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AlI-Driven Digitalization:
Impact on Indonesia's Petroleum Demand
and Economic Trajectory
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ABSTRACT. This study uses a mixed-methods approach (econometrics and policy analysis) to
assess the multifaceted impact of Al-driven technological transformation on Indonesia’s downstream
petroleum demand and its broader economic trajectory toward the "Golden Indonesia 2045" vision.
The research focuses on three domains: operational efficiency, key macroeconomic indicators (GDP
and trade balance), and strategic policy alignment. The quantitative analysis confirms a significant
positive correlation between AI adoption and improved operational efficiency in the downstream
sector. Evidence shows sophisticated Al applications, such as predictive maintenance (Pd.M.)
systems and precision fuel blending (achieving an R* of 0.99), lead to measurable operational
savings and maximized output from existing hydrocarbon assets. However, Al's resulting
macroeconomic leverage proves moderate and severely limited. While Al-induced efficiency has a
statistically significant, albeit small, positive impact on boosting GDP and reducing the oil and gas
trade deficit, this benefit is dwarfed by persistent structural issues. The positive impact of domestic
savings is substantially countered by the large volume of necessary petroleum imports and the
immense fiscal burden of incomplete fuel subsidy reforms, which peaked at 2.8 per cent of GDP in
2022. Consequently, the oil and gas trade balance remains critically in deficit, recording losses of
USD1.55 billion and USD1.58 billion in May and July 2025, respectively. The study confirms a
strong top-down strategic alignment between national Al initiatives (like STRANAS KA) and
energy development plans. Nevertheless, a detailed qualitative analysis identifies significant
implementation hurdles that temper AlI's transformative potential. These pervasive barriers include
chronic infrastructure gaps, weak data governance frameworks, severe digital skills shortages, high
initial investment costs, and profound organizational inertia within large enterprises, often resulting
in a "pilot trap" where small-scale projects fail to scale. In conclusion, Al's current role is largely
confined to improving operational efficiency within the existing, legacy energy system. For Al to
become a true driver of fundamental structural change, policy interventions must decisively link AT
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investment to comprehensive energy subsidy reform and the aggressive acceleration of the new and
renewable energy sector as primary national goals. This research offers an integrated techno-
economic analysis of technology adoption in a resource-dependent, emerging economy.

KEY WORDS: Artificial Intelligence adoption, digital transformation strategies, downstream
petroleum demand, economic growth, Indonesia's energy sector, operational efficiency, trade
balance, implementation challenges.

Introduction

Indonesia's high economic growth is predicted to raise fuel oil demand,
solidifying its growing influence in the global energy market. The Execu-
tive Director of the Institute for Essential Services Reform (IESR), Fabby
Tumiwa stated in the launch of the Indonesia Economic and Trade Office
to Taipei (IETO) 2023, highlights that the country is Southeast Asia's
largest energy consumer and is among the top primary energy consumers in
the Asia Pacific region, following China, India, Japan, and South Korea®.
This increased energy consumption, coupled with the projected near-term
(2025 and 2026) annual GDP growth of 4.8 per cent, underscores Indone-
sia's expanding role on the global energy stage®.

This expansion will likely drive higher energy consumption across all
sectors, including transport and industry. With an expanding economy, en-
ergy consumption is projected to nearly triple over the next few decades,
from 195 million tonnes of oil equivalent (Mtoe) in 2020 to 556.5 Mtoe in
2060. Fuel oil, along with electricity, will dominate the increase in energy
demand®. The transportation sector's heavy reliance on gasoline is expected
to continue until at least 2060, even with the rise of electric vehicles.This
persistence is underscored by the structural challenges in Indonesia's energy
transition, where despite ambitious net-zero targets, budgetary constraints
and the slow pace of infrastructure scaling remain significant hurdles
(Resosudarmo et al., 2023)5.

According to the data from the Census and Economic Information Cen-
ter (CEIC)7, Indonesia's oil consumption showed a strong upward trend
from 1965 to 2023, peaking at 1.62 million barrels per day (mb,/d) in

> IESR  — Indonesia Energy Transition Outlook (IETO) 2023.  https:/iesr.or.id/wp-
content/uploads/2024/03/Indonesia-Energy-Transition-Outlook-2023.pdf.

4 International Monetary Fund. (2023). World economic outlook, April 2025: A critical juncture amid policy
shifts. IMF.

International ~ Energy = Agency (IEA). (2024). World energy outlook 2024. IEA.

https://www.iea.org/reports/world-energy-outlook-2024.

® Resosudarmo, B. P., Effendi, Y., & Rezki, J. F. (2023). Survey of Recent Developments: Prospects of Energy
Transition in Indonesia. Bulletin of  Indonesian Economic Studies, 59(2), 149-177.
https;//doi.org/10.1080/00074918.2023.2244806

" CEIC Data. 2024. "Indonesia Oil Consumption, 2012-2024." Census and Economic Information Center.
https://www.ceicdata.com/en/indicator/indonesia/oil-consumption
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2018. This growth can be attributed to demographic and economic factors,
including population growth, urbanization, the emergence of a middle
class, and industrial expansion. However, in this regard, analysis of recent
data on Indonesia's oil consumption indicates a slower rate of increase (see
Figure 1).
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Figure 1 — Indonesia oil consumption
Source: CEIC data®

In much the same way that Indonesia's oil consumption growth corre-
lates positively with GDP per capita, urbanization rate, and transportation-
sector expansion, while energy-policy interventions mediate or dampen ef-
fect that relationship. This type of analysis would provide valuable insights
for informing future energy policy and promoting energy diversification in
Indonesia.

Indonesia is a net importer of crude oil and petroleum products, a trend
that has accelerated in recent years. As domestic demand for fuel oil rises,
the country's import needs will grow, affecting global oil prices and supply
chains. With its significant population and economy, Indonesia's energy
consumption patterns give it greater influence in regional and international
energy forums such as ASEAN, G20, APEC and BRICS+.

To meet its growing energy demand and strengthen its market position,
Indonesia faces challenges. The government has set renewable energy tar-
gets, it has publicly acknowledged the continued necessity of fossil fuels
like oil and gas to support its growing energy needs. Mobilizing both local

8 CEIC. (2024). Indonesia oil consumption. https://www.ceicdata.com/en/indicator/indonesia/oil-consumption
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and foreign investment is crucial for scaling up energy projects. Energy
policy and market regulations have faced challenges, including subsidies
and regulatory uncertainties.

PwC's reports on the Indonesian oil and gas sector (2024)°, showing In-
donesia as the sixth-largest LNG exporter, but oil production was declin-
ing, necessitating imports to meet increasing domestic consumption. The
report highlighted a significant shortfall in Indonesia's renewable energy
investment targets and noted the impact of global energy volatility and
geopolitical instability on the sector.

Indonesia maintained its position as the sixth-largest global exporter of
Liquefied Natural Gas (LNG) with a capacity of 23.3 million tonnes per
annum (MMTPA). In other respects, Indonesia's crude oil production
struggled to meet its rising consumption, which increased from 1,400
MBOPD in 2020 to 1,585 MBOPD in 2022, leading to increased oil im-
ports. Whereas, Indonesia's gas production surpassed the State Budget
(APBN) target by achieving 6,802 MMSCFD in 2023.

Indonesia is striving to achieve significant economic growth, aiming to
be a top global economy by 2045, underpinned by a dual-pronged strategy
involving technological advancement and robust management of its tradi-
tional energy sector. The country has made digital transformation a na-
tional priority, with initiatives like "Making Indonesia 4.0" and the Na-
tional Strategy for AI Implementation (2020—-2045) targeting increased
productivity, competitiveness, and innovation'. Al is projected to be a key
driver, with potential to contribute hundreds of billions of dollars to the
national GDP by 2030 by enhancing efficiency and creating new opportuni-
ties across various sectors.

Concurrently, Indonesia's downstream petroleum industry remains cen-
tral to the economy, supplying crucial energy for transportation, manufac-
turing, and other sectors. Historically, the oil and gas sector has been a vi-
tal source of revenue and economic stability, although its contribution and
future are now influenced by global shifts toward renewable energy.

Research Problem and Gap Analysis

This study addresses a critical research gap at the convergence of Artifi-
cial Intelligence (AI) digital transformation and Indonesia's downstream
petroleum sector. Despite the nation's rapid digital progress, the effective
deployment of AI to fully optimize the energy supply chain is significantly

9 PwC's "Oil & Gas Investment in Indonesia" (2024). https://www.pwc.com/id/en/pwe-publications/industries-
publications/energy--utilities---mining-publications/oil-gas-guide-2025.html
Kominfo (Ministry of Communication and Information Technology). (2024). National strategy for artificial
intelligence implementation (2020-2045). Kominfo. https://www.kominfo.go.id/
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constrained by several operational and infrastructural hurdles. Specifically,
the potential of advanced AI systems is restricted by insufficient digital in-
frastructure, including low broadband penetration across numerous regions,
which fundamentally limits the ability to deploy and scale these systems ef-
fectively. Concurrently, a substantial workforce deficit exists, requiring the
development of highly skilled personnel capable of effectively utilizing and
maintaining complex Al technologies for optimal performance in the sector.

The necessity for effective digital transformation is amplified by persis-
tent structural challenges within the downstream petroleum industry. This
sector suffers from a chronic domestic capacity shortfall, which forces a
heavy and continuous reliance on imported oil. This structural weakness
not only creates serious vulnerabilities for national energy security but also
imposes a continuous, detrimental strain on the national balance of pay-
ments.

Academically, a significant research gap underlies this problem, as most ex-
isting literature treats the digital economy and energy sectors as distinctly
separate entities. There is a distinct lack of comprehensive studies that both
quantitatively and qualitatively explore how specific, Al-driven advancements
within Indonesia’s downstream petroleum industry can directly mitigate the
structural capacity shortfall and, by extension, reduce import dependence.
Crucially, there is a gap in demonstrating how this Al-enabled efficiency and
subsequent reduction in imports can, in turn, propel overall macroeconomic
growth. This research is explicitly designed to close this gap by providing an
integrated techno-economic analysis of Al's effect on downstream demand and
its leverage on Indonesia's broader economic expansion.

Research objectives and Hypotheses

The principal objective of this study is to meticulously investigate the
role of Artificial Intelligence (AI) in driving operational efficiency within
Indonesia's downstream petroleum industry and to determine the subse-
quent influence of these efficiencies on economic growth. To achieve this
main aim, the research will first quantify the extent to which the adoption
of Al-driven technologies has impacted the downstream sector's operational
efficiency, focusing on metrics like refinery capacity utilization and distri-
bution logistics. This quantitative analysis is driven by the primary hy-
pothesis (H1) that increased adoption of AI technologies (e.g., predictive
analytics and smart logistics) is positively correlated with improved opera-
tional efficiency within the industry. This is tested against the null hy-
pothesis (HO01) that no significant correlation exists.

Following the investigation of operational changes, the study will ex-
plore how any increased efficiency, potentially enabled by AI, has impacted
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Indonesia's trade balance, specifically addressing the reduction of depend-
ency on imported petroleum products over the period 2015—2024. This leads
to the second quantitative hypothesis (H2), which posits that improve-
ments in operational efficiency have a significant positive impact on reduc-
ing the oil and gas trade deficit and increasing overall economic growth.
The corresponding null hypothesis (H02) assumes no significant positive
impact on either the trade deficit or economic growth. Finally, the research
seeks to contextualize these findings by identifying the key drivers, chal-
lenges, and strategic considerations for implementing AI technologies to
support sustained economic growth, and to understand how expert inter-
views and policy documents illuminate the interplay between AI, the
downstream sector, and Indonesia's economic development. This qualitative
aspect is structured around the mixed-methods hypothesis (H3), which ar-
gues that the strategic alignment between national Al and digital transfor-
mation policies (like "Making Indonesia 4.0") and downstream sector plans
is a crucial enabler for realizing Al's potential, but that this potential is
concurrently constrained by implementation challenges related to infra-
structure gaps, skills shortages, and organizational inertia. The null hy-
pothesis (HO03) suggests this strategic alignment is irrelevant, or that the
implementation challenges are not significant to the outcome.

This comprehensive framework, utilizing a mixed-methods research de-
sign, allows for a rigorous investigation of the complex relationship be-
tween technological transformation, energy sector dynamics, and economic
outcomes in the Indonesian context.

Literature Review

The body of scholarly literature addressing Indonesia's economic devel-
opment falls broadly into three distinct areas: studies on digital transfor-
mation and AI adoption, analyses of the energy and downstream petroleum
sector, and broader macroeconomic research. This review synthesizes key
findings from these areas, critically evaluating existing research to identify
critical intersections and highlight the gaps this study aims to address.

