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Abstract. This study investigates the multifaceted relationship between Al-driven technological
transformation and the demand for downstream petroleum products in achieving Indonesia’s long-
term economic growth goals, aligning with the “Golden Indonesia 2045” vision. Employing a mixed-
methods approach, the research quantitatively assesses the immediate impact of Al on downstream
petroleum operational efficiency (the first hypothesis) and its subsequent influence on critical
macroeconomic indicators like GDP growth and the oil and gas trade balance (the second hypothesis).
Concurrently, it qualitatively examines the strategic alignment of national AI policies, such as the
National Al Strategy from 2020 to 2045 (Strategi Nasional Kecerdasan Artifisial, Stranas KA) and the
“Making Indonesia 4.0” roadmap, with downstream energy development plans (the third hypothesis),
while identifying associated implementation challenges. Findings reveal a significant positive
correlation between Al adoption and improved operational efficiency within the downstream sector
(supporting the first hypothesis). This is substantiated by evidence of sophisticated Al applications,
including predictive maintenance (PdM) powered by advanced computational methods, which ensures
continuous operation and extends the life of critical hydrocarbon assets. Furthermore, Al-integrated
fuel blending systems demonstrate high precision, achieving a coefficient of determination (R?)
of 0.99 during validation, which showcases robust real-time optimization capability that surpasses
traditional modeling and reduces waste. However, the analysis of macroeconomic leverage provides
only partial support for the second hypothesis. While Al-influenced efficiency — by maximizing
domestic output and optimizing costs — shows a statistically significant, albeit moderate, positive
impact on reducing the oil and gas trade deficit and boosting GDP growth, this effect is severely
limited by persistent structural issues. Specifically, petroleum imports have a large and negative
impact on Indonesia’s economic growth. The operational savings are currently dwarfed by the volume
of necessary imports and the enormous fiscal burden imposed by incomplete fuel subsidy reforms,
which peaked at 2.8% of GDP in 2022. The oil and gas trade balance persists in a deficit, recording
—1.55 billion USD in May 2025 and —1.58 billion USD in July 2025, even amidst an overall national
trade surplus. The study confirms a strong top-down strategic alignment between national Al and
energy sector policies. Nevertheless, significant implementation hurdles highlight the necessity
for targeted policy intervention (supporting the third hypothesis). These pervasive barriers include
chronic infrastructure gaps, weak data governance frameworks, severe digital skills shortages
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requiring systematic improvement from foundational education, high initial investment costs and
profound organizational inertia within large enterprises, leading to a “pilot trap”, where successful
small-scale projects fail to scale up due to cultural and systems integration difficulties. Ultimately,
these challenges temper the transformative potential of Al, shifting its current role primarily towards
improving operational efficiency within the legacy system. For Al to become a driver of fundamental
structural change — the necessary process of reallocating labor and resources toward higher-
productivity modern industries — policy interventions must link Al investment to comprehensive
energy subsidy reform and the acceleration of the new and renewable energy sector. This research
bridges a critical gap in the literature by offering an integrated analysis of technology adoption
in a resource-dependent emerging economy, providing evidence-based recommendations for
policymakers and industry leaders to effectively leverage Al for sustainable and structural economic
growth.
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economic development, Indonesia, machine learning, technological transformation
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AnHoTammsa. B naHHOM UCCIeOBaHMM paccMaTPUBAETCSl MHOTOTpaHHas B3aMMOCBSI3b MEXIY
TEXHOJIOTMUECKOM TpaHcdopMaleld Ha OCHOBe McKyccTBeHHOoro mHreswiekra (MW) u cripocom Ha
MPOAYKIHNIO HedTenepepaboTKKM B JOCTUKEHUU JOJTOCPOUYHBIX IIeJieli SKOHOMUYECKoTo pocTa MH-
IOHEe3UM, coracyloluxcs ¢ BuaeHueM «3omio0Tass Mugonesus 2045». Mcronab3ys cMellaHHbIIA Me-
TOMOJOTUYECKUI TOAXOM, UCCIAeI0BaHUE KOJIUYECTBEHHO OLIEHUMBAET HEMOCPEJACTBEHHOE BIUSHUE
MU Ha 3¢pdekTUBHOCTL paboThHI B chepe HedTenepepaboTKu (MepBasi TMIOTe3a) U eTo Moceayliee
BJIMSIHUE Ha BaXXHEHIIMEe MaKpO3KOHOMMYECKME ToKa3areiu, Takue kak poct BBIT u Toprosbiii 6a-
JlaHc HedTU M ra3a (Bropas rumnote3a). OTHOBPEMEHHO € 3TMM MCCJIeTOBaHWE TTPOBOAUT KaueCTBEH-
HBIN aHaJM3 CTPATErMYECKOl COTIIAaCOBAHHOCTH HAIIMOHAJIBHBIX MOJUTUK B obmactu MU, Takux Kak
HanuonanbHast cTpaterusi pa3BuTUsI UCKYCCTBEHHOTO MHTesUiekTa (Stranas KA) u mopokHas Kap-
Tta «Co3naBass MHnoHesuto 4.0», ¢ maHaMu pa3BUTHs HedTenepepadbaThiBaollieil oTpacian (TPeThst
TUIIOTe3a), BBISIBJISIS MPU 3TOM COMYTCTBYIOLIME MPOOJeMbl peaius3alu. Pe3ynabraThl MOKa3bIBalOT
3HAUMUTEJILHYIO MMOJIOKUTEJbHYI0 KOppEeIsnio Mexny BHeapeHuemM MU u moBbllieHUMEM oriepaliu-
OHHOI 3(hdeKTUBHOCTH B HedTenepepadaThiBaloeM CEKTOpe (Y4TO MOATBEPXKIACT MEPBYIO THUITOTE-
3y). DTO cormacyeTcsl ¢ JTaHHBIMM O TIPUMEHEHWU CJIOXHBIX MpuiioxeHuit MM, BKiTodast MporHo3HOe
TexHuueckoe obciyxkuBaHue (PdM), ocHoBaHHO€ Ha IMepeIOBbIX BHIUMCIUTEIbHBIX METOAAX, KOTO-
poe obecrieurBaeT HEMPEPbIBHYIO padbOTy U MPOJIEBAET CPOK CIAYKObl KPUTUUYECKU BAXKHBIX YrJie-
BOJIOPOJIHBIX aKTUBOB. bojiee Toro, nHterpupoBanHbie ¢ MM cucteMbl cMellieHUST TOTIIMBA 1EMOH-
CTPUPYIOT BBICOKYIO TOYHOCTh, JOCTUTasT Ko duimeHTa aetepMuHanuu (R?) 0,99 npu Baauganum,
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YTO JAEMOHCTPUPYET HANEXKHYIO CITIOCOOHOCTb ONTUMU3ALUMU B PEATIBHOM BPEMEHU, MPEBOCXOMISILYIO
TPaJIMIIMOHHOE MOJEJUPOBAHME U COKpAIIAOIIy0 OTX0Abl. OIHAKO aHaIU3 MaKpPO3IKOHOMUYECKOTO
pbluara Jiillb YaCTUYHO TOATBEPXKAAeT BTOPYIO Tunore3dy. XoTs 3¢h(GEeKTUBHOCTb, JOCTUTaeMas Mo/l
BiussHueM MW, — 3a cuetr MakcMMMU3alMu BHYTPEHHETO MPOU3BOJCTBA U ONITUMU3ALIMKY 3aTpaT — Jie-
MOHCTPUPYET CTATUCTUYECKU 3HAUYMMOE, IMYCTh U YMEPEHHOE, MOJIOXUTEIbHOE BIMUSHUE HA COKpa-
meHue aeduuuta Toproporo 6anaHca HedTu U raza u ctumyauposaHue pocta BBII, atoT adbdekt
CYILIECTBEHHO OTPAaHWYEH COXPAHSIOIIMMMUCS CTPYKTYpPHBIMU TpobieMamu. B wyacTHocTH, MMmopT
He(dTenpoayKTOB OKa3biBaeT 3HAUMTEILHOE U HEraTUBHOE BO3/ICHCTBUE HA POCT 9KOHOMUKMU M HI0-
He3uu. OrepallnoOHHAsi 5KOHOMUSI B HACTOsIIIIee BpeMsl 3aTMEBAETCSI 00bEMOM HEOOXOIMMOTO MM-
MopTa U OTPOMHBIM (PUCKAIbHBIM OpeMeHeM, 00YCI0BIeHHBIM He3aBepIIeHHBIMU pehopMaMu Cy0-
CUAMPOBAaHMs TOTUIMBA, KOTOpoe gocturio nuka B 2,8% BBII B 2022 . Toproseiii 6anaHc HebTH U
raza rno-mnpexHeMy coxpaHsieT neuuuT, coctaBuBmuit —1,55 muapa noan. CIIA B mae 2025 . u
—1,58 muipn mon. CHIA B utosie 2025 1., maxke Ha (poHe 00111ero MpodUIINTA HALIMOHAJIBHON TOPTOB-
qm. WccnenoBaHre MOATBEPXKIAET CUIBHYIO CTPAaTeTUUECKYIO COTIACOBAHHOCTh CBEPXY BHU3 MEX-
Ny HAlIMOHAJIBHOW MOJUTHKON B oOsactu MW u sHepretnyeckoro cekropa. TeM He MeHee 3HAUU-
TeJIbHbIE MPENITCTBUS HA MYyTU peaju3aluu MOAYEPKUBAIOT HEOOXOIMMOCTD lieJIeHalpaBIeHHOTO
MOJUTUYECKOTO BMeEIIATeJbCTBA (YTO MOMATBEPXKAAET TPEThIO TUMOTE3Y). DTU BCEOOBEMIIOLINE
Oapbepbl BKJIIOYAIOT XpOHUYECKHEe Mpobebl B MHGPACTPYKType, ciabble CTPYKTYpbl yIpaBIeHUSs
JNAHHBIMU, OCTPYIO HEXBATKY LIM(PPOBBIX HABBIKOB, TPEOYIOIIYIO CUCTEMATUYECKOTO YJIyUYLIEHUS] CO
CTOPOHBI 0a30BOro 00pa3oBaHUsl, BHICOKME MEpBOHAaYaibHble WHBECTULIMOHHbBIC 3aTpaThl U TIy-
OOKYI0 OPraHM3allMOHHYI0 UHEPUMIO BHYTPU KPYITHBIX MPEANPUATUIA, TPUBOASIILYIO K «JIOBYIIKE
MUJIOTHBIX MPOEKTOB», KOTJa HeOOJblIMe YCIEelIHbIe MPOEKThl HE MOTYT MacluTabMpoBaThCcs M3-3a
TPYAHOCTE! ¢ KyJIbTYpHON U CUCTEMHOI MHTerpauueil. B koHeuHoM cueTe, 3TU MPOOJIEMBI CAEP-
KMBAIOT Npeobpaszytomuii noreHuunan MM, cmemas ero HBIHEIHIOW POJib, MPEX/E BCEro, B CTO-
POHY MOBBIIICHUS OTNepallMOHHON 3(hGEKTUBHOCTH B paMKax ycTapeBiieir cuctembl. YToosr MU
cTaj IBUXKYIIE cuioit yHIaMeHTaJbHBIX CTPYKTYPHBIX M3MEHEHWI — HEeoOXOAMMOTO Tpoliecca
nepepacripeneseHus paboyeil CUibl U PECypcoB B IM0JIb3Yy COBPEMEHHBIX OTpacjieil ¢ 0osee Bbl-
COKOI MPOU3BOAUTEIPHOCTHIO — MOJUTUYECKME MEPBI JOJKHBI YBSA3bIBaTh UHBecTULIMU B MU c
KOMILIEKCHOI pedopmoii cyOCUIMpPOBaHUS SHEPTETUKU U YCKOPEHMEM pPa3BUTMSI CEKTOpa HOBOU U
BO30OHOBJISIEMOI HEpreTUukU. JJaHHOe uccieqoBaHUe BOCMOJHSIET KPUTUUYECKUN MpoOea B JuTe-
paTtype, mpeasaras KOMILUIEKCHbI aHalW3 BHEAPEHUs TEXHOJOTUIl B pa3BUBaAlOLIEiiCcs pecypco3a-
BUCUMOI 3KOHOMUKE M TPEIOCTaBJIsIsi OCHOBaHHbIE Ha (DAKTUYECKUX JAHHBIX PEKOMEHAALUM IS
MOJUTUKOB U PYKOBOAUTEJNel oTpacieit nmo addexkrusHoMy ucrnoib3oBanuio MU mis obecnieueHust
YCTOMYMBOIO U CTPYKTYPHOTO 9KOHOMUYECKOTO pPOCTa.

