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In 2022, Indonesia initiated a pilot project to transition from liquid petroleum gas (LPG) stoves to
induction stoves, targeting 8.2 million households by 2025. While LPG is considered a clean
cooking fuel by the World Health Organization due to its low PM2.5 emissions, this program aims
to further reduce CO2 emissions from cooking activities, aligning with Indonesia’s clean energy
transition and 2060 Net Zero Emission goals. Throughout the program, doubts and criticisms arose
among various sectors of society, particularly concerning the sustainability of this program. This
research aims to determine and analyze the driving factors that support the sustainability of the
induction stove transition program. Five sustainability aspects, namely, economic, social,
environmental, technical, and institutional, were analyzed. A total of 315 Indonesian citizens
participated as respondents in this research survey. The Partial Least Squares - Structural Equation
Model (PLS-SEM) method was utilized as the analytical approach for the study. The results
revealed that nine factors significantly influenced program sustainability, with the strongest
impacts from technology costs (path coefficient = 0.859), contextual factors (0.803), electrical
infrastructure (0.792), and community perception (0.773). Economic sustainability was driven by
technology costs and business opportunities (0.643), while environmental sustainability was
strongly influenced by electrical infrastructure. Post-installation support (0.307) and financial
management (0.391) significantly impacted technical and institutional sustainability respectively.
These empirical findings improve previous research on the sustainability of an energy transition
program, which provides insights for researchers and stakeholders in the energy management field,
especially in developing countries, for policy determination and decision-making.

http://doi.org/10.54337/ijsepm.8414

1 Introduction

In the past two decades, countries worldwide have shifted
their focus toward clean energy as part of sustainable
development goals [1]. Not only developed nations but
also developing countries [2], including Indonesia, are
equally enthusiastic about achieving clean energy goals
[3]. One of Indonesia’s clean energy commitments, among
others, is in the cooking technology area. Indonesia has
begun to initiate the use of LPG stoves that are categorized

*Corresponding Author — e-mail: rwd@ft.uns.ac.id; retnowulan@staff.uns.ac.id

as clean cooking technology [4] to replace kerosene stoves
in 2007. By 2016, the program had achieved significant
success; as of 2023, about 88% of Indonesian households
use LPG as their main cooking fuel. This kerosene-to-LPG
conversion program was a significant energy policy shift
in Indonesia and is often cited as a successful large-scale
fuel transition program [5].

However, it’s worth noting that the success of this
program has led to new challenges, particularly the
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increasing dependence on imported LPG, which is now
motivating the government to consider transitioning to
induction stoves. This motivation is also in the context
of achieving Indonesia’s Net Zero Emission target by
2060 [3] through a conversion program of LPG stoves to
induction for 8.2 million households by 2025 [6].

Induction stoves are indeed increasingly being
adopted in various countries as a more efficient and
clean cooking technology. China leads in adoption, with
over 150 million units by 2015 [7], while European
countries like Germany, France, and Sweden have seen
significant uptake, with 17-20% of households using
induction stoves [8]. In Asia, Japan and South Korea
have high adoption rates, with over 30% of households
using induction stoves [9, 10]. The United States [11]
and Australia [12] are seeing increasing interest, albeit
at a slower pace. Even developing countries like India,
Nepal, Myanmar, and some African nations are explor-
ing induction cooking as part of their clean cooking
strategies [13].

Indeed, implementation in developing countries still
faces many challenges, ranging from infrastructure chal-
lenges to cultural resistance [13]. However, Indonesia is
trying to initiate a program to convert LPG to induction
stoves in order to achieve clean cooking energy targets
and reduce LPG imports by running a pilot project pro-
gram in 2022 [14]. The program was initiated by provid-
ing a set of induction stoves along with cooking utensils
and free electrical installations with special electricity
tariffs to 1,000 Indonesian households [14].

For this pilot project, all equipment, including induc-
tion hobs, was provided by the state electricity company
to participating households at no cost, allowing for a
comprehensive assessment of the program’s feasibility
and impact. During the pilot project, positive and nega-
tive feedback from the Indonesian public about this
program emerged. Proponents viewed induction stoves
as more efficient, safe, clean, and modern [15], also pro-
viding a solution to the market’s scarcity of 3-kg LPG
cylinders [14].

However, various negative responses arose from oppo-
nents, including concerns regarding the large electricity
capacity requirement for households (minimum 2,200 VA),
which could impact the tariffs. Doubts were also raised con-
cerning the stability of electricity supply from the National
Electricity Company (PLN) to households, the perceived
mismatch between Indonesian cooking methods and modern
stoves, and doubts about future benefits or sustainability for
the community [16]. Public opinion, including from the

general populace, industry, and parliament, questioned this
program’s long-term sustainability [17].

Generally, implementing new programs and technol-
ogies indeed requires critically examining their sustain-
ability [18]. Sustainability is a concept that refers to the
ability to meet the needs of the present without compro-
mising the ability of future generations to meet their
own needs [19, 20]. It involves maintaining a balance
between economic growth, environmental protection,
and social well-being over the long term. Recently, sus-
tainability concepts in implementing new technologies
have evolved, encompassing economic, social, and envi-
ronmental elements as well as technical and institutional
ones [21]. Sustainability indicators have also developed
with recent concepts such as the circular economy,
stakeholder engagement, and creative innovation [22].

Induction stoves are a relatively new cooking tech-
nology, particularly in developing countries.
Sustainability analyses of induction stove conversion are
still continuously explored by experts and researchers.
Paudel et al. [23] recently examined the sustainability of
implementing induction stoves from an economic per-
spective related to the public’s willingness to pay in
Nepal. Yudiartono et al. [24] analyzed electric vehicles
and biofuels for transportation, induction stoves and
urban gas networks for households based on the National
Energy Policy. The result showed that primary energy
supply projections need to optimized New Renewable
Energy (NRE) power plant use and increase NRE’s posi-
tion in the national energy mix. A Low Emissions
Analysis Platform (LEAP) utilized to examined eco-
nomic sustainability related to energy supply and
demand in Indonesia for the implementation of the
induction stove program. From a technical perspective,
Moraskar and Daigavane [25] evaluated the sustainabil-
ity aspects of induction stove implementation in India.
Others also explored the sustainability of induction
stoves from technical, economic, social, and environ-
mental perspectives [26, 27, 28]. However, mostly they
focused on financial or economic aspects. To date, no
identified model or framework comprehensively dis-
cusses all sustainability aspects of implementing induc-
tion stoves simultaneously. This study fills this gap by
analyzing all aspects of sustainability (economic, social,
environmental, technical, and institutional) and examin-
ing their interrelationships simultaneously in the imple-
mentation of the induction stove conversion program.

This research aims to investigate the factors that
support the economic, social, environmental,
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technical, and institutional sustainability of the
induction stove program from the public’s perspec-
tive, with an empirical case in Indonesia. To iden-
tify and analyze the correlation of factors that drive
the sustainability of the induction stove program,
the Partial Least Squares - Structural Equation
Modeling (PLS—-SEM) method is applied. The PLS-
SEM is a statistical method used for analyzing com-
plex relationships between multiple variables. This
method is a variance-based approach to structural
equation modeling that is particularly useful for
exploratory research [29]. This method is indeed
widely applied to assess the readiness and accep-
tance of implementing new technologies, including
in the field of electrification, for instance, in the
context of electric vehicles [30, 31] also in the elec-
tric household technology [32] among them was
induction stoves [14].

This research will contribute to both researchers and
practitioners. The theoretical model results can enhance
insights for researchers in the field of energy transition
conversion, especially in developing countries.
Practically, the research findings can serve as stakehold-
ers’ considerations to ensure the sustainability of the
induction stove program.