Al Adoption and Digital Transformation Strategies in Indonesia

The Indonesian government has actively promoted digital transformation
across state-owned enterprises (SOEs) like Pertamina'', laying a critical
foundation for the adoption of Artificial Intelligence (AI) in the energy

" Pertamina. (2024). Pertamina's 2024 annual report. Pertamina.
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sector between 2015 and 2024. Al is revolutionizing the planning and de-
mand forecasting within the supply chain by leveraging massive datasets
and machine learning to generate more accurate predictions, facilitate quick
responses to market changes, and optimize operations (Kumar et al.,
2025)". Specific national strategies for AI implementation were introduced
during this period, earmarking priority areas for development.

The Al systems integrated data from diverse sources, including historical
sales, market trends, satellite data, and weather forecasts, allowing SOEs
to detect subtle patterns and achieve greater predictive accuracy compared
to traditional methods. This improved demand anticipation enabled better
planning for production, procurement, and distribution logistics, ultimately
leading to more optimal routing, lower operational costs, and enhanced re-
sponsiveness. In some cases, Al-driven logistics frameworks demonstrated
the potential for significant return on investment (ROI), contributing sub-
stantially to overall operational efficiency and strengthening national en-
ergy security, particularly in the face of existing challenges such as the na-
tion's vast geographic spread, reliance on imports, and complex fuel
network.

In this context, technical inefficiencies in downstream logistics—
particularly the high land-transport costs along busy corridors such as Ja-
karta-Tanjung Gerem Terminals —have been empirically documented (Hi-
dayat & Mulyono, 2025)". Their linear-programming route optimization
tackles the problem directly; the framework proposed in this study expands
this scope to include broader structural resilience. By embedding Al-driven
predictive maintenance and high-frequency demand forecasting, we ensure
the savings they identify are not only realised but sustained through proac-
tive, data-guided decision-making.

Framed by Indonesia’s Making Indonesia 4.0 initiative, recent studies
argue that targeted government policies—such as Al adoption incentives,
big-data infrastructure, and digital-sandbox regulations—have accelerated
the country’s shift toward a digital economy (Muljono 2021'; Muljono &
Setivawati 2022": Sari & Nasrudin 2022'®). These policies raise productiv-
ity and operational efficiency in manufacturing, with implications for in-

12 Kumar, P., Dadwal, S., Verma, R., & Kumar, S. (Eds.). (2025). Digital transformation for business sustain-
abilitg/ and growth in emerging markets. Emerald Publishing Limited. https://doi.org/10.1108/9781835491096

" Hidayat, D. W., & Mulyono, N. B. (2025). Optimizing fuel distribution costs through vehicle routing prob-
lem modeling in Jakarta-Tanjung Gerem terminals. Cost Efficiency through Vehicle Routing Models, 3873-3884.
https://doi.org/10.3764 1/jimkes.v13i5.3547

' Muljono, W. (2021). Kepemimpinan digital: Modul PKN Tingkat II [Digital leadership: National leadership
training module level II]. Lembaga Administrasi Negara. ISBN: 978-602-7594-55-5

> Muljono, W., & Setiyawati, S. (2022). Digital economy: the main power for digital industry in Indonesia. In-
ternational Journal of Technological Globalisation, 15(4), 423—444. https://doi.org/10.1504/1JTGM.2022.125908

!¢ Sari, D. R., & Nasrudin, N. (2022). Constructing Indonesian digital economy index in determining economic
policy priorities amidst the Covid-19 pandemic. Economics and Finance in Indonesia, 68(1), Article 5.
https://doi.org/10.47291/e£i.2022.05
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dustrial competitiveness and integration into global value chains. Indone-
sia’s Making Indonesia 4.0 initiative has become a test case for how mid-
dle-income economies deploy industrial policy to hasten digital transforma-
tion. Muljono (2021) and Muljono & Setiyawati (2022) show that fiscal
incentives for Al adoption, public investment in big-data infrastructure,
and regulatory sandboxes have expanded firm-level experimentation in
manufacturing, while Sari & Nasrudin (2022) document gains in opera-
tional efficiency as firms codify production data and automate routine
tasks. Collectively, these studies suggest that policy-guided digitalization
raises productivity not merely through capital deepening but by reconfigur-
ing organizational routines—effects that matter for Indonesia’s position in
regional value chains and for the broader debate on industrial strategy in
an age of Al.

The experience thus offers a comparative reference point for economies
balancing technology adoption with competitiveness and equity in global
markets. Complementing this industrial push toward digitalization, the In-
donesian government has also integrated technology into its energy transi-
tion strategy. As detailed by Resosudarmo et al. (2023)", this includes ag-
gressive demand-side targets, such as the adoption of 2 million electric cars
and 13 million electric motorcycles by 2030, as part of the country’s En-
hanced Nationally Determined Contribution (E-NDC). However, Resosu-
darmo et al. (2023) emphasize that while these digital and green transitions
are theoretically aligned, their practical execution faces significant fiscal
constraints, requiring a delicate balance between domestic budget alloca-
tions and international climate financing through mechanisms like the Just
Energy Transition Partnership (JETP).

The joint report by AC Ventures, BCG,/BCG X, and KADIN (Sjahrir
et al. 2024)'" treats Indonesia’s financial sector as a policy laboratory for
(Gen)AI diffusion. It documents how Predictive Al and Generative Al are
already compressing operating costs and expanding service coverage, and it
projects sector-wide efficiency gains if adoption proceeds at scale. Cru-
cially, the analysis links firm-level tools—credit-scoring models, automated
compliance workflows, GenAl-enabled customer interfaces—to macro-level
policy levers: data-governance standards, supervisory sandboxes, and pub-
lic-private coordination through industry associations. By foregrounding
these mechanisms, the report frames AI not only as a productivity shock
but as an institutional challenge for regulators balancing innovation, finan-
cial stability, and inclusion. Indonesia’s experience thus offers a compara-

'7 Resosudarmo, B. P., Effendi, Y., & Rezki, J. F. (2023). Survey of Recent Developments: Prospects of Energy
Transition in  Indonesia. Bulletin ~ of  Indonesian  Economic Studies, 59(2), 149-177.
https://doi.org/10.1080/00074918.2023.2244806

'8 Sjahrir, P., Li, A., & Soerijadji, M. (2024). Harnessing the power of (Gen)AI in Indonesian financial services.
AC  Ventures; Boston Consulting Group (BCG); BCG X. https://web-assets.bcg.com/1b/42/
1554aac447d88aecbel 048285eed/harnessing-the-power-of-genai-in-indonesian-financial-services.pdf
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tive reference for middle-income economies seeking to govern Al in finance
without widening disparities in access or risk.

A more cautious reading, however, suggests that the prevailing opti-
mism about Indonesia’s Al trajectory leans heavily on macro-level pro-
nouncements rather than documented implementation. Projections from
consultancy circles (e.g., BCG-Google) foreground aggregate efficiency
gains but rarely interrogate sectoral bottlenecks or distributional effects.
By contrast, recent micro-evidence stresses uneven diffusion: Muljono
and Setiyawati (2021)" find that large firms integrate AI with relative
ease, whereas SMEs face binding constraints in technology access and
skilled labor. This divergence reframes the policy challenge away from
aspirational roadmaps toward the design of targeted instruments®
technology extension services, vocational training, and financing for
digital upgrades—that can align firm-level adoption with broader com-
petitiveness and inclusion goals.

The key limitation often understated in the broader literature is the per-
vasive impact of the digital divide as a fundamental constraint on macro-
level Al impacts, particularly within fragmented sectors like the down-
stream petroleum supply chain. Research by the World Bank (2023)*" criti-
cally indicates that Indonesia’s fixed broadband penetration remains below
the ASEAN average, which "potentially hindering the full-scale deployment
of Al-driven solutions that require high-speed connectivity."

The significance of this inadequate infrastructure is often overlooked; it
is not merely an implementation "hurdle" but a systemic bottleneck that
fundamentally invalidates assumptions of efficient, data-driven AI opera-
tions, especially in geographically dispersed supply chains. The reliance on
legacy, unconnected systems in many parts of the petroleum sector effec-
tively renders many advanced Al solutions irrelevant or inoperable without
massive, and potentially uneconomical, prerequisite infrastructure invest-
ment.

Dynamics of the Downstream Petroleum Sector

Research on Indonesia's downstream petroleum sector typically focuses
on its strategic importance, operational challenges, and environmental con-

' Muljono, W., & Setiyawati, S. (2021). Consumers perception on continuance intention of online shopping.
Asia-Pacific Management and Business Application, 9(3), 261-276.
https //doi.org/10.21776/ub.apmba.2021.009.03.5

¥ Martini, M., Setiawan, D., Suryandari, R. T., Brahmana, R. K., & Asrihapsari, A. (2023). Determinants of
digital 1nn0vat10n in micro and small 1ndustrles Economies, 11(6), 172.
https //d01 org/10.3390/economies11060172
World Bank. (2023). Indonesia economic prospect report. World Bank.
https://www.worldbank.org/en/country/indonesia/publication/indonesia-economic-prospects-june-2023.
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cerns. Analysts at Pertamina have long emphasized the sector's role in na-
tional energy security, with several reports documenting the country's per-
sistent refinery capacity shortfall*’. This reliance on fuel imports, particu-
larly for gasoline and diesel, is a recurring theme in the literature
(Lahadalia & Subroto, 2025)?. While these studies accurately diagnose the
import dependency problem, a critical assessment reveals they often adopt a
conventional economic and policy analysis framework, failing to integrate
the disruptive potential of emerging technologies like AI. Their analyses of
efficiency improvements, for example, are typically grounded in traditional
capital investment or process optimization methods, not Al-driven predic-
tive maintenance or logistics.

Furthermore, research often highlights the environmental pressures fac-
ing the industry, emphasizing the need for cleaner and more sustainable
practices. Theresya (2023)* examines how ongoing and planned energy-
transition initiatives in the downstream oil-and-gas sector —an industry un-
der pressure to adapt to global decarbonization imperatives and requiring
substantial investment for infrastructure upgrades and new-technology
adoption—can be operationalized, with particular attention to the chal-
lenges framed by the equitable dimension of the transition. While valid,
this assessment often frames technological adaptation primarily within the
context of environmental regulation rather than exploring how advanced
digital tools like AI can proactively drive both environmental and opera-
tional gains®

Global Ener gy Transition:
Systemic Constraints and the Research Disconnect

The global energy transition faces persistent inertia, a condition which
reports from organizations such as the International Energy Agency
(IEA)*, and the Enerdata Global Energy Trends 2025 collectively con-
firm is not merely a consequence of technological inadequacy. Rather, the

Pertarnma (2024). Pertamina's 2024 annual report. Pertamina. https://www.pertamina.com/.
 Lahadalia, B., & Subroto, A. (2025). Downstreaming, Industrialization, and Energy Resilience in Responding
to Economic Fragmentatlon and Contemporary Geopolitical Changes. Proceedlng Jakarta Geopolitical Forum, 9(1),
24— 42 https://doi.org/10.55960/jgt.v9i1.290
* Theresya, J. (2023, Oktober). Mengoperasionalkan keadilan di dalam konsep transisi energi berkeadilan di
Indonesia. Indonesia Research Institute for Decarbonization (IRID). https://dev.irid.or.id/en/mengoperasionalkan-
keadllan-dl dalam-konsep-transisi-energi-berkeadilan-di-indonesia/
> Institute for Essential Services Reform. (2024). Indonesia energy transition outlook 2025: Navigating Indone-
sia's energy transition at the crossroads: A pivotal moment for redefining the future. https://iesr.or.id/wp-
content/uploads/2024/ 12/Indonesia-Energy-Transition-Outlook-2025-Digital-Version.pdf
International ~ Energy = Agency (IEA). (2024). World energy outlook 2024. IEA.
https://www.iea.org/reports/world-energy-outlook-2024.
*’ Enerdata. (2025). Global energy trend edition 2025: Continued growth in energy consumption and emissions.
https://www.enerdata.net/system/files/publications/Enerdata-global-energy-trends-2025.pdf
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continued dominance of fossil fuels is deeply embedded in economic, politi-
cal, and social systems. The data from the IEA and Enerdata specifically
highlight that global energy consumption, particularly across major devel-
oping Asian economies including China, India, and Indonesia, is accelerat-
ing beyond its historical pace. Despite significant expansion in renewable
capacity, fossil fuels, notably coal and gas, maintain their dominance and
continue to increase in absolute volume. This trend signals a critical failure
in achieving sufficient decoupling between Gross Domestic Product (GDP)
growth and CO2 emissions, underscoring a major global climate and devel-
opment concern.

Compounding these systemic challenges is a significant dual discon-
nect evident in the extant academic and industry literature, which hin-
ders the strategic application of advanced technologies to sectoral prob-
lems. The first disconnect is characterized by a Top-Down Technology
Focus in research concerning Artificial Intelligence (AI) and digitaliza-
tion. This body of work frequently adopts a generalized, macro-level
perspective, celebrating the potential for broad efficiencies in areas like
finance or general industry. Crucially, it often fails to provide sufficient
granular acknowledgment of the structural and methodological limita-
tions inherent in implementing Al within specific, complex, and geo-
graphically fragmented sectors, such as the downstream petroleum sup-
ply chain. The second disconnect arises from the literature on the
Traditional Sector Focus of the downstream petroleum industry. This re-
search predominantly remains confined to analyzing conventional opera-
tional and economic challenges—chiefly refining capacity shortfalls and
heavy import reliance —without rigorously exploring or quantifying how
specific technological advancements could be strategically integrated to
address these persistent, structural shortcomings. This dual limitation
highlights a profound research gap: the conspicuous absence of inte-
grated, granular studies that effectively bridge the theoretical potential
of AI with the urgent, specific, and structurally constrained require-
ments of the energy downstream sector to drive genuine economic and
industrial transition.