KmioueBble ciioBa: MCKYCCTBEHHBIN MHTEJIEKT, LMcpoBasi TpaHchopMallus, repepadborka HedTH,
3KOHOMUYECKUI pocT, MHIOHE3MsI, SKCITTyaTallioHHasT 3¢ (@eKTUBHOCTb, TOPTOBHII OajlaHc, Tpobie-
MBI BHEIPEHUS

Jaa murupoBanusi: MynwoHo B., Cetusiatu L., CetnaBatu I1.I1., CetbsiHTo I1.A. (2025) Tex-
HoJyiornyeckasi TpaHcopMalsi Ha OCHOBE MCKYCCTBEHHOTO MHTEJUIEKTa KakK JpailBep pa3BUTHUS
pbIHKa HedTenepepadboTku (Ha mpuMepe MHgonesun). 7TT-Economy, 18 (6), 7—34. DOI: https://doi.
org/10.18721/JE.18601

Introduction

Indonesia’s high economic growth is predicted to raise fuel oil demand, solidifying its growing
influence in the global energy market. The IESR 2022 report' 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%, underscores Indonesia’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, energy consumption is projected to nearly triple over the

! Institute for Essential Services Reform (IESR) (2023) Indonesia energy transition outlook 2023. Tracking progress of energy transition in
Indonesia: Pursuing energy security in the time of transition. [online] Available at: https://iesr.or.id/wp-content/uploads/2022/12/Indonesia-En-
ergy-Transition-Outlook 2023.pdf [Accessed 30.10.2025].

2 International Monetary Fund (2025) World economic outlook: A critical juncture amid policy shifts. [online] Available at: https:/www.imf.
org/en/Publications/ WEO/Issues/2025/04/22/world-economic-outlook-april-2025 [Accessed 30.10.2025].
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next few decades, from 195 million tonnes of oil equivalent in 2020 to 556.5 million tonnes of oil
equivalent 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.

Based on CEIC data’, Indonesian oil consumption showed a strong upward trend from 1965 to
2023, peaking at 1.62 million barrels per day in 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, recent data indicates a slower rate of increase (Fig. 1).

To understand why Indonesia’s oil use has grown, we need to study the connection between con-
sumption and several key factors: GDP per capita; urbanization rates; transportation sector devel-
opment; energy policy decisions. 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 targets, it has publicly acknowledged the continued necessi-
ty of fossil fuels like oil and gas to support its growing energy needs. Mobilizing both local 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 2023 report* showed Indonesia as the sixth-largest liquefied natural gas (LNG) exporter
with a capacity of 23.3 million tonnes per annum, but oil production was declining, necessitating im-
ports to meet increasing domestic consumption. The report also 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.

In other respects, Indonesia’s crude oil production struggled to meet its rising consumption, which
increased from 1400 thousand barrels of oil per day in 2020 to 1585 thousand barrels of oil per day in
2022, leading to increased oil imports. Whereas Indonesia’s gas production surpassed the State Budget
(APBN) target by achieving 6802 million standard cubic feet per day in 2023.
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Fig. 1. Indonesia’s oil consumption®

3 CEIC Data (2024) Indonesia Oil Consumption, 1965-2024. [online] Available at: https://www.ceicdata.com/en/indicator/indonesia/oil-con-
sumption [Accessed 30.10.2025].

* PwC Indonesia (2023) Oil and Gas in Indonesia: Investment and Taxation Guide. [online] Available at: https://www.pwc.com/id/en/ener-
gy-utilities-mining/assets/oil-and-gas/oil-gas-guide-2023.pdf [Accessed 30.10.2025].

5 CEIC Data (2024) Indonesia Oil Consumption, 1965-2024. [online] Available at: https://www.ceicdata.com/en/indicator/indonesia/oil-con-
sumption [Accessed 30.10.2025].
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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 traditional energy sector. The country has made digital transformation a national
priority, with initiatives like “Making Indonesia 4.0” and the National Al Strategy from 2020 to 2045
(Strategi Nasional Kecerdasan Artifisial — Stranas KA) targeting increased productivity, competitive-
ness 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 opportunities across
various sectors.

Concurrently, Indonesia’s downstream petroleum industry remains central to the economy, sup-
plying crucial energy for transportation, manufacturing and other sectors. Historically, the oil and gas
sector has been a vital source of revenue and economic stability, although its contribution and future
are now influenced by global shifts toward renewable energy.

Problem statement

Despite Indonesia’s rapid digital progress and Al adoption, several challenges and a significant
research gap exist at the intersection of technological transformation and the downstream petroleum
sector. While Al presents immense potential for optimizing refinery operations, improving supply
chain logistics and managing consumer demand, its implementation is hindered by persistent issues.
These include infrastructure limitations, such as low broadband penetration in many areas and the
need to develop a skilled workforce capable of leveraging Al effectively.

A critical issue for the downstream petroleum sector is the persistent capacity shortfall, which
necessitates reliance on imported oil and creates vulnerabilities for national energy security and the
balance of payments. Moreover, most existing research treats the digital economy and energy sectors
as separate entities.