2. Background and Implementation of Clean
Cooking Technologies

To provide a comprehensive base for this study of
Indonesia’s induction stove program, it is essential to
examine the broader landscape of clean cooking initia-
tives, with a specific focus on modern and clean cook-
ing technology. This review of existing literature
explores three interrelated topics: the concept of
modern and clean cooking technologies; modern and
clean cooking in Indonesia; and the induction stove
transition program with a specific focus on developing
nations.

2.1 The concept of modern and clean cooking
technologies

Clean cooking technologies have been redefined over
time. Initially, the World Health Organization (WHO)
and International Organization for Standardization (ISO)
defined them based on technical performance, specifi-
cally emissions of particulate matter (PM2.5) and carbon
monoxide (CO). The WHO’s 2014 guidelines set spe-
cific emission targets [4], while ISO 19867-3 established

a tiered system for cook stove performance [33]. Fuels
like solar, electricity, biogas, natural gas, LPG, and alco-
hol are considered clean, as are biomass stoves meeting
specific emission standards [4].

In 2020, the Energy Sector Management Assistance
Program (ESMAP) introduced a broader definition:
Modern Energy Cooking Services (MECS) [13]. This
approach uses a Multi-Tier Framework (MTF), consider-
ing six factors: convenience, fuel availability, safety,
affordability, efficiency, and reduced exposure to pollut-
ants. A household is categorized as having modern cook-
ing technology if it meets or exceeds Tier 4 requirements
in all six categories, with a transition category for those
meeting at least Tier 2 standards but not all at Tier 4.

An ESMAP survey [13] across 71 developing coun-
tries, which represents 90% of lower and lower-mid-
dle-income countries’ populations, found that only
24.5% of the 5.3 billion people sampled have access to
MECS. Access rates vary significantly by region: Latin
America and the Caribbean lead at 56%, followed by
East Asia at 36%, while Sub-Saharan Africa lags at 10%.
The definition from ESMAP combined with the MECS
term provides a more comprehensive understanding of
clean cooking, considering user experiences and local
contexts beyond just technical specifications.

2.2 Modern and clean cooking technologies in
Indonesia
“Indonesia’s modern cooking program, termed the
Kerosene-to-LPG Conversion Program, initiated in
2007, stands out as a significant example of a large-scale
national fuel-switching initiative [5]. The program suc-
cessfully converted approximately 57 million house-
holds (88% of total Indonesian households) from
kerosene to LPG by 2016, demonstrating its remarkable
scale and effectiveness in transforming national cooking
practices [34].”

This ambitious effort significantly reduced the fiscal
burden of heavy kerosene subsidies [35, 36]. The
Indonesian government’s approach involved substantial
investments in LPG-specific infrastructure, which allowed
for significant economies of scale in distribution and pro-
vision. However, despite its success, the program has
faced challenges. It has not fully captured all segments of
the population, particularly rural end users. Additionally,
while switching the subsidy from kerosene to LPG has
realized fiscal efficiencies, the subsidy cost continues to
rise due to increasing energy demands. By 2020, about
75% of Indonesia’s LPG demand had to be imported,
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burdening the state budget, especially for the 3 kg LPG
canister, which is subsidized by the government [1, 35].
The subsidized 3 kg of LPG was intended for low-income
households but has not been effectively distributed to
those entitled. Middle- and high-income households also
use the subsidized LPG, although to a lesser extent.

In order to continue using modern and clean cooking
technologies, the Indonesian government aims to gradu-
ally reduce dependence on LPG through the promotion
of alternative cooking methods, namely induction stoves
[14]. This approach aims to reduce the financial burden
on the government while also continuing to promote
environmental and clean energy. One induction stove
produces substantially fewer indoor pollutants than an
LPG stove.

2.3 The Induction Stove Transition Program
Induction stove implementation is driven globally by
environmental concerns, energy security, health issues,
technological advancements, and electrification.
Developed countries (e.g., USA, UK, South Korea,
Japan) focus on energy efficiency and carbon footprint
reduction, while developing nations prioritize clean
cooking access, reducing indoor pollution, and decreas-
ing LPG imports [8].

India leads among developing countries, introducing
induction cooktops into its energy efficiency program in
2010 [37]. State-level pilot programs began in 2013,
with ongoing plans for wider distribution. Nepal began
promoting electric cooking around 2016, with signifi-
cant national initiatives starting in 2018 with the goal of
reducing LPG dependence [23].

African countries joined later: Ghana in 2018 [38],
Kenya in 2019 [39], and Ethiopia in 2019-2020 [40]
began exploring induction cooking, often collaborating
with the MECS program. These countries focus on
urban areas with reliable electricity and view electric
cooking as part of a broader clean cooking strategy.

In Southeast Asia, implementation varies. Indonesia
initiated national programs and pilot projects in 2020-
2022 through its national state electricity company (PT
PLN). Incentives include connection upgrade discounts,
free upgrades for new homes with induction stoves, and
free stove distribution in pilot areas [14, 41]. Other
countries, like Singapore, Thailand, and Malaysia, have
seen market-driven adoption [42].

Developing countries face challenges including infra-
structure limitations, cultural barriers, economic con-
straints, competition from established technologies, and

a lack of domestic manufacturing capabilities [23, 37,
43, 44]. Despite these challenges, induction stove pro-
grams remain attractive for their potential benefits. The
complex implementation process requires addressing
infrastructure, affordability, cultural factors, and policy
integration simultaneously. This makes the analysis of
these programs’ sustainability an intriguing area for fur-
ther exploration.

3. Conceptual Model and Hypotheses

Recently, the sustainability aspects are developing,
which not only focus on the environmental, economic,
and social but also technical and organizational institu-
tions. This study adopted a research model by Poudel et
al. [21], which was adjusted to the context of induction
stove applications and strengthened with the relevant
literature. Then, to formulate research hypotheses, the
exploration results were employed.

3.1 Social Sustainability

Newly implemented technologies must have social
impacts on society, including improving quality of life
and education, enhancing public health (e.g., through
reduced workload), and increasing job opportunities for
residents [45]. In a past study, Poudel et al. [21] consid-
ered aspects directly related to social sustainability, such
as contextual conditions comprising electricity tariff tax
structure, subsidy factors, electricity access flexibility
and ease, and electricity supply stability. These aspects
are relevant to the induction stove study [35]. This
description forms the basis for hypothesis formulation:

H1: Contextual factors positively influence social
sustainability.

Poudel et al. [21] also consider the project team’s knowl-
edge to support social sustainability. The community’s
information and knowledge regarding new technology in a
region are the foundation for long-term implementation
success [46]. Communities require as much knowledge
and support concerning the operationalization and mainte-
nance of new technology, how to obtain it, the adequacy
and stability of electricity supply needs, and program pol-
icies such as subsidies, tariffs, and promotions [47]. These
aspects support the community’s understanding of whether
the program or new technology opportunities can continue
to be employed to improve their social welfare [48]. Thus,
knowledge from the program implementation team
becomes crucial [49]. Past studies have proven that the
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implementation team’s knowledge positively influences
the program’s social sustainability [21]. The previous liter-
ature exploration is closely related and relevant to this
research; thus, the hypothesis formulation is as follows:

H2: The implementation team's knowledge has a
positive impact on social sustainability.

User perceptions correlate with social sustainability [28].
These perceptions are closely related to social back-
grounds, such as age, occupation, and income [50], as
well as the influence of promotional advertisements [51].

Positive community perceptions are more likely to
support community acceptance [52], as communities
tend to accept the advantages and benefits of implement-
ing new programs and technologies [53]. Communities
are motivated to take advantage of opportunities that
arise from the multiplier effect of technology implemen-
tation [54]. The literature exposition forms the following
hypothesis:

H3: User perceptions of technology positively influence
the social sustainability.

3.2 Economic Sustainability

Economic sustainability aspects of implementing elec-
trical technology programs are related to productive
electricity usage, access to local market products, and
post-installation support that contributes to the growth
of local businesses. Such growth ultimately increases
electricity sales revenue [55].

