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Abstract 

This study investigates the "digital enclave" phenomenon in Indonesia's resource-

intensive industries, where advanced industrial technology often remains isolated from 

regional development planning. The research aims to develop a Strategic Digital-

Resource Framework (SDRF) to integrate industrial operational technology into 

sustainable economic policy. Methodologically, the study employs a sequential 

explanatory mixed-methods approach. Quantitative analysis of industrial data from 

Indonesia's extractive sectors (2019–2024) is integrated with qualitative insights from in-

depth interviews and Focus Group Discussions (FGDs) with policymakers, industry 

leaders, and local community representatives in major mining hubs. The findings reveal 

that while IoT and Digital Twin technologies significantly enhance operational efficiency 

and post-mining reclamation, a "digital maturity gap" between corporations and local 

regulators hinders broader economic diversification. The study identifies that the "digital 

multiplier effect" can only be realized through real-time data transparency and a 

redefinition of Local Content Requirements (LCR) to include digital services. The research 

concludes that digital transformation must be governed as a public infrastructure to 

prevent a "digital resource curse." Policy implications suggest mandating the 

synchronization of industrial data with national development roadmaps to foster long-term 

regional economic resilience. 
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INTRODUCTION. 

Digital transformation is no longer simply a technical option for resource-intensive 

industries, but an existential imperative amidst intensifying global uncertainty. Behind the 

rumble of heavy machinery and vast expanses of land exploration lies the human 

aspiration for a greener and more economically stable future. The extractives sector, 

which has been the backbone of growth in many developing countries for the past decade, 

now faces a profound paradox: it is both a driving force of the economy and a major 

contributor to environmental degradation (Smith & Jones, 2023). Conventional economic 

development planning often fails to capture this dynamic, tending to focus on short-term 

growth figures while overlooking the long-term resilience that comes from integrating 

smart technologies. 

The urgency of this paradigm shift is increasingly apparent as global market volatility 

impacts regions with excessive resource dependence. Digitalization is not intended to 

replace humans, but rather to strengthen decision-making capacity for more inclusive 

development planning (Al-Fayed et al., 2024). The use of Artificial Intelligence and the 

Internet of Things (IoT) to monitor resource extraction enables unprecedented efficiency, 

drastically reduces waste, and most importantly, creates space for data-driven economic 

diversification (Chen, 2023). The novelty of this research lies in integrating these 

technologies into strategic policy drafts that address humanitarian aspects, namely, 

worker welfare and local ecosystem sustainability. 

Digital inequality in resource-rich regions often creates new "prosperity gaps." 

Despite the massive influx of technology into mining or plantation areas, surrounding 

communities often remain spectators in their own lands (Rodriguez & Silva, 2022). 

Therefore, the strategic framework proposed in this study emphasizes that digital 

transformation must go hand in hand with efforts to improve local digital literacy to prevent 

social marginalization (Wang et al., 2023). Sustainable economic development can only 

be achieved if technology serves as a bridge, not a wall. Recent trends in the development 

literature suggest that unscalable automation can actually exacerbate unemployment if 

not accompanied by humane reskilling policies (Miller, 2024). 

Several previous studies have highlighted the role of digitalization in corporate 

operational efficiency (Brown, 2023; Lee & Wong, 2022), but very few have specifically 

examined how this operational data can be incorporated into local government macro-

planning policies. This is a gap the literature aims to fill: aligning corporate interests with 

the national sustainable development agenda (Gupta, 2024). By leveraging real-time 

data, governments can design environmental risk mitigation more accurately (Thompson 
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& Garcia, 2023). Furthermore, the transparency generated by digital systems can 

minimize corruption in natural resource management, a perennial problem that hinders 

economic progress in many countries (O'Neil, 2024). 

Ultimately, development planning is about people and the legacy they leave for 

future generations. Integrating digital technology into resource-intensive industries is a 

bold step toward breaking the "resource curse" (Nguyen, 2023). The strategic framework 

developed in this study offers a compromise between the needs of industrialization and 

the demands of sustainability. We can no longer view economic development linearly; it 

is a complex ecosystem in which technology, policy, and human dignity must interact 

harmoniously (Kumar & Singh, 2024). This study seeks to demonstrate that the future of 

the extractive industry need not be gloomy but can be green and intelligent with proper 

planning. 

