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1. Introduction

The transportation sector remains one of the largest contributors to fossil fuel consumption and
greenhouse gas emissions in Indonesia, creating substantial environmental and energy security
challenges. High dependence on fuel oil (BBM) not only accelerates the depletion of non-renewable
energy resources but also increases vulnerability to national energy security (Ministry of Energy and
Mineral Resources, 2023). The continued dependence on fuel-based transportation systems increases
carbon emissions, accelerates environmental degradation, and heightens vulnerability to fluctuations in
global energy markets. In response to these concerns, the transition toward sustainable transportation
has become an increasingly important policy agenda in Indonesia. Electric vehicles (EVs), particularly
electric cars, are widely viewed as a strategic technological innovation capable of improving energy
efficiency and reducing direct tailpipe emissions within the transportation sector. Unlike conventional
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vehicles, electric cars utilize electrical energy stored in batteries as their primary power source and
produce no direct tailpipe emissions during operation. However, the sustainability implications of
electric vehicle adoption remain closely associated with electricity generation systems, battery efficiency,
and the broader transition of Indonesia’s energy sector toward cleaner energy sources (International
Renewable Energy Agency, 2022).

The Indonesian government has demonstrated its commitment to promoting electric vehicle
development through various strategic policies, including Presidential Regulation No. 55 of 2019, fiscal
incentives, and the development of Public Electric Vehicle Charging Station (SPKLU) infrastructure
(Ministry of Energy and Mineral Resources, 2023). These policies aim not only to accelerate electric
vehicle adoption but also to support energy diversification and reduce dependence on fossil fuels
through a cleaner transportation ecosystem. Recent studies demonstrate that electric vehicle
development in Indonesia has experienced significant growth across industrial, social, and policy
dimensions. Ardiyanti et al, (2023) documented a substantial increase in electric vehicle sales between
2020 and 2023, with the Hyundai lonig 5 emerging as the best-selling model in 2022 and the Wuling
Air EV gaining market popularity after August 2022 due to its relatively affordable price. Similarly, Alhari
et al, (2022) analyzed 1,502 Twitter posts and found that approximately 79% of public sentiment toward
electric vehicles was positive, indicating increasing public acceptance of EV technology in Indonesia.
Wicaksono & Aprianingsih (2021) further explained that environmental values significantly influence
consumer purchase intentions toward electric cars, suggesting that sustainability awareness has become
an important factor shaping consumer behavior.

Despite these positive developments, several studies emphasize that major structural barriers
continue to hinder the acceleration of electric vehicle adoption in Indonesia. Regina & Ulmi (2023)
identified three dominant challenges: high production capital requirements, relatively high vehicle
prices compared to conventional automobiles, and limited availability of charging infrastructure. In
addition, Setiawan et al, (2022) argued that reducing EV-related taxes and improving battery
technology would have a greater impact on adoption rates than current fiscal incentive mechanisms.
Meanwhile, Yusgiantoro et al, (2021) highlighted Indonesia’s abundant nickel reserves as a strategic
advantage for supporting the domestic electric battery industry and strengthening the long-term
sustainability of the national EV ecosystem. These findings indicate that EV development in Indonesia is
influenced not only by technological innovation and environmental awareness but also by industrial
readiness, resource availability, and infrastructure capacity.

Recent evidence has also expanded the discussion by examining the broader economic and
energy implications of electric vehicle adoption. Damanik et al, (2025), in a systematic literature review
of 65 peer-reviewed studies published between 2016 and 2024, found that EV growth contributes to
increased investment opportunities, foreign direct investment (FDI), job creation, and economic growth.
Kurniawan (2024) further reported that electric vehicles produce approximately 46-49% lower carbon
emissions than conventional fossil-fuel vehicles, even though Indonesia’s electricity generation system
remains approximately 86.8% dependent on fossil fuels. Similarly, Amiruddin et al, (2024) demonstrated
that optimized EV charging management can reduce emissions by 12.8% and lower electricity system
costs by 9%, while vehicle-to-grid (V2G) integration can reduce emissions by up to 23.7%. These studies
suggest that the environmental effectiveness of EV adoption is strongly interconnected with electricity
system management, charging optimization, and renewable energy integration rather than EV
technology alone. However, several recent studies also emphasize that the environmental benefits of
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electric vehicles are closely tied to the characteristics of the electricity generation mix in the national
power system. Jolodoro et al. (2025) and Souma et al. (2025) argued that EV's cannot be fully categorized
as environmentally sustainable transportation if electricity generation continues to rely heavily on fossil-
fuel-based power plants. Moreover, Nugrah et al,, (2025) and Negara (2024) identified persistent barriers
involving inadequate charging infrastructure, high ownership costs, electricity supply readiness, and
slower adoption rates relative to government targets. Although previous studies have extensively
discussed EV adoption from technological, economic, policy, and consumer perspectives, most
discussions remain fragmented and largely descriptive. Existing studies rarely synthesize the
interrelationships among EV growth, energy transition readiness, electricity infrastructure capacity,
charging ecosystem development, and long-term sustainability challenges in the Indonesian context.