Implementing new electricity-related technology
considers cost and device efficiency during operational-
ization [56, 57]. These costs comprise the initial pur-
chase, maintenance, and repairs [36]. Reasonable costs
support the economic sustainability of implementing
new technology programs [23]. This description pro-
vides a formulation for the following hypothesis:

H4: The cost of technology usage has a positive
influence on economic sustainability.

Implementing new technology is expected to be advan-
tageous for businesses and create new entrepreneurial
opportunities [21, 45]. The existence of new business
opportunities supports stakeholders’ economic sustain-
ability [45, 58].

In the context of induction stoves, these opportunities
may arise, including in the electronics equipment

business [58], induction cooker tools for households and
restaurants [59], and related industries such as distribu-
tion, electronic materials/components, and food busi-
nesses [60]. This explanation provides the basis for the
formulation of the following hypothesis:

H5: Business opportunities in technology
implementation in the community positively influence
economic sustainability.

3.3 Environment Sustainability

Environmental sustainability is related to energy effi-
ciency and pollution reduction [61, 62]. The social life-
style of the community may be associated with
environmental sustainability [21]. Communities that
understand the importance of saving fossil fuels and
using environmentally friendly technology wisely can
also maintain their environment, ultimately supporting
long-term environmental sustainability [21, 23].

In the case of induction stoves, the technology is sci-
entifically proven to be more efficient than kerosene
stoves [63] and emits no carbon pollution during cook-
ing [26]. The community’s consistent use of induction
cookers can save energy and reduce carbon pollution.
Based on this description, the following hypothesis is
formulated as follows:

H6: The lifestyle of technology usage in cooking
positively influences environmental sustainability.

Users of environmentally friendly technology require
stable energy supply support because it is related to
operational use [64]. This means that pollution reduction
and energy efficiency are achieved when the technology
and energy sources are distributed stably and consis-
tently so that the community is confident that the supply
is adequate [64, 65].

This description is relevant to the implementation of
induction stove technology because cooking activities are
a daily routine for most households and food businesses.
Ensuring a stable electrical energy distribution infrastruc-
ture for users can encourage the use of induction stoves
for daily cooking continuity, which implies gradual and
sustainable environmental sustainability. This description
is the basis for the following hypothesis:

H7: Infrastructure for community electricity
distribution has a positive impact on environmental
sustainability.
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3.4 Technical Sustainability

Technical sustainability relates to meeting technical
needs, including reliability and maintenance, as well
as the function and efficiency of local industry’s capa-
bility to support technical issues of the technology [66,
67], procurement of materials, and handling of tech-
nology waste [68]. Some researchers have begun to
emphasize technical sustainability’s importance in
complementing environmental, economic, and social
sustainability, especially in implementing new tech-
nology [69, 70].

Previous studies have shown that the project team’s
competence in explaining technical matters to the gen-
eral public is critical, as it supports the public’s under-
standing of how to ensure the technology’s long-term
reliability [21]. This exposition closely aligns with the
context of the induction stove program, as this technol-
ogy is entirely new to most Indonesian households [14],
thus forming the basis for the following hypothesis:

HS8: The technical competence of the project team
positively influences technical sustainability.

Technical sustainability also includes repair ability and
future availability of spare parts [71]. This is closely
related to the readiness of actions accompanying the
implementation and post-installation of new technology
[21].

Aspects of continuous technology installation support
can be reflected in the support of service facilities and
daily operational standards [21], supporting software
[72], and the involvement of user communities who
already have technical understanding [69, 70]. This
description is consistent with Indonesia’s implementa-
tion of the induction stove program and can serve as the
foundation for the following hypothesis:

H9: Post-installation technology support positively
influences technical sustainability.

3.5 Institutional Sustainability

Institutional sustainability is related to an institution or
organization’s ability to consistently fulfill the mission
of implementing technology programs that are its long-
term objectives amidst changing environmental condi-
tions and market demands [73]. It involves managing
resources wisely, building trust and good relationships
with stakeholders, and maintaining the organization’s
integrity and credibility [21]. Stable and consistent

institutions for program and technology implementation
support long-term sustainability success [74].

Team performance within organizations with a strong
commitment to program implementation success through
planning and execution also supports institutional sus-
tainability [21]. Other researchers also argued that pro-
grams funded by mature organizational management
tend to have good institutional sustainability [49, 74].
The performance of the management team in supporting
this conversion program has the potential to influence
institutional sustainability; thus, the following hypothe-
sis is as follows:

H10: Organizational management team performance
positively influences institutional sustainability.

Another important aspect of institutional sustainability
is financial management, including transparency, regular
financial audit resolution, and planning for spare parts
inventory funding and system maintenance [21, 75].
Financial management is an essential part of this aspect
[73, 76].

In the context of induction stove conversion in
Indonesia, the financial aspect of institutions provides
the basic framework for program sustainability [35, 36],
making it crucial for the institutional sustainability of
the program organizer organization. This exposition
establishes the following hypothesis:

H11: The financial management of the program
organization positively influences institutional
sustainability.

2.6 Sustainability Linkage

Most researchers argue that aspects of sustainability
have the potential to be interrelated [19, 77]. Social sus-
tainability is related to economic sustainability [21, 45],
because communities with good social living standards
and education are more likely to leverage opportunities
to increase income from program and technology imple-
mentation [21]. These opportunities can encourage com-
munities to migrate to new technologies, which, from
the business perspective of electricity providers and the
government in Indonesia, are also more efficient and
economical than importing LPG [35, 36]. This exposi-
tion forms the basis for the following hypothesis:

H12: Social sustainability has a positive influence on
economic sustainability.
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Economic sustainability is also related to technical sus-
tainability [21, 45]. A program implementing new tech-
nology supported by facilities and infrastructure that is
ready for the long term supports the business of that
technology [45].

In terms of technology and economics sustainability,
a proven modern and efficient technology, supports the
economic aspect of an organization or industry [78, 79].
This research description is relevant to the induction
stove conversion program. Thus, the formulated hypoth-
esis is as follows:

H13: Technical sustainability has a positive influence
on economic sustainability.

Technical sustainability must be integrated with the
readiness of the implementing institution. Poudel et al.
[21] presented their study in the field of mini-grid tech-
nology implementation, finding that technical sustain-
ability correlates positively with institutional
sustainability.

Likewise, with several other field studies [80, 81]. This
exposition forms the basis for the following hypothesis:

H14: Technical sustainability has a positive influence
on institutional sustainability.

In the context of the induction stove conversion pro-
gram, improvements in social sustainability can reduce
LPG consumption because electricity on induction
stoves is targeted to minimize carbon emissions into the
environment from cooking activities [63]. Thus, social
sustainability is also related to environmental sustain-
ability [21, 45].

Communities with good livelihoods and incomes are
likely to shift from their conventional energy consump-
tion patterns (such as firewood and kerosene) and begin
using electrical appliances (such as rice cookers, blend-
ers, and electric stove) [2, 43]. Therefore, the hypothesis
formulated from this exposition is as follows:

H15: Social sustainability has a positive influence on
environmental sustainability.

As shown in Figure 1, the formulation of these hypothe-
ses serves as the basis for building this research’s con-
ceptual model.

Hn : n" hypothesis; (+) : positive correlation.

Contextual Factor
H1(+)
Knowledge Level Of | H2(¥) | o inabili HIS() | Envir _ H6M) C v
Program’s Team > e - Sustainability - Behaviour / Life Style
H3 (+)
H7 (+)
Community Perception H12 (+)
Infrastructure For
Electrical Distribution
Y
H4 (+) B "
T 2y Cost o Sustainability
H5 (+) 4
Business Opportunity HI12 (+)
Team's Technical H8 (+); Technical H14(+) Institutional H10 (+) Performance Of
Compentency o Sustainability Sustainability Management Team
HY (+)
HI1 (+)
Post — Instalation
Financial
Support Management's
Program

Figure 1: The conceptual model.
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Figure 2: The research methodology.