There is a lack of comprehensive studies that quantitatively and qualitatively explore how specific
Al-driven advancements within Indonesia’s downstream petroleum industry can mitigate these chal-
lenges, reduce import dependence and, in turn, propel overall economic growth. This study addresses
this gap by analyzing the integrated impact of Al digital advancement and downstream petroleum
demand on Indonesia’s economic expansion.

Research objectives

The main aim of this study is to investigate the role of Al in driving operational efficiency with-
in Indonesia’s downstream petroleum industry and its subsequent impact on economic growth. To
achieve this, the study seeks to answer the following specific research questions:

1. To what extent has the adoption of Al-driven technologies in Indonesia’s downstream petroleum
industry influenced its operational efficiency (e.g., refinery capacity utilization, distribution logistics)?

2. How has the increased operational efficiency of the downstream petroleum sector, potentially
enabled by Al, impacted Indonesia’s trade balance and reduced its dependency on imported petrole-
um products over the period from 2015 to 2024?

3. What are the key drivers, challenges and strategic considerations for implementing Al technolo-
gies within Indonesia’s downstream petroleum sector to support sustained economic growth?

4. How do the insights from expert interviews and policy documents contextualize the quantita-
tive findings regarding the interplay between Al, the downstream petroleum sector and Indonesia’s
economic development?

Hypotheses

Based on the existing literature and the identified research gap, this study will test the following hy-
potheses:

11
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« The first hypothesis, H1 (Quantitative): Increased adoption of Al technologies, such as predic-
tive analytics for refinery optimization and smart logistics management, is positively correlated with
improved operational efficiency within Indonesia’s downstream petroleum industry.

o Null Hypothesis (HO1): There is no significant correlation between the adoption of Al
technologies and the operational efficiency of Indonesia’s downstream petroleum industry.

* The second hypothesis, H2 (Quantitative): Improvements in the operational efficiency of In-
donesia’s downstream petroleum sector, in part driven by Al, have a significant positive impact on
reducing the oil and gas trade deficit and increasing overall economic growth.

o Null Hypothesis (H02): Improvements in the operational efficiency of Indonesia’s down-
stream petroleum sector do not have a significant positive impact on reducing the oil and gas trade
deficit or increasing overall economic growth.

* The third hypothesis, H3 (Mixed-methods): Strategic alignment between national Al and dig-
ital transformation policies (e.g., “Making Indonesia 4.0”) and downstream petroleum sector devel-
opment plans is a crucial enabler for realizing AI’s potential to reduce import dependency and stim-
ulate economic growth. However, this potential is constrained by implementation challenges related
to infrastructure gaps, skills shortages and organizational inertia.

o Null Hypothesis (H03): Strategic alignment between national Al policy and downstream sec-
tor plans does not significantly affect the adoption of Al, or implementation challenges are not relevant
to the outcome.

These hypotheses provide a clear and testable framework for investigating the complex interplay
between technological transformation, energy sector dynamics and economic outcomes in the Indo-
nesian context.

The paper employs a mixed-methods research design to investigate the relationship between Al
adoption, the downstream petroleum industry and economic outcomes in Indonesia.

Literature review

The body of scholarly literature addressing Indonesia’s economic development falls broadly into
three distinct areas:

1) studies on digital transformation and Al adoption,

2) analyses of the energy and downstream petroleum sector,

3) broader macroeconomic research.

This review synthesizes key findings from these areas, critically evaluating existing research to iden-
tify critical intersections and highlight the gaps this study aims to address.

Al adoption and digital transformation in Indonesia

Al is revolutionizing the way state-owned enterprises plan and forecast demand in the supply
chain. By leveraging massive amounts of data, advanced algorithms and machine learning techniques,
Al enables businesses to generate more accurate predictions, respond quickly to changing market
conditions and make informed decisions to optimize operations.

The period from 2015 to 2024 saw significant developments in Indonesia’s energy sector and digi-
tal landscape that laid the groundwork for the adoption of Al in state-owned enterprises like Pertam-
ina (Indonesia’s state-owned oil and gas company). Indonesia’s government, including the Ministry
of state-owned enterprises, has actively promoted digital transformation. National strategies for Al
implementation were introduced, with priority areas identified. Throughout the period, Indonesia’s
downstream petroleum sector faced inherent challenges, including the vast geographic spread of the
archipelago, reliance on imports and issues related to fuel distribution logistics. Inaccurate forecast-
ing contributed to these issues, resulting in suboptimal inventory levels and potential stockouts or
oversupply.

12
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Al systems increasingly integrated data from various sources, such as historical sales data, pro-
motions, market trends, satellite data and weather forecasts. This enabled Pertamina to detect more
subtle patterns and make more accurate predictions compared to traditional methods. The ability to
anticipate demand more accurately enabled better planning for production, procurement and distri-
bution logistics. This includes more optimal routing, leading to lower operational costs and enhanced
responsiveness. In some instances, Al-driven logistics frameworks showed potential for significant
return on investment. Furthermre, contributing to overall operational efficiency and strengthening
national energy security.

Significant research has detailed Indonesia’s rapid progression toward a digital economy, often
framed within the government’s “Making Indonesia 4.0” initiative. In [9], the role of government
policy in promoting Al, big data, and digitalization to boost industrial productivity was highlighted.
These works often emphasize Al’s potential for automation and enhanced operational efficiency, with
a report by BCG and ACVentures® projecting significant Al-driven efficiencies within the financial
sector.

However, a more critical assessment reveals that much of this optimism may be overly focused on
macro-level policy pronouncements rather than verifiable on-the-ground implementation. For in-
stance, the BCG-Google report relies on forward-looking projections that assume successful, large-
scale Al deployment, without adequately scrutinizing the specific sectoral challenges. Other studies
offer a more critical perspective, focusing on the uneven nature of this progress. In [7, 10], the authors
argue that while large firms are adopting Al, many small and medium enterprises face significant
hurdles, including limited access to technology and a lack of skilled workers. The key limitation of
this work is not just the existence of a digital divide, but its pervasive impact. Critically, these studies
often understate how the “digital divide” acts as a fundamental constraint on macro-level Al impacts,
particularly in fragmented sectors like the downstream petroleum supply chain.

As research by the World Bank’ indicates, Indonesia’s fixed broadband penetration remains be
low the ASEAN average, potentially hindering the full-scale deployment of Al-driven solutions that
require high-speed connectivity. The significance of this finding is often overlooked; inadequate
infrastructure is not merely an implementation “hurdle” but a systemic bottleneck that invalidates
assumptions of efficient, data-driven Al operations, particularly in geographically dispersed supply
chains. The reliance on legacy, unconnected systems in many parts of the petroleum sector renders
many Al solutions irrelevant or inoperable without massive and potentially uneconomical, infrastruc-
ture investment.

Dynamics of the downstream petroleum sector

Research on Indonesia’s downstream petroleum sector typically focuses on its strategic impor-
tance, operational challenges and environmental concerns. Analysts at Pertamina have long empha-
sized the sector’s role in national energy security, with several reports® documenting the country’s
persistent refinery capacity shortfall. This reliance on fuel imports, particularly for gasoline and die-
sel, is a recurring theme in the literature [6]. While these studies accurately diagnose the import de-
pendency 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 Al.
Their analyses of efficiency improvements, for example, are typically grounded in traditional capital
investment or process optimization methods, not Al-driven predictive maintenance or logistics.

6 Sjahrir P., Li A., Soerijadji M. et al. (2024) Harnessing the Power of (Gen)AI in Indonesian Financial Services. [online] Available at: https://
web-assets.bcg.com/1b/42/1554aac447d88aecbe1048285eed/harnessing-the-power-of-genai-in-indonesian-financial-services.pdf ~ [Accessed
30.10.2025].

7 The World Bank (2023) The Invisible Toll of COVID-19 on Learning. [online] Available at: https://openknowledge.worldbank.org/server/
api/core/bitstreams/e276al2e-4a4c-4429-812f-fd14£77337c5/content [Accessed 30.10.2025].

8 Kilang Pertamina Internasional (2024) Annual report. Available at: [online] https://kpi.pertamina.com/en/hubungan-investor/laporan-ta-
hunan [Accessed 30.10.2025].
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Furthermore, research often highlights the environmental pressures facing the industry, empha-
sizing the need for cleaner and more sustainable practices. For example, in [13], it is noted that the
downstream oil and gas sector is under increasing pressure to adapt to the global energy transition,
requiring significant investment in upgrading existing infrastructure and adopting new technologies.
While valid, this assessment often frames technological adaptation primarily within the context of en-
vironmental regulation rather than exploring how advanced digital tools like Al can proactively drive
both environmental and operational gains.

Drawing upon report by Enerdata’ and analysis from organizations like the ADB and IEA, the persis-
tence of fossil fuels despite robust economic growth can be attributed to several hindering factors. These
challenges are not merely technological but are deeply rooted in economic, political and social systems.

