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ABSTRACT

Research Originality: This study offers a novel contribution
by integrating micro-level spatial comparison and behavioral
analysis. Unlike previous studies that highlight income or
education as key drivers, this research finds that structural
factors have a stronger influence on energy-saving behavior.

Research Objectives: This study aims to examine household
energy consumption patterns and identify the socioeconomic
and structural determinants of energy-saving behavior in urban
and rural settings.

Research Methods: A mixed-methods approach is employed.
Qualitative analysis using ATLAS.ti explores household energy-
use practices and perceptions, while binary logit regression is
applied to identify factors influencing energy-efficient behavior.

Empirical Results: The results indicate significant differences
in energy consumption between urban and rural houscholds.
Urban households tend to consume more energy due to lifestyle
characteristics and appliance ownership. Regression results show
that household size, dwelling area, installed electrical capacity, and
residential location significantly affect the likelihood of adopting
energy-saving behavior. Rural households exhibit a higher
propensity for energy-efficient practices, mainly due to limited
electricity access and reliance on traditional energy sources.
Implications: Energy policies should incorporate spatial
and socioeconomic dimensions, reduce subsidy-induced
price distortions, and promote incentives for energy-efficient
behavior and renewable energy adoption.
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INTRODUCTION

Energy is one of the inputs in industrial, service, transportation, and household
activities. Stable and affordable energy availability is a key pillar for driving economic growth,
maintaining industrial competitiveness, and ensuring public welfare. However, Indonesia
faces serious challenges to energy security due to its high dependence on fossil fuels, as its oil
and natural gas reserves are dwindling (Li et al., 2024). The depletion of petroleum reserves
and other energy sources, coupled with the continuing rise in energy consumption, means
Indonesia must begin conserving energy. Energy subsidies in Indonesia remain substantial.
In 2025, the government will continue to provide subsidies of 19.41 million kiloliters (KL)
for fuel, while for LPG, it will be 8.2 million metric tons. Additionally, the government
will allocate IDR 90.22 trillion in electricity subsidies, higher than the 2024 level. If this
situation persists, the Indonesian government will face difhiculties in maintaining its foreign

exchange reserves, which could threaten national energy security.

Household energy consumption accounts for a significant share of total energy
consumption worldwide (Zhou & Yang, 2016). Household energy consumption in Indonesia
accounted for approximately 42% of total electricity consumption in 2023 (Ministry of
Energy and Mineral Resources, Republic of Indonesia, 2023), underscoring its significant
impact on environmental issues. Indonesian households contribute 3.8% of direct carbon
emissions and 20.7% of indirect carbon emissions (Pangestu & Ayuningsasi, 2024). Several
factors influence household energy consumption patterns, and there is potential for savings.
Based on research, houschold energy use can be reduced by up to 27% (Lesic et al., 2018).
Households can save energy through a combination of technological advances and changes

in energy consumption behavior (Frederiks et al., 2015).

High levels of urbanization have led to increased energy demand (Dong et al.,
2018) due to lifestyle changes (Novianto et al., 2022). The standard of living in cities,
which offer more opportunities, affects income, leading to increased use of household
appliances and, consequently, higher energy demand (Olatunde & Okwandu, 2024).
Energy consumption among rural residents is lower than in urban areas, as they rely
more on straw, biogas, solar energy, and wood (G. Li et al., 2016). Unfortunately, energy
sources in rural areas are only sufficient to meet basic needs but are not yet able to

improve their standard of living.