4. Methods and Data

This section outlines the research strategy and data col-
lection, followed by an explanation of the data process-
ing and analysis used in this research. The research
methodology flowchart is presented in Figure 2.

4.1 Research Strategy and Data Collection

This section explains the data collection strategy, which
includes an explanation of the survey mechanism, the
amount and mechanism of data collection, and how to
develop and distribute research instruments.

4.1.1 Determining the data collection

Surveys were employed as the strategy for data collec-
tion. This study involved respondents from the Indonesian
community who were 21 years of age and over, which is
considered the age of adulthood where one can respond
to surveys wisely [82] and as they are presumed to have
an understanding of policies related to adopting new
technologies [83]. According to data from the Central

Statistics Agency of Indonesia, in 2023, there were 200
million adults spread across 33 provinces [84].

4.1.2 Determining the sampling method

In relation to project reporting, data collection was allo-
cated for two months. In this context, a sampling strat-
egy was used to capture respondents’ perceptions in this
induction stove sustainability analysis. The purposive
random sampling approach with Slovin’s formulation
(Equation 1) was used to calculate the minimum sample
size to ensure population representation.

N
(1+ (%))
Where ‘n’ represents the minimum sample size required
for the study, ‘N’ was the total population size from
which the sample is drawn, and ‘e’ denotes the desired
level of precision, also known as the margin of error. In

this study, it used a population size (N) of 200 million,
representing the adult population of Indonesia. The

n=

(1)
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margin of error (e) set in this research was at 10%,
which corresponds to a 90% confidence level.

With a population target of 200 million respondents,
the sample minimum required was 100. However, to
strengthen the population representation, sample calcu-
lations with Gpower with the StatPower software appli-
cation were carried out [85] (for 10% error rate
specification; Power (1-f err prob): 0.90; Effect size f*
0.05), and a minimum sample of 293 was required. By
applying these methods for sampling calculation, the
required sample size for the survey was 100 — 293
respondents.

4.1.3 Designing the survey instrument

An efficient survey strategy to reach a large population
with a spread demographic area is a questionnaire [58].
Indeed, questionnaire is beneficial to be able to reach
respondents widely, but it has several weaknesses,
among others the potential for limited depth in responses
and misinterpretation of questions by respondents.
Therefore, in future research, it will need to complement
data collection with other approaches, such as inter-
views, to enhance data quality.

The instrument was a constructively designed question-
naire that initially consisted of 70 questions. The question
items for this instrument were developed by elaborating
previous questionnaire literature that was in line with it,
including those related to the adoption of new electrici-
ty-based technology, especially in the household context.

A pilot study was done to ascertain the questionnaire’s
validity and reliability prior to its administration to actual
respondents. Thirty pilot respondents participated in eval-
uating the initial version of the questionnaire, and its items
were assessed using Cronbach’s alpha. Items with a
Cronbach’s alpha of at least 0.7 were deemed acceptable
as measurement indicators. After conducting a pilot study,
50-item questionnaires were obtained, which were declared
valid and reliable for data collection.

The questionnaire was originally conducted in
Indonesian (https://bit.ly/3TPupTO), with an English
translation available for reference (https://bit.ly/3y-
qA4Yz). This research questionnaire used a five-point
Likert scale, with a scale of 1 indicating strongly dis-
agreeing and a scale of 5 indicating strongly agreeing.
This scale was filled in by respondents based on their
choices and opinions. To maintain the ethical aspects of
the research, in the introduction of the questionnaire it
was clearly stated that the researcher maintains confi-
dentiality by anonymizing all data collected.

4.1.4 Distributing the questionnaire

In order to reach a sample of respondents spread across
Indonesia, the questionnaire was distributed online
through WhatsApp (WA) groups, Instagram (IG), and
Twitter (X) platforms. After two months of distribution,
the questionnaire has successfully reached 315 respon-
dents. After data cleansing, 300 valid respondent data
points were obtained, and this amount met the minimum
sample requirement and was therefore ready for further
analysis. Although the data is sufficient, it would be
better if the longer period of online questionnaire distri-
bution increase the number of respondents, which is
expected to further increase the adequacy of the data.

4.1.5 Determining sufficiency data for PLS-SEM

In this study, PLS-SEM was used for statistical correla-
tion analysis. According to the 10-time rule standard for
PLS-SEM, the sample size must be at least 10 times the
largest number of indicators used to measure a construct
[86]. With 300 respondent data, it is feasible to further
process it in the PLS-SEM correlation statistical
mechanism.

4.2 Data Processing

Data analysis commenced with cleansing and identify-
ing outliers and missing values. Descriptive statistics
probed respondent demographics. The types of descrip-
tive statistics used in this research, namely proportion
(percentage) of the respondent gender and age.
Furthermore, the PLS-SEM examined variable influ-
ences and relationships affecting the induction stove
program’s sustainability.

The SmartPLS 4.0 software is applied to support data
processing, which is commonly used for correla-
tion-based statistical exploratory studies [§7]. The model
analysis was conducted by measuring the outer model,
including its validity and reliability, and the structural
model (inner model).

5. Result and Model Measurement

This section covers respondents’ demographics, outer
model assessment for validity and reliability, and inner
model assessment for correlation factors.

5.1 Respondent’s demographics

Of the 300 respondents’ data, 69% were women, with
ages ranging from 25-35 years (74%), followed by the
age group of 3646 years (14%), and others. The
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predominance of female respondents (69%) in this
sample reflects traditional Indonesian household dynam-
ics where women typically handle cooking responsibili-
ties [88,89] with the age of married women ranging from
20 to 50 years [90]. While this may accurately represent
the primary users of cooking technology in Indonesia, it
potentially underrepresents male perspectives on the
induction stove program. Future research should actively
seek more balanced gender participation to capture
diverse household viewpoints on cooking technology
adoption.

This research online survey methodology resulted in
a sample predominantly comprising respondents aged
25-35 years (74%). This age skew presents limitations,
namely it was underrepresentation of older generations
who may have different cooking habits and technology
adoption patterns, and it was limited insight into the
perspectives of more experienced household deci-
sion-makers. For future study, it is recommended to
apply stratified sampling to ensure better representa-
tion across age groups. Furthermore, the use of online
platforms for survey distribution in this research
indeed has the potential to introduce several biases,
among others limited participation from rural popula-
tions with less reliable internet access; exclusion of
individuals less comfortable with digital technologies
and underrepresentation of elderly populations who
may be less active on social media. This sampling
method may have inadvertently favored urban respon-
dents with better digital connectivity, potentially miss-
ing crucial insights from rural communities who might

face different challenges in adopting induction stoves,
such as less reliable electrical infrastructure, different
cooking habits and needs, varying levels of technical
support availability.

Future research should employ a mixed-method
strategy that combines both online and offline surveys
to reach a broader demographic spectrum. The offline
surveys would be particularly valuable for engaging
elderly participants and those less comfortable with
digital technology, who were underrepresented in this
current study. Additionally, conducting in-depth inter-
views with these underrepresented groups would pro-
vide richer, more nuanced insights into their
perspectives, concerns, and needs regarding the induc-
tion stove program. This approach would help capture
valuable feedback from segments of the population
that may face unique challenges in adopting new cook-
ing technologies but whose voices are crucial for
developing an inclusive and effective implementation
strategy.

5.2 Outer Model Assessment

The developed model uses the PLS-SEM method, which
is reflective. The calculations were performed for inter-
nal consistency reliability (composite reliability [CR]),
convergent validity (factor loading and average variance
extracted [AVE]), discriminant validity (hetero-
trait-monotrait [HTMT]), and variance inflation factor
(VIF) to analyze multicollinearity [86]. To support these
calculations, SmartPLS 4.0 was employed (the result
resumed in Table 1).