Research on Al and digitalization often presents a top-down, macro-level view, celebrating po-
tential without sufficiently acknowledging the structural and methodological limitations of imple-
menting Al in specific, complex sectors. Conversely, literature on the downstream petroleum sector
focuses on traditional challenges-like refining capacity and imports, without rigorously exploring how
technological advancements could specifically address these problems.

Table 1. Indonesia key figures!’

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

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

In terms of population and economic growth, Indonesia’s large and growing population (Table 1)
signifies substantial and increasing energy demand. High GDP growth rate generally indicates a posi-
tive impact on energy demand. However, some studies indicate a complex relationship where higher
energy consumption may not always translate directly to an increase in GDP. In the long run, the re-
lationship between GDP growth and energy consumption can vary depending on factors like the type
of energy used and the efficiency of energy utilization.

Despite possessing substantial domestic energy reserves (Table 1), Indonesia’s energy security is
challenged by an import dependency exceeding 50% for crude oil and refined fuels. This discrepancy
stems from systemic constraints including insufficient production capacity, inadequate extraction and
distribution infrastructure and limited domestic refining capabilities, thereby impeding resource utiliza-
tion and compromising national energy self-sufficiency.

Concurrently, Indonesia’s total energy consumption (Table 1) relative to GDP (at purchasing
power parity) demonstrates improved energy intensity. This reduction in energy consumption per unit
of economic output suggests enhanced energy efficiency or an economic structural shift towards less
energy-intensive sectors. These efficiency gains exist despite the persistent challenges to achieving
complete energy independence.

The CO, emissions (Table 1), while lower than the global average, indicates a heavy reliance on
fossil fuels for energy. Whereas, rate of T&D power losses (Table 1) represents the electricity lost dur-
ing transmission and distribution from power plants to consumers, indicating a degree of inefficiency
in the electrical grid (Fig. 2).

° Enerdata (2025) Global Energy Trends: Annual report, based on exclusive statistics on energy and CO, emissions. [online] Available at:
https://www.enerdata.net/publications/reports-presentations/world-energy-trends.html [Accessed 30.10.2025].

1" Enerdata (2025) Indonesia Energy Information. [online] Available at: https://www.enerdata.net/estore/energy-market/indonesia [Accessed
30.10.2025].
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Fig. 2. Indonesia’s energy paradox

Indonesia exhibits a robust economy with growing energy demand. Its significant fossil fuel re-
sources contribute to its energy independence, yet also pose environmental concerns due to CO,
emissions. While there are indications of improved energy intensity, continued reliance on fossil fuels
means further efforts are needed to align with global sustainability targets.

Energy self-sufficiency is crucial for a nation’s sovereignty. Indonesia faces the challenge of ensur-
ing an independent and sustainable energy supply in today’s dynamic and complex global landscape.
This issue is particularly relevant as we commemorate the 80" Independence Day of the Republic of
Indonesia, where independence encompasses freedom from colonialism and the ability to meet ener-
gy needs without relying on imports.

Indonesia’s energy security faces significant risks due to a > 50% reliance on imported energy,
including crude oil and refined fuels. This substantial dependence renders the nation vulnerable to
external market dynamics, such as global oil price volatility, supply chain disruptions and geopolitical
instability, all of which directly impact domestic energy availability. Prolonged reliance on these im-
ports poses a serious threat to national energy security.

Domestic oil and gas production has significant potential for expansion, based on substantial un-
tapped reserves. An analysis of the country’s 128 oil and gas fields indicates that only ~16% have been
explored. This presents a considerable opportunity to increase national energy supplies and advance
Indonesia’s energy self-sufficiency.

The dual mandate for Indonesia is to both sustain the existing energy sector and concurrently tran-
sition toward low-carbon energy sources, specifically new and renewable energy, to mitigate climate
change and support sustainable development. This transition, however, is a protracted, complex pro-
cess necessitating substantial capital investment and robust infrastructure. The development of new
and renewable energy faces significant technical and economic challenges, including supply intermit-
tency, technological immaturity and uncompetitive project economics. This developmental trajectory
is comparable to the long-term maturation process observed in the oil and gas sector.

It is therefore imperative that all stakeholders engage in concerted strategic action within the oil
and gas sector to bolster domestic production. This includes expanding access to new working areas,
accelerating exploration campaigns and developing potential resources in frontier regions.

Energy resilience is not just about meeting demand; it is a strategic national asset that supports
economic growth, maintains social stability and enables inclusive development across Indonesia.
Achieving energy self-sufficiency will bring Indonesia closer to actual progress and sovereignty in
its energy fulfillment. Ultimately, Indonesia should be capable of meeting its own energy needs and
navigating global dynamics free from external pressures.
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Indonesian downstream oil and gas sector

Based on the detailed 2024 data concerning Indonesia’s downstream oil and gas sector, including
fuel subsidies, liquefied petroleum gas distribution reforms and a fossil-fuel-dominated energy mix, a
multifaceted analysis is essential to address technical, economic, environmental and policy consider-
ations, ultimately guiding sustainable growth amid industry challenges.

In 2024, Indonesia’s downstream oil and gas sector, regulated by BPH Migas, saw significant
government subsidies for Pertalite (Rp 56.1 trillion) and Solar (Rp 89.7 trillion). Consumption of
subsidized 3 kg liquefied petroleum gas exceeded its quota, prompting a new registration system for
targeted distribution alongside an Rp 80.2 trillion subsidy. The BBM Satu Harga program aimed to
ensure equitable fuel pricing in remote areas. A comprehensive analysis highlighted challenges like
infrastructure bottlenecks and declining production, while also assessing benefits of digitalization and
automation for sustainable growth within the industry (see Table 2, 3).

Table 2. Fuel and liquefied petroleum gas distribution and subsidies for 2024

Consumption/ .
Category Product Quota Target Subsidy Notes
Fuel (BBM) Pertalite 31.6 million KL 29.7 million KL Rp 56.1 trillion N/A
Subsidized Solar | 16.94 million KL | 16.65 million KL | Rp 89.7 trillion N/A
583 distribution
points targeted Implementation
BBM Satu Harga N/A (Dec 2023); N/A prertamina
40/71 completed Y
(Sep 2024)
Liquefied 3 kg Subsidized | Slgd_dzl(t)l(;)kn R/IIT
Petroleum liquefied 8.03 million MT | 8.23 million MT Rp 80.2 trillion
Gas etroleum eas allocated due to
p £ high demand

Table 3. National energy landscape for 20242

Metrics Details
Energy Supply Growth Increased by 7.3%
Total Energy Supply 2007 million BOE (highest in a decade)
Primary Energy Mix (2024)
Coal 40.37%
Petroleum 28.82%
Natural Gas 16.17%
New and Renewable Energy 14.65%

The intersection of Al and downstream petroleum: A research gap

While both Al adoption and the energy sector have been well-documented, the literature largely
overlooks their specific interplay in the context of Indonesia’s economic development. Research often
mentions Al’s potential in the abstract but fails to provide a concrete analysis of its application with-
in the downstream petroleum value chain. For instance, while one study might discuss Al in supply

'l Kementerian Keuangan — Site (2025) Ministry of Finance. [online] Available at: http://kemenkeu.go.id/ [Accessed 31.10.2025]; Kementerian
ESDM RI - Site (2025) Ministry of Energy and Mineral Resources. Available at: [online] https://www.esdm.go.id/ [Accessed 30.10.2025].
12 Tbid.
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chain optimization in general, it does not specifically examine how such an application could directly
address Indonesia’s fuel import dependency and improve the trade balance. Similarly, analyses of
the energy sector tend to focus on traditional challenges without fully exploring Al-driven solutions
beyond a superficial level.

A critical economic and environmental challenge for Indonesia

Indonesia spent a substantial 24 billion USD on net oil imports in 2021, which climbed to approx-
imately 35 billion USD in 2022 due to rising world oil prices. This demonstrates a vulnerability to
global price fluctuations, which can have ripple effects throughout the economy, including impacting
households and the national budget through energy subsidies.

Table 4. Indonesia’s petroleum production in 2006—2023"3

Year 2006 | 2007 | 2008 | 2009 | 2010 2011 2012 2013 2014
Production (in thousands bpd) 996 972 1003 990 1003 942 917 871 847
Year 2015 | 2016 | 2017 | 2018 | 2019 2020 2021 2022 2023
Production (in thousands bpd) 838 873 837 808 781 742 692 644 605

Indonesia’s energy policy presents a paradox: targeting net-zero emissions by 2060 while simulta-
neously expanding its hydrocarbon sector. Despite crude oil production declining from 996 thousands
bpd (2006) to 605 thousands bpd (2023), the government aims for 1 million bpd by 2030, reinforcing
reliance on hydrocarbons. According to data compiled from Indonesia’s Central Bureau of Statistics
(Biro Pusat Statistik, BPS)'* and the US Energy Information Administration (EIA)", Indonesia’s oil
production declined from an estimated 996 thousands bpd in 2006 to 608.3 thousands bpd in 2023.
The government’s plan aims to allocate a total of 68.1 billion USD in capital to modernize and expand
the oil and gas value chain by 2040. This reflects a phased strategy prioritizing indigenous fossil fuel
maximization before achieving carbon neutrality.