Furthermore, prior studies tend to emphasize EVs as environmentally friendly transportation
technologies without critically examining the dependence of EV sustainability performance on
Indonesia’s electricity generation structure, which remains dominated by fossil energy sources.
Comparatively few studies have integrated discussions of energy efficiency, grid readiness, the
renewable energy transition, infrastructure constraints, and environmental sustainability into a single
analytical framework. This limitation creates an important research gap because the long-term success
of electric vehicle adoption depends not only on vehicle market expansion but also on the readiness of
supporting energy systems and national electricity transformation pathways.

This study aims to analyze the development of electric vehicles in support of Indonesia’s
sustainable energy transition by critically examining energy-efficiency potential, charging-infrastructure
readiness, electricity-system preparedness, and environmental-sustainability challenges. The novelty of
this study lies in its integrative analytical approach, which positions electric vehicle development not
merely as a transportation innovation but as part of a broader sustainable energy transition framework
encompassing technological, infrastructural, economic, and electricity-system dimensions. This study
also synthesizes recent evidence from policy analysis, economic assessment, infrastructure readiness,
and energy system perspectives to provide a more comprehensive understanding of EV development
challenges and opportunities in Indonesia. The remainder of this paper is organized into several
sections: the literature review, research methodology, findings and discussion, and concluding remarks.

The remainder of this paper is organized as follows. Section 2 provides a literature review and
hypothesis development. Section 3 presents the research method and design. Section 4 provides the
results and discussion. Section 5 is Concluding Remarks and Recommendations.

2. Literature Review and Hypothesis Development
2.1 Concept and Energy Efficiency of Electric Vehicles

Electric vehicles (EVs) are transportation technologies that utilize electrical energy as the primary power
source to improve energy efficiency and reduce dependence on fossil fuels. Generally, EVs consist of
Battery Electric Vehicles (BEVs), which operate entirely using electricity stored in batteries, and Plug-in
Hybrid Electric Vehicles (PHEVs), which combine electric propulsion systems with conventional internal
combustion engines. The rapid development of EV technology has become an important component
of sustainable transportation systems because EVs are considered more energy-efficient than
conventional vehicles and can reduce direct tailpipe emissions (Haghani et al, 2023). From a technical
perspective, electric vehicles convert electrical energy into mechanical energy using electric motors,
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which have lower energy losses than internal combustion engines. In conventional vehicles, a substantial
portion of energy is dissipated as heat during combustion, whereas EV systems can use electrical energy
more efficiently to drive the vehicle (Singh et al, 2024). Consequently, EVs are increasingly positioned
as a strategic solution for improving transportation energy efficiency while supporting long-term
environmental sustainability objectives.

The efficiency performance of electric vehicles is strongly influenced by battery technology,
charging systems, and electricity management mechanisms. Lithium-ion batteries remain the dominant
technology in EV systems because they offer relatively high energy density, long operational life, and
more efficient energy storage than conventional battery technologies (Jiang et al, 2024). The
effectiveness of EV energy systems is also influenced by battery charging efficiency and power
management optimization, as charging speed, battery degradation, and electricity consumption
significantly affect overall vehicle performance (Li, 2023). Recent technological developments have
increasingly focused on improving battery durability, energy efficiency, and sustainable battery
management systems to support large-scale EV adoption (Niri et al, 2024). In addition, battery
remanufacturing and recycling systems are becoming important components in reducing
environmental impacts throughout the EV battery supply chain and enhancing resource sustainability
within the electric transportation ecosystem (Neri et al, 2024). These developments indicate that EV
efficiency is determined not only by vehicle operation but also by the sustainability of battery
production, charging systems, and end-of-life battery management.

Furthermore, electric vehicles play a strategic role within broader sustainable energy transition
frameworks because EV systems can be integrated with renewable energy sources and smart electricity
networks. The integration of EV charging infrastructure with renewable energy systems, such as solar
power, enables cleaner, more sustainable transportation systems with lower carbon intensity (Tamba Il
et al, 2025). Moreover, recent developments in vehicle-to-grid (V2G) technology demonstrate that EVs
can serve not only as transportation devices but also as flexible electricity storage systems that support
grid stability and energy management efficiency (Micari & Napoli, 2024). Despite significant
technological progress, EV adoption still faces several challenges, including limited charging
infrastructure, high battery production costs, electricity supply readiness, and sustainability issues
related to battery raw-material extraction and supply chains (Neri et al, 2024). Therefore, the concept
of electric vehicles should not be viewed merely as an automotive innovation but rather as an integral
component of the transformation of energy systems, combining transportation efficiency, renewable
energy integration, and long-term environmental sustainability.

2.2. Electric Vehicles and Sustainable Energy Transition

Electric vehicles (EVs) have become an important component of the global sustainable energy transition
because they are considered capable of reducing dependence on fossil fuels and supporting low-carbon
transportation systems. The increasing integration of EV technology into transportation sectors reflects
broader international efforts to achieve energy sustainability, carbon reduction, and environmental
resilience. Unlike conventional vehicles powered by internal combustion engines, EVs utilize electricity
as their primary energy source, enabling more efficient energy utilization and lower direct greenhouse
gas emissions. However, the sustainability performance of EVs is closely dependent on the electricity
generation systems that supply the charging infrastructure. Consequently, the transition toward electric
mobility cannot be separated from the transformation of national electricity systems toward renewable
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and low-carbon energy sources (Malik et al., 2025). Recent studies also emphasize that EV deployment
should be viewed not only as transportation modernization but also as part of an integrated energy
transition framework involving renewable energy expansion, smart grids, and sustainable infrastructure
development (Salkuti, 2024). Therefore, EV adoption increasingly represents the intersection between
transportation electrification and broader sustainable energy transformation agendas.