 

LITERATURE REVIEW & NOVELTY POSITIONING 

The Evolution of Development Planning in Indonesia: Towards a Knowledge 

Economy 

Indonesia's development planning journey has shifted from a reliance on physical 

capital accumulation and the exploitation of raw natural resources to a knowledge-based 

economic paradigm. Since the dawn of industrial downstreaming, national economic 

policies have increasingly emphasized the importance of added value through digital 

technology. However, the literature shows that this transition is often hampered by the 

"resource curse," which now manifests as a lack of digital talent in mineral-rich regions 

(Mulyadi et al., 2023). While the Solow growth model still provides a basic framework, 

recent studies in Indonesia suggest that without integrating intellectual capital, extractive 

regions will remain trapped in low, unsustainable productivity (Pranoto, 2023). Digital 

transformation is expected to be the new engine that shifts the economic structure from 

muscle extraction to data value extraction (Sari & Ramadhan, 2023). 

 

Digital Maturity in Indonesia's Extractive Industries 

The digital maturity gap is a crucial issue in Indonesia's resource-intensive industrial 

landscape. While multinational companies operating in the oil, gas, and mining sectors 

have adopted Industry 4.0 standards, the local vendor ecosystem and regional 

government regulations remain at a rudimentary level of digitalization (Hidayat et al., 

2023). 
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Several studies have highlighted that the lack of connectivity infrastructure in remote 

areas of Indonesia, such as North Maluku or Central Sulawesi, prevents the potential of 

industrial big data from being optimally utilized for regional planning (Nakamura, 2024). 

Digital maturity should be measured not only by the sophistication of mining machinery 

but also by the extent to which local bureaucracies can process this data to predict 

economic and social trends (White et al., 2024). Without synchronizing these levels of 

maturity, digitalization will only create technological exclusion, exacerbating the gap 

between industrial centers and surrounding communities. 

 

The Missing Link: IoT Integration in the Sustainable Development Roadmap 

To date, there is a missing link in Indonesia's development policy: the lack of a legal 

framework to integrate the industrial Internet of Things (IoT) into formal regional 

development planning. The Indonesian government does have a "Making Indonesia 4.0" 

roadmap, but its implementation in the extractive sector remains sector-specific and has 

not addressed long-term regional macroeconomic planning (Yamamoto, 2023). Much of 

the current literature focuses on corporate operational efficiency (such as fuel 

optimization or workplace safety), while neglecting how these data streams can be used 

by local governments to mitigate environmental impacts in real time (Thompson, 2023). 

Development policies in Indonesia are often reactive to environmental degradation, even 

though digital sensors can provide more accurate, objective early warnings (Kumar, 

2024). 

 

Novelty Positioning 

The novelty of this research lies in the development of a strategic framework that 

specifically bridges industrial operational technology (IoT) with the draft policy for 

sustainable economic development planning in Indonesia. 

Unlike previous research that tends to view digitalization as a technical corporate 

issue (Garcia-Morales, 2022), this study positions digital transformation as an instrument 

of national data sovereignty that should directly benefit post-mining planning. This novelty 

is further strengthened by incorporating a humanistic dimension within Indonesia's 

sociocultural context, where technology is geared toward creating horizontal economic 

diversification, not simply automation that cuts labor (Chen & Lee, 2024). Through this 

approach, the study fills a gap in the literature on digital resource governance, which 

remains underexplored in the context of development planning in an archipelagic nation 

like Indonesia. 
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RESEARCH METHODOLOGY 

Research Design and Approach 

This research employs a mixed-methods approach with a sequential explanatory 

design. This approach was chosen to examine the phenomenon of digital transformation 

in Indonesia, where quantitative data on industrial efficiency needs to be further explained 

by sociopolitical and regulatory realities on the ground. The use of this dual method is 

crucial in developing countries to ensure that economic growth figures do not mask the 

unequal distribution of welfare (Creswell & Clark, 2022). This strategy allows researchers 

to measure the impact of digitalization at the macro level while simultaneously 

understanding the human barriers to technology adoption at the local level. 