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% of total energy consumption, with solar and wind energy
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 (Fig. 3).

If Indonesia continues on a “business-as-usual” path, net oil and gas imports could reach an as-
tonishing 100 billion USD by 2050. This means a much larger share of Indonesia’s GDP will go to-
ward imported fossil fuels compared to today. Pursuing a bold clean energy transition, as shown in the
“accelerated policy scenario” (APS), could greatly cut down on the need for imported fossil fuels. In
this scenario, the oil and gas import bill by 2050 is expected to be over three times lower than in the
“business-as-usual” situation.

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

3 Energy Institute (2023) Statistical Review of World Energy. [online] Available at: https://www.energyinst.org/ data/assets/pdf
file/0004/1055542/E1_Stat Review PDF single 3.pdf [Accessed 31.10.2025].

!4 BPS-Statistics Indonesia (2024) Statistical Yearbook of Indonesia 2024. [online] Available at: https://www.bps.go.id/en/publica-
tion/2024/02/28/c1bacde03256343b2bf769b0/statistical-yearbook-of-indonesia-2024.html [Accessed 07.11.2025].

15 Global economy, world economy | TheGlobalEconomy.com (2025) TheGlobalEconomy.com: Learning resources and data on the world
economy. Available at: [online] https://www.theglobaleconomy.com [Accessed 31.10.2025].
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Fig. 4. Value of oil and gas trade in Indonesia in the Stated Policies and Announced Pledges scenarios, 2000—2050"7

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 promises to shrink the
country’s carbon footprint but also offers significant economic advantages by lowering overall energy
costs and boosting energy security (Fig. 4).

Despite the robust body of literature detailing Indonesia’s macroeconomic indicators'®, the necessi-
ty of AI/ICT adoption [7, 10] and the barriers to energy transition [6, 11], a critical gap persists. No
known study has integrated these three thematic areas to provide a holistic view of the downstream
energy sector. Specifically, the literature lacks a comprehensive, sequential analysis that first quantita-
tively links Al investment in operational efficiency (H1) to measurable national economic outcomes

!¢ Kementerian ESDM RI — Site (2025) Ministry of Energy and Mineral Resources. [online] Available at: https://www.esdm.go.id/ [Accessed
30.10.2025].

'7 International Energy Agency (2022) An energy sector roadmap to net zero emissions in Indonesia. [online] Available at: https:/ica.blob.
core.windows.net/assets/b496b141-8c3b-47fc-adb2-90740eb0b3b8/AnEnergySectorRoadmaptoNetZeroEmissionsinlndonesia.pdf  [Accessed
30.10.2025].

18 BPS-Statistics Indonesia (2024) Statistical Yearbook of Indonesia 2024. [online] Available at: https://www.bps.go.id/en/publica-
tion/2024/02/28/c1bacde03256343b2bf769b0/statistical-yearbook-of-indonesia-2024.html [Accessed 07.11.2025]; International Monetary
Fund (2025) World economic outlook: A critical juncture amid policy shifts. [online] Available at: https://www.imf.org/en/Publications/
WEO/Issues/2025/04/22/world-economic-outlook-april-2025 [Accessed 30.10.2025].
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(H2, like GDP and trade balance). Furthermore, there is a lack of research that then uses a qualitative
approach to explain the friction — that is, to identify why policy constraints, strategic alignment fail-
ures and infrastructure gaps (H3) limit the translation of micro-level operational gains into significant
macroeconomic benefits. This study addresses this gap by employing a sequential mixed-methods
approach to fully diagnose the disconnect between strategic technological aspirations and economic
reality in Indonesia’s downstream petroleum market.

Materials and methods

This study employs a mixed-methods research design, integrating both quantitative and qualitative
approaches to provide a comprehensive analysis of the relationship between Al-driven technological
transformation, downstream petroleum product demand and Indonesia’s economic growth.

This design is justified by the complexity of the research problem, which requires both the statisti-
cal measurement of impacts and a nuanced understanding of policy, industry dynamics and stake-
holder perspectives. Quantitative methods allow for the assessment of macro-economic correlations
and sector-specific performance indicators, while qualitative methods provide depth by exploring the
“how” and “why” behind these trends and uncovering the intricate processes of technology adoption
and policy implementation.

Research design

The overall research design incorporates a sequential explanatory approach. The initial quantita-
tive phase aims to identify statistical relationships and trends regarding Al investment, downstream
petroleum sector performance and economic growth indicators. This is followed by a qualitative
phase designed to explain and elaborate upon the quantitative findings by gathering rich, contextual
data through document analysis and stakeholder consultations. This allows for a robust validation and
interpretation of the observed statistical patterns within the unique Indonesian context.

Data collection methods

Data collection for this study spans both quantitative and qualitative dimensions, drawing from a
variety of reliable sources to ensure comprehensiveness.

Quantitative data collection:

* Sources:

o National statistics: Data on Indonesia’s GDP growth rates, inflation, trade balance (in-
cluding oil and gas imports/exports) and investment figures will be sourced from BPS and Bank Indo-
nesia.

o Energy sector data: Downstream petroleum production, consumption, refinery capacity
utilization rates and import/export volumes will be collected from the Ministry of Energy and Mineral
Resources (ESDM), Pertamina and relevant industry reports (e.g., IEA, OPEC).

o Technology adoption data: Metrics related to Al adoption rates, digital infrastructure in-
vestment (e.g., broadband penetration, data center capacity) and ICT investment will be gathered
from the Ministry of Communications and Digital Affairs (Komdigi), World Bank databases and market
research reports (e.g., IDC, Statista).

» Timeline: Data will primarily cover the period from 2015 to 2024, allowing for analysis of trends
preceding and during the recent surge in Al and digital transformation initiatives and capturing the
impact of evolving downstream petroleum demand. Where available and relevant, historical data ex-
tending further back will be utilized for baseline comparisons.

* Instruments: Time-series data will be collected directly from official databases and published
reports. No primary quantitative data collection instruments (like large-scale surveys) will be developed
or administered for this phase.
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Qualitative data collection:
* Sources:

o Policy documents: Key government policy documents will be systematically reviewed, in-
cluding ‘Making Indonesia 4.0” roadmap, National Al Strategy (Stranas KA), Indonesia’s National
Energy Policy (KEN) and Pertamina’s long-term strategic plans. These documents provide insights
into national priorities and strategies.

o Industry reports & case studies: Detailed reports from industry associations, consulting
firms (e.g., McKinsey, PwC analysis of Indonesia’s digital economy) and academic case studies fo-
cusing on Al implementation within specific Indonesian companies (especially Pertamina or related
enterprises) will be analyzed to understand practical applications and outcomes.

o Expert interviews: Semi-structured interviews will be conducted with key stakeholders, in-
cluding:

= Government officials from ESDM, Komdigi and National Development Planning
Agency (Bappenas).

= Senior executives and technical experts from leading state-owned enterprises (e.g.,
Pertamina) and private companies in the downstream petroleum and technology sectors.

= Academics and researchers specializing in Indonesia’s digital economy, energy policy
and Al applications.

« Timeline: Qualitative data collection, particularly expert interviews, will be conducted between
July and August 2025. Document analysis will be ongoing throughout the research period.

» Instruments: A standardized interview protocol with open-ended questions will be developed
to ensure consistency across interviews, while allowing flexibility for deeper exploration of emerging
themes. Questions will focus on perceptions of Al’s impact, challenges to implementation, policy
effectiveness and the future outlook for the downstream sector.

Data analysis techniques

Quantitative data analysis:

» Statistical Software: Statistical analysis will be performed using STATA and R.

» Descriptive statistics: Initial analysis will involve descriptive statistics (means, medians, standard
deviations) to summarize the key features of the dataset over time.

* Regression analysis: Multiple regression analysis will be employed to examine the relationship
between Al adoption proxies (e.g., ICT investment, digital infrastructure metrics), downstream pe-
troleum sector performance indicators (e.g., capacity utilization, import levels) and Indonesia’s eco-
nomic growth (GDP). Time-series models, such as vector autoregression or autoregressive distributed
lag models, will be considered to account for dynamic relationships and potential Granger causality
among variables, depending on the stationarity properties of the data.

» Input-output analysis (where feasible): If sufficiently granular data is available, an input-output
analysis might be considered to trace the direct and indirect impacts of changes in the downstream
petroleum sector (potentially driven by Al efficiencies) on other sectors of the Indonesian economy.