The integration of electric vehicles with renewable energy systems offers substantial
opportunities to improve energy efficiency and reduce overall carbon intensity in modern transportation
systems. Amiruddin et al, (2024) explained that integrating EV charging systems with renewable
electricity generation can significantly reduce emissions and improve grid efficiency in Indonesia’s
electricity sector. Similarly, Senga et al,, (2026) argued that the synergy between renewable energy and
EV systems plays an important role in accelerating low-carbon energy transitions, as EVs can serve as
flexible electricity demand units that support the utilization of renewable energy. Furthermore, vehicle-
to-grid (V2G) systems and sector coupling mechanisms enable EV batteries to serve as distributed
energy storage, helping to balance fluctuations in electricity demand and improve grid reliability
(Pranawengkapti et al, 2025). Kabeyi & Olanrewaju (2022) further emphasized that integrating
renewable energy into EV ecosystems can strengthen sustainable power transitions by reducing
dependence on fossil fuels and improving long-term energy resilience. These findings demonstrate that
EV systems are increasingly interconnected with renewable energy technologies, electricity system
flexibility, and sustainable power management strategies.

Despite their significant potential, the implementation of EVs within sustainable energy
transition systems continues to face several technological, infrastructural, and policy-related challenges.
Ullah et al, (2025) noted that integrating EVs into modern power systems requires substantial
investments in charging infrastructure, grid coordination mechanisms, and electricity distribution
management to maintain system stability and operational efficiency. Similarly, Muratori (2024)
highlighted that large-scale EV adoption may place additional pressure on electricity grids if charging
systems are not supported by adequate infrastructure planning and integration of renewable energy. In
addition, disparities in renewable energy availability, electricity generation capacity, and policy readiness
remain important barriers to achieving sustainable transportation transitions in many developing
countries (Malik et al, 2025). These challenges indicate that the success of EV adoption depends not
only on technological advancement and vehicle production but also on the readiness of energy
infrastructure, electricity systems, and renewable energy development pathways. Therefore, electric
vehicles should be understood as part of a broader sustainable energy ecosystem that requires
coordinated integration between transportation electrification, renewable energy expansion, and long-
term energy policy transformation.

2.3 Challenges and Determinants of Electric Vehicle Adoption in Indonesia

The adoption of electric vehicles (EVs) in Indonesia is influenced by multiple technological, economic,
infrastructural, environmental, and regulatory factors that collectively determine the pace of
transportation electrification. As a developing country with growing transportation demand and strong
dependence on fossil fuels, Indonesia faces complex challenges in accelerating EV adoption despite
increasing government support and industrial interest. Several studies indicate that environmental
awareness, technological innovation, and supportive public policies have become important drivers
encouraging the transition toward electric mobility. (Ramadhan et al, 2025) explained that
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environmental knowledge and public awareness positively influence consumers’ purchase intentions
toward EVs, particularly when supported by affordable pricing and adequate charging infrastructure
availability. Similarly, Kurniawan et al, (2025) emphasized that consumer switching intentions from
conventional vehicles to EVs are strongly affected by perceptions of economic benefits, environmental
sustainability, and technological attractiveness. In addition, Ma et al, (2024) argued that EV market
development is closely associated with policy incentives, market dynamics, and interactions between
consumers, infrastructure providers, and vehicle manufacturers. These findings demonstrate that EV
adoption in Indonesia is shaped not only by environmental considerations but also by market readiness,
technological confidence, and institutional support systems.

Despite growing interest in EV adoption, substantial barriers continue to impede the large-scale
diffusion of electric vehicles in Indonesia. Lazuardy et al, (2024) identified major obstacles involving
technological limitations, insufficient charging infrastructure, high vehicle prices, regulatory uncertainty,
and limited public understanding of EV systems. Similarly, Astuti & Susanto (2024) found that
infrastructure readiness remains one of the most critical barriers, as the availability of Public Electric
Vehicle Charging Stations (SPKLU) remains uneven across regions, reducing consumer confidence in EV
usability for long-distance mobility. Economic constraints also remain a major challenge, particularly
regarding high initial purchase costs and battery replacement expenses. Woodley et al, (2024)
highlighted that vehicle prices and consumer preferences significantly influence EV purchasing
decisions, as affordability remains a dominant consideration in emerging EV markets. Furthermore,
Fathoni et al, (2025) explained that limited technological capabilities, supply chain readiness, and
industrial adaptation capacity constrain the diffusion of eco-innovation within Indonesia’s EV industry.
These challenges indicate that EV adoption depends not only on technological advancement but also
on infrastructure expansion, industrial development, and supportive economic policies.