Increased household income is associated with higher energy consumption (Nazer &
Handra, 2016). Increased income also reduces traditional energy consumption as people
shift to modern energy sources. The positive relationship between income and modern
energy consumption indicates that modern energy is a normal good (Marzban et al., 2023).
The energy ladder theory holds that households will increase their energy consumption
and seek higher-quality energy as their income rises (Van Der Kroon et al., 2013; Waleed
& Mirza, 2023). The theory of increased energy consumption up to the last rung of the
energy ladder is more commonly found in urban areas than in rural areas. In addition to
income, wealth also affects energy consumption, which, in turn, impacts the environment

and health (Xiong & Xu, 2021; Piao & Managi, 2023).
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In addition to income, other economic variables influence energy consumption,
including energy prices and the prices of household appliances that use energy (Zhang
& Tao, 2020). In addition to economic factors, there are non-economic factors that
influence shifts in energy consumption, namely household size (Romero-Jordin & del
Rio, 2022), urbanization (Zhao & Zhang, 2018), houschold demographic characteristics
(Soltani et al., 2020; Chavda et al., 2023), access to energy (Gashaye et al., 2025; Zhang
& Khan, 2024), sociocultural factors (Ravindra et al., 2019; Bhattacharjee & Reichard,
2011), and education (Benlaria, 2025; Endriana et al., 2025).

Several international studies emphasize the importance of a multidimensional approach
to energy consumption behavior, including the influence of demographics, energy literacy,
and social norms (Van Der Kroon et al., 2013; Frederiks et al., 2015). These studies also
show that although there is potential for energy savings of up to 27% from houschold
use (Lesic et al., 2018), its implementation is highly dependent on the local context and

non-economic factors, which have not been widely discussed in Indonesia-based studies.

The development of renewable energy shows a gap between urban and rural areas.
Cities play a crucial role in reducing greenhouse gas emissions and leading the transition
to renewable energy that can be used across all sectors; however, they are not yet able
to generate as much renewable energy as rural areas. Urban residents are becoming
increasingly aware of the benefits of using more energy-efficient technologies, while rural
residents are playing a greater role in generating renewable energy. Therefore, this study

will examine differences in people's energy consumption behavior patterns.

This study is novel in that it uses a comparative spatial approach at the micro level
to examine energy consumption patterns between urban and rural households. It also
integrates mixed methods, combining quantitative and qualitative approaches. ATLAS.ti
was used to map the determinants of energy behavior based on interviews and FGDs,
while logit regression analysis empirically tested the influence of socioeconomic variables

on energy-saving behavior.

Despite extensive international studies on multidimensional energy behavior, a
significant research gap remains in the Indonesian context. Most local studies focus on
macro-level energy demand or purely economic determinants, often overlooking how
spatial disparities and psychological perceptions simultaneously shape energy-saving
propensity. There is a lack of integrated evidence on how structural constraints across
different residential settings, ranging from high-capacity urban hubs to resource-limited
areas, shape behavioral adoption. Furthermore, the interplay between qualitative household

perceptions and quantitative socioeconomic indicators remains underexplored.

To address this gap, this study aims to examine household energy consumption
patterns and identify the socioeconomic and structural determinants of energy-saving
behavior across diverse spatial contexts. This research is novel in its application of a micro-
level comparative spatial approach, integrating a mixed-methods design. By combining
qualitative mapping using ATLAS.ti to capture lived experiences of energy with binary

logit regression to test socioeconomic variables empirically, this study provides a holistic
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framework for understanding energy behavior that is often overlooked by single-method

approaches.

METHODS

This study was conducted in two regions with distinct characteristics: Surakarta City,
representing urban areas, and Magelang Regency, representing resource-dependent peripheral
areas. The research employed a mixed-methods approach, combining quantitative and
qualitative methodologies. Primary data were collected through a survey of 120 households.
Respondents were selected using a proportional sampling method, with the sample size
determined by the Slovin formula to ensure representativeness and statistical validity.
Data were collected through structured questionnaires, in-depth interviews, and focus
group discussions (FGDs). The questionnaires focused on socioeconomic characteristics,
energy use patterns, and behavioral aspects of energy conservation. Secondary data were
collected from the Central Bureau of Statistics (BPS) for demographic and economic
indicators; the Ministry of Energy and Mineral Resources (ESDM) for national energy
consumption, pricing, and subsidy trends; and Official reports and policy documents

related to Indonesias energy sector.

