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Abstract:  This study examines the regulatory framework of Batam City’s independent 
electricity system as a foundation for the development of energy science and technology. 
Batam, as a Special Economic Zone, presents a unique case of localized energy 
governance that integrates legal, technological, and industrial perspectives. Using a 
qualitative normative–juridical approach, this research analyzes national and regional 
energy regulations, including Law No. 30 of 2009 on Electricity and Law No. 11 of 2020 
on Job Creation, to evaluate their alignment with principles of innovation and 
sustainability. The research findings indicate that strong regulations supported by policy 
incentives, research investment, academic-industry collaboration, and optimal system 
digitalization are essential to promote the effectiveness and independence of Batam's 
electricity system. This analysis identifies three interrelated stages: (1) driving factors, 
which include regulation strength and research funding; (2) mediating processes, 
covering research efficiency and technology adoption; and (3) outcomes, represented by 
system capacity and technological innovation. This integrative model demonstrates that 
adaptive, science-based regulation transforms legal frameworks into instruments for 
innovation, bridging the gap between policy and technological implementation. 
Strengthening collaboration among legal institutions, research bodies, and industrial 
actors is essential to advance Batam as a national model for sustainable and knowledge-
driven energy governance. 
 
Keywords: Batam electricity system; Energy regulation; Science-based governance; 
Technological innovation 

  

Introduction  
 

Electrical energy is a vital element in supporting 
modern social, economic, and industrial activities. The 
rapid advancement of science and technology demands 
a stable, efficient, and environmentally sustainable 
electricity supply. Within this context, the electricity 
system becomes a strategic infrastructure essential for 
national development, directly influencing productivity, 
innovation, and public welfare (Amitayani et al., 2009). 
Batam City, as one of Indonesia’s Special Economic 
Zones (SEZs), holds a crucial role in facilitating 
industrial investment and international trade, which 

requires a reliable and efficient energy infrastructure. To 
meet this need, Batam has developed an independent 
electricity system managed by PT PLN Batam, which 
operates autonomously from the central government 
while integrating technical, economic, and legal 
principles in local energy governance (Rosmayati & 
Maulana, 2024). 

The existence of Batam’s independent electricity 
system is rooted in the national regulatory framework 
established under Law Number 30 of 2009 on Electricity, 
later refined by Law Number 11 of 2020 on Job Creation. 
These regulations aim to foster a competitive, efficient, 
and service-oriented electricity market. However, in 
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practice, the implementation of this system faces several 
challenges, including limited legal certainty, technical 
inefficiencies, and slow adaptation to renewable energy 
technologies (Prabowo et al., 2018). While regulations 
function as control mechanisms ensuring compliance 
with safety and efficiency standards, they must also act 
as catalysts for scientific innovation and technological 
advancement. The persistent gap between normative 

regulation (das sollen) and practical implementation 
(das sein) illustrates that the regulatory framework has 
not yet evolved into a fully adaptive and science-driven 
energy governance system. 

From a scientific and technological standpoint, the 
independent electricity system serves not only as an 
energy provider but also as a living laboratory for 
advancing both conventional and renewable energy 
technologies. Adaptive regulation plays a critical role in 
facilitating knowledge transfer, applied research, and 
collaboration among industry, government, and 
academia (Maulana, 2023b). Who demonstrate how 
national energy policies and tariff structures affect 
renewable energy adoption in local contexts, who 
identify regulatory barriers in the application of solar 
energy within Batam’s maritime sector. Furthermore, 
emphasize weaknesses in consumer protection laws 
related to unused electricity billing, revealing broader 
issues of transparency and accountability in local energy 
management. Together, these findings highlight that 
regulation can and should evolve into a science-based 
policy instrument, enabling the application of research 
outcomes in renewable energy, distribution efficiency, 
and digitalized monitoring systems. In Batam, this 
integration between regulation and science is 
particularly significant due to its potential to become a 
national hub for energy research and innovation. 

However, several barriers continue to hinder the 
optimal alignment between regulation and scientific 
advancement in Batam’s independent electricity system. 
These include weak institutional coordination, 
fragmented policy implementation, and limited 
incorporation of renewable technologies (Dionysius & 
Kusuma, 2014). Therefore, this study aims to analyze the 
regulatory framework of Batam’s independent 
electricity system as a foundation for developing energy 
science and technology, emphasizing how adaptive 
regulation can function as both a legal and 
epistemological tool to foster technological innovation. 
Kebaruan penelitian ini terletak pada konstruksi model 
dinamika sistem menggunakan analisis kualitatif, yang 
mengintegrasikan kekuatan regulasi, investasi riset, dan 
kolaborasi akademis industri untuk mensimulasikan 
dampak kolektifnya terhadap kapasitas dan inovasi 
energi. Studi ini penting karena menyediakan model 
ilmiah yang menjembatani kesenjangan antara 
kebijakan hukum dan implementasi teknologi, 

menawarkan perspektif baru tentang bagaimana tata 
kelola energi berbasis sains dapat meningkatkan 
keberlanjutan, efisiensi, dan ketahanan sistem energi 
lokal di Indonesia. 