Furthermore, the success of EV adoption in Indonesia is strongly dependent on the integration
of policy frameworks, infrastructure investment, industrial transformation, and long-term sustainability
strategies. Kamaruddin et al, (2025), through a systematic literature review, emphasized that strong
government incentives, reliable charging infrastructure, public awareness, and technological
accessibility generally support successful EV diffusion globally. However, Indonesia still faces structural
challenges, including electricity supply readiness, unequal infrastructure distribution, and the need for
stronger coordination among transportation, industrial, and energy policies. The transition toward
electric mobility also requires broader ecosystem development, including domestic battery industries,
renewable energy integration, and sustainable electricity systems. In addition, consumer trust in EV
technology remains influenced by concerns regarding battery durability, charging efficiency, and
operational practicality. Therefore, the adoption of electric vehicles in Indonesia should be understood
as a multidimensional transition process that involves technological innovation, infrastructure readiness,
economic affordability, environmental sustainability, and long-term policy consistency to ensure the
successful transformation toward sustainable transportation systems.

3. Research Method

This research employs a descriptive qualitative approach through the Systematic Literature Review (SLR)
method to gain a comprehensive understanding of the growth of electric cars in the context of
Indonesia's sustainable energy transition. This method was selected because it enables the systematic
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identification, evaluation, and synthesis of prior studies on electric vehicles, energy efficiency,
infrastructure readiness, and sustainable energy transition issues in the Indonesian context.

The study utilized secondary data from peer-reviewed journal articles, government reports,
energy policy documents, and institutional publications on electric vehicles and the sustainable energy
transition. Literature searches were conducted through several academic databases, including Scopus,
ScienceDirect, SpringerLink, Wiley Online Library, and Google Scholar. The search process employed

] "o ]

keywords such as “electric vehicles,” “electric cars,” "energy efficiency,” “renewable energy integration,”

"o

"sustainable transportation,” “EV infrastructure,” and “energy transition in Indonesia.”

The literature selection process focused on publications from 2020 to 2025 to ensure the
inclusion of recent and relevant evidence on electric vehicle development and sustainable energy
systems. The inclusion criteria comprised studies that discussed electric vehicle technology, charging
infrastructure, energy efficiency, renewable energy integration, transportation electrification, and EV
adoption challenges, particularly in developing countries or in the Indonesian context. Meanwhile,
publications unrelated to energy transition issues, duplicate articles, non-academic opinion papers, and
studies lacking methodological clarity were excluded from the review process.

The screening process was conducted in several stages: identification, abstract screening,
eligibility assessment, and full-text review. Initially, 126 publications were identified from database
searches. After removing duplicate and irrelevant studies, 74 articles remained for abstract evaluation.
Subsequently, 42 studies that met the relevance and quality criteria were selected for final analysis and
synthesis.

The data analysis process employed qualitative thematic synthesis techniques involving three
main stages: data reduction, thematic categorization, and interpretative synthesis. During the data
reduction stage, studies were classified based on major themes, including energy efficiency, renewable
energy integration, charging infrastructure, battery technology, electricity system readiness, and EV
adoption barriers. The categorized findings were then systematically compared and synthesized to
identify dominant patterns, research inconsistencies, technological challenges, and policy implications
related to electric vehicle development in Indonesia.

This qualitative SLR approach enables a comprehensive and critical understanding of electric
vehicle development by integrating multidisciplinary evidence from technological, environmental,
infrastructural, and policy perspectives without relying on quantitative statistical modeling.

4. Results and Discussion
4.1 Energy Efficiency and Environmental Implications of Electric Vehicles

The findings indicate that electric vehicles provide significant advantages in transportation energy
efficiency compared to conventional internal combustion engine vehicles. Furthermore, the use of
electric cars contributes to reducing national fuel consumption, which ultimately reduces dependence
on fossil fuel imports (Ministry of Energy and Mineral Resources, 2023). This has a positive impact on
national energy security and long-term economic stability. On a macro scale, reducing fuel imports plays
a crucial role in strengthening the trade balance and maintaining the country's foreign exchange
reserves. The transition toward transportation electrification also offers opportunities to reduce reliance
on national energy subsidies, as electricity-based transportation systems are considered more energy-
efficient and operationally stable than fossil-fuel-based systems.
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Furthermore, using domestic electricity promotes energy independence because the resources
for power generation—such as natural gas, coal, and renewable energy—are abundantly available
domestically. This minimizes the risk of global geopolitical turmoil that often triggers crude oil supply
crises. Utilizing these local resources not only secures the national energy supply but also encourages
the growth of supporting industries such as battery manufacturing and nickel processing, making
Indonesia a strategic player in the global electric vehicle supply chain. However, the findings also reveal
that the environmental sustainability of electric vehicles is closely tied to the characteristics of
Indonesia’s electricity generation systems, which remain partially dominated by fossil-fuel-based power
plants. Therefore, the environmental benefits of EV adoption depend not only on transportation
electrification but also on the expansion of renewable energy and the decarbonization of the electricity
system.

The findings further demonstrate that electric vehicles have lower long-term operating costs
than conventional vehicles, due to lower per-kilometer electricity costs and reduced mechanical
maintenance requirements. From an energy economics perspective, electric vehicles offer lower
operational costs than conventional vehicles. The cost of electricity per kilowatt-hour is generally lower
than that of fossil fuels (International Renewable Energy Agency, 2022), thereby providing long-term
economic benefits for users. The economic benefits for users are also increasingly apparent when
comparing the total cost of ownership (TCO). While the initial purchase price may be higher, regular
maintenance costs for electric cars are significantly lower due to the minimal moving parts and the
absence of routine oil changes. When combined with stable household electricity rates, users can
significantly save on monthly transportation costs compared to using fuel-powered vehicles, whose
prices fluctuate with global market fluctuations. These findings suggest that energy efficiency and
operational affordability are important factors that support the long-term attractiveness of electric
vehicles in sustainable transportation systems.