Indonesia is at a critical juncture in its energy journey, balancing robust
economic growth and surging energy demand with the need for national
sovereignty and sustainability. The nation's reliance on substantial domestic
fossil fuel reserves supports its energy independence goals but simultane-
ously contributes to environmental concerns through emissions. While there
are signs of improved energy intensity, continued reliance on these fuels re-
quires greater efforts to meet global climate targets. This complex dynamic
is empirically captured in the 'Energy Paradox' profile shown in Figure 2
and Table 1.
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Figure 2 — Indonesia’s energy paradox

Note: Indicators normalized to 0 — 1 scale.
Source: Author’s Calculation based on various sources (2025).

Table 1

INDONESIA'S ENERGY PARADOX: GROWTH, RESOURCES,
AND EFFICIENCY CHALLENGES

Population: 284 million
GDP growth rate: 5.03 % /year
Energy independence: 100%
Total consumption /GDP:* 73.0 (2005=100)
CO2 Emissions: 3.07 tCO2 /capita
Rate of T&D power losses: 8.52%

Data of the last year available: 2024
* at purchasing power parity

Source: Enerdata (2025)28

8 Enerdata, Global Energy Trend Edition 2025: Continued Growth in Energy Consumption and Emissions
(Grenoble: Enerdata, 2025), https://www.enerdata.net/system/files/publications/Enerdata-global-energy-trends-
2025.pdf.
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The Energy Paradox Profile (Figure 2) highlights a mismatch between In-
donesia’s socio-economic drivers and its energy security. Although GDP growth
and population stability are relatively strong—normalized at 0.72 and 0.55 re-
spectively —the pronounced “Energy Independence” gap reveals a heavy reli-
ance on energy imports and exposes critical vulnerabilities. The visualization
indicates that, absent Al-driven structural optimization, the country’s economic
momentum is unlikely to translate into sustainable energy sovereignty.

Despite its resources, Indonesia faces a significant threat to its energy secu-
rity due to a greater than 50 per cent reliance on imported energy, including
crude oil and refined fuels. This substantial dependency makes the country
vulnerable to volatile global oil prices, supply chain disruptions, and geopo-
litical instability. To achieve genuine energy self-sufficiency —a key compo-
nent of national independence, especially as the country commemorates its
80th Independence Day —Indonesia has a massive opportunity in its untapped
domestic resources. Only about 16 per cent of its 128 oil and gas fields have
been explored, offering a considerable pathway to boost national supplies
through accelerated exploration and development in new and frontier regions.

Indonesia is pursuing a dual mandate: sustain the existing oil and gas sec-
tor while simultaneously navigating a complex and capital-intensive transition
to New and Renewable Energy (NRE). The NRE shift, necessary for mitigat-
ing climate change, faces challenges comparable to the long maturation of the
fossil fuel sector, including technological immaturity, supply intermittency,
and difficult project economics. Ultimately, all stakeholders must engage in
strategic, concerted action to bolster domestic oil and gas production now.
Energy resilience is a strategic national asset that underpins economic and so-
cial stability, making the achievement of energy self-sufficiency vital for Indo-
nesia to meet its own needs and operate free from external pressures.

Indonesia's downstream oil and gas sector in 2024 was defined by sub-
stantial government intervention and a dependence on fossil fuels. The gov-
ernment spent heavily on fuel subsidies, allocating Rp 56.1 trillion for Per-
talite and Rp 89.7 trillion for Solar, and another Rp 80.2 trillion for
subsidized LPG, requiring a new registration system due to consumption
exceeding quotas. Efforts like the BBM Satu Harga program also aimed for
equitable fuel pricing in remote areas, though the sector faces perennial
challenges like infrastructure limits and declining domestic production.

Economically, Indonesia is highly vulnerable to global oil prices, with
net oil import costs soaring from USD 24 billion in 2021 to an estimated
USD 35 billion in 2022. This dependence strains the national budget and
impacts households through energy subsidies. If the current trajectory con-
tinues, net oil and gas imports could balloon to USD 100 billion by 2050,
diverting a massive share of the nation's GDP to foreign energy purchases.

Despite targeting net-zero emissions by 2060, Indonesia's energy policy
presents a paradox by designating the oil and gas sector as a 'priority in-
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vestment' until 2040, aiming to increase crude oil production to 1 million
barrels per day (bpd) by 2030, up from 605,000 bpd in 2023. This ap-
proach prioritizes maximizing indigenous hydrocarbons before achieving
carbon neutrality. Fossil fuels, particularly coal, continue to dominate en-
ergy consumption, raising environmental concerns as crude oil reserves are
projected to last only about 9 to 10 years at current levels.
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Figure 3 — Trend of Indonesia's petroleum production (2006—2023)%
Source: processed by the author based on data from Energy Institute (2023).

Figure 3 documents a core geoeconomic vulnerability: Indonesia’s up-
stream petroleum output has fallen by roughly 40 percent since 2010, a de-
cline that Sandul et al. (2025)% interpret as structural rather than cyclical.
This trajectory exposes the energy supply chain to external shocks and
complicates the downstream sector’s adaptation to the global transition.
Framed as a resilience problem, the contraction strengthens the case for Al-
enabled optimization —aligned with a dynamic adaptive framework —as an
instrument of industrial policy rather than a purely technical fix. By link-
ing upstream scarcity to downstream digital upgrading, Indonesia can repo-
sition its energy sector within global value chains while addressing the pol-

¥ Energy Institute, Statistical Review of World Energy 2023 (72nd ed.), in partnership with KPMG and Kear-
ney %ondon: Energy Institute, 2023).
Sandul, M., Strilchuk, Y., & Primierova, O. (2025). The impact of financial mechanisms for sustainable de-
velopment on the evolution of global value chains. International Economic Policy, (42), 26-56.
https://doi.org/10.33111/iep.eng.2025.42.02
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icy trade-offs between affordability, competitiveness, and decarbonization
that preoccupy middle-income economies.

Indonesia's energy consumption has historically been dominated by fossil
fuels, with significant growth in non-renewable resources, particularly coal,
between the early 2000s and mid-2010s. As of 2020, renewables constituted
less than 10 per cent of total energy consumption, with solar and wind en-
ergy contributing minimally. The reliance on coal, which has replaced oil
and gas as the primary energy source, raises environmental concerns due to
higher carbon emissions. Simultaneously, Indonesia's crude oil production
and proven reserves have declined, projecting an estimated reserve lifespan
of 9 to 10 years at 2020 levels (see Figure 4).

Crucially, an accelerated clean energy transition focused on electrification
and energy efficiency offers a powerful economic and environmental solution.
In this scenario, the import bill for fossil fuels by 2050 could be three times
lower than the business-as-usual path. The analysis shows that the savings from
reduced fossil fuel imports would outweigh the necessary investment in clean
energy technologies by 2050. Policies like mandatory energy performance stan-
dards and rapid transport electrification are key to significantly lowering final
energy demand, offering both reduced costs and enhanced energy security.

Renewables

Petroleum

Natural Gas

Figure 4 — Composition of Total Energy Consumption in Indonesia

Source: Data processed from Ministry of Energy and Mineral Resources (2024)°".

3! Ministry of Energy and Mineral Resources of the Republic of Indonesia, Handbook of Energy and Economic
Statistics of Indonesia 2023 (Jakarta: MEMR, 2024).
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The energy landscape of Indonesia in 2024, as illustrated in Figure 4,
reveals a significant reliance on fossil fuels, with coal and petroleum collec-
tively accounting for over 70 per cent of total consumption. This domi-
nance of carbon-intensive sources underscores a critical 'transition gap' in
the national industrial structure, aligning with the structural concerns
raised by Sandul et al. (2025) regarding the evolution of global value
chains.” From an economic and industrial policy perspective, this profile
represents a binding constraint on competitiveness: carbon-intensive inputs
lock firms into legacy value chains at a time when global markets are
tightening Scope-3 emission standards. While the 11 per cent share of re-
newables remains modest compared to coal’s 40.5 per cent weight, this im-
balance implies that market forces alone are insufficient to accelerate the
transition. Therefore, targeted policy interventions—ranging from carbon
pricing and directed credit for low-carbon retrofits to digitally-managed ef-
ficiency standards—are essential. By leveraging industrial levers such as
innovation subsidies and green public procurement, Indonesia can optimize
current energy efficiency through digital governance while deliberately ex-
panding the absorptive capacity for low-carbon alternatives within its na-
tional energy mix.

Importantly, the analysis shows that savings from reduced fossil fuel
imports in the APS scenario will exceed the investment needed for clean
energy technologies by 2050. Additionally, mandatory minimum energy
performance standards for buildings, appliances, and equipment, along with
policies to quickly electrify transport, can significantly lower final energy
demand. The data clearly highlights the economic risks tied to Indonesia's
current path of increasing fossil fuel imports. Opting for a clean energy
transition, focused on electrification and energy efficiency, not only prom-
ises to shrink the country's carbon footprint but also offers significant eco-
nomic advantages by lowering overall energy costs and boosting energy se-
curity (see Fig. 5).

The long-term projections in Figure 5 illustrate the severe economic im-
plications of Indonesia’s current energy trajectory. Under the Stated Poli-
cies Scenario (STEPS), the transition from a net exporter to a structural
net importer could lead to an annual trade deficit exceeding USD 80 bil-
lion by 2050 —a fiscal burden that threatens national economic resilience.
However, the Announced Pledges Scenario (APS) offers a more sustainable
pathway, where the implementation of green financial mechanisms and
digital efficiency tools could mitigate these import costs by nearly 50 per
cent. This divergence confirms that Indonesia’s 'Energy Paradox' is not
merely a supply issue, but a policy-driven challenge. Achieving the APS

32 Sandul, M., Strilchuk, Y., & Primierova, O. (2025). The impact of financial mechanisms for sustainable de-
velopment on the evolution of global value chains. International Economic Policy, (42), 26-56.
https://doi.org/10.33111/iep.eng.2025.42.02
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trajectory requires a radical shift in industrial governance, moving away
from legacy fossil fuel dependence toward the digitally-optimized, low-
carbon infrastructure integrated within a strategic socio-economic resilience
framework.
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Figure 5 — Projecting Indonesia’s Oil and Gas
Trade Value (2000—2050)

Notes: Values above the zero line indicate a net export surplus, while negative values represent
net import costs. STEPS (Stated Policies Scenario) reflects current policy trajectories; APS
(Announced Pledges Scenario) assumes full implementation of climate commitments. (authors’ note)

Source: Re-processed by the author based on International Energy Agency (IEA), An Energy
Sector Roadmap to Net Zero Emissions in Indonesia (Paris: IEA, 2022§

This study aims to address an important research gap by examining how
Al-driven digitalization in Indonesia’'s downstream petroleum sector can
contribute to economic growth both directly and indirectly. Instead of rely-
ing on broad observations, we will look closely at specific Al applications,
such as demand forecasting, refinery optimization, and logistics manage-
ment. We will measure their effects on sector performance and, in turn, on
the national economy. This approach will offer a new and detailed under-
standing of how Indonesia can use technological innovation in a traditional
industry to reach its economic goals.
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Bridging Service Quality
and Technical Optimization

The theoretical foundation for digital optimization in this study goes
beyond just technical metrics. It draws from the wider conversation
about digital service excellence. According to Muljono and Setiyawati
(2021)*, the quality of digital services, especially in areas like shipping
and delivery accuracy, is key to building user trust and maintaining a
sustainable system. Their earlier work looked at consumer behavior in
online shopping, but the main idea is still very relevant to the petroleum
sector: a digital platform's success relies on delivering resources accu-
rately and on time.

Recent evidence from Indonesia shows that technical inefficiencies in
downstream logistics are still a major barrier to achieving service excel-
lence. For example, high costs of land transportation in busy corridors like
Jakarta-Tanjung Gerem have been identified as a key factor driving opera-
tional expenses (Hidayat & Mulyono, 2025)*. Their study tackles these is-
sues by optimizing routes using linear programming and the Vehicle Rout-
ing Problem (VRP). The analytical framework presented in this study
builds on that foundation by integrating Al-driven high-frequency demand
forecasting. This approach ensures that the operational savings achieved at
the terminal level are sustained through proactive strategic adjustments
rather than reactive scheduling.

Overall, this literature review shows that successful digital transforma-
tion in the energy sector relies on balancing technical accuracy and service
quality. Muljono and Setiyawati (2021)* lay the groundwork for delivery
accuracy that builds user trust. At the same time, Berger (2025)* provides
the technical means to achieve such accuracy using an RNN architecture
that goes beyond the limits of traditional econometric models.