Qualitative data analysis:

The qualitative data collection plan involved three distinct phases from July to September 2025,
using a phased approach to manage expert interviews and document analysis concurrently. Phase 1
(July 2025) focused on preparation, including expert identification and interview guide development
and establishing a framework with initial document collection. Phase 2 (August 2025) involved con-
current data collection and initial processing, such as conducting semi-structured interviews, tran-
scribing and beginning coding, while also reviewing documents and beginning data triangulation.
Phase 3 (September 2025) concluded the process by completing interviews and coding, consolidating
document findings, performing thematic analysis and synthesizing data from both sources to answer
the research questions.
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The provided text outlines a robust methodology for a mixed-methods research study, detailing
how qualitative data will be collected, analyzed and integrated with quantitative findings. The plan
describes a thematic content analysis using the software NVivo and employs triangulation to validate
results and explain statistical relationships.

1. Content analysis

This qualitative method systematically categorizes and interprets textual data to identify patterns
and themes. In this study, the analysis will focus on policy documents, industry reports and interview
transcripts to uncover recurring themes related to three key areas:

1. AIl: Concepts regarding the adoption, challenges and opportunities of AI within the industry.

2. Downstream petroleum: Information on refining, distributing and retailing petroleum products [4].

3. Economic growth: Evidence of how Al applications are intended to or are actually impacting
economic growth, measured in terms of production, income or reduced import dependency.

The analysis can be conducted in two main ways:

o Deductively: Testing specific hypotheses or questions using a predefined conceptual framework.
o Inductively: Allowing themes to emerge naturally from the data to build understanding.

2. NVivo software

NVivo is a specialized software for qualitative data analysis that will streamline the coding process.

* Coding: Researchers can highlight segments of text and assign descriptive codes, or “nodes”,
that represent significant topics or concepts.

+ Data management: The software centralizes a wide array of data sources, including interview
transcripts, documents and media files and organizes them in a searchable database.

» Relationship identification: N'Vivo helps identify relationships and patterns between codes. This
can be done through coding hierarchies, queries that search for coding co-occurrence and visualization
tools like models.

« Al assistance: Newer versions of NVivo include an Al assistant that can summarize documents
and suggest initial coding, which helps researchers accelerate the initial familiarization and coding
phases.

3. Triangulation

Triangulation integrates qualitative and quantitative data to provide a robust and comprehensive
understanding of the complex interplay between Al-driven technological transformation, downstream
petroleum market dynamics and economic growth in Indonesia.

The triangulation approach enhances research rigor by leveraging cross-method comparison for
robust validation, where qualitative evidence corroborates quantitative correlations [1]. This integra-
tion further provides rich explanatory power by revealing the underlying causal mechanisms, yielding
nuanced, holistic insight into both convergent and divergent findings [2].

Results

Quantitative impact of Al in the downstream petroleum industry on macroeconomic indicators

The implementation of Al-driven operational efficiency enhancements, specifically improved re-
finery capacity utilization and reduced distribution losses, demonstrated a statistically significant cor-
relation with concurrent improvements in Indonesia’s key economic performance indicators during
the period from 2015 to 2024.

Fig. 5 illustrates Indonesia’s economic and energy sector dynamics during the period from 2015
to 2024. The 2015—2019 baseline showed stable GDP growth alongside modest increases in both the
Downstream Petroleum Efficiency and Al Investment/Implementation Indices. The 2020 economic
contraction driven by the COVID-19 pandemic induced corresponding declines across all three met-
rics. Subsequently, the post-2020 recovery saw GDP return to pre-pandemic rates, correlating with
an accelerated surge in the Al Investment/Implementation Index.
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Fig. 5. Trends in Al investment/implementation, downstream petroleum efficiency and Indonesia’s GDP growth (2015—-2024)

Analysis of relevant indices confirms that the accelerated Al investment (particularly post-2020, fol-
lowing the “Making Indonesia 4.0” initiative) correlates positively with significant gains in the Down-
stream Petroleum Efficiency Index. This efficiency improvement — driven by operational optimization
(e.g., refinery models and demand forecasting) despite persistent capacity constraints — supports the
hypothesis that Al-driven advancements contribute to Indonesia’s national GDP growth and eco-
nomic recovery. However, realizing the full potential of this positive trajectory is contingent upon
addressing existing infrastructure and skills limitations. Furthermore, while Indonesia maintains an
overall trade surplus, the specific, granular influence of Al on sector-level import dependency and the
trade balance remains empirically inconclusive and requires further focused investigation.

Table 5. Correlation between Al-driven efficiency improvements and Indonesia’s GDP growth

Year Indonesia’s Annual Downstream Petroleum Al Investment/
GDP Growth Rate, % Efficiency Index Implementation Index
2015 4.9 50 10
2016 5 51 12
2017 5.1 52 15
2018 5.2 53 20
2019 5 53 25
2020 2.1 50 40
2021 3.7 55 40
2022 5.3 58 55
2023 5.05 60 70
2024 5.03 62 85

Indonesia’s Al boom vs oil deficit

Indonesia is experiencing a rapid technological transformation driven by substantial investment in
Al, with the market currently valued at 2.4 billion USD (2024) and projected to skyrocket to 10.88
billion USD by 2030, representing a compound annual growth rate of 28.65%. This significant digital
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growth, which includes high (92%) workplace Al adoption and substantial venture funding, stands in
stark contrast to the persistent structural challenges within the domestic downstream petroleum sec-
tor. While the nation maintains an overall trade balance surplus, cumulatively reaching 28.89 billion
USD through the first 11 months of 2024, this stability relies entirely on the non-oil and gas sector’s
surplus compensating for the energy sector’s persistent trade deficit — a deficit that reached 7.72 bil-
lion USD from January to May 2025 — and its continued reliance on imported petroleum products,
which is further exacerbated by structural constraints like declining output from mature fields and
limited investment in advanced technologies like Enhanced Oil Recovery.

Indonesia consistently faces a structural deficit in its oil and gas trade balance, heavily reliant on
downstream imports despite rapid Al adoption. While Al theoretically offers significant potential for
enhancing efficiency and reducing import dependency through optimized domestic supply chains and
refining processes, its impact remains limited. Initial Al applications, particularly surging post-2020,
focused on improving operational efficiency — driving micro-level cost savings and productivity gains.
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.

Nevertheless, Al has shown a moderate, discernible effect on moderating fuel import growth,
primarily through optimizing domestic production allocation via tools like demand forecasting and
supply chain optimization. This highlights a gap between AI’s theoretical potential and its current
realization, partly due to challenges like infrastructure limitations, skills shortages and organizational
inertia. Initiatives such as “Making Indonesia 4.0” and National Al Strategy (Stranas KA) are crucial
for maximizing Al’s transformative potential, shifting focus towards domestic value-add and reducing
import needs rather than aiming for large export surpluses, as seen in other sectors globally.

Based on the provided search results, here’s a table showing trends in downstream petroleum im-
port/export values, trade balance contribution (specifically the oil and gas deficit/surplus) and Al
investment/adoption trends for Indonesia (Table 6). Since a consistent, publicly available “Al in-
vestment 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.

Based on the qualitative data from the literature review and expert interviews, as well as the quan-
titative insights from Table 6, a complex interplay between Al adoption, the downstream petroleum
trade and Indonesia’s economic trajectory is evident. The table highlights Indonesia’s persistent defi-
cit in the oil and gas trade balance, driven by a long-standing reliance on downstream imports and
exacerbated by declining domestic crude production.

Influence of Al-enabled technologies on consumer demand and distribution logistics

The analysis showed that Al-enabled technologies, particularly in demand forecasting and logis-
tics management, are beginning to optimize the distribution and consumption patterns of down-
stream petroleum products in Indonesia.

Fig. 6 illustrates significant, accelerated growth in Al-Enhanced Fuel Distribution volume in In-
donesia, escalating from approximately 10 million liters in 2015 to nearly 100 million liters in 2024.
This consistent upward trajectory, particularly since 2018—2019, confirms the successful large-scale
integration of Al technologies in complex logistical operations across the archipelago to meet growing
national fuel demands and enhance supply reliability.