4.2 Infrastructure Readiness and Energy System Challenges

Government support through incentive policies and the development of SPKLU (Public Electric Vehicle
Charging Stations / Stasiun Pengisian Kendaraan Listrik Umum) infrastructure are key factors in
accelerating electric vehicle growth (Ministry of Energy and Mineral Resources, 2023). However, from an
energy perspective, several major obstacles remain, such as limited electricity grid capacity, uneven
energy distribution, and relatively long charging times (BloombergNEF, 2023). The findings indicate that
infrastructure readiness remains one of the most significant barriers influencing large-scale EV adoption
in Indonesia, particularly regarding charging accessibility and electricity distribution outside major urban
regions.

Recent infrastructure expansion initiatives demonstrate that the Indonesian government
continues to accelerate SPKLU development across strategic transportation corridors to support public
confidence in electric mobility. However, despite ongoing infrastructure growth, charging accessibility
remains uneven across regions, particularly outside Java and other metropolitan areas. The findings also
reveal that electricity grid readiness and charging reliability remain important concerns, as large-scale
transportation electrification may increase electricity demand pressures if not accompanied by sufficient
improvements in power system capacity.

Furthermore, this operational cost efficiency can be further optimized through the use of
independent renewable energy sources, such as rooftop solar panels. By charging vehicles with on-site-
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generated electricity, households not only reduce carbon emissions but also enhance micro-level energy
security. This innovation emphasizes that electric cars are not just a means of transportation, but also
part of a more sustainable and financially profitable future energy ecosystem. These findings indicate
that integrating EV systems with renewable energy technologies has the potential to strengthen
sustainable transportation systems while supporting decentralized energy transition initiatives.
However, broader implementation still requires substantial investments in infrastructure modernization,
smart grid systems, and the integration of renewable electricity.

4.3. Economic and Technological Challenges in EV Adoption

However, challenges such as range anxiety and concerns about battery life remain barriers to electric
car adoption (Costa et al, 2022). Therefore, innovation in battery technology and the development of a
broader energy infrastructure are needed to support the optimal use of electric cars. The findings
demonstrate that technological limitations and consumer perceptions continue to influence the pace of
EV adoption in Indonesia. Concerns about battery durability, charging time, and driving range remain
the primary issues affecting consumer confidence in the transition from conventional vehicles to electric
mobility systems.

Recent developments in battery technology indicate growing interest in advanced battery
systems with higher energy density, improved thermal stability, and faster charging capabilities than
conventional lithium-ion batteries. Nevertheless, large-scale commercialization, affordability,
production scalability, and long-term sustainability remain significant challenges for future
implementation. The findings also reveal that battery technology innovation alone is insufficient without
simultaneous infrastructure expansion and electricity system readiness. Consequently, synchronization
among charging infrastructure density, battery technology advancement, and electricity supply capacity
is essential to support sustainable transportation transitions.

The transition from CBU incentives to strengthening local content-based industries marks a new
chapter in Indonesia's economic independence. By encouraging domestic battery production—
leveraging the nation's nickel resources—the government is striving to lower the selling price of electric
cars, making them more affordable without relying on import subsidies. This has created a positive
domino effect, creating new jobs in the high-tech manufacturing sector and strengthening the domestic
energy supply chain. These findings suggest that EV adoption in Indonesia is not only associated with
transportation modernization but also closely related to industrial transformation, domestic supply
chain development, and long-term national energy security strategies.

5. Concluding Remarks and Recommendation

Electric vehicles (EVs) have become an important component of Indonesia’s sustainable energy
transition due to their potential to improve transportation energy efficiency and reduce dependence on
fossil fuel-based transportation systems. This study aimed to analyze the role of electric vehicle
development in supporting Indonesia's sustainable energy transition by examining energy efficiency,
infrastructure readiness, electricity system preparedness, and the technological challenges associated
with EV adoption. Using a qualitative descriptive approach through a Systematic Literature Review (SLR),
this study synthesized findings from prior studies, government reports, and energy-related publications
to identify key patterns and challenges in EV implementation in Indonesia. The findings indicate that
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electric vehicles offer significant opportunities to reduce fuel consumption, improve operational energy
efficiency, and support long-term transportation sustainability. However, the findings also reveal that
the effectiveness of EV adoption remains strongly dependent on charging infrastructure readiness,
electricity grid capacity, renewable energy integration, battery technology development, and the
sustainability of Indonesia’s electricity generation systems.

This study contributes theoretically by developing a more integrative understanding of electric
vehicles not merely as transportation technologies but as part of a broader sustainable energy transition
ecosystem encompassing energy systems, infrastructure readiness, industrial transformation, and
environmental sustainability. In practical terms, the findings provide insights for policymakers, industry
actors, and energy stakeholders on the importance of strengthening charging infrastructure, expanding
renewable electricity integration, improving battery technology ecosystems, and developing
coordinated transportation-energy policies. In addition, this study highlights that the environmental
benefits of EV adoption are inseparable from electricity generation structures and renewable energy
development pathways. Therefore, the originality of this study lies in its analytical emphasis on the
interrelationships among transportation electrification, energy transition readiness, electricity systems,
and sustainability challenges in the Indonesian context, rather than focusing solely on technological
adoption or market growth.