Table 1. Operational Variables

Variable Definition Measurement Source References
Energy Household energy 0 = Households have Interview (Shim & Song, 2025)
Consumption consumption patterns refer to not yet made any
Patterns the form, type, and amount of  savings in their energy

various energy sources used consumption.

by households in their daily 1 = Households
activities to meet their needs, have already made
such as cooking, lighting, savings in their energy
cooling, entertainment, and consumption.
personal transportation.

Income (Inc) An amount of money Rupiah Interview (Zhou & Yang, 2016)
or income obtained by (Marzban et al., 2023)
respondents from various (Van Der Kroon et al.,
sources 2013)

Education (Edu) Highest level of education Years Interview (Endriana et al., 2025)

completed by respondents

House area Total floor area of the building  Total square meters (m?) Interview (Stephan & Crawford,
(House_area) used as a residence by of all rooms used 2016)
households
Installed The maximum electrical Power rating in Volt- Interview (Spunei & Martin,
electrical power  capacity connected to the Amperes (VA) - for 2024)
(Elec_power) household as stated in the example, 450 VA, 900 (Permana et al., 2015)
contract or on the electricity VA, 1300 VA, 2200 VA,
meter. 3500 VA, etc.
Number of Total number of electrical Unit Interview (Firth et al., 2018)
electrical appliances owned and used in
appliances households
(Home_tech)
Location (Loc) Respondents' place of 0 = respondents living Interview (Zhou & Yang, 2016)
residence in urban areas (Chimbo, 2020)
1 = respondents living (Guo et al., 2023)

in rural areas
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This study has two main objectives. First, to map and analyze energy consumption
patterns using ATLAS.ti software to assist in organizing and mapping data based on
the results of literature studies, documentation, focus group discussions, and in-depth
interviews. ATLAS.ti facilitates an understanding of the meaning and motivation behind
consumption behavior. Second, to analyze the influence of socioeconomic variables on
energy consumption patterns across rural and urban communities using logit regression.
This model enables researchers to estimate the likelihood that a household will adopt
energy-efficient practices, based on various socioeconomic and environmental factors
(e.g., income, education, household size, dwelling area, electricity capacity, number of

appliances, and residential location).

The model used in this research is as follows:
P;
L=l=a-5)
=ag+a;Inc+ a, Edu+ a; Famper + @4 House o,
+ a5 Elec,oper + g Homeg,p + a7 Loc + g

This study uses binary logit regression to analyze the factors influencing household
energy conservation behavior. Logit regression is used because the dependent variable is
dichotomous. The a  coefficient is estimated using the Maximum Likelihood Estimation
(MLE) method. The coefhicient indicates the direction of each variable's influence on
the logarithm of houscholds' energy-saving probability. To facilitate interpretation, the
coefficient can be converted to an odds ratio (effk), which describes the likelihood of a

change in saving behavior for a one-unit change in the independent variable.

RESULTS AND DISCUSSION

The results of this study indicate that household energy-saving behavior differs
significantly between urban and rural areas. Based on the mixed-method analysis,
both structural and behavioral factors play a decisive role in shaping household energy
consumption patterns. Qualitative findings from ATLAS.ti highlight variations in daily
energy-use practices, transportation choices, and perceptions of renewable energy, while the
binary logit regression results show that household size, dwelling area, installed electrical
capacity, and residential location significantly influence the likelihood of adopting energy-
saving behavior. Notably, rural households exhibit a higher propensity for energy-saving

practices than urban households.

To provide a clearer context for these findings, Table 2 presents descriptive statistics
summarizing the socioeconomic characteristics and energy-use profiles of respondents
in both urban and rural areas. Demographic characteristics also differed substantially
between locations. Rural respondents were predominantly aged 60-69 years, while urban
respondents were mainly in the 40-59 age group. Previous studies suggest that age
influences energy consumption through lifestyle and activity patterns, with productive-
age households tending to consume more energy, while younger cohorts show greater
awareness of energy conservation (Mills & Schleich, 2012; Khulaemi, 2022). Household
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size varied across respondents and was found to affect energy use by increasing demand for
electricity, cooking fuel, and transportation, supporting earlier findings on the relationship

between household composition and energy consumption (Dupont, 2004).