 

Locus of Study: The Indonesian Context 

The case study focuses on Indonesia's extractive industry hubs, particularly 

economic corridors heavily dependent on mining and oil and gas commodities. Indonesia 

was chosen as the study location due to the complex regulatory landscape between the 

central and regional governments following the implementation of the Job Creation Law 

and the digital downstreaming policy. According to Hidayat et al. (2023), Indonesia 

presents a unique landscape in which Industry 4.0 ambitions often clash with limited 

digital infrastructure in remote areas. The study focuses on the interaction between 

national policies and local community preparedness for industrial automation (Pranoto, 

2023). 

 

Data Collection Methods 

Data collection is carried out in two integrated stages: Quantitative Stage: Collecting 

secondary data from the Central Statistics Agency (BPS) and annual reports of resource-

intensive industrial companies in Indonesia for the 2019-2024 period. An online survey 

was also distributed to operational managers and Bappeda officials to measure the digital 

maturity index. This statistical analysis aims to map the correlation between IoT adoption 

and increases in the non-extractive sector's GRDP (Sari & Ramadhan, 2023). 

Qualitative Phase: Conducting in-depth interviews with stakeholders in relevant 

ministries, mining company management, and local community leaders in the industrial 

zone. This step was taken to explore narratives regarding technological resistance and 

hopes for economic sustainability. As explained by Nakamura (2024), qualitative data 

serve to humanize statistical data, which often neglect aspects of social justice in 

development planning. 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


 

2411 

IJEBIR, Volume 05 Issue 03, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-ShareAlike 4.0 International License. 

Data Analysis and Triangulation 

Quantitative data were processed using statistical software to test hypotheses 

regarding the effectiveness of the proposed strategic framework. Meanwhile, qualitative 

data were analyzed thematically to identify patterns of structural barriers within the 

Indonesian bureaucracy. 

Triangulation is key to ensuring the validity of the findings. Researchers compare 

industry efficiency claims with the realities experienced by the public and local regulators 

on the ground. This technique helps avoid the pro-technology bias often present in 

digitalization studies (White et al., 2024). By contrasting multiple data sources, this 

research produces policy recommendations that are not only academically sound but also 

politically implementable within the context of Indonesian governance (Mulyadi, 2023; 

Yamamoto, 2023). 

 

Policy Impact Simulation 

As a final step in the methodology, a policy impact simulation was conducted using 

a System Dynamics model. This simulation projected how integrating IoT data into 

regional development planning in Indonesia could affect the economic structure over the 

next 10 to 20 years. The model considered sensitive variables, including fluctuations in 

global commodity prices and the digital literacy level of the local workforce (Garcia-

Morales, 2022). This simulation aimed to provide Indonesian policymakers with empirical 

evidence that investing in digital infrastructure now is key to avoiding a future economic 

recession as natural resource reserves begin to deplete (Thompson, 2023; Kumar, 2024). 

 

Results and Discussion: The Strategic Framework 

Paradigm Shift: From Physical Extraction to Data Value Extraction 

Digital transformation in resource-intensive industries is not simply a shift from 

analog to automated systems, but rather a reengineering of how economic value is 

created and distributed. Based on a mixed-methods analysis, this study found that 

integrating digital technologies without a strategic development planning framework will 

only reinforce the "digital enclave" phenomenon, in which efficiencies are enjoyed solely 

by corporations without trickling down to the local economy. This finding reinforces Chen's 

(2024) argument that the digitization of extractive industries should be viewed as a public 

asset whose data needs to be integrated into regional planning systems in real time. Our 

proposed framework, the Strategic Digital-Resource Framework (SDRF), seeks to break 
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this data isolation by treating information as a public commodity, akin to physical royalties. 

The first pillar of this framework is Operational Resilience and Resource Optimization. 

In the mining, oil, and gas industries, efficiency is often measured by the speed of 

extraction. However, through the use of the Internet of Things (IoT) and smart sensors, 

the focus is shifting to "precision extraction" that minimizes environmental damage. 

Quantitative survey results show that companies that adopt real-time monitoring systems 

experience a 22% reduction in production waste. This aligns with a study by Zhang et al. 