Despite these contributions, this study has several limitations. First, the research relied
exclusively on secondary data obtained through a literature review, without incorporating primary
empirical evidence from EV users, policymakers, or energy industry stakeholders. Second, the study
focused primarily on qualitative synthesis and did not include quantitative modeling related to electricity
demand projections, lifecycle emissions analysis, or techno-economic simulations of EV systems. Third,
the availability and consistency of recent data regarding charging infrastructure development, electricity
system readiness, and battery technology advancements remain limited and rapidly evolving. Therefore,
future studies are recommended to combine qualitative and quantitative approaches by incorporating
empirical surveys, infrastructure performance analysis, electricity grid simulations, and lifecycle
sustainability assessments to provide more comprehensive evaluations of electric vehicle
implementation in Indonesia. Future research may also examine regional disparities in EV infrastructure
readiness, renewable energy integration capacity, consumer adoption behavior, and the long-term
implications of transportation electrification on national energy security and environmental
sustainability.

Statement of Use of Generative Al

During the preparation of this work, the author used generative artificial intelligence tools to support
the scientific writing process. Grammarly was used to check grammar, refine writing style, and improve
clarity in scientific writing. All interpretations, analyses, and conclusions presented in this study are the
sole responsibility of the author.

References

Alhari, M. 1, Pratiwi, O. N., & Lubis, M. (2022). Sentiment Analysis of The Public Perspective Electric Cars in Indonesia
Using Support Vector Machine Algorithm. 2022 International Conference of Science and Information
Technology in Smart Administration (ICSINTESA), 155-160.
https://doi.org/10.1109/ICSINTESA56431.2022.10041604

Amiruddin, A, Dargaville, R, & Gawler, R. (2024). Optimal integration of renewable energy, energy storage, and

@ () 2026. The Author(s). This open-access article is distributed under a Creative Commons Page | 728
E Attribution 4.0 International License.



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://issn.brin.go.id/terbit/detail/20230206351002640
https://doi.org/10.60079/ajeb.v4i3.848
https://doi.org/10.1109/ICSINTESA56431.2022.10041604

Advances: Jurnal Ekovomi & Biswis

Volume 4, Issue 3 (2026). 719-731 e-ISSN: 2985-9859
DOI: https://doi.org/10.60079/ajeb.v4i3.848

indonesia’s super grid. Energies, 17(20), 5061. https://doi.org/10.3390/en17205061

Amiruddin, A., Dargaville, R, Liebman, A., & Gawler, R. (2024). Integration of electric vehicles and renewable energy
in Indonesia’s electrical grid. Energies, 17(9), 2037. https://doi.org/10.3390/en17092037

Anugrah, D. F., Rishanty, A, Rahmawati, D., & Tjahjono, B. (2025). Navigating the path to a greener future:

unravelling the challenges and prospects of electric vehicle adoption in Indonesia. Journal of Enterprise
Information Management, 38(3), 901-922. https://doi.org/10.1108/JEIM-12-2024-0720

Ardiyanti, D., Kurniawan, F., Raokter, U., & Wikansari, R. (2023). Analisis penjualan mobil listrik di Indonesia dalam
rentang waktu 2020-2023. Journal of Economics and Management, 1(3), 134-144.
https://doi.org/10.55681/ecoma.v1i3.26

Astuti, R. D., & Susanto, A. A. (2024). Challenges of electric vehicle adoption in Indonesia: Revealing the hidden

factors affecting purchase intention. Jurnal Siasat Bisnis, 28(2 SE-Articles), 149-171.
https://doi.org/10.20885/jsb.vol28.iss2.art2

BloombergNEF . (2023). New Energy Outlook 2023. New York City, Amerika Serikat: Bloomberg LP.

Costa, E., Wells, P., Wang, L., & Costa, G. (2022). The electric vehicle and renewable energy: Changes in boundary

conditions that enhance business model innovations. Journal of Cleaner Production, 333, 130034.
https://www.sciencedirect.com/science/article/abs/pii/S0959652621042013
Damanik, N., Saraswani, R, Hakam, D. F., & Mentari, D. M. (2025). A comprehensive analysis of the economic

implications, challenges, and opportunities of electric vehicle adoption in Indonesia. Energies, 18(6), 1384.
https://doi.org/10.3390/en18061384
Fathoni, F., Kesidou, E., Rifansha, M. M., & Tiftazani, A. (2025). Drivers and barriers of eco-innovation in electric

vehicle diffusion: Evidence from Indonesia. Journal of Environmental Management, 389, 126021.
https://doi.org/https://doi.org/10.1016/j.jenvman.2025.126021
Haghani, M., Sprei, F., Kazemzadeh, K., Shahhoseini, Z,, & Aghaei, J. (2023). Trends in electric vehicles research.

Transportation Research Part D: Transport and Environment, 123, 103881.
https://doi.org/https://doi.org/10.1016/j.trd.2023.103881
International Renewable Energy Agency IRENA. (2022). Renewable Energy Statistics 2022. Abu Dhabi: International

Renewable Energy Agency (IRENA).