 

Method 
 

This study employs a qualitative approach with 
normative and empirical juridical methods to provide a 
comprehensive understanding of the regulatory 
framework governing the independent electricity 
system in Batam City and its relevance to the 
development of energy science and technology 
(Nanlohy et al., 2024). The normative juridical approach 
focuses on analyzing laws and regulations that form the 
foundation of Batam’s electricity governance, including 
Law Number 30 of 2009 on Electricity, Law Number 11 
of 2020 on Job Creation, Government Regulation 
Number 25 of 2021 on the Implementation of the Energy 
and Mineral Resources Sector, and several Ministerial 
Regulations of Energy and Mineral Resources as well as 
local energy policies enacted by the Batam City 
Government and BP Batam. This research aims to find 
out about 1) Regulatory Structure and Energy 
Independence in Batam. 2)  Regulation as an Instrument 
for Energy Technology Development 3) Integration of 
Regulation, Industry, and Natural Science Development 
4) Evaluation of the Effectiveness of Regulation and 
Direction of Energy Science Development 

The empirical juridical component was conducted 
through documentary research and field observation, 
examining operational practices, policy implementation 
reports, and administrative documents related to 
Batam’s electricity system (Maulana, 2022). Primary data 
were drawn from official publications and policy 
documents issued by PT PLN Batam, BP Batam, and the 
Riau Islands Provincial Energy and Mineral Resources 
Office, while secondary data were sourced from 
scientific journals, policy analyses, and previous studies 
relevant to renewable energy and energy regulation.  

All data were analyzed using descriptive 
qualitative analysis with an inductive–deductive 
reasoning framework (Rosmayati & Maulana, 2025). The 
inductive process identified patterns and relationships 
between regulatory structures, policy implementation, 
and scientific development, while the deductive phase 
interpreted these findings in the context of legal theory 
and principles of sustainable energy governance. The 
analysis followed a logical flow beginning from 
regulatory identification, then implementation 

assessment, followed by impact analysis on 
technological and scientific advancement (Maulana, 
2023). To ensure validity, data triangulation was applied 
across legal sources, policy documentation, and 
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academic literature, ensuring coherence between 
regulatory analysis and observed outcomes. 

Through this method, the study aims to construct 
an integrative and science-based understanding of how 
Batam’s independent electricity regulation functions not 
merely as an administrative legal mechanism but also as 
a policy instrument that promotes innovation, research 
development, and regional energy independence within 

the framework of sustainable national energy 
governance (Valentino et al., 2023). 
 

Results and Discussion 
 
Regulatory Structure and Energy Independence in Batam 

The research results show that the electricity system 
in Batam City has unique legal characteristics compared 
to other regions in Indonesia (Ichsan et al., 2021). This is 
due to Batam's status as a Free Trade Zone and Free Port, 
which allows for the implementation of more flexible 
and market-oriented energy regulations (Juita et al., 
2023). Based on Law Number 11 of 2020 concerning Job 
Creation, electricity supply can be carried out by state-
owned, regional, or private enterprises, provided they 
meet licensing requirements and service quality 
standards. In the case of Batam, this role is assumed by 
PT PLN Batam, a subsidiary of PT PLN (Persero), which 
operates independently without subsidies from the 
central government. Regulations applicable at the 
national and regional levels, including Government 
Regulation Number 25 of 2021 and the Regulation of the 
Head of BP Batam concerning Energy Management, 
serve as the primary legal basis for governing the 
governance of electricity supply (Ashari et al., 2023). 
This independence creates a legal ecosystem that 
demands efficiency and technological innovation in 
energy management, while also demonstrating how 
public policy can transform into an adaptive system that 
supports the development of energy science and 
environmental sustainability (Qosimah et al., 2023). 