A strong positive correlation is observed between the accuracy of Al-driven demand forecasting
and fuel distribution efficiency within the downstream petroleum sector (Fig. 6). This relationship is
validated through qualitative evidence, including stakeholder interviews and policy document analy-
sis. Enhanced forecasting precision allows operators to optimize inventory levels — minimizing cap-
ital tie-up from overstocking and preventing revenue loss from stockouts — while Al applications
concurrently manage subsidized fuel distribution and prevent misappropriation.
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Table 6. Impact of Al on trade balance and import dependency (2015—2024)

Downstream Petroleum Import

Downstream Petroleum Export

Year Value (Million USD) Value (Million USD) Oil & Gas Trade Balance (Million USD) Al Investment/Adoption Trend (Indonesia) Analysis & Comparison
Indonesia’s crude oil import-export balance has been in deficit since
2015 N/A N/A Deficit (Continuing trend) Early Al awareness & research 2013. Early Al discussions focused on potential but lacked specific
sector adoption data.
2016 Decreased compared to 2015 (fuel imports) N/A Deficit continued Modest Al adoption Fuel imports decreased, possibly influenced by oil price volatility
rather than Al.
2017 Increased compared to 2016 (fuel imports) N/A Deficit continued Growing Al interest :[z;lelmports increased. No direct link to Al impact is evident at this
Imports increased. Initial signs of Al implementation in areas like
2018 Increased compared to 2017 (fuel imports) N/A Deficit continued Initial Al project implementations begin predictive maintenance or exploration likely focused on internal
efficiency rather than macro trade balance impacts.
2019 Decreased (due to pandemic) N/A Deficit continued “Making Indonesia 4.0” gaining traction In1}30rts fell due to the pandemic. D1scus.51.ons began on Al ’s’potennal
to “reduce trade costs, enhance productivity across sectors”.
2020 Decreased (due to pandemic) Increased (compared to imports) Deficit continued National Al Strategy (Stranas KA) launched Pandemic s1gn1ﬁcantly reduced demanq. Government launches key
Al strategy, aiming to leverage Al for national development.
Recovery saw imports increase. The widening deficit despite growing
Al suggests initial Al efforts were not yet sufficient to reverse the
2021 Increased compared to 2020 (crude oil/fuel) Decreased (compared to imports) Deficit widened Increased Al investment & research trend. Global studies showed Al had a “significant positive impact
on trade” but mainly benefiting exports where Al capabilities are
developed.
. . Imports continued to rise. Al is mainly used for operational
2022 Increased compared to 2021 (crude oil/fuel) Decreased (compared to imports) Significant Deficit Al adoption grew K.W% n 2024’ but efficiency, suggesting a limited impact on the overall trade balance
mostly for operational efficiency .
at this stage.
Indonesia’s overall trade balance was in surplus, but the oil and gas
. . sector still recorded a deficit of USD 2.04 billion in June 2024. While
Strong growth in Al adoption eneral Al adoption soared, its impact on downstream trade was
2023 N/A N/A Deficit continued (87% professionals), 542.9 million g "oP - pact ¢ .
USD Al startup investment likely constrained by the persistent deficit and focus on efficiency.
P Studies highlighted AI’s global role in boosting productivity and cost
efficiency.
Decline in both imports and exports recorded, reflecting possibly
Highest global workplace Al adoption both Al-driven efficiencies and global market dynamics. Al
2024 Decline in imports recorded Decline in exports recorded Deficit continued, but contributed (92%). Microsoft 1.7 billion USD integration is increasingly seen as vital for “controlling subsidized

January 2025 vs January 2024

January 2025 vs January 2024

to overall trade surplus

investment, 2.4 billion USD market size

fuel 0il” to reduce budgetary expenditure. The high Al adoption rate
positions Indonesia well, but challenges like infrastructure and skills
remain.
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Fig. 6. Fuel distribution efficiency in Indonesia’s downstream petroleum sector (2015—2024)

Al algorithms analyze extensive, real-time datasets to generate granular demand predictions, di-
rectly enhancing the effectiveness of routing solutions, such as those addressing the Vehicle Rout-
ing Problem (VRP). This optimization yields substantial operational benefits, including reduced fuel
consumption, faster market response and overall cost savings. While this trend confirms Al’s crucial
role in improving efficiency, its successful implementation remains contingent upon overcoming persis-
tent challenges related to regional disparities, data quality, skills and infrastructure limitations.

Strategic alignment and implementation gaps

Indonesia demonstrates a robust strategic intent to integrate Al into its energy sector, grounded in
national policies such as “Making Indonesia 4.0” and National Al Strategy (Stranas KA). Analysis of
governmental roadmaps and corporate case studies confirms clear strategic alignment, particularly in
leveraging Al to boost operational efficiency and national competitiveness. This commitment is re-
flected in initiatives like Pertamina’s Al-enhanced fuel distribution and PGN’s National Dispatching
Center, which reflect a strong governmental and corporate recognition of AI’s potential to optimize
existing downstream processes.

However, a significant implementation gap persists between this policy ambition and operational
reality. A structured overview of strategic alignment and identified gaps (Table 7) cites several critical
challenges. Key hurdles include infrastructure disparity, where remote energy assets lack adequate
digital connectivity; human capital constraints, evidenced by a talent gap and low digital literacy;
and pervasive data governance issues, such as data silos, poor quality and a lack of system integration.
Furthermore, organizational resistance, stemming from traditional operational cultures and long in-
vestment cycles characteristic of a capital-intensive industry, slows the adoption of agile Al solutions.

These findings underscore that while Al is a powerful tool for enhancing the downstream petrole-
um sector, its full transformative potential is not guaranteed by technological availability alone. The
Indonesian context suggests that successful implementation requires a holistic approach that address-
es underlying structural challenges in infrastructure, human resource development, data governance
and regulatory frameworks. Overcoming these deep-seated hurdles is critical to translating policy
ambition into tangible and maximized contributions to economic growth.

Statistical analyses

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 (the first hypothesis, HI)

To test H1, a multiple linear regression model was employed. The dependent variable was the
Downstream Petroleum Efficiency Index (DPEI), while the independent variables included the Al

26



theory and practice
y p >

Digital economy

‘uoreAoulr 91591e1S ToAd[-ySIy
uey} Joyjel Aoudroie [euonerado uo surewal
SNO0J AjeIpawI AY [, *s13ad [euoigar 0} paredwod
suoneoljdde [y 9ANRIGUS JAIJRWIOJSULRI} dIOW
Sundope ur 3urdde| IS ale souedwiod Auew
‘Kouaronyd aaoxdwr 03 pasn Surdq SI [V IIYM
IV 9ADBWIOJSUBI] "SA [euonerad( Uo snooq

‘A)IqeI[21 pue A)19)es [euonerddo
WeAIjSUMOp  Q0UB|UO pue uoneIodxd
weansdn oziundo 01 pasn 2q ued |y
'ssouaAnIndwod [eysnpul uisearour Jo
[e0S 0y eIsouopu] Supye]y, JIopeolq
AUl yum suSife yoreasar [y Joj ysnd oy,

(0'f eIsouopu| SunyeA)
SSoUANII_AWO)) 21ISAWO(] Funsooyg

UONBAOUU] PUEB [OIBISIY
[eIISNPU] BTy SNO0] A9y

‘TV Jo uoneuawordwr yjoows Ay} SuULIapuIy
‘o8ueyO 3SISAI OS[B UBD SALIISNpUl [BUONIpEI}
UIYIIM SAIN)NO [BUONBZIUBSI() QOUBUIAOSZ pue
Aupiqer; Aoeand ejep Surpiegaor Ajurelrooun 0}
3urpes| ‘BUIAJOAD [[1IS SI [V J0J Iomouwely [e39]
JU I :enJauf [einyn) pue AJureirddun) Arojensoy

‘unrojiuow
0] Sumruaad wolj 10199S WEeAIISUMOP Y]
urym sassadold Axojen3dar o3 pardde oq
UBD SIJTAIDS JUIWIUIAOS UT AJUDIDIJS pue
Kouaredsueny Surrorduwr 10§ [enuajod s,y

suoneradQ JudALYH
pue uonensay juaredsuer],

ULIOJOY d1jeIdneaIng :10309S Ao

“JNOLPIP JUSWITLUBL 9AT}09)J9 pue uondope
I'v pider sayew siy [, ‘s1ouonnoeid [y jo o3eloys
Jud)sisiad e pue S|y [eI3Ip SuIssassod 2010)310M
) Jo o3ejuddrad rews e A[uo yim ‘des judre)
[eusIp [enuelsqns B SddeJ eIsauopu| ‘swerdord
juolel v dudso :den s[pS  jueoyruSig

'Sa130[0U29)
mou oeuew pue judwd[dwr 0) A0IOPIOM
PAIIDS B JOJ PAduU $,10109S ASIQUQ ) YIM
sugie SoNISIGAIUN  YIM  SUOI)BIOQE[[0D
ysnoiy) judel [v Surdo[oadp uo sndoj
S.(VY seueng) ASojeng v [euoneN

saniiqede)) AdI0pI0A SurdURyUY

JUWdO[IA(] JUA[R], (BALY SN0 AdY|

“JNOLYIP SISATeu. [y dAIsuayaIdwod Sunjew
¢ WAISAS Ul Yum pajeISojul uedq 1A jou sey
elep s Auedwod 9y, ‘pajou 11adxd Auo Sy "elep
pazipiepue)s JO YOB] B puB SWoISAS Jeuorjerado
SNOLIBA WOJJ uoneISAUI BIEP JO YOB] AU} SI
J8uaqreyod judgsisiad v :Anpend pue sofi§ ele(

‘ureyo Addns oy} azrwmndo
0} ‘seg [ermeu 10§ DN Y} I ‘SWAISAS
Suuojiuow [euonerddo pIjeISAIUL  pue
spIeoqusep pazienuad jo judwdojordp
) suoddns Apoarrp yorym ‘SuolsAsodd
BJRp PUB 2INJdNISRIJUI ISNQoT saziseyduwd
(VY seueng) AS9jens [y [eUOneN