Jannesar Niri, A, Poelzer, G. A, Zhang, S. E,, Rosenkranz, J., Pettersson, M., & Ghorbani, Y. (2024). Sustainability
challenges throughout the electric vehicle battery value chain. Renewable and Sustainable Energy Reviews,
191, 114176. https://doi.org/https://doi.org/10.1016/j.rser.2023.114176

Jiang, W., Wang, X., & Du, L. (2024). Environmental Health Check: How third-party environmental evaluation project

affects corporate environmental responsibility. Sustainable Development, 32(4), 3065-3074.
https://doi.org/10.1002/sd.2834
Jolodoro, G,, Perdana, T., & Withaningsih, S. (2025). A Sustainability Assessment of Electric Vehicles for Enhancing

Energy  Security and Reducing Emissions in Indonesia. Sustainability, 17(10), 4681.
https://doi.org/10.3390/su17104681

Kabeyi, M. J. B., & Olanrewaju, O. A. (2022). Sustainable Energy Transition for Renewable and Low Carbon Grid
Electricity = Generation  and  Supply.  Frontiers in  Energy  Research,  Volume  9-.
https://doi.org/10.3389/fenrg.2021.743114

Kamaruddin, H., Somantri, G. R., & Revindo, M. D. (2025). Electric Vehicle Use Trends: A Systematic Literature Review
of the Global Key Drivers. Jurnal Ilmiah Manajemen Kesatuan, 13(5), 3611-3622.
https://doi.org/10.37641/jimkes.v13i5.3773

Kurniawan, D. (2024). Investigating the effectivity of promoting electric vehicle to reduce air pollution: An analysis

of Indonesia power plants. Journal of Law and Sustainable Development, 12(2), e2731-e2731.

Kurniawan, H., Suntono, A. R., & Sudrajat, D. (2025). Switching Intention of Electric Vehicle in Indonesia. Jurnal Locus
Penelitian Dan Pengabdian, 4(4), 1508-1515. https://doi.org/10.58344/locus.v4i4.4016

Lazuardy, A, Nurcahyo, R, Kristiningrum, E., Ma'aram, A, Farizal, Agmarina, S. N.,, & Rajabi, M. F. (2024).

Technological, environmental, economic, and regulation barriers to electric vehicle adoption: evidence

@ () 2026. The Author(s). This open-access article is distributed under a Creative Commons Page | 729
E Attribution 4.0 International License.



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://issn.brin.go.id/terbit/detail/20230206351002640
https://doi.org/10.60079/ajeb.v4i3.848
https://doi.org/10.3390/en17205061
https://doi.org/10.3390/en17092037
https://doi.org/10.1108/JEIM-12-2024-0720
https://doi.org/10.55681/ecoma.v1i3.26
https://doi.org/10.20885/jsb.vol28.iss2.art2
https://www.sciencedirect.com/science/article/abs/pii/S0959652621042013
https://doi.org/10.3390/en18061384
https://doi.org/https:/doi.org/10.1016/j.jenvman.2025.126021
https://doi.org/https:/doi.org/10.1016/j.trd.2023.103881
https://doi.org/https:/doi.org/10.1016/j.rser.2023.114176
https://doi.org/10.1002/sd.2834
https://doi.org/10.3390/su17104681
https://doi.org/10.3389/fenrg.2021.743114
https://doi.org/10.37641/jimkes.v13i5.3773
https://doi.org/10.58344/locus.v4i4.4016

Advances: Jurnal Ekovomi & Biswis

Volume 4, Issue 3 (2026). 719-731 e-ISSN: 2985-9859
DOI: https://doi.org/10.60079/ajeb.v4i3.848

from Indonesia. World Electric Vehicle Journal, 15(9), 422. https://doi.org/10.3390/wevj15090422

Li, Z. (2023). A High-efficient Battery Charging System for Electric Vehicle. ArXiv Preprint ArXiv.2308.04731.
https://doi.org/10.48550/arXiv.2308.04731

Ma, H., He, B. Y., Kaljevic, T., & Ma, J. (2024). A two-sided model for ev market dynamics and policy implications.
2024 |EEE 27th International Conference on Intelligent Transportation Systems (ITSC), 3439-3444.
https://doi.org/10.48550/arXiv.2405.17702

Malik, M. A. I, Kalam, M. A,, Ikram, A., Zeeshan, S., & Raza Zahidi, S. Q. (2025). Energy transition towards electric
vehicle technology: Recent advancements. Energy Reports, 13, 2958-2996.
https://doi.org/https://doi.org/10.1016/j.egyr.2025.02.029

Micari, S., & Napoli, G. (2024). Electric Vehicles for a flexible energy system: Challenges and opportunities. Energies,
17(22), 5614. https://doi.org/10.3390/en17225614

Muratori, M. (2024). Energy Systems Decarbonization: Perspectives on Electric Vehicles and Grid Integration. National
Renewable Energy Laboratory (NREL), Golden, CO (United States).