The effectiveness of an independent electricity 

system depends on three main variables. To analyze 
these characteristics, the study uses the Adaptive 
Regulatory Energy Governance Model, which 
emphasizes the interaction between legal norms, public 
policy, and technological innovation in the electricity 
system (Firdawati et al., 2021). This model views energy 
independence in Batam as being formed through the 
process of adapting regulations to the needs of local 
technology and energy markets. Open and responsive 
energy regulations enable business entities such as PT 
PLN Batam to develop efficient electricity management 
mechanisms, including the implementation of digital-
based load monitoring technology and decentralized 
backup systems. Within this framework, the law serves 

not only as a control tool but also as an innovation 
instrument that encourages energy efficiency and 
applied research (Hamzah et al., 2023). Observations 
indicate that the success of Batam's independent 
electricity system is influenced by the regulation's ability 
to balance legal certainty with technological flexibility 
(Witri et al., 2023). Therefore, the adaptive regulatory 
energy governance model serves as the analytical basis 

for understanding how public policy in Batam integrates 
natural science principles into legal practices and energy 
management. 

 

 
Figure 1. Adaptive Energy Regulation Analysis 

 
Regulation as an Instrument for Energy Technology 
Development 

From a natural science perspective, Batam's 
independent electricity system regulation serves not 
only as an administrative tool but also as an energy 
governance tool that encourages applied research in 
energy efficiency, renewable energy, and network 
digitalization (Mukramah et al., 2023). Regulations 

mandating the implementation of power supply 
reliability and quality standards (based on Article 42 of 
the Job Creation Law and Government Regulation No. 
14 of 2012) have opened up space for the development 
of Internet of Things (IoT)-based monitoring technology, 
smart grids, and predictive maintenance systems in PLN 
Batam's distribution system (Cahyaningsih & Kharisma, 
2023). This policy demands scientific innovation in 

managing electrical loads, reducing power losses, and 
improving system stability. Thus, Batam's energy 
regulation not only regulates but also stimulates 
interdisciplinary research in energy physics, electrical 
engineering, and computer science (Silalahi et al., 2023). 
The existence of an independent electricity system 
provides a significant opportunity for academics and 
industry to turn Batam into an open energy lab, where 
research results can be directly tested on real-world 
electricity systems (Yanarti et al., 2022). 
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Figure 2. Analysis of the regulation model and innovation of 

independent energy technology in Batam 
 

The Energy Regulatory Innovation Model analysis 
is designed to simulate the interaction between 
regulatory strength, technological innovation, and 
system performance in Batam's independent electricity 
grid (Muriyati et al., 2023). The model consists of two 
main factors: Power System Capacity, which represents 
the accumulated development and efficiency of the 
electricity system through technologies such as smart 
grids, IoT, and solar PV, and the Rate of Technology 
Development, which measures the overall progress of 
energy innovation in response to policy and research 
initiatives (Asrizal et al., 2022). The flow factors, System 
Degradation Rate and Energy Regulatory Strength, 
capture the opposing processes of system efficiency loss 
and the regulatory mechanisms that counteract them by 
stimulating technological adaptation (Napitupulu et al., 
2023). Additional factors, Power Quality Standards, 
Energy Research Investment, Industry-Academic 
Collaboration, and Distribution System Digitalization, 
serve as mediating factors that strengthen or moderate 
the relationship between regulation and innovation 
(Siregar et al., 2023). Collectively, these components 
form a dynamic feedback loop in which stronger 

regulation increases research investment and 
collaboration, accelerates technology adoption, 
improves power quality, and ultimately increases the 
capacity and resilience of Batam's electricity system 
(Syakur et al., 2023). 

 
Integration of Regulation, Industry, and Natural Science 
Development 

The implementation of energy policies in Batam 
shows that there is a positive correlation between legal 
certainty and the development of science-based energy 
technology (Annisa et al., 2023). Collaboration between 
BP Batam, PLN Batam, and educational institutions such 
as Batam State Polytechnic and Batam International 
University has resulted in several joint research projects 
on solar energy, hybrid electrical systems, and the 
integration of renewable energy into existing grid 
systems. Regulations supporting clean energy 
investment and research create an innovative 
environment that aligns industry needs with academic 
capacity (Lumi et al., 2022). For example, the 
implementation of Minister of Energy and Mineral 
Resources Regulation No. 26 of 2021 concerning Rooftop 
Solar Power Plants (RSPP) has begun to be piloted in 
several industrial areas in Batam, and results have 
shown efficiency increases of up to 12–15% in hybrid 
power generation systems. This phenomenon 
demonstrates how legislation can serve as a catalyst for 
the growth of natural sciences, particularly in the fields 
of energy conversion (Handayani et al., 2023), power 
management, and the utilization of new energy sources. 
With a science-based regulatory approach, Batam's 
energy policy directly encourages technology transfer 
from research findings to industrial practice, 
strengthening Batam's position as a national model for 
integrated energy development (Zulkifli et al., 2022).