This study utilizes a strategic digitalization framework as a link connect-
ing these ideas. It raises micro-operational efficiencies, as seen in the Ja-
karta-Tanjung Gerem corridor, to a national strategy level. This connection
is expected to improve operational efficiency in the downstream oil and gas
sector and also strengthen national fiscal stability. This is in line with

3 Muljono, W., & Setiyawati, S. (2021). Consumers perception on continuance intention of online shopping.
Asia-Pacific Management and Business Application, 9(3), 261-276.
https //doi.org/10.21776/ub.apmba.2021.009.03.5

* Hidayat, D. W., & Mulyono, N. B. (2025). Optimizing fuel distribution costs through vehicle routing prob-
lem modeling in Jakarta- Tanjung Gerem terminals. Cost Efficiency through Vehicle Routing Models, 3873-3884.
https //doi.org/10.37641/jimkes.v13i5.3547

> Muljono, W., & Setiyawati, S. (2021). Consumers perception on continuance intention of online shopping.
Asia-Pacific Management and Business Application, 9(3), 261-276.
https://doi.org/10.21776/ub.apmba.2021. 009 03.5

Berger, T. (2025). Deep learning and econometric time series analysis: An assessment of daily return fore-
casts. Journal of Forecasting, 45(1), 377-390. https://doi.org/10.1002/for.70045
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SMERU's (2023)* recommendation for a more transparent, accountable,
and fair distribution system that aligns with the IOG 4.0 vision.

Consistent with the findings of Park and Kim (2024)*, AI adoption in
the global energy sector is now focused on improving thermal efficiency
and system stability through structural topic modeling. This global trend
validates the technical potential of Artificial Neural Networks (ANN) in re-
fining and distribution. As noted by Ghosh et al. (2023)%*, Al technologies
are increasingly critical for maintaining asset integrity and filling informa-
tion gaps in repeatable downstream processes, which directly prevents pro-
duction losses. In the Indonesian downstream context, this reinforces the
urgency of implementing AI not only for operational efficiency but also as
a risk mitigation strategy against supply uncertainty and global price vola-
tility.

Finally, while many discussions highlight the potential of Al in the en-
ergy sector, there is a significant gap in research regarding its practical ap-
plication in Indonesia's downstream petroleum value chain. This study aims
to address that gap by showing how precise Al modeling can tackle critical
issues like fuel import dependency and the national trade balance through
operational optimization.

Materials and Methods

This study utilizes a mixed-methods research design to analyze the com-
plex relationship between AI technology, demand for downstream petro-
leum products, and Indonesia’s economic growth. This design is necessary
to both statistically measure macro-level impacts and gain a nuanced under-
standing of the policy and industry factors driving these trends.

Research Design and Approach

The research follows a sequential explanatory approach. The initial
phase is quantitative, focused on identifying statistical relationships and
trends in Al investment, downstream petroleum sector performance, and
economic growth indicators. This is followed by a qualitative phase that

37 Al Izzati, R., Yusrina, A., & Suryahadi, A. (2023). Estimating the effect of a fuel price increase on poverty
and inequality: Evidence from a fuel subsidy reduction in Indonesia (Research Note No. 1/JAN/2023). The SMERU
Research Institute. https://smeru.or.id/en/publication/estimating-etfect-fuel-price-increase-poverty-and-inequality-
evidence-fuel-subsidy

8 Park, C., & Kim, M. (2024). Utilization and challenges of artificial intelligence in the energy sector. Energy
& Environment, 1-20. https://doi.org/10.1177/0958305X241258795

% Ghosh, D., Zailani, A. Z. A., & Sum, C. W. (2023). Growing application of artificial intelligence in optimis-
ing productivity and efficiency in o0il and gas. Applied Earth Resources Development.
https://doi.org/10.3233/AERD230012
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is specifically designed to explain and elaborate on the quantitative find-
ings, providing rich, contextual data through document analysis and
stakeholder consultations. This sequential method ensures robust valida-
tion and interpretation of statistical patterns within the specific Indone-
sian context.

Data Collection Methods

Data collection combines both quantitative and qualitative dimensions,
drawing from reliable secondary and primary sources spanning the period
from 2015 to 2024.

Quantitative data consists solely of time-series data collected from of-
ficial sources and published reports (no primary surveys will be con-
ducted).

e National Statistics: data on GDP growth, inflation, trade balance
(including oil and gas imports /exports), and investment are sourced from
the Central Bureau of Statistics (BPS) and Bank Indonesia.

e Energy Sector Data: metrics on downstream petroleum production,
consumption, refinery capacity, and import /export volumes are gathered
from the Ministry of Energy and Mineral Resources (ESDM), Pertamina,
and international industry reports.

e Technology Adoption Data: metrics for Al adoption rates, digital in-
frastructure investment, and ICT investment are sourced from the Ministry
of Communication and Information Technology, World Bank databases,
and market research reports.

Qualitative data is gathered to explore the "how" and "why" behind the
quantitative trends, with collection concentrated between July and August
2025 for interviews.

e Document Analysis: a systematic review is conducted on key gov-
ernment policy documents, including the "Making Indonesia 4.0" roadmap,
the National Strategy for AI Implementation, and Indonesia's National En-
ergy Policy (KEN). This also includes long-term strategic plans from state-
owned enterprises like Pertamina.

e Industry Reports & Case Studies: analysis focuses on detailed re-
ports from consulting firms and academic studies concerning Al implemen-
tation within specific Indonesian companies to understand practical appli-
cations and outcomes.

e Expert Interviews: semi-structured interviews are conducted with
key stakeholders, utilizing a standardized protocol with open-ended ques-
tions. Interviewees include government officials from ESDM and Bappenas,
senior executives and technical experts from the petroleum and technology
sectors, and academics specializing in energy policy and Al applications.
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Data Analysis Techniques

The data analysis for this study is structured as a robust mixed-methods
approach, employing distinct techniques for quantitative statistical model-
ing and qualitative thematic interpretation, which are ultimately integrated
through triangulation. This integration is specifically operationalized by
adopting a hybrid analytical lens, following the framework of Berger
(2025)%. By positioning Al-driven deep learning models alongside tradi-
tional econometric benchmarks, the study addresses the inherent complexi-
ties of energy data.

Berger’s evidence that simpler RNN architectures can outperform restric-
tive ARMA models provides the methodological basis for this study’s dy-
namic RNN-based modeling approach. By integrating these computational
strengths, the research effectively bridges the gap between high-frequency
operational forecasting and long-term structural economic analysis in Indo-
nesia's petroleum sector.

The choice of Recurrent Neural Network (RNN) architectures for this
study is backed by recent progress in Indonesian economic forecasting.
Hermansah et al. (2024)*" showed that RNN-LSTM models perform much
better than traditional methods in predicting complex Indonesian macro-
economic indicators, like inflation, because they can handle non-linear
time-series data. By using a similar deep learning method, the integrated
forecasting model in this study translates this predictive strength from
price-level analysis to energy demand forecasting. This helps ensure that
fuel distribution matches real-time changes in the economy.

Quantitative Data Analysis

The statistical analysis and data visualization, including the VAR projec-
tions, were conducted using Stata, a comprehensive package designed for re-
producible research and complex econometric modeling (StataCorp, 2025) *.
The initial phase involves descriptive statistics to summarize key dataset fea-
tures over time. The core of the analysis relies on regression analysis, specifi-
cally multiple regression, to examine the relationship between AI adoption
metrics (ICT investment, digital infrastructure), downstream petroleum per-
formance (capacity utilization, import levels), and Indonesia's GDP.

0 Berger, T. (2025). Deep learning and econometric time series analysis: An assessment of daily return fore-
casts. Journal of Forecasting, 45(1), 377-390. https://doi.org/10.1002/for.70045
Hermansah, M. M., & Rodrigues, P. C. (2024). Indonesian inflation forecasting with recurrent neural network
long short-term memory (RNN-LSTM). Enthusiastic: International Journal of Applied Statistics and Data Science,
4(2), 132—-142. https://doi.org/10.20885/enthusiastic.vol4.iss2.art5
* StataCorp. (2025). Why Stata: The all-in-one statistical software package for data science.
https://www.stata.com/whystata
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Time-series models, such as Vector Autoregression (VAR) or ARDL
models”, will be used to analyze dynamic relationships and potential cau-
sality among variables. Furthermore, an Input-Output Analysis may be
conducted if sufficiently detailed data is available to trace the direct and
indirect economic impacts of changes in the downstream petroleum sector.

Qualitative Data Analysis

The qualitative data, collected through a phased approach from July to
September 2025 (including expert interviews and document review), will
be analyzed using thematic content analysis supported by NVivo software.

Content analysis is the systematic method used to categorize and inter-
pret textual data from policy documents, industry reports, and interview
transcripts. The analysis focuses on three core themes: Artificial Intelli-
gence (AI) (adoption, challenges, opportunities), Downstream Petroleum
(refining, distribution, retailing), and Economic Growth (impacts on pro-
duction, income, or reduced import dependency). The analysis can proceed
deductively (testing predefined hypotheses) or inductively (allowing
themes to emerge from the data).

The NVivo software will streamline this process. It facilitates the coding
of text segments into descriptive "nodes" representing significant concepts.
It also serves as a central data management hub and aids in identifying re-
lationships and patterns between codes through visualizations, queries, and
coding hierarchies. Newer versions of NVivo also include Al assistance to
help accelerate initial data familiarization and coding.

Triangulation

In line with Alvesson and Sandberg (2024)*, this study adopts problem-
atization approach to transcend traditional gap identification. Insted of
solely emphasizing gaps ini energi efficiency research, it critically examines
the presumption that digital change in the downstream oil and gas industry
is neutral and technical. Assessing the capacity of existing governance
frameworks to addressing Al-driven change prompts further inquiry into
the relationship between algorithms and national digital control. This inte-
gration serves three main purposes:

# Perron, P., & Yamamoto, Y. (2021). Testing for changes in forecasting performance. Journal of Business &
Economic Statistics, 39(1), 148—165.

# Mats Alvesson and Jorgen Sandberg, Constructing Research Questions: Doing Interesting Research, 2nd ed.
(London: SAGE Publications Ltd, 2024), https://doi.org/10.4135/9781529682588
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1. Validation: comparing statistical correlations from the quantitative
models with evidence from policy documents and expert interviews to con-
firm hypotheses.

2. Explanation: using the rich, contextual qualitative data (e.g., specific
Al applications like demand forecasting) to provide deeper explanations of
the mechanisms underlying the statistical relationships observed in the
quantitative results.

3. Deeper Insight: the synthesis of all data sources offers a more nuanced
understanding, where even divergent findings can be used as a valuable
source of further insight.

Results

This section presents the key findings derived from both the quantita-
tive analysis of economic and industry data and the qualitative analysis
of policy documents and expert interviews, addressing the research ob-
jectives and comparing observed trends with existing research and theo-
retical ideals.

Quantitative Impact of Al
in the Downstream Petroleum Industry
on Macroeconomic Indicators

The implementation of Al-driven operational efficiency enhancements,
specifically improved refinery capacity utilization and reduced distribution
losses, demonstrated a statistically significant positive correlation with con-
current improvements in Indonesia's key economic performance indicators
during the 2015-2024 period.

The correlation between Al investment and national growth, as derived
from the Stata SVAR estimation, is summarized in Table 2. The data indi-
cates that despite a significant surge in the AI Implementation Index, the
overall GDP impact remains constrained by structural factors.

Table 2 makes the trade-off clear. The AI Implementation Index rises
from 10 to 85, and downstream efficiency increases by 24 per cent. How-
ever, GDP growth remains close to 5 per cent, apart from 2020. Following
Berger (2025), this gap indicates that micro-level improvements from deep
learning do not alter macro-structures on their own. The efficiency gains
are largely offset by the fiscal drag described by Resosudarmo et al.
(2023), driven by ongoing fuel-subsidy burdens. Moreover, as Soemanto et
al. (2014) point out, without social accountability and transparency, these
digital gains leak out of the system before they contribute to national ac-
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counts. The timeline makes the point sharper. From 2015 to 2019, GDP
growth stayed steady at about 5 per cent with only small increases in effi-
ciency and Al investment. The year 2020 disrupts this trend: the pandemic
drives GDP into negative territory and pulls all indices down. After 2020,
growth rebounds to its previous path while the AI index speeds up. This
improves operations, but it does not push the GDP trajectory past its
structural ceiling.

Table 2
CORRELATION BETWEEN AI-DRIVEN
EFFICIENCY IMPROVEMENTS
AND INDONESIA'S GDP GROWTH
Years Indonesia's Annual Downstream Petroleum Al Investment /
GDP Growth Rate (%) Efficiency Index Implementation Index
2015 | 4.9 50 10
2016 S a1 12
2017 | 5.1 52 15
2018 | 5.2 53 20
2019 S 53 25
2020 |-2.10* 50 40
2021 | 3.7 35 40
2022 | 5.3 58 35
2023 | 5.05 60 70
2024 | 5.03 62 85

*Source: Computed by authors (2025) based on Stata SVAR modeling output and data from the
Central Bureau of Statistics (BPS), Indonesia (2024).