Table 1: Outer model assessment.

Construct Item Factor loadings CR AVE VIF
Social sustainability (SCS) SCS-1 0.778 0.864 0.679 2.221
SCS-2 0.689 2.135
SCS-3 0.812 1.222
Economic sustainability (ECS) ECS-1 0.818 0.936 0.879 1.534
ECS-2 0.801 1.244
ECS-3 0.705 1.571
Environment sustainability (EVS) EVS-1 0.753 0.860 0.680 2.111
EVS-2 0.861 1.725
EVS-3 0.822 1.315
Technical sustainability (TCS) TCS-1 0.741 0.888 0.726 1.596
TCS-2 0.847 1.423
TCS-3 0.856 1.758
TCS+4 0.881 1.441

(Table 1 continued)
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(Table I continued)

Institutional ISS-1 0.664 0.832 0.713 1.112
Sustainability (ISS) 1SS-2 0.732 1.231
ISS-3 0.655 1.411

Contextual factor (CNF) CNF-1 0.615 0.815 0.687 2.264
CNF-2 0.667 2.160

CNF-3 0.752 2.373

Knowledge level of the program team KLT-1 0.880 0.912 0.839 2.355
(KLT) KLT-2 0.844 2.446
KLT-3 0.797 2.560

Community perception (CMP) CMP-1 0.868 0.821 0.708 1.445
CMP-2 0.713 1.352

CMP-3 0.743 1.634

Technology cost (TCC) TCC-1 0.799 0.902 0.821 1.692
TCC-2 0.823 1.542

TCC-3 0.838 1.483

Business opportunity (BOP) BOP-1 0.812 0.844 0.715 1.555
BOP-2 0.799 2.783

BOP-3 0.805 2.888

Community behavior (CMB) CMB-1 0.765 0.822 0.816 1.748
CMB-2 0.772 1.893

CMB-3 0.809 1.826

Infrastructure for electrical distribution IED-1 0.810 0.857 0.722 1.590
(IED) IED-2 0.794 1.677
IED-3 0.746 1.458

Team’s technical competency (TTC) TTC-1 0.822 1.613
TTC-2 0.798 1.728

TTC-3 0.721 0.871 0.699 1.447

Post—installation PIS-1 0.833 0.842 0.642 1.448
Support (PIS) PIS-2 0.759 1.397
PIS-3 0.751 1.551

Performance of Management Team (PMT) PMT-1 0.763 0.827 0.708 1.306
PMT-2 0.819 1.887

PMT-3 0.840 1.596

Financial Management’s Program (FMP)

FMP-1 0.812 0.890 0.730 1.460
FMP-2 0.838 1.620
FMP-3 0.827 1.961

International Journal of Sustainable Energy Planning and Management Vol. 43 2025



Drivers of the Sustainability Performance of Induction Stove Conversion Program in Indonesia

This model is adequate for analyzing the correlated
factors that influence the induction stove conversion
program’s sustainability. As assessed by CR, all model
variables are within the range of 0.60—0.95, which indi-
cates that the indicator items within each variable are
consistent enough to reflect their constructs [91].

Indicator items are also valid, as indicated by factor
loading values all above 0.6 and AVE values above 0.50,
meaning the indicator items can explain more than half
of their respective model variable constructs [29]. To
ensure that indicator items do not measure variables out-
side of their constructs, discriminant validity based on
HTMT was also conducted, showing the model is suffi-
ciently valid, with indicator items within the same con-
struct being high (>0.80) and no inter-construct variables
exceeding 0.85 [91].

5.2 Structural (inner) Model Assessment

The measurement of the structural (inner) model PLS-
SEM is also supported by SmartPLS 4.0 software. This
measurement comprises collinearity; significance and
model applicability; coefficient determination (R?); effect
size (*); model prediction (Q?); and the exogenous con-
struct’s contribution (¢%) [29,91]. The collinearity of the
structural model was analyzed from the VIF values, and
all model variable VIF values were less than 5, indicating
no inter-correlation among variables [29].

Model significance was examined by bootstrapping
with the default software SMARTPLS 4.0 replication,
5,000 sampling. Significance was assessed from the cal-
culation of P and t statistics with a 10% error, according
to the characteristics of exploratory models [87]. Based
on a 10% error rate (or 90% confidence level), the
hypothesis cannot be rejected if the P-value is less than
0.1 (10%) and the t value is above 1.65. The P and t values
in Table 2 display the significance of path analysis
between variables implicated in the model hypothesis.

The model assessment (Table 2) reveals that 13 tested
hypotheses demonstrate significance and support the
hypotheses, whereas two paths do not. Two factors that
are not correlated with each other (P > 0.05) are knowl-
edge level team (KLT) and social sustainability (SCS)
(H2; P=0.294), community behavior (CMB), and envi-
ronment sustainability (EVS) (H6; P = 0.201).

Details of the hypothesis test results and analysis are
presented as follows:

a. Contextual factors positively influence social

sustainability.

The acceptance of this hypothesis highlights the
importance of electricity policies, subsidies, and
access in supporting the induction stove pro-
gram’s social sustainability in Indonesia. This
aligns with previous research projections and
emphasizes how these factors can create job

Table 2: Path analysis for hypothesis test.

Hyp Path Path coefficients t statistics P-values Hypothesis result
HI CNF — SCS 0.803 5.099 0.000 Supported*
H2 KLT — SCS 0.048 1.618 0.294 Not supported
H3 CMP — SCS 0.773 6.150 0.000 Supported*
H4 TCC — ECS 0.859 2.901 0.008 Supported*
H5 BOP — ECS 0.643 3.250 0.000 Supported*
H6 CMB — EVS 0.223 0.768 0.201 Not supported
H7 IED = EVS 0.792 6.101 0.000 Supported*
H8 TTC ->TCS 0.081 4.051 0.000 Supported*
H9 PIS = TCS 0.307 2.485 0.003 Supported*
H10 PMT — ISS 0.132 3.771 0.002 Supported*
HI11 FMP — ISS 0.391 3.441 0.001 Supported*
HI12 SCS — ECS 0.240 6.043 0.000 Supported*
H13 TCS — ECS 0.146 5.325 0.000 Supported*
H14 ISS —» TCS 0.132 2211 0.009 Supported *
H15 SCS — EVS 0.122 4.003 0.000 Supported*

Note: * indicated significant support the hypothesis: if ¢ value >1.645; P-value <0.10.
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opportunities, promote equity through accessi-
bility, and enhance overall societal well-being
[21, 35]. These findings underscore the need for
policymakers to carefully consider these con-
textual elements when implementing energy
transition programs, as they play a crucial role
in ensuring widespread benefits and long-term
social sustainability.

The team’s knowledge does not have a positive
impact on social sustainability.

The rejection of this hypothesis is an unex-
pected finding that contradicts some previous
studies (a.i., Poudel et al.[21]). This finding
suggests that while technical knowledge is cru-
cial for program implementation, it alone may
not directly impact into social sustainability
outcomes. This aligns with recent research indi-
cating that social sustainability requires a more
holistic approach beyond technical competency
[92, 93].

Several factors might explain this unexpected
result. First, there may be a gap between techni-
cal knowledge and its practical application in
community settings. Second, cultural and social
barriers could impede effective knowledge
transfer. Third, other factors, such as commu-
nity engagement strategies or local cultural
dynamics, might have a stronger direct impact
on social sustainability. Fourth, the complex
nature of Indonesian society, where diverse cul-
tural and social norms influence technology
adoption patterns, may affect how technical
knowledge translates into social outcomes.
This finding has important implications for
future program implementation. Programs
should consider adopting a more integrated
approach that combines technical knowledge
with social and cultural competencies. There is
also a need to develop better mechanisms for
translating team knowledge into communi-
ty-level impacts. Additionally, how to measure
and evaluate team knowledge in the context of
social sustainability may need to be redefined.
Moving forward, program implementations
should focus on three key areas. First, team
training should expand beyond technical aspects
to include community engagement skills.
Second, new metrics should be developed to
better capture the relationship between team
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knowledge and social outcomes. Third, more
effective mechanisms for knowledge transfer
between program teams and communities need
to be established.