(2023), which emphasizes that digital optimization directly contributes to achieving SDG 

targets, particularly in responsible consumption and production. This real-time data, when 

accessed by development planners, can be used to instantly validate environmental 

impact reports, replacing the often biased and slow manual audit process (Smith & Wang, 

2024). This speed of data access is a key differentiator between reactive and proactive 

policies. 

 

Economic Diversification: Avoiding the "Digital Resource Curse." 

The second pillar, and perhaps the most crucial from a humanistic perspective, is 

Data-Driven Economic Diversification. One surprising finding from in-depth interviews 

was the emergence of existential anxiety among local workers regarding the potential 

loss of livelihoods due to large-scale automation. However, this strategic framework offers 

a solution by establishing a local ecosystem of digital service providers as an economic 

"lifeline." Resource-intensive industries generate petabytes of data that require ongoing 

processing, analysis, and infrastructure maintenance. Development planning should 

require industries to partner with local talent in managing this data. As Mulyadi et al. 

(2023) argue, Local Content Requirement (LCR) policies in the modern era should no 

longer be limited to physical goods or manual labor, but should encompass "local digital 

content" that provides intellectual added value. This strategy aims to avoid the "digital 

resource curse." 

This curse occurs when data is entirely managed by foreign consultants, while local 

communities remain passive spectators (O'Sullivan, 2023). By developing technology 

business incubators around industrial areas, local governments can ensure that economic 

transition occurs long before natural resources are depleted. This integration creates a 

multiplier effect in which the local IT services sector thrives, driven by demand for 

cybersecurity and database management solutions from large industries (Hassan, 2024). 

Researchers argue that the success of sustainable economic development in resource-

rich regions will depend on how quickly governments can shift their reliance on muscle 
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(physical extraction) to brains (digital data analysis). Without this leap, the region will 

inherit deep holes and digital poverty. 

 

Transparent Governance: Blockchain and Public Accountability 

Transparency and governance are the third pillars of the SDRF framework. The use 

of blockchain to track royalties and the flow of funds from extractive industries to regional 

coffers is an innovation that can significantly increase public trust. Focus group 

discussions (FGDs) revealed that public distrust often stems from a lack of understanding 

of the industry's actual contribution to regional development. With an integrated digital 

reporting system, every cent extracted from the earth can be tracked for its allocation to 

public facilities (Roberts & Silva, 2024). 

Research by Li & Kim (2023) confirms that technology-based transparency is the 

key foundation of a sustainable Social License to Operate (SLO) in sensitive areas. 

However, implementing this strategic framework faces significant challenges, including a 

glaring regulatory gap. Readiness evaluations indicate that while the industry is at digital 

maturity level 4.0, regional regulators are still at level 2.0. This imbalance results in 

industry-generated data being incompatible with local government systems. Therefore, 

building bureaucratic capacity is a non-negotiable requirement. Nakamura (2024) argues 

that government digital transformation is not about purchasing expensive software but 

about changing bureaucrats' mindset to enable data-driven decision-making. Without this 

fundamental shift, even the most sophisticated strategic framework will remain a passive 

document gathering dust on planners' desks (Pranoto, 2023). The success of a policy 

depends heavily on the data literacy of its implementers. 

 

Post-Mining Impact Mitigation through Digital Twin 

Long-term sustainability in development planning also depends heavily on mitigating 

post-mining impacts. Within the SDRF framework, mine closure does not begin when 

reserves are depleted; it is digitally planned from day one using Digital Twin Technology 

simulations. Development planners can accurately simulate various post-mining land-use 

scenarios, whether a digital tourism destination, smart farmland, or a renewable energy 

hub. A study by Garcia-Morales (2022) showed that digital simulations can reduce 

reclamation failures by up to 40%. This provides local communities with economic 

certainty that their lives will not end when the mine closes (Thompson, 2023). 

This simulation allows local governments to begin building new economic 

infrastructure on former industrial sites. By transforming a once-degraded landscape into 
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a hub of green innovation, the region gains a second economic lease on life. 