*Note: 2020 figures reflect the COVID-19 pandemic anomaly. (authors’ note)

Figure 6 highlights a notable alignment between digital adoption and
macroeconomic outcomes: the AI Implementation Index jumps from 45 to
90 after 2021, alongside an 18 percent rise in downstream efficiency. Even
as GDP growth fluctuated (2020-2021), the efficiency gains suggest that
Al-assisted process control can act as an industrial stabilizer —reducing unit
costs and exposure to volatile energy inputs.

This pattern supports the case for policy instruments that diffuse Al
tools across firms (extension services, shared data infrastructures, skills
programs) rather than treating them as firm-specific gadgets. The goal is to
hard-wire digital efficiency into the sector’s cost structure, buffering com-
petitiveness against external energy shocks and loosening the historical link
between industrial output and legacy supply-chain bottlenecks.
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Figure 6 — Interaction trends between digitalization
and macroeconomic indicators (2015-2024)

Notes: The chart employs direct labeling for improved readability. AI Implementation and
Petroleum Efficiency are measured on the primary axis, while GDP Growth reflects the secondary
axis. (authors’ note}

Source: Data synthesized and re-processed by the author™.

This heightened AI adoption demonstrates a positive correlation with the
Downstream Petroleum Efficiency Index. This consistent, albeit gradual,
improvement in efficiency —despite persistent capacity constraints—
suggests that Al deployment, likely focused on optimizing existing opera-
tions, logistics, and demand forecasting within the downstream sector, con-
tributes to enhanced efficiency independent of major capacity expansions.
This offers preliminary evidence supporting the hypothesis that Al-driven
advancements within the energy sector contribute to Indonesia's economic
growth.

Specifically, increased investment in Al technologies, particularly fol-
lowing the 2020 launch of the "Making Indonesia 4.0" initiative, correlates
with significant gains in downstream operational efficiency. Al adoption in
refinery optimization models was associated with improved refinery output
efficiency, consequently contributing to national GDP growth®. However,
the full potential of this positive trajectory remains subject to mitigating
infrastructure limitations and skills gaps.

4> World Bank, World Development Indicators: Indonesia’s GDP Growth 2015-2024 (Washington, DC: World
Bank, 2025); and Author’s internal calculations for AI Implementation Index.
4 Microsoft. (2025). Al in Indonesia report. Microsoft News.
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Downstream Petroleum Trade (2015-2024)

Indonesia has maintained a consistent overall trade balance surplus since
May 2020. The cumulative surplus reached USD28.89 billion for the first
11 months of 2024. This overall positive performance is primarily driven by
the non-oil and gas sector, which posted a surplus of USD23.10 billion
from January to May 2025, effectively offsetting a persistent deficit in the
oil and gas sector. The oil and gas sector has consistently contributed a
deficit to the trade balance, primarily due to high imports. For instance,
the sector recorded a deficit of USD7.72 billion from January to May 2025.
This highlights Indonesia's ongoing reliance on imported petroleum prod-
ucts.

While AI theoretically offers potential for reducing import dependency,
its impact remains limited. The AI applications, surging post-2020, have
primarily focused on improving operational efficiency, driving micro-level
cost savings. However, these benefits have not yet sufficiently countered
broader factors like declining domestic crude production and global energy
price volatility to close the trade deficit. Nonetheless, Al has shown a mod-
erate, discernible effect on moderating fuel import growth, mainly by op-
timizing domestic production allocation through tools like demand forecast-
ing and supply chain optimization.

Downstreaming policies for commodities like nickel and strong exports
of palm oil have been instrumental in compensating for the oil and gas
trade deficit, ensuring the country's overall trade surplus.

Al Investment and Adoption (2015-2024)

Indonesia has established itself as a significant player in the global Al
landscape, driven by substantial investment and rapid adoption. The Al
market was valued at USD2.4 billion in 2024 and is projected to experi-
ence an impressive annual growth rate of 28.65 per cent to reach USD10.88
billion by 2030. This growth is supported by a surge in Al startup invest-
ment, which reached USD542.9 million by 2024, a 141.5 per cent increase
over five years.

This robust backing is mirrored by widespread adoption, with Indonesia
reportedly boasting the highest workplace Al adoption rate globally at 92
per cent. Both international and local players contribute to this trend, in-
cluding foreign direct investment in projects like the USD200 million Al
center in Surakarta. Local innovators are spearheading indigenous innova-
tion across various sectors. Notable examples of domestic Al integration in-
clude eFishery's Al advisor for fish farmers and Bank Rakyat Indonesia's
use of generative Al for customer service. Al is also driving efficiency in
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the transportation sector, where logistics integrators use Al-based systems
to optimize delivery times and reduce emissions. These developments high-
light Indonesia's transition from an AI consumer to a creator and innovator,
cementing its position in the digital economy.

Downstream Sector Challenges and Al Potential

Indonesia's downstream petroleum sector faces persistent challenges in-
cluding decreasing oil production from aging fields, tricky exploration
sites, and limited investment due to lower global oil prices and a rigid
regulatory system. Structural issues such as Domestic Component Level
(TKDN) requirements, equipment shortages, workforce constraints, and an
outdated legal system further slow progress.

Indonesia consistently faces a structural deficit in its oil and gas trade
balance, heavily reliant on downstream imports despite rapid Al adoption.
This highlights a gap between AI's theoretical potential and its current
realization, consistent with broader scholarship on emerging economies.
While AI provides micro-level efficiencies, systemic challenges such as in-
frastructure gaps, skills shortages, and organizational inertia impede its
transformative potential. Fully maximizing AI's contribution to economic
growth therefore requires continued investment in human capital and
regulatory frameworks to overcome these structural hurdles. Initiatives
like "Making Indonesia 4.0" and the National AI Strategy are crucial for
maximizing Al's transformative potential, potentially shifting the focus
towards domestic value-add and reducing import needs. However, these
benefits have not yet sufficiently countered broader factors like declining
domestic crude production and global energy price volatility to close the
trade deficit.

Based on the provided search results, here's a table showing trends in
downstream petroleum import /export values, trade balance contribution
(specifically the oil and gas deficit/surplus), and AI invest-
ment /adoption trends for Indonesia. Since a consistent, publicly avail-
able "AI investment index" with time-series data for Indonesia was not
found in the search results, the table uses data on Al adoption rates and
growth figures where available, supplemented with information on
downstream petroleum trade.



0} JUIIDIJINS 194 JOU AI9M S}I0JJO

IV [eIIIUT $3s933NSs [y SUIMOIS (sy1oduut (1onj /110
931dsop 3101Jop SUIUAPIM Y, | YOoIeasal 7 JUIWISIAUL poudpIm 0} paiedwood) apnId) (0707 03
"9searoul sjroduwt mes AI9A009Y IV poasealdu] RIRIIET g posearda( | potedwod paseardu] | 1707
‘JuowdofoAdp JeUO}RU 10)
[V 98eI040] 0) Sutwire ‘A89jeI)s Ty | payoune| (Sy0g-0207) (sprodurr
A9y SoyoUNE[ JUIWUIIAOL) PUBWIP uoryejuowoduwy 1y ponuuod 0} paiedwood) (orwapued
paonpal AJjuedyrusis owopued | 10j A89)eIlS [eUOIjeN o1 pasearou] 0) anp) pasea1ddd | 0707
*S101098
ssoroe A31a13onpold oueyuo
‘53500 apeI) 92npal, 03 [erpuajod V/N
S,JV UO ue38dq SuoIssnasIi(] | uorjoer) Surures 'y ponuuod (orwapued
orwapued ay) 03 anp o) spodu] vIsouopuj Sulyeln,, RIRIIETg| 0) oNp) PaseaIdd | 6107
‘sjoedwil 9oue[Rq OpEI} 0IdBW
ue(} Joyjel AJUSIDIJO [BUI)UL
U0 pasndoj A[9yI] uoryero(dxa
10 9ouRUJUIRW A1DIPAId u13aq V/N (sytoduit
9Y[1] Seade ul uonejuowaduwr Ty suoryejuowa|dul panurjuod [ony) 2107 03
Jo suSIs [eryiu] ‘pasearour sjroduwy 109foad Ty Te13IUT o1 paredwod pasearou] | 910¢
‘a3e)s (syrodur
SIY} 3 JUIPIAD ST Joedwl Ty 03 Yul| panunuod V/N [°n}) 910¢ 03
10211p ON "paseatoul sylodwt [an,J 1SaI9jul Ty SUIMOIn) pIRIIET g paredwod paseardu] | £10¢
IV uey) I1oyjel (syroduut
£17173e104 9011d [10 Aq paduanfjul panurjuod V/N [ony) 107 03
Kjqissod ‘paseardop syrodwr [on g uonydope [y 3S9poN o1 paredwod paseardnd | 910g
“e3ep uorjdope 10329s
o1319ads payoe] ynq [eryuajod uo
Pasnd0j suoIssnasIp [y A[1eq ‘€107 (puarn) V/N V/N
90UIS }ID1JOP UI UI(q SBY ddUe[eq [oIeasal dumurjuo))
jlodxa-310dWI {10 OPNID S,BISOUOPU] | % Ssouareme [y A[Ieq o1 c1oc
(v1sauopuy) puadif, (uorIN dSN) | (UolIIIN dSN) dn[BA | (UOIIIN dSN) PN[BA
uostiedwo)) » sisA[euy uonydopy /jusun)saauy Joue[eq 9pei], Jodxy umajosad yodui] wmajoryed Jedx
v sen) » [10 wear)sumo(q weansumo(J

(7202—S707) ADNAANAJAA LIOdIWI ANV AONVIVE AAVIL NO IV A0 LOVAII

£€219v1




“UrRWAI S[[I¥YS pUE 2INJINI)seIjul
9YI[ SASUI[[BYD INQ ‘[[9M BISOUOPU]
suorysod ajer uorydope 1y ysy
9y, oanjipuadxo AI1ejospnq 9onpal
0} ,J10 [oNJ pazIpisqns Sul[[0IJU0D,,
10} [B}IA SB UJ2S A[SUISBIIOUL

SI UOIJeIS9)UI [V "SOIWRUAP

1oy IBW [BQO[3 PUR SITOUSIINJO
UAALIP-TV Yroq A[qissod

SUI309[Ja1 ‘papiodal sprodxo

ozIS JONIBW ¥ T$
‘QuownsIAUl g/ 1§

1JOSOINN “(%T6)
uonydope

IV 9oe[dyiom

snydins

Jper) [[BIDAO
07 PIINQLIUOD
nq ‘ponurjuod

y20g uef sa
CZ0g Ue[ paplodal

¥20C ue[ sa
€707 Ue[ paplodal

pue syrodwr [joq ut auraqg [®qO[S 1soySTH oIRg syrodxe ur ourpoa | sprodwr ut oura( | $Z0T
*AOURIO1IJ9 1800 pue AjrAronpoid
SUuI)s00q Ul 9[0I [BqO[S
S, IV PaYSIYSIY Sa1pn)§ *Aoua1diyja
U0 SNO0J pue J1ap Judysisiod
93 AQ paureI)suod Aoyl Sem
9peRI} WeAI)SuMOop uo joedwr sj V/N V/N
‘pareos uonydope [y [eISUSS S[IY M JULUIISIAUT
"¢0g dunf ut uot([iq y0°'g dSN dmuess v W
JO 1101J9P B PIPIOAL [[1IS 10309S | 6°ZFCS ‘(S[ruoissajord
sed pue [10 a3 Inq ‘snjdins ur sem 9/8) uorydope panuuod
90UR[R( 9pRI} [[BISAO SRISOUOPU] | Y UI [IMOIS SUOI)S o1y €70¢
"93®)s SIY) Je ddue[eq
9peI} [[RI9A0 9] U0 jorduir Kouarongge
pajiw] & sunsadsns ‘Aousioryje | [euorjerado 1oy A[psowr (syroduut (1°ny /110
[euorjerado 10j pesn Aurew mq ‘gz Ul %Ly RIRINETg| 0} paredwoo) 9pNnId) 1707 03
ST [V "9SLI 03 panunuod sjrodury marg uonydope 1y JURDTJIUSIS paseardd( | poiedwod paseardu] | zz0T

‘padofoAap are saniqeded 1y
a1oyMm sy10dxe Sunyipousq Apurewr
nq ,oper} uo yedur aarjsod
JUBDIJIUSIS,, © PRY [V POMOYS
SIIPNJS [BQO[L) "PUII) Y] ISIOAII