User perceptions of technology positively
influence social sustainability.

This hypothesis is accepted and underscores the
crucial role of public opinion in the success of
the induction stove program in Indonesia. This
finding aligns with previous research on the
importance of community perceptions in sup-
porting the social sustainability of new technol-
ogy implementations [93, 94]. It suggests that
positive views about induction stoves—poten-
tially regarding their efficiency, safety, health
benefits, or modernity—contribute to broader
social acceptance and sustainable adoption.
This result strengthens the importance of public
education, effective communication strategies,
and addressing concerns to shape favorable per-
ceptions [21, 95]. It implies that efforts to
improve user perceptions could significantly
enhance the social sustainability of the induc-
tion stove program, potentially leading to better
community acceptance, more widespread adop-
tion, and longer-term social benefits.

The cost of community technology usage has a
positive impact on economic sustainability.

The acceptance of this hypothesis aligns with
previous research, such as studies in Ecuador [26,
47], Ghana [38], and India [37], which emphasize
the importance of cost considerations in energy
transition programs. The positive influence sug-
gests that when the costs associated with induc-
tion stoves—including purchase, installation,
maintenance, and electricity usage—are perceived
as reasonable by users, it contributes to the pro-
gram’s economic sustainability. This likely stems
from increased adoption rates, reduced financial
burden on households, and potential long-term
savings compared to LPG use [36]. For policy-
makers and program implementers, this under-
scores the need to focus on cost-effective solutions,
possibly through subsidies or innovative financ-
ing mechanisms, to ensure widespread adoption
and the program’s economic viability [35, 96].
Business  opportunities for technology
implementation in the community have a positive
impact on economic sustainability.

International Journal of Sustainable Energy Planning and Management Vol. 43 2025 17



Drivers of the Sustainability Performance of Induction Stove Conversion Program in Indonesia

This hypothesis is accepted, meaning that it
underscores the economic potential of the induc-
tion stove program beyond just energy transi-
tion. This result aligns with previous research on
the economic impacts of new technology adop-
tion [97, 98].

The positive influence suggests that the induc-
tion stove program is creating new business
opportunities in various sectors, such as elec-
tronics equipment, induction cooker tools for
households and restaurants, and related indus-
tries like distribution and electronic compo-
nents. These opportunities contribute to
economic growth, job creation, and diversifica-
tion of the local economy, all of which support
the program’s economic sustainability.

For policymakers, this result highlights the
importance of fostering an environment that
supports entrepreneurship and business devel-
opment around induction stove technology,
potentially through targeted incentives or sup-
port programs for small and medium enterprises
in this sector.

The lifestyle of technology usage in cooking
does not positively influence environmental
sustainability.

This is an unexpected finding that contradicts
some initial expectations (a.i., Paudel et al. [21];
Fiza et al. [99]; Hrvoje et al. [100]). This result
suggests that, in Indonesia’s induction stove
program, the adoption of induction cooking
technology alone may not directly translate into
improved environmental sustainability as
anticipated.

While induction stoves are generally more ener-
gy-efficient and produce fewer emissions than
traditional cooking methods, this finding indi-
cates that other factors may be more influential
in determining environmental outcomes. It’s
possible that lifestyle factors, such as cooking
habits or overall energy consumption patterns,
are not changing significantly enough with the
adoption of induction stoves to notably impact
environmental sustainability.

This result is in line with previous research find-
ings, which highlight the complexity of behav-
ior change and suggest that community lifestyle
alone may not be sufficient to drive environ-
mental benefits [101]. It implies that additional

measures, such as targeted education on ener-
gy-efficient cooking practices or broader envi-
ronmental awareness campaigns, might be
necessary to realize the full environmental
potential of the induction stove program.
Infrastructure for community electricity
distribution has a positive impact on
environmental sustainability.

Acceptance of this hypothesis highlights the
critical role of reliable energy infrastructure in
achieving environmental goals through the
induction stove program. This finding aligns
with research on the importance of a stable elec-
tricity supply in supporting clean energy transi-
tions [35, 102]. The positive influence suggests
that a robust and widespread electrical distribu-
tion system encourages consistent use of induc-
tion stoves, potentially reducing reliance on less
environmentally friendly cooking fuels. It
implies that as electricity infrastructure
improves, it becomes more feasible for house-
holds to sustainably adopt and use induction
stoves, leading to reduced emissions and energy
efficiency gains.

For policymakers, this underscores the impor-
tance of investing in and improving electrical
infrastructure as a key component of the pro-
gram’s environmental sustainability strategy
[103]. It also suggests that the environmental
benefits of induction stoves are closely tied to the
broader context of a country’s energy system and
its transition to cleaner electricity sources [21].
The project team’s technical expertise has a
positive impact on technical sustainability.

This acceptance hypothesis aligns with previous
research on the implementation of new technol-
ogies [104, 105], particularly in energy transi-
tion projects [21]. The positive influence implies
that a technically competent team is better
equipped to address challenges ranging from
electrical infrastructure issues to operational
constraints. This competence likely translates
into more effective installation, maintenance,
and troubleshooting of induction stoves, ensur-
ing their reliable operation over time.

For program implementers, this result highlights
the need to invest in the training and develop-
ment of technical staff, as well as the impor-
tance of recruiting individuals with relevant
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expertise. It implies that building and maintain-
ing a skilled technical team is crucial for over-
coming technical hurdles and sustaining the
program’s effectiveness in the long run [106].
Post-installation technology has a positive
impact on technical sustainability.

This hypothesis result aligns with the research
on the importance of after-sales service in tech-
nology adoption [21]. The positive influence
suggests that elements such as call centers, ser-
vice centers, and the availability of spare parts
contribute significantly to the technical sustain-
ability of induction stoves. This support likely
helps users overcome operational challenges,
ensure prompt repairs, and maintain the func-
tionality of the stoves over time.

For program implementers, this result empha-
sizes the need to establish robust support sys-
tems beyond the initial installation phase. It
implies that investing in accessible and efficient
post-installation support can enhance user satis-
faction, prolong the lifespan of the technology,
and ultimately contribute to the program’s tech-
nical sustainability [21, 107].

Organizational management team performance
positively influences institutional sustainability.
Acceptance of this hypothesis underscores the
critical role of effective leadership and manage-
ment in ensuring the long-term viability of the
induction stove program in Indonesia. This find-
ing aligns with research on the importance of
robust institutional frameworks in sustaining
energy transition initiatives [108, 109]. The pos-
itive influence suggests that a well-performing
management team contributes to the program’s
ability to adapt, evolve, and maintain its rele-
vance over time. This likely involves effective
decision-making, strategic planning, and effi-
cient resource allocation.

For stakeholders, this result emphasizes the
need to invest in developing strong management
capabilities within the implementing institu-
tions. It implies that focusing on enhancing
team performance through training, clear orga-
nizational structures, and performance metrics
can significantly contribute to the program’s
institutional sustainability [92, 93]. This finding
highlights that the success of the induction stove
program depends not just on technical aspects,
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but also on the quality of its organizational
management.

The program organization’s financial
management has a positive influence on
institutional sustainability.

In this study, this hypothesis is accepted and
highlights the critical role of sound financial
practices in ensuring the long-term viability of
the induction stove program in Indonesia. This
finding aligns with research on the importance
of financial stability in sustaining large-scale
energy transition initiatives [110]. The positive
influence suggests that effective financial man-
agement, including aspects such as transparent
budgeting, regular financial audits, and strategic
financial planning, contributes significantly to
the program’s ability to operate consistently and
adapt over time [21, 24].