Negara, S. D. (2024). The Electric Vehicle Industry in Indonesia. Journal of Southeast Asian Economies, 41(3), 268—
293. https://www.jstor.org/stable/27352177

Pranawengkapti, K., Shrestha, S., Werland, S., Martin, E., & Lah, O. (2025). Sector coupling: accelerating renewable
energy integration in transport with electric vehicles. Sustainable Earth Reviews, 8(1), 16.
https://doi.org/10.1186/s42055-025-00117-x

Ramadhan, N., Nurdayadi, & Alfiandri. (2025). Environmental Knowledge, Awareness, Attitude Toward Purchase
Intervention Intervened by Infrastructure Readiness and Price Affordability of Electric Vehicle (EV): Case in
Indonesia. Jurnal Nusantara Aplikasi Manajemen Bisnis, 10(1), 303-316.
https://doi.org/10.29407/nusamba.v10i1.19778

Regina, D., & Ulmi, N. M. (2023). Tantangan pengembangan mobil listrik menuju transportasi berkelanjutan di
Indonesia.  Jurnal  Penelitian Sekolah Tinggi Transportasi ~ Darat, 14(1), 32-39.
https://doi.org/10.55511/jpsttd.v14i1.605

Salkuti, S. R. (2024). Sustainable energy technologies for emerging renewable energy and electric vehicles. AIMS
Energy, 12(6). https://doi.org/10.3934/energy.2024057

Senga, J. R. L, Botterud, A, Parsons, J. E., Story, S. D., & Knittel, C. R. (2026). Implications of policy-driven transmission
expansion for costs, emissions, and reliability in the USA. Nature Energy, 11(2), 230-243.
https://doi.org/10.1038/s41560-025-01921-7

Setiawan, A. D., Zahari, T. N., Purba, F. J., Moeis, A. O., & Hidayatno, A. (2022). Investigating policies on increasing

the adoption of electric vehicles in Indonesia. Journal of Cleaner Production, 380, 135097.
https://www.sciencedirect.com/science/article/abs/pii/S0959652622046716

Singh, V. P., Kumar, A, Meena, C. S., & Dwivedi, G. (2024). Energy efficient vehicles: Technologies and challenges. CRC
Press.

Souma, M. L, Hakim, I. P., Rizki, R. N., Fitriani, N. L., & Mushawir, M. (2025). Dampak Electric Vehicle Terhadap
Lingkungan Dan Ekonomi Berkelanjutan. Jurnal Ekonomi Bisnis Dan Kewirausahaan, 2(4), 12-18.
https://doi.org/10.69714/03cm9274

Tamba IlI, J. S, Abdulkarim, A., & Shuaibu, A. N. (2025). Solar powered electric vehicle charging system: a
comprehensive review. Discover Electronics, 2(1), 96. https://doi.org/10.1007/s44291-025-00139-x

Ullah, Z., Kotb, K. M., Elkadeem, M. R, Yan, L, Khan, T., Qazi, H. S., Badshah, F., & Abido, M. A. (2025). Integrating
electric vehicles and renewable energy in modern power systems: A review of EV charging station design,

control strategies, and emerging trends. Ain Shams Engineering Journal, 16(10), 103592.
https://doi.org/https://doi.org/10.1016/j.ase}.2025.103592

Wicaksono, K. B, & Aprianingsih, A. (2021). Electric car penetration potential in indonesia. Jurnal Penelitian
Transportasi Darat, 23(2), 142—-149.

Woodley, L, See, C. Y., Santos, V. R, Yeo, M., Palmer, D., Nosenzo, S., & Nunes, A. (2024). Electric vehicle pricing and
battery costs: A misaligned assumption. ArXiv Preprint ArXiv:2403.00458.

@ () 2026. The Author(s). This open-access article is distributed under a Creative Commons Page | 730
E Attribution 4.0 International License.



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://issn.brin.go.id/terbit/detail/20230206351002640
https://doi.org/10.60079/ajeb.v4i3.848
https://doi.org/10.3390/wevj15090422
https://doi.org/10.48550/arXiv.2308.04731
https://doi.org/10.48550/arXiv.2405.17702
https://doi.org/https:/doi.org/10.1016/j.egyr.2025.02.029
https://doi.org/10.3390/en17225614
https://www.jstor.org/stable/27352177
https://doi.org/10.1186/s42055-025-00117-x
https://doi.org/10.29407/nusamba.v10i1.19778
https://doi.org/10.55511/jpsttd.v14i1.605
https://doi.org/10.3934/energy.2024057
https://doi.org/10.1038/s41560-025-01921-7
https://www.sciencedirect.com/science/article/abs/pii/S0959652622046716
https://doi.org/10.69714/03cm9274
https://doi.org/10.1007/s44291-025-00139-x
https://doi.org/https:/doi.org/10.1016/j.asej.2025.103592

Advances: Jurnal Ekovomi & Biswis oren aAccsss

Volume 4, Issue 3 (2026). 719-731 e-ISSN: 2985-9859
DOI: https://doi.org/10.60079/ajeb.v4i3.848

https://doi.org/10.48550/arXiv.2403.00458
Yusgiantoro, L. A,, Hanan, A, Sunariyanto, B. P., & Swastika, M. B. (2021). Mapping Indonesia’s EV potential in global
EV supply chain. Purnomo Yusgiantoro Center: Daerah Khusus Ibukota Jakarta, Indonesia.

Corresponding author
Yulianah can be contacted at: yulianah1288@gmail.com

@ () 2026. The Author(s). This open-access article is distributed under a Creative Commons Page | 731
v Attribution 4.0 International License.



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://issn.brin.go.id/terbit/detail/20230206351002640
https://doi.org/10.60079/ajeb.v4i3.848
https://doi.org/10.48550/arXiv.2403.00458
mailto:yulianah1288@gmail.com