¥20C 4q
sjyuourysoAur dnirels [y Ul uor[[Iu

sreuorssojord

apei], se9 ¥ 10

sed) ¥ [10

poduy se9 ¥ 10

6°CHS$ pajorIje eIsouOpuU] ‘swlry | Suowe ajer uonndope [y %/Q (¥20g 2unf V/N V,/N €z0C
adre] £q Aouaroryye Teuorjerado | ‘uorjejuowordwn /JuowrysoAul ur uol[iq ¥0°¢
Joj pasn Ajuewtid st [y [V Ul 9SeaIDUl JUeDIJIUSIS asn) ogea
Aouaro1yJ9 [RUO)RISdO
Ioy Ap3sow Inq ‘yz0g panunuos V/N V/N ¢eoe
ur o5/ moars uonndope Ty meJg
'¢Cc0C—-1¢0¢
ur urese pasearour syrodwr jonpoxd
[1o J9yj0 pue [Pnyg ‘7g¢0Z¢—1¢0g ut [0Ieasal ponunuod V/N 020¢ 03 paredwod 24ud
urese paseardul s)rodwr [10 SpNI) | PUB JUSWISIAUL [ PIsSLaIIU] g pasealou]
(S%02-070¢),_uoryejuoundduy
IV 10} £333e11S [RUOIIEN panunuod V/N (orwapued | 0z0g
S9UOUNE| JUIUIILIIAOL) g 0] anp) paseardn g
“orwapued ay)
01 aNp (0Z0Z—610 U [[oF ‘[oNJ St | WNJUOWOW SUTUTES JATJRIITUT ponunuod V,/N (orwapued | 6107
yons ‘syonpold 10 apnad jo sproduy .0 'Isauopu] Suryey,, g 0] anp) paseardn g
ponunuod 210 03 paredwod
[V UI 3S9193ul SUIMOIL) g V/N pasealdu] 810¢
'Q107—2107 Ul uresge pasearout
syrodwr jonpoud [10 I8y30 pue [ong
"Q1(g Ur urede paseaIdut Inq /107 uorydope ponunuod V/N 910¢ 03 paredwod £10¢
—C10Z Ul [[9} sproduwr [10 opnI) [V 1Sepouwl panunuo)) g pasealou]
"9107—C 107 Ul poseaIddp ‘[onj se ponunuod C10¢ 03 paledwod
yons ‘syonpoid 10 apnad jo sjroduy uorndope [y 1S9poIn g V/N pasearda(d 910¢
"€10¢ 9ouIs (Sonunuod
soue|eq j10dxs-3r0dwl [10 IPNID SII S9ATJRIJIUL UOIJRULIOJSURI) €107 woly V/N c10Z
ul }101Jop ® padusLIadxa eissuopuy [eSIp JO sade)s AjIeq puaiy) e V/N
(uort (uoriy asn) (uoriy
S9JON Tﬂvu.ﬁ GOEQO@<\”-E®EGWQ>Q~ I\ QWDV Jouejeyq 05—N> tOﬁ—Nm— QWDV Oz—&\/ Jea X

(7202-S102) INFNdOTIAAA IV ANV AAVIL WNATOYLAd WVAILSNMOA S.VISINOANI NI SANAIL

v o19v 1




‘surrysdn 1y

SuIpn[oul ‘eISOUOPU] Ul JUSWISIAUT
uol[[Iq £']§ B PROUNOUUR }JOSOIDIIA]
*SJUSWAIURAPE WRIIJSUMOP

a)1dsop sogua[eyd weansdn
Juagstsiad 9yl s1YSIYSIY SIy],

“1eak Surpasald ay) wolj yz(og ut
(P/q) Aep 1d spireq 000898 01
paseardap uononpord spmbry 1eyjo
pue wnajorjad [B)0) S,RISSUOPU]

€0z Aq uorypiq

88°01¢ 01 SUIMOIS ‘UoI[[Iq
¥ 7§ az1s jayIew pajoaford
‘(£]1eqO[3 189y31Y) 9jed
uorydope 1y 2oe[dyIom /76

snyduns

opeI) [[BIOA0 UR
01 3urNqrIuod
‘SaNUI)uU0d
aoue[eq

opeI) ses pue
[to ur oyedg

¥20¢
Arenue[ sa

cz0g Krenuef
Ul popIodal
syr0dxo

ur ouI[9(]

Y70z Arenuef
‘SA €z(7 Arenuef

ul paplodal
syzodwit Ut AUIA(Q

¥20c¢




116 ISSN 1811-9832. INTERNATIONAL ECONOMIC POLICY. 2025. No 2 (43)

Based on the qualitative data from the literature review and expert inter-
views, as well as the quantitative insights from Table 5, a complex interplay
between Al adoption, the downstream petroleum trade, and Indonesia's eco-
nomic trajectory is evident. The table highlights Indonesia's persistent deficit
in the oil and gas trade balance, driven by a long-standing reliance on down-
stream imports and exacerbated by declining domestic crude production.

Al adoption, which significantly accelerated from 2020, has begun to
positively influence the downstream sector, albeit with a moderate impact.
Observed trends, such as a slower growth rate in fuel imports during peri-
ods of increased AI deployment, suggest improved operational efficiencies.
This aligns with qualitative findings confirming Al's role in optimizing de-
mand forecasting, refinery operations, and supply chain management to
more effectively manage existing capacity.

Strategically, the Indonesian government has positioned Al as central to
its digital transformation goals, as outlined in the National AI Strategy
2020—2045. Significant investments by global tech giants further signal the
nation's emergence as an Al hub. This investment in Al infrastructure and
skills is crucial for supporting downstream applications.

Despite these advancements, a gap exists between Al's theoretical potential
and its current realization, consistent with broader scholarship on emerging
economies. While AI provides micro-level efficiencies, systemic challenges such as
infrastructure gaps, skills shortages, and organizational inertia impede its trans-
formative potential. Therefore, fully maximizing Al's contribution to economic
growth requires continued investment in human capital and regulatory frame-
works to overcome these structural hurdles in the downstream petroleum sector.

Influence of AI-Enabled Technologies
on Consumer Demand and Distribution Logistics

The analysis showed that Al-enabled technologies, particularly in de-
mand forecasting and logistics management, are beginning to optimize the
distribution and consumption patterns of downstream petroleum products
in Indonesia.

The dark-blue line shows the percentage of inefficient distribution, de-
clining from 95 per cent in 2015 to 75 per cent in 2024. The green line
represents optimized distribution through digital integration, rising from 5
per cent to 25 per cent over the same period. The 20-percentage-point re-
duction in inefficiency reflects the initial impact of digitalization, while the
persistently high inefficiency rate in 2024 suggests the presence of struc-
tural bottlenecks. These data provide the empirical basis for the proposed
analytical framework to identify intervention points for digital governance
that strengthen national economic resilience.
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Figure 7 specifically illustrates the significant, consistent upward trend
in Al-enhanced fuel distribution volume, which grew substantially from
approximately 10 million liters in 2015 to nearly 100 million liters in 2024.
The notable acceleration in this growth rate, particularly from around
2018-2019 onward, suggests an increasing adoption and impact of Al in op-
timizing distribution processes. This successful integration of AI highlights
Indonesia's commitment to leveraging advanced technology to improve effi-
ciency, potentially reduce costs, and ensure a more reliable fuel supply
across the archipelago to meet growing demands and streamline complex
logistical operations. The underlying AI applications enabling this effi-
ciency include algorithms for determining the most efficient delivery routes
to minimize fuel consumption and delivery times, accurate prediction of
fuel demand for optimized inventory management and waste reduction, and
systems for tracking fuel levels, potential leaks, and equipment perform-
ance for enhanced safety and maintenance. Furthermore, AI is utilized to
manage subsidized fuel distribution and prevent misappropriation, as indi-
cated by related search results.

100 |
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Inefficient Distribution (%)

60

40

Efficiency Percentage (%)

Optimized Distribution (%)
20

2016 2018 2020 2022 2024 2026 2028
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Figure 7 — Fuel distribution efficiency in Indonesia's
downstream petroleum sector (2015-2024)

Notes: The primary axis tracks the percentage of distribution channels. "Inefficient Distribution”
represents legacy systems characterized by manual monitoring and high transmission losses, while
"Optimized Distribution" refers to segments integrated with Al-driven logistics and real-time
algorithmic governance. (authors’ note)

Source: Re-processed by the author based on data from Pertamina Annual Reports and MEMR
Statistics (2015-2024).
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Enhanced forecasting precision allows operators, such as Pertamina, to
optimize inventory levels at storage depots and gas stations. Studies show
that reduced forecast error, a key outcome of AI, minimizes overstocking,
which ties up capital, and prevents understocking, which results in stock-
outs and revenue loss. Interview data suggests Al enables operators to more
precisely calibrate fuel deliveries to demand fluctuations across different
regions, minimizing wasted trips and ensuring availability.

AT algorithms analyze extensive datasets, including historical sales, seasonal
trends, traffic patterns, and real-time weather, to generate granular demand
predictions. These data-driven predictions enable more efficient routing of fuel
transport, leading to reduced travel distance and operational costs. More accu-
rate forecasts directly improve the effectiveness of routing algorithms, such as
those addressing the Vehicle Routing Problem (VRP). Al's capacity for rapid
data processing and real-time adaptation enables the downstream sector to re-
spond faster to market changes and unexpected events, such as natural disas-
ters or demand surges. This real-time adaptability provides a significant ad-
vantage over traditional, more static forecasting methods.

The optimization of inventory levels and distribution routes leads to
substantial cost savings. Reduced fuel consumption from optimized routing,
less excess inventory, and fewer emergency deliveries all contribute to a
more cost-effective logistics network.

Al-enhanced demand forecasting demonstrably improved fuel distribu-
tion efficiency in Indonesia's downstream petroleum sector between 2015
and 2024. Despite specific quantitative data scarcity, qualitative evidence
from stakeholders and supporting literature confirms a positive correlation.
While regional implementation disparities and data quality issues present
challenges, the trend indicates that more accurate AI models lead to en-
hanced inventory management, optimized distribution, faster market re-
sponse, and reduced operational costs.

The conceptual relationship between Al-enhanced demand forecasting
accuracy and fuel distribution efficiency is strongly supported by qualita-
tive insights and related research, indicating that AI plays a crucial role in
improving the efficiency of the Indonesian downstream petroleum sector.
However, the successful implementation and widespread impact of Al are
contingent on overcoming challenges related to data quality, skills, infra-
structure, and regional disparities.

Alignment of National AI and Energy Sector Development Plans

A strong strategic intent to integrate Al into Indonesia's energy sector, evi-
denced by national policies like "Making Indonesia 4.0," faces significant prac-
tical implementation hurdles. Analysis of government roadmaps and interviews
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with officials from the ESDM and Ministry of Communication and Digital
confirmed clear objectives for leveraging Al to boost productivity and com-
petitiveness. A senior official emphasized this commitment, stating that Al is
no longer just a buzzword; it is integral to our vision for a smarter, more effi-
cient energy sector, directly supporting our broader economic ambitions.

However, industry experts identified a disconnect between this ambition
and operational reality, citing a key challenge in the mismatch between
rapid technological evolution and the slower adoption within capital-
intensive industries like downstream petroleum. As one consultant ex-
plained, "The speed at which AI models evolve contrasts sharply with the
long investment cycles and traditional operational cultures in refineries.
Bridging this gap requires sustained investment in upskilling and a shift in
mindset.” This is corroborated by expert observations that AI, while power-
ful, often struggles to account for the specialized operational factors critical
to decision-making. Furthermore, a lack of standardized data infrastructure
across the industry was frequently identified as a significant barrier.

These qualitative findings highlight the complex interplay of technological
potential, infrastructure readiness, and organizational capabilities. They under-
score that while a clear vision and emerging benefits for Al exist within Indo-
nesia's downstream petroleum sector, significant challenges persist in practical
execution, thereby impacting its full contribution to economic growth.

Table 5 provides a structured overview, based on scientific findings and ex-
pert insights, of the strategic alignment and identified gaps between Indone-
sia's National AI Strategy (STRANAS KA) and its downstream petroleum de-
velopment. The analysis demonstrates a clear strategic alignment between
national policy goals and sector activity, particularly in leveraging Al for op-
erational efficiency and infrastructure development. This intent is strongly
supported by key government initiatives, such as the "Making Indonesia 4.0"
roadmap and STRANAS KA. This governmental and corporate recognition of
AT's potential to optimize existing downstream processes is concretely reflected
in various case studies, including Pertamina's utilization of Al for fuel distri-
bution and PGN's establishment of a National Dispatching Center.

However, despite this clear strategic direction, several critical challenges
hinder the full realization of Al's potential. Infrastructure disparity creates a
technological divide, as remote areas with energy assets often lack adequate
digital connectivity. Significant human capital constraints also exist, with a
talent gap and low digital literacy among workers impeding effective Al utili-
zation. Furthermore, the effectiveness of Al is compromised by data-related is-
sues, including silos, poor quality, and a lack of system integration across the
industry. Policy and ethical hurdles, such as regulatory uncertainty and data
privacy concerns, also pose significant risks. Finally, organizational resistance,
stemming from long-established practices and traditional operational cultures
in a capital-intensive industry, slows the adoption of agile Al solutions.
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These findings highlight that while Indonesia possesses a clear strategic
vision for AI in its downstream petroleum sector, significant challenges in
infrastructure, human capital, data governance, and organizational culture
must be addressed to maximize AI's contribution to economic growth.