Table 2. Descriptive Statistic

No Descriptive Mean
1 Income
Urban 3.466.666,167
Rural 1.533.333
2 Age
Urban 40 - 59
Rural 60 - 69
3 Family Members
Urban 7
Rural 8
4 House Size
Urban 30-79 m2
Rural 30-79m2
5 Installed Electrical Power
Urban 900 VA
Rural 450 VA
6 Elecreical Bills
Urban 150.000 - 299.000
Rural 0 - 149.000
7 Vehicle Owned
Urban Motorcycle
Rural Motorcycle

Source: Data Processed (2025)

Housing characteristics further explain variations in energy consumption. Larger
dwelling areas and higher installed electrical capacity were more prevalent in urban
households, leading to greater electricity demand for lighting and cooling. This result aligns
with prior research indicating that building size and appliance ownership significantly
influence household energy use (Oh et al., 2021; Peng et al., 2024). Most respondents
consumed electricity in the range of 100-300 VA per month, although urban households
exhibited higher consumption levels and more diverse appliance use, including air
conditioners and washing machines.

Electricity expenditure patterns also differed spatially. Rural houscholds generally
paid less than IDR 149,000 per month, while urban households showed higher and more
varied electricity bills, reflecting differences in installed power and appliance intensity.
Despite these differences, respondents in both areas demonstrated relatively high awareness
of electricity conservation, particularly in switching off unused appliances, which is

consistent with findings on household energy management behavior (Permana et al.,
2015; Shrestha et al., 2021).

In terms of cooking energy, urban houscholds predominantly relied on LPG,

whereas rural households continued to use firewood either exclusively or in combination
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with LPG. This pattern supports the Energy Ladder Theory, which explains the gradual
transition from traditional to modern fuels as income and access to modern fuels improve.
Finally, energy consumption related to mobility was higher in urban areas, where vehicle
ownership was more diverse, while motorcycles dominated rural transportation. Limited
public transportation in both areas highlights structural constraints on promoting low-
carbon mobility (Brown et al., 2016).

Energy conservation at the household level is crucial to supporting sustainable
development. The ATLAS.ti analysis shows that household energy consumption behavior
is shaped by socioeconomic conditions, education, infrastructure availability, and
energy conservation awareness. These behaviors are reflected in several key dimensions,
including energy consumption patterns, energy-saving practices, transportation-related
energy use, knowledge and acceptance of renewable energy, and public expectations and
recommendations. Figure 1 presents findings related to household energy consumption

patterns.

Figure 1. Energy Consumption Patterns

Energy Consumption Pattern

5 5 PART OF
Type of Energy used The function of energy
in the household
1S PAKT OF
v ST Of 15 PART OF
IS PART =
PLN Electricity ol " Lighting _
IS PART OF _—
LPG ART OF <> Cooking

» Firewood
» Cooling/™eating

IS PAKT OF &Y OF

Combination of Energy

Sources » Entertainment (TV,

gadgets, etc.)

Economic Productivity
(home-based businesses,
livestock, etc.)

Households primarily rely on three energy sources: PLN electricity for electronic
appliances, LPG for cooking, and firewood, mainly in rural areas, for large-scale or
alternative uses (see Figure 1). Differences in LPG and firewood utilization indicate a
clear urban—rural energy transition gap, where rural households remain more dependent
on traditional energy sources. These findings highlight the importance of promoting

energy-saving behavior in daily household activities.
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Figure 2. Energy-Saving Behavior

Energy Efficient Behavior
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Figure 3. Transportation and Energy

Transportation and Energy
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Energy-saving behavior is mainly reflected in habits such as turning off unused
appliances, limiting lighting use, and adopting energy-efficient devices. These practices are
influenced by environmental awareness, economic considerations, education, and family values
(see Figure 2). Education and household role models emerge as important drivers in shaping
sustainable energy-saving habits. Transportation-related energy use is also identified as a key

area for houschold-level energy conservation, as illustrated in the ATLAS.ti coding results.