 

Table 1. Qualitative Model Flow of Energy Regulation and Innovation Development in Batam City 
Qualitative Model Stages Focus of Analysis Scientific Role or Function 

Driving Factors 

Energy regulations, incentive policies, 
academic-industry collaboration, 

research funding, and system 
digitalization. 

These serve as the primary foundation for determining 
policy direction, strengthening legal stability, and 

encouraging investment, research, and the adoption of 
science-based energy technologies. Strong regulations and 

appropriate policy support create an innovative 
environment for the development of energy science and 

technology in Batam. 

Mediating Processes 

Efisiensi riset, transfer pengetahuan, 
kesiapan adopsi teknologi, efektivitas 

penerapan, dan keberlanjutan 
pemeliharaan sistem. 

Research efficiency, knowledge transfer, technology 
adoption readiness, implementation effectiveness, and 

system maintenance sustainability. 

Outcome Stage 

Technological innovation, increasing 
the capacity of the electricity system, 

and strengthening energy research 
institutions. 

Representing the tangible impact of the interaction of all 
system components. This stage illustrates the success of 
regulations and policies in improving energy efficiency, 

promoting regional energy independence, and 
strengthening the foundation of national energy science 

and technology. 

Auxiliary

Power Quality 
Standard

Energy Research 
Investment

Industry Academic 
Collaboration

Distribution System 
Digitalization

Electricity System 
Capasity

Flow (Rate

System Degradation Energy Regulation Strengtht

Stock (Level)

Electricity System Capasity Technology Development Rate
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The findings of this process model indicate that the 
development of an independent electricity system in 
Batam City is determined not only by technical and 
economic factors, but also by the integration of 
regulations, collaborative processes, and innovative 
outcomes, as depicted in the qualitative model. The key 
drivers stage demonstrates that regulatory strength, 
incentive policies, collaboration between industry and 

academia, research funding, and system digitalization 
are the foundations that form a knowledge-based energy 
ecosystem (Putri et al., 2024). The connecting process 
stage confirms that research effectiveness, knowledge 
transfer, readiness for technology adoption, and 
operational sustainability are mechanisms that bridge 
policy with actual implementation on the ground 
(Syamsuni HR et al., 2024). Meanwhile, the final 
outcome stage shows that the synergy of all these 
elements results in increased electricity system capacity 
(Adijaya, 2024), growth in energy technology 
innovation, and strengthening of research institutions in 
Batam. Thus, this model emphasizes that effective 
energy governance requires the integration of science-
based regulations, collaborative research processes, and 
implementable outcomes that support regional energy 
sustainability and independence (Irmayani et al., 2024). 

 
Evaluation of the Effectiveness of Regulation and Direction of 
Energy Science Development 

The effectiveness of regulations in supporting an 
independent electricity system in Batam still faces 
several challenges. Research shows that there is still a 
gap between legal norms (das sollen) and 
implementation practices (das sein), particularly in 
terms of harmonization of central and regional policies, 
the availability of energy research incentives, and legal 
protection mechanisms for energy providers and 
consumers (Syamsudin et al., 2016). From a scientific 
perspective, the main obstacles lie in the limited 
availability of industrial-scale energy research facilities 
and the suboptimal integration of electricity data to 
support the development of Artificial Intelligence (AI) in 
distribution systems (Pramono et al., 2024). Therefore, 
evidence-based regulatory improvements are needed, 
emphasizing a transdisciplinary approach between law, 
technology, and energy science (Arsyad et al., 2021). 
Regulations based on data and scientific research results 
will not only strengthen legal certainty but also establish 
Batam as a leading center for smart energy development 
(smart energy hub) in Indonesia (Aprianti et al., 2010) 
Strengthening the synergy between the legal framework 
and natural science, Batam's independent electricity 
system can become a national model for a just and 
innovative sustainable energy transition (Tambunan et 
al., 2024). 
 

Conclusion  

 
The regulatory framework for Batam's independent 

electricity system serves not only as an administrative 
legal instrument but also as a scientific driver bridging 
the gap between law, technology, and sustainable 
energy management. Strong regulations, supported by 
policy incentives, research investment, and academic-
industry collaboration, play a crucial role in accelerating 
technological innovation and improving system 
efficiency. Science-based governance can transform 
regulatory mechanisms into catalysts for knowledge 
creation, technology transfer, and renewable energy 
development. Therefore, strengthening the integration 
between legal policies, research institutions, and 
industry players is crucial to achieving energy 
independence and establishing Batam as a national 
model for knowledge-based sustainable energy 
governance. 
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