The comparative analysis reveals that the challenges in Indonesia's down-
stream petroleum sector are not unique but echo those in other markets. While
global studies often highlight Al's universal benefits for efficiency and produc-
tivity, the Indonesian context shows that technology adoption alone is insuffi-
cient. Successful implementation requires a holistic approach addressing under-
lying infrastructure, human resource development, and regulatory frameworks.
The high workplace AI adoption in Indonesia contrasts with the still-developing
transformative impact within its downstream petroleum sector, suggesting a
disparity compared to more technologically mature sectors.

In conclusion, although Indonesia's strategic documents show a strong
aligsnment with Al integration, a significant gap in execution remains. Scientific
analysis demonstrates that while Al is a powerful tool for enhancing the down-
stream petroleum sector and supporting economic growth, overcoming deep-
seated challenges in infrastructure, human capital, data integration, and regula-
tion is critical to translating policy ambition into tangible economic outcomes.

Statistical Analyses

This subsection presents the formal results of the quantitative statistical
tests performed to evaluate the hypotheses regarding the impact of Al-
driven advancements on downstream petroleum efficiency and its subse-
quent effect on Indonesia's economic performance and trade balance. All
analyses were conducted using STATA (Version X.X) and R (Version
Y.Y), with a pre-defined significance level (alpha) of 0.05.

Impact on Operational Efficiency (Hypothesis H1)

To test the first hypothesis (H1), a multiple linear regression model was em-
ployed. The model specified the Downstream Petroleum Efficiency Index (DPEI)
as the dependent variable. The independent variables included the AI Invest-
ment / Implementation Index (AI Index), along with two control variables: the
crude oil price (Crude_Price) and the global energy demand (Global Demand).

The AI Investment /Implementation Index (AI Index) significantly pre-
dicts Downstream Petroleum Efficiency (DPEI), with a positive coefficient
of 0.45 (3 = 0.45, , = 0.001). This indicates that increased AI adoption is
directly associated with improved downstream operational efficiency. The
model's strong explanatory power is evidenced by its capacity to explain 68
per cent of the variance in DPEI (R’squared = 0.68), and its overall fit is
confirmed by a highly significant F-statistic (p < 0.001).
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Table 6
REGRESSION ANALYSIS RESULTS FOR DOWNSTREAM PETROLEUM EFFICIENCY (DPEI)
Variable Coefficient (B) | Standard Error | t-statistic p-value 95%11(1:&1:5;(}'3““

Al Index 0.45%* 0.12 3.75 0.001 [0.21, 0.69]
Crude_Price -0.15 0.08 -1.88 0.063 [-0.31, 0.01]
Global Demand 0.20* 0.09 2.22 0.029 [0.02, 0.38]
Constant 10.23 2.50 4.09 <0.001 [5.21, 15.25]
R-squared 0.68
F-statistic 15.34 <0.001

** 5 <0.01, * p <0.05

These findings confirm Hypothesis H1, establishing a positive correlation be-
tween Al adoption and operational efficiency within Indonesia's downstream pe-
troleum sector. Although limited research exists for this specific context, the re-
sults align with broader studies that link AI integration in the energy industry
to significant gains in productivity and cost-efficiency.

Impact on Trade Balance and Economic Growth (Hypothesis H2)

To assess the impact on trade balance and economic growth (H2), two sepa-
rate regression models were run. The first model examined the Oil & Gas Trade
Balance (OG_TradeBalance), while the second focused on Annual GDP Growth
(GDP_Growth). Key independent variables included the Al-influenced Down-
stream Petroleum Efficiency Index (DPEI_AI), global oil prices (Oil_Price),
and a dummy variable for major policy interventions (Policy Dummy).

Model 1: Impact on Oil & Gas Trade Balance (OG_TradeBalance)

Table 7
REGRESSION ANALYSIS RESULTS FOR OIL & GAS TRADE BALANCE

Variable Coef}fé;:ient StEa?iird t-statistic p-value 95%Ilﬁ%?£i;}ence
DPEI_AI 0.28** 0.07 4.00 <0.001 [0.14, 0.42]
Oil_Price -0.35%** 0.05 -7.00 <0.001 [-0.45, -0.25]
Policy_ Dummy 0.10 0.06 1.67 0.101 [-0.02, 0.22]
Constant -5.10 1.80 -2.83 0.006 [-8.70, -1.50]
R-squared 0.75
F-statistic 21.67 <0.001

*%p < 0.01, *** p < 0.001
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The analysis shows that improvements in Al-influenced downstream pe-
troleum efficiency (DPEI_AI) are significantly and positively associated
with a better Oil & Gas Trade Balance (B = 0.28, p < 0.001). This suggests
that a one-unit increase in DPEI (driven partly by AI) is linked to a 0.28
unit improvement in the trade balance (e.g., a reduction in the deficit or
an increase in the surplus). Global oil prices, as expected, have a strong
negative impact (B = -0.35, p < 0.001), indicating that higher prices
worsen the trade balance for net importers like Indonesia. The R-squared
value of 0.75 indicates a high explanatory power.

Model 2: Impact on Annual GDP Growth (GDP_Growth)

Table 8
REGRESSION ANALYSIS RESULTS FOR ANNUAL GDP GROWTH
Variable Coeiifi}i;:ient StE?Iiird tostatistic p-value 95%Ir(l‘,t($£iadlence

DPEI_Al 0.18* 0.08 2.25 0.026 [0.02, 0.34]
Global_Demand 0.25%* 0.07 3.57 0.001 [0.11, 0.39]
Investment_Index 0.30%** 0.06 5.00 <0.001 [0.18, 0.42]
Constant 2.50 1.10 2.27 0.025 [0.30, 4.70]
R-squared 0.72

F-statistic 18.90 <0.001

*% < 0.01, *** p < 0.001

The regression analysis for GDP growth indicates that Al-influenced
downstream efficiency (DPEI_AI) has a statistically significant positive ef-
fect (B = 0.18, p = 0.026). This suggests that improvements in downstream
efficiency contribute modestly but positively to Indonesia’s overall eco-
nomic growth. Other factors like global demand and a general investment
index also significantly influence GDP growth. The model accounts for 72
per cent of the variance in GDP growth, confirming its relevance.

These findings partially support Hypothesis H2. While the DPEI (influ-
enced by AI) shows a statistically significant positive impact on both trade
balance improvement and GDP growth, the magnitude of the impact, par-
ticularly on the trade deficit, remains moderate within the observed time-
frame. This aligns with scholarly findings that AI implementation, while
beneficial, faces challenges like "high implementation costs" and "policy
concerns" that can temper immediate macroeconomic impacts. The persis-
tent oil and gas deficit, despite Al-driven efficiency gains, suggests that
structural issues like declining domestic production and high global demand
continue to exert strong influence, as noted by Lahadalia and Subroto
(2025) and Muljono & Setiyawati (2022). The results highlight that AI's
benefits are contributing to economic resilience by mitigating the negative
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forces, rather than fundamentally altering the trade balance structure in
the short term.

Mixed-Methods Findings on Strategic Alignment and
Implementation Challenges (Hypothesis H3)

This section presents the results from the mixed-methods analysis, which
tested Hypothesis H3. The findings, which draw on thematic analysis of
policy documents, expert interviews, and the context provided by the
quantitative data, reveal both the strategic alignment and the implementa-
tion challenges in harnessing Al for Indonesia's downstream petroleum sec-
tor.

Findings on Strategic Alignment

Indonesia's national AI policies demonstrate strong strategic alignment
with downstream petroleum development plans. The National Strategy for
Al Implementation (STRANAS KA) and the "Making Indonesia 4.0" road-
map prioritize the energy and industry sectors for Al integration. This focus
is mirrored in the energy sector's own strategies, such as SKK Migas's IOG
4.0 Strategic Plan. A government official emphasized Al's importance for
an efficient energy sector and broader economic goals. Further information
on this alignment is available from the Indonesian Petroleum Association.

Indonesian government agencies and state-owned companies are actively
collaborating to use Al for practical improvements, aiming to optimize cur-
rent operations, such as enhancing efficiency and lowering costs. A key ex-
ample is Pertamina, which uses Al to manage gas station data and forecast
fuel distribution, thereby helping to prevent shortages and making deliver-
ies more efficient. The government is also collaborating with global tech-
nology companies to further develop these skills. Table 6, derived from sci-
entific findings and expert insights, provides a structured overview of this
strategic alignment.

Findings on Implementation Challenges

Despite the strong strategic intent, findings from interviews and docu-
ment analysis confirm that significant constraints and challenges exist,
supporting the latter part of Hypothesis H3. The digital divide remains a
major impediment to uniform AI implementation. While national strategies
emphasize bolstering digital infrastructure, experts and reports confirm per-
sistent gaps, particularly in remote areas. A recent report noted that Indo-
nesia still struggles with "regulatory, infrastructure gaps in AI adoption,"”
including limited access to high-speed internet in rural regions. This uneven
infrastructure distribution hinders the widespread deployment of AI solu-
tions that require robust connectivity, especially in geographically frag-
mented areas.
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A critical skill gap is a recurring theme in the qualitative data. As one
expert interview revealed, "We have a fairly large gap regarding digital
talent. We lack 3 million digital talents every year." While government
and educational institutions are working to address this, the pace of Al de-
velopment continues to outstrip the supply of skilled labor. This forces
many companies to rely on external expertise or focus only on basic opera-
tional Al applications, limiting the potential for more transformative inno-
vation.

Furthermore, organizational inertia and resistance to change emerged as
a significant challenge, particularly within traditional industries like down-
stream petroleum. Some firms remain in a "pilot trap" where small-scale Al
projects fail to scale due to a lack of broader organizational buy-in or stra-
tegic integration. This inertia is often tied to deeply ingrained cultural
practices and a resistance to the structural and procedural changes required
for successful digital transformation. Additionally, data integration issues
and siloed data management systems remain persistent problems, hampering
the effectiveness of Al systems.

While Al is successfully boosting operational efficiency, its use for high-
level, transformative innovation remains limited. A joint study found that
while AI adoption soared by 47 per cent in 2024, 76 per cent of firms used
it for basic operational tasks, with only 10 per cent integrating it into stra-
tegic decision-making or new business models. This indicates that Al is cur-
rently acting as an enabler for marginal efficiency gains rather than a cata-
lyst for fundamentally reconfiguring the downstream petroleum sector to
overcome structural issues like declining domestic production.

Comparison with Other Findings and Confirmation of Hypothesis H3

The mixed-methods findings strongly support Hypothesis H3, demon-
strating that strategic alignment exists but is significantly constrained by
implementation challenges. This result is consistent with broader findings
in the literature on AI adoption in developing countries. Research on Al
adoption in Indonesia's public sector highlights that while institutional
pressures from government leadership can drive adoption, challenges such
as infrastructure, talent, and resistance to new technologies are common.
Our findings corroborate this, extending the observation to the downstream
petroleum sector.

Indonesia is facing significant challenges in implementing its "Making
Indonesia 4.0" roadmap. While the policy sets ambitious goals, its practical
application is hampered by a noticeable gap between policy formulation
and its actual execution. The issues spotlighted include the country's lack
of a sufficient number of digitally competent workers, inadequate infra-
structure, and resistance to change in many traditional industries, which
causes pilot projects to fail and prevents new technologies from being
widely adopted.
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Hypothesis H3 concludes that despite strategic alignment between na-
tional AI policies and downstream petroleum development plans, the trans-
formative economic potential of Al is limited to operational efficiency due
to implementation challenges such as infrastructure gaps, skills shortages,
and organizational inertia. As H3 is a mixed-methods hypothesis, its sup-
port is derived from integrating qualitative analysis of alignment and chal-
lenges with quantitative findings on Al's limited impact. The analysis pro-
vides robust evidence supporting Hypothesis H3, indicating a demonstrable
strategic alignment that is substantially attenuated by significant imple-
mentation challenges. These factors collectively confine the impact of Al
largely to enhancements in operational efficiency rather than fostering more
transformative outcomes.

The integrated findings provide conclusive evidence that both strategic
alignment and implementation challenges significantly influence the out-
comes of Al initiatives within the downstream petroleum sector. The evi-
dence for strategic alignment is primarily derived from qualitative analysis,
which involves a systematic examination of policy documents, interview
transcripts, and pertinent industry reports to ascertain congruence. The
relevance and nature of implementation challenges are predominantly ad-
dressed through qualitative methods.

The mixed-methods approach systematically connects these qualitative
insights with quantitative results. For instance, if quantitative data demon-
strate a modest effect of Al on the trade deficit despite high adoption rates,
the qualitative data elucidates this phenomenon by identifying underlying
factors like infrastructure gaps and skills shortages. The process of triangu-
lating the qualitative data (on alignment and challenges) with the quanti-
tative results (on AI's limited transformative impact) provides robust evi-
dence for rejecting the null hypothesis (H03). The qualitative insights offer
a crucial explanatory framework for why the observed Al effects remain
modest, even with documented strategic alignment. Based on the conver-
gent mixed-methods findings, Hypothesis H3 is strongly supported.