164 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.46868


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46868

Nurul Istigomah
Urban-Rural Differences in Sustainable Energy Consumption Behavior

Transportation patterns reflect household economic conditions and significantly
contribute to energy consumption. Motorcycles and cars dominate daily mobility, while
electric vehicles are increasingly appearing in urban areas. In contrast, limited access to
public transportation remains a major challenge in rural areas. Low public transport
utilization increases fuel consumption, suggesting that improvements in transportation
services and supportive energy transition policies are necessary to encourage behavioral
change (see Figure 3).

Figure 4. Knowledge and Acceptance of Renewable Energy
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Figure 4 describes public knowledge and acceptance of renewable energy. Knowledge
of renewable energy varies substantially, ranging from full understanding to complete lack
of awareness. Renewable energy literacy is notably higher in urban areas, where 57%
of respondents recognize the concept, compared to 27% in rural areas. In rural areas,
32% of respondents are unaware of renewable energy, and 17% have never heard of it.
Willingness to adopt renewable energy is also higher among urban households (59%)
than rural households (17%), reflecting disparities in information access and infrastructure.
Barriers to adoption include high technology costs, limited infrastructure, and uneven
policy support. Indonesias continued dependence on fossil fuels, reinforced by rising
fuel, LPG, and electricity subsidies, further constrains the adoption of renewable energy

despite growing public awareness.

Public enthusiasm for energy conservation is relatively high, as reflected in expectations
for stronger government involvement through education, technical assistance, and support
programs for energy-saving technologies such as LED lighting. Energy-saving behavior is
expressed through daily habits and decisions to adopt energy-efficient technologies, both
of which are influenced by psychological motivations, economic considerations, and the

availability of incentives and accessible information (see Figure 5).
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Figure 5. Public Expectations and Recommendations
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An analysis of energy consumption patterns is explained in the data processing
output in Table 3. The binary logistic regression analysis reveals that socioeconomic
variables do not uniformly influence household energy-saving behavior. Specifically, income
level is not a statistically significant predictor of energy conservation. This result suggests
that higher financial capacity does not automatically translate into a stronger commitment
to sustainable energy practices. One major contributing factor to this phenomenon in
Indonesia is the extensive energy subsidy system, which significantly reduces the actual
cost of electricity and fuel. As a result, financial incentives to conserve energy are
diminished, particularly for higher-income households, who may not perceive energy

costs as a substantial burden.

Table 3. Binary Logistic Regression Test

Variable Coefficient z-stat Prob Odd ratio

C -3,0239 -0,5705 0,5684 0,0486
Inc 0,8087 0,8512 0,3947 2,2450
Edu -0,0083 -0.1093 0,9129 0,9917
Fam_number -0,3571 -2,3922 0,0167 0,6997
House_area -0,0097 -2,4484 0,0143 0,9903
Elec_power 0,0012 2,2178 0,026 1,0012
Home_tech -0,1190 -0,8012 0,423 0,8878
Loc 1,1115 2,2428 0,0249 3,0389
McFadden R-squared 0,1254

LR Statistic 20,0415

Prob(LR Statistic) 0,0055

Sources: Data Processed (2025)
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This result aligns with Ameli and Brandt (2015), who found that in markets
where energy prices are heavily subsidized or regulated, income elasticity of energy
efficiency behavior tends to weaken. Households across income levels may exhibit similar
patterns of energy use. Likewise, Romero-Jorddn et al. (2022) demonstrated that in low-
price environments, non-economic factors such as housing characteristics and appliance
usage patterns often play a more prominent role than income in determining energy
efficiency outcomes. Additionally, higher-income households may prioritize comfort and
convenience, leading to increased energy consumption regardless of cost. In contrast,
lower-income groups, although potentially more financially constrained, may also lack
access to the information, technology, or infrastructure needed to adopt energy-efficient
practices (Gonzdlez-Gonzédlez & Moro, 2020).