For program implementers and policymakers,
this result strengthens the need to prioritize
robust financial systems and practices within the
implementing organizations [35]. It implies that
investing in financial expertise, implementing
strong financial controls, and ensuring transpar-
ency in financial operations can enhance the
induction stove program’s credibility, efficiency,
and long-term sustainability.

Social sustainability has a positive influence on
economic sustainability.

This hypothesis is accepted and underscores the
interconnected nature of social and economic
factors in the induction stove program in
Indonesia. This finding aligns with research on
the synergies between social and economic
aspects of sustainable development [21, 45]. The
positive influence suggests that improvements in
social conditions, such as better living standards
and education, can lead to enhanced economic
outcomes. In the context of the induction stove
program, this could mean that as communities
become more socially stable and educated about
the benefits of induction cooking, they are more
likely to adopt and efficiently use the technol-
ogy, leading to economic benefits.

For policymakers, this result highlights the
importance of considering social factors when
designing economic strategies for the program.
It implies that investments in social aspects,
such as community education and engagement,
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can yield economic dividends, potentially
through increased adoption rates, more efficient
use of resources, and the creation of new eco-
nomic opportunities related to the induction
stove technology.

Technical sustainability has a positive influence
on economic sustainability.

This acceptance hypothesis aligns with research
on the economic benefits of technically robust
energy solutions [78,79]. The positive influence
suggests that a well-maintained, reliable, and
efficient induction stove system contributes to
economic sustainability by potentially reducing
long-term costs, minimizing disruptions, and
enhancing user satisfaction.

For program implementers and policymakers,
this result underscores the importance of invest-
ing in quality technology, regular maintenance,
and technical support systems. It implies that
ensuring the technical sustainability of induc-
tion stoves through proper design, installation,
and ongoing support can lead to economic ben-
efits such as reduced operational costs, increased
adoption rates, and potentially new business
opportunities in related services.

Technical sustainability has a positive influence
on institutional sustainability.

Technical sustainability has a positive influence
on institutional sustainability, highlighting the
important link between technical reliability and
organizational longevity in the Indonesian
induction stove program. This finding aligns
with research on the interdependence of techni-
cal and institutional aspects in technology adop-
tion programs [80, 81].

The positive influence suggests that a techni-
cally sustainable system, characterized by reli-
able performance and efficient maintenance,
contributes to the stability and credibility of the
implementing institutions. For program manag-
ers and policymakers, this result highlights the
importance of maintaining high technical stan-
dards as a means of strengthening the institu-
tional framework.

It implies that investing in robust technical sys-
tems, ongoing technical training, and continu-
ous improvement processes can enhance the
implementing organization’s ability to adapt,
evolve, and maintain its relevance over time.

This finding emphasizes that technical excel-
lence is not just about the technology itself, but
also plays a crucial role in building and main-
taining strong, enduring institutions capable of
supporting the long-term success of the induc-
tion stove program.

0. Social sustainability has a positive influence on
environmental sustainability.
The positive influence suggests that improve-
ments in social conditions, such as better educa-
tion, awareness, and community engagement,
can lead to enhanced environmental outcomes.
This result aligns with previous research on the
synergies between social well-being and envi-
ronmental conservation in sustainable develop-
ment initiatives [21, 45].
In the context of the induction stove program,
this could mean that as communities become
more socially stable and informed about the
benefits of clean cooking, they are more likely
to adopt and consistently use induction stoves,
leading to reduced emissions and energy effi-
ciency gains. For policymakers and program
implementers, this result underscores the impor-
tance of social factors in achieving environmen-
tal goals. It implies that investments in social
aspects, such as community education and
awareness programs about clean energy and
environmental conservation, can yield signifi-
cant environmental benefits. This finding
emphasizes that addressing social sustainability
is not just beneficial for communities, but also
plays a crucial role in realizing the environmen-
tal objectives of the induction stove program.
Based on the hypothesis test results, the path
model sustainability for the Indonesian induc-
tion stove program is presented in Figure 3.

6. Analysis and Discussion

This passage explains the factors that influence the per-
formance of the induction stove conversion program
across social, economic, environmental, technical, and
institutional sustainability.

6.1 Social sustainability achievement

The induction stove conversion program’s social sus-
tainability in Indonesia is influenced by two significant
variables: contextual factors and positive community
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Figure 3: Final model for path coefficients and correlations.

perception. Contextual factors relate to electricity tariff
policies and regulations, subsidy programs for induction
cooking appliances, and the availability and flexibility
of electricity access in the community. This reinforces
Hakam et al.’s study [35], which conceptually projected
that these factors support the implementation of induc-
tion stove programs in Indonesia.

Policies, regulations, electricity programs, and their
promotions are critical factors for electricity-based tech-
nology implementations’ success [111, 112], as empiri-
cally evidenced in this study. These factors support the
induction stove program’s social sustainability in
Indonesia, promoting the opening of new job opportuni-
ties for the community and ensuring society’s health,
safety, security, and comfort.

Community perception also contributes to social sus-
tainability. These findings strengthen the study on com-
munity perception and support the social sustainability
of implementing new technology [113]. Positive com-
munity perceptions must be established and conditioned
from the program’s inception for long-term implementa-
tion success [114].

6.2 Economic sustainability achievement

Supporting economic sustainability in Indonesia’s
induction stove conversion program entails both tech-
nology costs and business opportunities. Affordable
technology costs impact economic sustainability, cover-
ing stove prices, utensils, installation, maintenance, and
damage, including electrical installation. Economic
sustainability ties to household and governmental finan-
cial benefits, including savings from not purchasing
LPG cylinders periodically. The government’s logical
technology costs are critical for the community to switch
to induction stoves [23], which aligns with the findings
of this study.

With appropriate technology costs for implementing
the induction stove conversion program, the government
can reduce the budget for importing LPG materials,
saving state expenditures. This finding is in line with the
implementation of induction stoves in Ecuador [47],
Ghana [38], and India [115].

This study also confirms that improving performance
in technical aspects or technical sustainability supports
economic sustainability. Technical sustainability support
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facilitates the financial benefits of energy conversion
projects for both the community and the country [116].

6.3 Environment sustainability achievement
Environmental sustainability is influenced by electrical
infrastructure and social sustainability. The assurance of
stable electricity distribution to induction stove users
and the sustainable social welfare of the community
motivate people to use induction stoves for cooking,
which is projected to strongly contribute to reducing
carbon emissions and maintaining environmental sus-
tainability [117].

Although there is a positive correlation, Indonesian
society’s lifestyle has yet to significantly influence envi-
ronmental sustainability in this program. Comfort fac-
tors affect people’s intention to utilize induction stoves
based on environmental awareness. Nevertheless, the
introduction of environmentally friendly electrical appli-
ances to society in Indonesia remains to be improved,
and strong encouragement from the Indonesian govern-
ment is necessary [44].

6.4 Technical sustainability achievement
The first significant aspect influencing the technical sus-
tainability of this conversion program in Indonesia is the
competence of the technical team involved in the pro-
gram. The technical team must have knowledge and com-
petence to address various challenges, which range from
electrical infrastructure to operational constraints [72].
The second aspect is post-installation support. To
support the long-term reliability and durability of the
technical products, call centers, service centers, and the
availability of spare parts for induction stoves are
required. Another aspect is technical support for post-in-
stallation electrical facilities, which must be supported

by electricity providers. In the implementation of new
technologies, after the initiation or introduction phase,
an ecosystem that supports the program [118] must be
provided, including technical facilities [21].

Furthermore, institutional sustainability significantly
correlates with technical sustainability. This means that
the presence of institutions with excellent organizational
and financial team management supports the technical
sustainability aspect of this program. This finding aligns
with studies on the sustainability of implementing new
technologies in various fields [21].

