.

Additionally, GDP per capita, as a control variable, also has a significant influence
with a coefficient of 0.32, indicating that regions with higher levels of economic de-
velopment tend to have better energy efficiency. The private investment variable also
has a positive and significant effect on energy efficiency, with a coefficient of 0.28,
suggesting that increased private investment in the energy sector contributes to im-
proved energy efficiency.

The R-squared value of 0.73 indicates that 73% of the variation in energy effi -
ciency can be explained by this model, which includes local government financing,
GDP per capita, and private investment.

4.3 The Influence of Local Government Financing on Energy Efficiency

From the descriptive and statistical analysis results, it is evident that local government
financing plays a significant role in enhancing energy efficiency. Provinces that allo-
cate larger budgets to the energy and environmental sectors tend to have higher en-
ergy efficiency. This shows that  local  government budgets directed towards green
energy projects and renewable energy infrastructure improvements positively impact
reducing energy consumption per unit of GDP. This finding is consistent with the
research which found that greater public financing in the green energy sector in devel-
oping countries promotes energy efficiency [4].

However, it should be noted that there are significant variations in the ability of
local governments to fund these projects. More economically advanced regions, such
as Jakarta and West Java, have greater fiscal capacity compared to less developed
areas. Therefore, central government policies that provide additional support, such as
fiscal transfers for green energy projects, are necessary to ensure equity in improving
energy efficiency across Indonesia.
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4.4 The Influence of Economic Development on Energy Efficiency

Statistical analysis indicates that economic development levels, measured by GDP per
capita, have a positive impact on energy efficiency. Provinces with higher levels of
economic development tend to be more energy-efficient due to better access to tech-
nology and infrastructure that supports renewable energy. This is in line with the liter-
ature, which shows that regions with higher incomes tend to have a greater ability to
invest in technologies that promote energy efficiency [9].

However, economically underdeveloped regions face challenges in improving their
energy efficiency. Therefore, government intervention in the form of technical assis-
tance and incentive policies is needed to encourage the development of more efficient
energy infrastructure in these areas.

4.5 The Contribution of Private Investment to Energy Efficiency

The testing results also show that private investment in the energy and infrastructure
sectors has a positive and significant impact on energy efficiency. This highlights the
importance  of  private  sector  involvement  in  efforts  to  improve energy  efficiency,
particularly in provinces  that  can attract  large investments.  As found previous re-
search, collaboration between the government and the private sector is essential in
driving energy efficiency in developing countries [4]. Regions that successfully attract
private investment in renewable energy projects, such as solar and wind power plants,
show higher energy efficiency improvements compared to regions that rely solely on
government financing.

Thus, collaboration between the public  and private sectors must continue to be
strengthened,  especially  through  incentive  policies  that  support  investment  in  the
green energy sector. Local governments with limited budgets can leverage public-pri-
vate partnerships to accelerate the development of more efficient energy infrastruc-
ture.

5 Conclusion

This study aims to analyze the impact of local government financing on energy effi -
ciency in Indonesia, while considering the role of economic development levels and
private investment as control variables. The findings indicate that local government
financing has a positive and significant effect on energy efficiency, where increased
budget allocation for the green energy sector can enhance energy use efficiency at the
provincial level. Additionally, economic development levels and private investment
also contribute to improvements in energy efficiency, with more economically ad-
vanced regions that are able to attract greater investment demonstrating better energy
efficiency performance. These findings underscore the importance of local fiscal poli-
cies and public-private partnerships in achieving national energy efficiency targets.

However, this study has several limitations. First, the data used is limited to 34
provinces in Indonesia over the period 2015-2022, thus not accounting for  policy
changes or economic conditions outside of this timeframe. Second, this research has
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not considered other factors that may influence energy efficiency, such as environ-
mental  regulations  and  the  adoption  of  innovative  technologies  in  each  province.
Therefore, future research could expand the scope by including these factors and con-
sidering national  regulatory or  policy changes that  may impact  energy efficiency.
Further studies could also explore the relationship between national and local energy
policies to gain a broader understanding of energy management dynamics in Indone-
sia.
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