Similarly, formal education shows no significant relationship with energy-eflicient
consumption. This finding aligns with prior research suggesting that formal education
alone does not guarantee more sustainable energy behavior (Endriana et al., 2025). The
presence of a rebound effect may explain this, as individuals with higher levels of education
often have higher appliance ownership, potentially offsetting their environmental awareness.
These results support the argument that household habits and social environments play
a more critical role than formal education in shaping energy-saving actions (Grilli &
Curtis, 2021), especially when reinforced by community norms and collective motivation
(Abrahamse et al., 2005).

In contrast, household size emerged as a significant determinant, where an
increase in the number of family members reduces the likelihood of practicing energy-
efficient behavior. Larger households face structural challenges, such as intensified daily
activities and more frequent use of shared appliances, making systemic conservation
harder to maintain. This finding is consistent with previous studies emphasizing
household composition as a key driver of residential energy consumption. Physical
housing characteristics also play a crucial role; larger dwelling areas are associated with
a lower probability of energy efficiency. Larger homes inherently demand more energy
for lighting and cooling. However, prior studies note that lifestyle choices, adequate
ventilation, and access to natural lighting can mitigate energy consumption even in

larger homes (Sardianou, 2007).

Interestingly, installed electrical capacity has a positive and significant effect on
energy-efficient behavior. Households with higher capacity are more likely to adopt energy-
saving practices, reflecting a technological transition in which higher-capacity homes tend
to use newer, more efficient appliances. Similar patterns have been observed in previous
studies, which emphasize the role of appliance efficiency and technological upgrading in
reducing energy intensity (Romero-Jorddn & del Rio, 2022).

Although the number of electronic appliances owned by a household is often
assumed to increase energy consumption, this study finds that appliance ownership is not
a statistically significant determinant of energy efficiency behavior. This result suggests
that energy-saving behavior is influenced more by usage patterns and behavioral self-
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regulation than by the mere quantity of appliances. In other words, households with
many appliances may still exhibit efficient energy use if they maintain strong behavioral
control, awareness, or apply usage restrictions. This finding is consistent with recent
studies that emphasize the importance of behavioral factors over structural ownership.
For instance, Qiao et al. (2024) found that the energy-saving potential of appliances
depends more on user behavior than on the number or technical specifications of
the devices themselves. Similarly, Sardianou (2020) highlights that attitudes, perceived
behavioral control, and routine practices are better predictors of household energy use

than asset ownership alone.

Ultimately, residential location remains a primary determinant of energy behavior.
Households in resource-dependent peripheral settings are significantly more likely
to practice energy-efficient consumption compared to those in high-density spatial
contexts. This disparity is attributed to increased appliance ownership and lifestyle
modernization in developed areas (IEA, 2022). In contrast, higher efficiency in
peripheral areas is often a result of structural and environmental constraints, such as
reliance on traditional energy sources (Our World in Data, 2023) and better access
to natural cooling and daylighting (OECD, 2021), which differ significantly from

developed contexts.

CONCLUSIONS

This study reveals that household energy consumption behavior is strongly
influenced by spatial disparities, where structural and behavioral factors outweigh
conventional economic determinants. Empirical findings indicate that household
size, dwelling area, installed electrical capacity, and residential location significantly
affect the likelihood of adopting energy-saving practices. In contrast, income and
education have a limited statistical influence. These outcomes suggest that Indonesia’s
long-standing energy subsidy policies have weakened price signals, reducing the role
of economic motivation in promoting conservation. Instead, housing characteristics,
access to electricity, and appliance usage patterns emerge as key drivers of energy

behavior.

Several policy recommendations based on these findings concern subsidy reform,
namely, readjusting subsidies to minimize price distortions and align them with energy
conservation goals. One such recommendation is conditional subsidies for those who
practice energy conservation. Strengthening public programs that focus on energy literacy,
behavioral change, and awareness campaigns, especially in urban areas with high energy
consumption. In addition, providing incentives in the form of financial assistance, tax
rebates, or microfinance for households to adopt energy-efficient appliances and small-
scale renewable energy systems can motivate them to improve energy efficiency or begin

adopting renewable energy use.
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