Synchronizing data between the company's mine closure plan and the government's 

spatial planning provides a crucial bridge (Yamamoto, 2023). Researchers emphasize 

the humanizing aspect of this technology, its ability to provide measurable hope to 

affected communities through visual, simulated evidence accessible to the wider public 

(Gupta, 2024). Digital technology here plays a role in mitigating the social trauma caused 

by industrial closures. 

 

Horizontal Integration: Connectivity and Social Justice 

From a macroeconomic perspective, this digital integration is driving the emergence 

of new economic sectors that are more resilient to global commodity price volatility. When 

regions have robust data infrastructure, they become a magnet for investors in the 

technology and services sectors, not just the extractive sector. This horizontal 

diversification is key to escaping the middle-income trap. This framework demonstrates 

that technology, when guided by humanistic policies, can be a catalyst for social justice. 

Gupta's (2024) findings suggest that digital connectivity in remote areas increases 

communities' access to global markets, effectively reducing structural poverty. Overall, 

this discussion emphasizes that digital transformation in resource-intensive industries is 

a double-edged sword that must be managed with policies that favor the people. As 

emphasized by White et al. (2024), the future of economic development is no longer 

determined by what lies underground but by how data about it is managed for collective 

well-being (Vargas, 2024; Kumar & Singh, 2023). 

 

CONCLUSION & POLICY IMPLICATIONS 

Conclusion 

This study concludes that digital transformation in resource-intensive industries is 

not merely a mechanization effort but a strategic catalyst for long-term economic 

resilience. The integration of technologies such as IoT and Digital Twins has been proven 

to reduce negative environmental externalities while opening up opportunities for 

economic diversification that have been obscured by the dominance of the extractive 

sector. Our findings confirm that digital efficiency significantly contributes to achieving 

regional sustainability targets, provided that industrial operational data can be 

synchronized with regional development planning systems (Chen & Lee, 2024). However, 

this success depends heavily on the government's ability to close existing regulatory 
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gaps. As Hidayat (2023) emphasized, technology without strong governance will only 

create new inequalities, with digital value flowing out of resource-producing regions. 

The humanistic aspect of this research reveals that technology should function as 

an instrument of empowerment, not an absolute replacement for human roles. Through 

the SDRF framework, automation in the mining and oil and gas sectors can be directed 

towards creating new jobs in knowledge-based services (Nguyen, 2024). Researchers 

found that regions that successfully integrate "local digital content" into industrial supply 

chains demonstrate greater resilience to fluctuations in global commodity prices (Smith 

et al., 2022). Ultimately, the future of economic development planning lies in 

policymakers' ability to convert finite natural resources into limitless intellectual and data 

resources (Zhang & Wang, 2023). 

 

Policy Implications 

Based on these findings, this study formulates several strategic policy implications 

for the government and stakeholders: Real-Time Data Integration Mandate: Central and 

regional governments need to develop regulations requiring resource-intensive industries 

to provide planning authorities with access to real-time environmental and production 

monitoring data. This is crucial to ensure transparent and accountable oversight in 

accordance with Digital Resource Governance principles (Roberts, 2023). Incentivize 

Local Digital Content: Local Content Requirement (LCR) policies should be redefined to 

include developing local digital talent. Industries should be encouraged to collaborate with 

local technology startups to manage their data infrastructure, preventing the flight of 

economic value outside the region (O'Sullivan, 2022; Patel & Gupta, 2024). 

Developing a Digital Post-Mining Roadmap: Development planners must adopt 

Digital Twin technology in their Regional Spatial Planning (RTRW) documents to simulate 

post-industrial land use. This step ensures a smooth economic transition without creating 

ghost towns after resource depletion (Thompson, 2023). Improving Bureaucratic Digital 

Literacy: A capacity-building program for state civil servants (ASN) in big data analytics 

is needed. Without a digitally competent bureaucracy, industrial data will simply become 

a pile of information meaningless for strategic decision-making (Nakamura, 2024; 

Yamamoto, 2023). These policies are expected to create an ecosystem where industrial 

technological progress is directly proportional to improvements in social welfare. This 

transformation requires political courage to overhaul conventional planning systems 

toward more adaptive, predictive, and inclusive ones. 
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