6.5 Institutional sustainability achievement
Institutional sustainability is affected by the perfor-
mance of management teams and the financial manage-
ment of programs. This underscores the need for
institutions, both governmental and non-governmental,
to commit to professional performance aligned with the
conversion program team.

Such institutions require long-term institutional finan-
cial management and system support. This has been
proven in various implementations of new technologies
and programs in the energy field [119, 120].

7. Managerial Implication

The nine factors supporting program sustainability (eco-
nomic, social, environment, technical, and institutional)
consist of contextual factors, community perception,
technology cost, business opportunity, infrastructure for
electrical distribution, the team’s technical competency,
post-installation support, the performance of the man-
agement team, and financial management’s program.
Those factors imply strategies requiring development
and reinforcement by various stakeholders (Table 3).

Table 3: Strategy for supporting induction stove conversion program sustainability.

Factors Strategy References Stakeholders Policy Recommendation
Contextual Policies and regulations  [34, 35, 44, Ministry of Energy and Targeted Subsidies:
Factors (e.g., electrical tariff, 121, 122] Mineral Resources, Ministry ~ Subsidy system for induction stoves based on
subsidy, and others) of Finance, Ministry of household income levels.
aligned across the Trade and Industry, National  Incentives for early adopters to accelerate the
central and regional State Electricity Company, transition.
levels [5, 34, 123] National Standardization
Agency.
Community Social media influencer Ministry of information and ~ Educational Campaign:
perception strategy, training communication, Ministry of ~ Develop comprehensive awareness programs

cooking,

Women’s Empowerment and

highlighting the benefits of induction
cooking.
Conduct community-based

(Table 3 continued)
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(Table 3 continued)
Child Protection, Press and demonstrations and workshops to familiarize
media potential users with the technology.
Create targeted messaging for different
demographic groups, addressing their
specific concerns and needs.
Technology women’s community [25, 34, 124] Ministry of Industry, Research and Development Funding:
Cost with induction stoves Induction stove Funding for research into more efficient
Standardized, affordable manufacturers, National and cost-effective induction cooking
parts and maintainable standardization agency technologies.
induction stove designs. National Standardization Agency establishing
quality standards that balance affordability
with performance and safety.
Business Create a business [35, 121] Ministry of Small and Financial Incentives for society:
Opportunity climate (e.g., banking Medium Enterprises, Favorable banking loans for small and medium
loans, training) for Ministry of State-Owned enterprises in the induction stove supply chain
induction stove Enterprises, Ministry of Training programs for entrepreneurs
businesses. Tourism and Creative interested in induction stove businesses.
Economy. Incentives for existing businesses to
transition to induction stove-compatible
products and services.
Provide tax incentives for businesses investing
in induction cooking technology
Infrastructure  Strengthening national [125 - 128] Ministry of Energy and Infrastructure Investments:
for Electrical ~ electricity infrastructure Mineral Resources, Prioritize upgrading electrical infrastructure
Distribution and a new renewable Ministry of State-Owned in areas targeted for induction stove
energy power plant Enterprises National State adoption.
(gradually). Electricity Company and its ~ Invest in smart grid technologies (other
subsidiaries. renewable energy power) to improve power
distribution efficiency
Team’s Team training in [41, 129] Ministry of Manpower, Capacity Building:
Technical technical and soft skills. Professional Competency Invest in training programs for local
Competency Institutions technicians to build capacity for installation
and maintenance of induction stoves.
Develop partnerships with educational
institutions to incorporate induction
cooking technology into relevant vocational
programs.
Create a certification program for induction
stove installers and technicians
Post Special call center, [41, 129] Ministry of Manpower, Dedicated support system:
Installation technology failure Professional Competency Call center for induction stove users.
Support guarantees, training, and Institutions, Higher education A network of certified technicians.
community assistance institutions. Community assistance programs.
Performance Reward system [75, 130] Ministry of State-Owned Financial Program
of Enterprises National State Reward system for management teams
Management Electricity Company, overseeing the induction stove program.
Team Professional Competency Develop key performance indicators
Institutions (KPIs) specifically tailored to measure
the effectiveness of management in
implementing and sustaining the program.
Financial Structured and [21, 35] Ministry of Finance, state A specialized finance team for the program.
Management’s transparent funding, financial institutions
Program special finance team
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8. Conclusion

This research examines factors aiding sustainability in
Indonesia’s induction stove conversion program across
social, economic, environmental, technical, and institu-
tional dimensions. Key factors supporting social sustain-
ability include contextual policies, regulations, and
electricity access (path coefficient = 0.803), as well as
community perception (path coefficient = 0.773).
Economic sustainability is primarily driven by technol-
ogy costs (path coefficient = 0.859) and business oppor-
tunities (path coefficient = 0.643). Electrical
infrastructure, which ensures stable and widespread
electricity supply, strongly supports environmental sus-
tainability (path coefficient = 0.792).

Post-installation support had the strongest positive
influence on technical sustainability (path coefficient =
0.307), followed by team technical competency (path
coefficient = 0.081). Institutional sustainability is sig-
nificantly impacted by program financial management
(path coefficient = 0.391) and the performance of the
management team (path coefficient = 0.132).

This research also confirms prior findings on sustain-
ability aspects. Social sustainability bolsters economic
(path coefficient = 0.240) and environmental aspects
(path coefficient = 0.122), aligning with research on the
synergies between social and economic factors in sus-
tainable development [21,45,19]. Technical sustainabil-
ity impacts economic sustainability (path coefficient =
0.146), supporting studies on the economic benefits of
technically robust energy solutions [78,79]. Institutional
sustainability influences technical sustainability (path
coefficient = 0.132), consistent with research on the
interdependence of technical and institutional aspects in
technology adoption programs [80,81].

The findings of this research have significant implica-
tions for the design and implementation of future clean
cooking and energy transition programs, both in
Indonesia and potentially in other developing countries,
as follows:

«  Policy Development: Understanding the strong
influence of contextual factors (path coefficient
= 0.803) on social sustainability can guide
policymakers in crafting more effective
regulations and incentives. Future programs
could prioritize creating supportive policy
environments that address electricity access,
tariffs, and subsidies to enhance program
acceptance and sustainability.

. Community Engagement: The importance of
community perception (path coefficient = 0.773)
in social sustainability underscores the need for
robust community engagement and education
strategies in future programs. This could involve
developing targeted communication campaigns
and participatory planning processes to build
public support and understanding.

. Economic Viability: The significant impact of
technology costs (path coefficient = 0.859) on
economic sustainability suggests that future
programs should focus on strategies to reduce
costs and enhance affordability. This might
include exploring bulk procurement, local
manufacturing, or innovative financing
mechanisms to make clean cooking technologies
more accessible.

. Infrastructure Development: The strong link
between  electrical infrastructure and
environmental sustainability (path coefficient =
0.792) highlights the need for integrated planning
of energy transition programs. Future initiatives
should consider coordinating cooking technology
transitions with broader electrification efforts to
maximize environmental benefits.

«  Technical Support Systems: The importance of
post-installation support (path coefficient =
0.307) for technical sustainability emphasizes
the need for comprehensive after-sales service in
future programs. This could involve developing
local technical capacity, establishing service
centers, and creating user support networks.

. Institutional Capacity Building: The influence of
financial management (path coefficient = 0.391)
on institutional sustainability suggests that future
programs should invest in building robust
financial systems and management capacity
within implementing organizations.

Furthermore, the interconnections between different

sustainability aspects (economic, social, environmental,
technical, and institutional) underscore the need for
holistic, integrated approaches to program design. Future
initiatives should consider these complex relationships
to create more comprehensive and effective strategies.

By applying these insights, future clean cooking and

energy transition programs can be designed with a more
nuanced understanding of the factors that contribute to
long-term sustainability. This could lead to more effec-
tive implementation, improved adoption rates, and
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ultimately greater success in achieving clean energy
goals and improving quality of life in developing
countries.
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