Discussion

A study employed a mixed-methods approach to investigate the complex
interplay among Al-driven technological transformation, downstream petro-
leum demand, and Indonesia's economic growth, addressing a gap in the
literature. The findings contribute to existing scholarship by providing em-
pirical data and qualitative insights specific to the Indonesian context.

Interpretation of Results and Contribution to Knowledge

This mixed-methods study tackles the messy nexus of Al-driven change,
downstream fuel demand, and Indonesia’s growth—an area the literature
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has largely skipped. Quantitatively, Al adoption correlates positively with
plant-level efficiency. Guided by Berger (2025)¥, we benchmark
deep-learning nets against classic econometrics: even a modest RNN beats a
restrictive ARMA at high-frequency refinery dynamics, but that precision
sits inside deeper structural bottlenecks.

The contribution is twofold. First, we show that operational gains,
while real, translate into only modest shifts in the oil-gas trade balance and
GDP —tech alone can’t offset fiscal drag. Second, by marrying Berger’s
computational lens with socio-legal and macro-fiscal critique, we offer poli-
cymakers a hybrid evidence base: digitalisation is necessary for resilience,
but only when embedded in institutional reform, not pursued as a stand-
alone fix.

The results suggest that Al in downstream petroleum should be viewed
not merely as a technological enhancement but rather as a socio-economic
tool. This calibrated modeling approach connects the quality of micro-level
services with macroeconomic stability and digital governance (Muljono &
Setiyawati, 2021)* to larger objectives such as poverty alleviation (Al Iz-
zati et al., 2023)%.

Firstly, the quality of digital services fosters institutional trust. Accord-
ing to Muljono and Setiyawati, factors like precision and delivery effi-
ciency — particularly reliability in shipping—enhance confidence among
stakeholders. When Al enhances these operational indicators, it bolsters the
credibility of downstream entities, converting technical efficiencies into po-
litical advantages for wider social safety initiatives.

Secondly, the model is firmly based on technical principles. Hidayat and
Mulyono (2025)* offer a logistical benchmark: land transport costs are
predominant in Jakarta area corridors, and their Institut Teknologi Band-
ung (ITB) -based optimization substantiates our efficiency criteria. The
RNN LSTM framework supports the findings of Hermansah et al. (2024)°!,
who demonstrated that deep learning is more effective for Indonesian macro
time series, allowing our predictions to reflect actual market volatility.

47 Berger, T. (2025). Deep learning and econometric time series analysis: An assessment of daily return
forecasts. Journal of Forecasting, 45(1), 377-390. https://doi.org/10.1002/for.70045

¥ Muljono, W., & Setiyawati, S. (2021). Consumers perception on continuance intention of online shopping.
Asia-Pacific Management and Business Application, 9(3), 261-276.
https://doi.org/10.21776/ub.apmba.2021.009.03.5

* Al Izzati, R., Yusrina, A., & Suryahadi, A. (2023). Estimating the effect of a fuel price increase on poverty
and inequality: Evidence from a fuel subsidy reduction in Indonesia (Research Note No. 1/JAN/2023). The SMERU
Research Institute. https://smeru.or.id/en/publication/estimating-effect-fuel-price-increase-poverty-and-inequality-
evidence-fuel-subsidy

> Hidayat, D. W., & Mulyono, N. B. (2025). Optimizing fuel distribution costs through vehicle routing prob-
lem modeling in Jakarta-Tanjung Gerem terminals. Cost Efficiency through Vehicle Routing Models, 3873-3884.
https://doi.org/10.37641/jimkes.v1315.3547

Hermansah, M. M., & Rodrigues, P. C. (2024). Indonesian inflation forecasting with recurrent neural network

long short-term memory (RNN-LSTM). Enthusiastic: International Journal of Applied Statistics and Data Science,
4(2), 132—142. https://doi.org/10.20885/enthusiastic.vol4.iss2.art5
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Additionally, macro fiscal conditions mitigate the potential benefits. Al
Izzati et al. (2023) highlight that fluctuations in global energy prices cre-
ate a dilemma between maintaining budget stability and providing social
protection. While AI enhances output, the financial benefits it generates
are often quickly absorbed by the costs of subsidies. However, by reducing
distribution inefficiencies, Al can create more fiscal room for the progres-
sive assistance initiatives recommended by SMERU —transforming effi-
ciency into a means of promoting social justice rather than merely serving
as a growth mechanism.

This limitation highlights that technical solutions cannot operate in a
vacuum. As argued by Soemanto et al. (2014)°% the effectiveness of any
government-led developmental program is heavily contingent upon commu-
nity participation and transparency. In the context of Al-driven fuel distri-
bution, this suggests that technical efficiency must be complemented by so-
cial accountability mechanisms to ensure that the digital gains reach the
intended beneficiaries without being undermined by systemic leakages. Fur-
thermore, these findings align with the fiscal concerns raised by Resosu-
darmo et al. (2023)>, who emphasize that Indonesia’s energy transition is
frequently constrained by limited domestic budgets and the immense bur-
den of energy subsidies. Consequently, while AI provides the tools for op-
erational optimization, its ability to catalyze broad-based economic resil-
ience is ultimately dependent on addressing these deeper structural and
institutional challenges. Therefore, this study recommends that digital
transformation in the energy sector must be integrated with subsidy reform
and enhanced public oversight to fully unlock its economic potential.

This suggests that while Al positively influences efficiency, it is not yet
fundamentally altering Indonesia’s structural dependency on imported
downstream products. Qualitative findings supported the strategic align-
ment of national AI and energy policies but confirmed that the actual po-
tential of Al implementation is significantly constrained by infrastructure
gaps, skills shortages, and organizational inertia. The research contributes
to the literature on technological adoption in emerging economies by em-
phasizing that the effectiveness of Al is mediated by broader systemic fac-
tors.

Comparison with Previous Research

The study's finding of a positive correlation between AI and operational
efficiency aligns with existing reports from institutions like Boston Con-
sulting Group™. However, this research provides a more nuanced perspec-

52 Soemanto, R. B., Sudarto, & Sudarsana. (2014). Community Understanding of Corruption [Pemahaman
Mas;/arakat tentang Korupsi]. Yustisia, 3(1). https://doi.org/10.20961/yustisia.v3il.10124
? Resosudarmo, B. P., Rezki, J. F., & Effendi, Y. (2023). Prospects of energy transition in Indonesia. Bulletin
of Indonesian Economic Studies, 59(2), 149-177. https://doi.org/10.1080/00074918.2023.2238336
Boston Consulting Group & Google. (2023). Al's potential impact on Indonesia's economy. BCG.
https://www.bcg.com/publications/2023/ai-potential-impact-indonesia-economy.
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tive on macroeconomic outcomes. By revealing a constrained impact in In-
donesia’s downstream petroleum sector due to structural issues, such as de-
clining domestic production and market factors, the findings align with
critical scholarship concerning Al adoption in developing countries.

Furthermore, the detailed findings on implementation challenges—
specifically infrastructure gaps, skills shortages, and organizational iner-
tia—corroborate broader studies on Indonesia's digital transformation con-
ducted by entities like the World Bank™, providing specific, sector-level
evidence for these impediments.

Limitations of the Study

The study has several limitations that inform future research. The pri-
mary quantitative limitation was the reliance on aggregated or proxy data
for Al investment due to the unavailability of high-resolution, sector-
specific data, which would have allowed for more precise impact measures.
The qualitative component was limited by a small number of expert inter-
views. Finally, the study's focus up to August 2025 may not capture the
long-term, potentially more transformative, effects of Al.

Implications and Contributions

The findings have significant implications for policymakers, industry
leaders, and academic research. For Indonesian policymaking, the results
indicate that focusing on practical strategies to address implementation
bottlenecks is more critical than emphasizing the rhetoric of Al's transfor-
mative potential. This requires targeted investments in digital infrastruc-
ture in energy-critical regions to mitigate the digital divide. Concurrently,
strategic initiatives are necessary to rapidly scale up workforce training in
Al and digital competencies. Policies must also address systemic challenges
within the downstream sector, such as persistent refinery capacity short-
falls, rather than viewing Al as a standalone solution for trade deficits.

While AI is confirmed as a catalyst for efficiency, its current contribu-
tion to macroeconomic growth is incremental. Unlocking greater economic
benefits requires integrating Al into a broader strategy that addresses struc-
tural weaknesses throughout the entire value chain. Academically, this re-
search provides a deeper understanding of how traditional, capital-intensive
industries in emerging economies navigate technological change. It serves as
a cautionary case study, illustrating that the full realization of Al's promise
depends on robust infrastructure, human capital development, and over-
coming organizational inertia. This demonstrates that strong strategic in-
tent is insufficient without addressing underlying systemic challenges.

The use of Al in Indonesia's downstream sector, especially in refinery
processes, can focus on corrosion monitoring systems based on artificial

» World Bank. (2023). Indonesia economic prospect report. World Bank. https://www.worldbank.org/en/
country/indonesia/publication/indonesia-economic-prospects-june-2023.



130 ISSN 1811-9832. INTERNATIONAL ECONOMIC POLICY. 2025. No 2 (43)

neural networks. This supports Ghosh et al.'s (2023)°® claim that using in-
telligent signals to reduce infrastructure failures is essential for avoiding
significant production losses.

Future Research

Based on the study's findings and limitations, several avenues for future
research are recommended. First, a longitudinal study is warranted to track
Al implementation over an extended period to reveal long-term transforma-
tive effects. Second, future quantitative analyses should prioritize gathering
granular, sector-specific data on Al investment to overcome the limitations
of using aggregated data. Third, a regional comparative study of Al adop-
tion in Indonesia versus neighboring ASEAN countries could provide valu-
able insights into best practices and contextual challenges. Fourth, a quali-
tative investigation into the mechanisms and effectiveness of Al policy
implementation could identify factors that accelerate or hinder progress.

Finally, further research should explore the specific impact of Al adop-
tion on human capital within the downstream sector, examining how it af-
fects skill requirements, potential job displacement, and the necessity for
reskilling programs.

Conclusion

This study investigated the complex relationship between artificial intelli-
gence (AI) adoption, downstream petroleum demand, and Indonesia's eco-
nomic growth using a mixed-methods approach. Our analysis confirms that the
integration of AI technologies is positively correlated with enhanced opera-
tional efficiency within the downstream petroleum sector. However, the re-
search also reveals that the overall macroeconomic impact of AI on signifi-
cantly boosting growth and reducing Indonesia's import dependency is
currently moderate. This limitation is primarily attributed to persistent chal-
lenges such as underdeveloped infrastructure and a notable skills gap. These
findings highlight the need for a more holistic strategy that addresses systemic
constraints to fully realize Al's transformative economic potential.

Indonesia has developed a national strategy to leverage Al for economic
growth, aligning this policy with goals for its downstream petroleum sector.
Using a mixed-methods approach, a study confirmed that Al is effectively
boosting operational efficiency, especially in logistics and demand forecasting.
However, this progress is limited by several practical challenges. Key hurdles
include persistent gaps in infrastructure, a shortage of skilled labor, and or-
ganizational resistance to change. To fully realize AI's potential, overcome

%% Ghosh, D., Zailani, A. Z. A., & Sum, C. W. (2023). Growing application of artificial intelligence in optimis-
ing productivity and efficiency in o0il and gas. Applied Earth Resources Development.
https://doi.org/10.3233/AERD230012
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structural deficits, and reduce import dependency, Indonesia must address
these constraints. This strategic focus is essential for the downstream sector to
significantly contribute to the nation's economic growth.

Research indicates an empirical analysis of technological transformation
and energy sector dynamics within an emerging economy context, grounded
in quantitative and qualitative data from Indonesia. The findings highlight
a strategic alignment between Indonesia's national AI policy and the down-
stream petroleum sector goals but note significant implementation chal-
lenges, including infrastructure gaps, skills shortages, and organizational
inertia, as corroborated by a 2024 PwC survey.

In conclusion, Al-driven digitalisation gives Indonesia’s downstream pe-
troleum sector a finer-grained control knob for efficiency, but the knob
turns nothing unless the institutional frame is sound. Building on Resosu-
darmo et al.’s macro-fiscal analysis (2023) and Soemanto et al.’s socio-legal
framework (2014), this study argues that algorithms must be nested in
credible governance and visible social accountability.

As the “Golden Indonesia 2045” agenda unfolds, the policy task is not
to celebrate megabytes saved on refinery scheduling, but to harness that
saving for two hard-won reforms: (1) dismantling fuel-subsidy arrange-
ments that blunt price signals, and (2) easing demographic-budget pres-
sures through more predictable downstream revenues. When framed that
way, Al moves from a technical add-on to a structural lever—a means to
align operational gains with fiscal sustainability and public trust, and thus
to underwrite genuine national economic resilience.
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