JUdWASRURA BIR(] PRIeiSau] pue
(DAN) 12ud) Surydjedsi(] [pUOnEN

BJR(] PUB AINJONIISEIJU]
1BATY SNO0 Ay

‘proy ay3 ur uondope
[V peaxdsopim Suuopury ‘sded oinjoniiseljul
jueoyrugdis  Qdej  ‘suoidar  (Jsowron) pue
Jonuol ‘padofoaopiopun)) € pue djowalx
ur  Apemoned  ‘suoperodo  wRAIISUMOP
Auew  AJATIOOUUOD  19)319q  WOI}  JJOUdq
SIQJUAD UBQIN OIYAA :QINIONIISBIJU] UAJU()

‘BJEP UONE)S SeS SuLIojruow Ioj [y
x0g31g JO asn S, BUTWIELIO AQ POOUIPIAQ SB
KU1 parosdwil pue SINOYO0IS PAONPA
‘Sunnor ewndo 10y Surwre Ayond
AN[IQOTA[,, 9U3 oddns A[30dIIp sylomiou
uonnquisip [onj Ioj SuriSeddI0) PuBWAP
Jwr-[ear  pue  sonsiSo]  paromod-Ty

(Ko1104 AS19Uy [RUONEN)
uonnqisi [end juaniyy

SNy Mews %
ANIQOA :10309S Ajond

(sts&[euy doynudIS)
sagus[ey) pue sdeg paynuapy

SJUIO] JUdWUSIY J13NenNS

(eunuerizg ‘NAST) S[E0D
JUAWIdO[AI(] WNJ[OL)IJ WRILISUMO(]

s[eon (VY] seuens)
A33yeng v [euoneN

sdes paynuapl pue 3 3189)e1)S :S[B03 JUIWAO[IAIP WNJ[01)Ad WBII)SUMOP pue

(VI seueng) £33)enS [V [eUoneN Jo JudwusIy *L JqeL

27



4 LindppoBas sKOHOMMKaA: TeOpUs U NpakTMKa >

Investment/Implementation Index (Al _Index) and control variables such as crude oil price (Crude
Price) and global energy demand (Global Demand).

The Al_Index significantly predicts DPEI, with a positive coefficient of 0.45 (f = 0.45, p = 0.001).
This indicates that increased Al adoption is directly associated with improved downstream operational
efficiency. The model’s strong explanatory power is evidenced by its capacity to explain 68% of the
variance in DPEI (R? = 0.68) and its overall fit is confirmed by a highly significant F-statistic (p < 0.001).

These findings confirm H1, establishing a positive correlation between Al adoption and opera-
tional efficiency within Indonesia’s downstream petroleum sector. Although limited research exists
for this specific context, the results align with broader studies that link Al integration in the energy
industry to significant gains in productivity and cost-efficiency.

Table 8. Regression analysis results for DPEI

Variable Coefficient () Standard Error t-statistic p-value 95% Confidence Interval
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

** < 0.01,*p < 0.05

Impact on trade balance and economic growth (the second hypothesis, H2)

To assess the impact on trade balance and economic growth (H2), two separate 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 Downstream 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 9. Regression analysis results for oil & gas trade balance

Variable Coefficient () Standard Error t-statistic p-value 95% Confidence Interval
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

The analysis shows that improvements in DPEI_Al are significantly and positively associated with
a better OG_TradeBalance (B = 0.28, p < 0.001). This suggests that a one-unit increase in DPEI
(driven partly by Al) 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? value of 0.75 indicates a high explanatory power.
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The regression analysis for GDP growth indicates that DPEI_AI has a statistically significant posi-
tive effect (B = 0.18, p = 0.026). This suggests that improvements in downstream efficiency contribute
modestly but positively to Indonesia’s overall economic growth. Other factors like global demand and
a general investment index also significantly influence GDP growth. The model accounts for 72% of
the variance in GDP growth, confirming its relevance.

Model 2: Impact on annual GDP growth (GDP_Growth)

Table 10. Regression analysis results for annual GDP growth

Variable Coefficient (f3) Standard Error t-statistic p-value 95% Confidence Interval
DPEI_AI 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

**p<0.01, *p<0.001

These findings partially support H2. While the DPEI (influenced by Al) shows a statistically sig-
nificant positive impact on both trade balance improvement and GDP growth, the magnitude of
the impact, particularly on the trade deficit, remains moderate within the observed timeframe. This
aligns with scholarly findings that Al implementation, while beneficial, faces challenges like high
implementation costs and policy concerns that can temper immediate macroeconomic impacts. The
persistent 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. Our mod-
erate Al findings are reasonable because they are constrained by the harsh, well-documented realities
of the energy sector, as confirmed in [7, 10], the results highlight that AI’s benefits are contributing
to economic resilience by mitigating the negative forces, rather than fundamentally altering the trade
balance structure in the short term.

Mixed-methods findings on strategic alignment and implementation challenges (the third hypothesis, H3)

Findings on strategic alignment

Indonesia’s national Al policies demonstrate strong strategic alignment with downstream petro-
leum development plans. The National Al Strategy (Stranas KA)" and the “Making Indonesia 4.0”
roadmap prioritize energy and industry sectors for Al integration, a focus mirrored in the energy sec-
tor’s own strategies, such as SKK Migas’s IOG 4.0 Strategic Plan [12]. A government official empha-
sized Al’s importance for an efficient energy sector and broader economic goals. More information is
available from the Indonesian Petroleum Association.

Indonesian government agencies and state-owned companies are working together to use Al for
practical improvements. Their goal is to use Al to optimize current operations, like improving efficiency
and lowering costs. A key example is Pertamina, which uses Al to manage gas station data and forecast
fuel distribution, which helps prevent shortages and makes deliveries more efficient. The government is
also collaborating with global tech companies to develop these skills further.

Findings on implementation challenges

Despite the strong strategic intent, the findings from interviews and document analysis confirm
that significant constraints and challenges exist, supporting the latter part of H3. The digital divide

19 Safenet Voice (2022) Priorities and challenges of Indonesia’s artificial intelligence national strategy (Stranas KA). [online] Available at:
https://safenet.or.id/2022/05/priorities-and-challenges-of-indonesias-artificial-intelligence-national-strategy-stranas-ka/ [ Accessed 30.10.2025].
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remains a major impediment to uniform Al implementation. While national strategies emphasize
bolstering digital infrastructure, experts and reports confirm persistent gaps, particularly in remote
areas. A recent report noted that Indonesia still struggles with “regulatory, infrastructure gaps in Al
adoption”, including limited access to high-speed internet in rural regions. This uneven infrastruc-
ture distribution hinders the widespread deployment of Al solutions that require robust connectivity,
especially in geographically fragmented areas.

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 three million digital talents every year”.
While government and educational institutions are working to address this, the pace of Al develop-
ment outstrips the supply of skilled labor. This forces many companies to rely on external expertise
or focus only on basic operational Al applications, limiting the potential for more transformative
innovation.

Furthermore, organizational inertia and resistance to change, particularly within traditional indus-
tries like downstream petroleum, emerged as a significant challenge. 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
strategic 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 in-
novation remains limited. A joint study found that while Al adoption soared by 47% in 2024, 76% of
firms used it for basic operational tasks, with only 10% integrating it into strategic decision-making
or new business models. This indicates that Al is currently acting as an enabler for marginal efficien-
cy gains rather than a catalyst for fundamentally reconfiguring the downstream petroleum sector to
overcome structural issues like declining domestic production.

Comparison with other findings and confirmation of H3

The integrated mixed-methods findings provide strong support for H3, demonstrating that while a
strategic alignment exists between Indonesia’s national Al policies (such as “Making Indonesia 4.0”)
and its downstream petroleum development plans, the resulting transformative economic potential of
Al is significantly constrained by implementation challenges.

This conclusion is founded on an integrated analysis of qualitative and quantitative data. The qual-
itative evidence confirms the existence of strategic alignment, primarily derived from a systematic
examination of policy documents and industry reports. However, the same qualitative analysis high-
lights severe practical obstacles, which include a lack of digitally competent workers, inadequate in-
frastructure and pervasive organizational inertia or resistance to change within traditional industries.
These challenges are consistent with broader literature on Al adoption in developing countries and
effectively restrict the impact of Al to mere enhancements in operational efficiency, rather than cata-
lyzing substantial economic growth or mitigating the persistent trade deficit.

In the context of this mixed-methods research, the null hypothesis (H03) — positing either a lack
of significant effect from strategic alignment or the irrelevance of implementation challenges — is
rejected based on the cumulative weight of evidence, not solely on inferential statistical tests. The
process of triangulation is crucial: qualitative data on alignment and challenges provide a necessary
explanatory framework, elucidating why quantitative findings show only a modest impact of Al on
broader macroeconomic outcomes like the trade deficit despite high adoption rates. Therefore, the
integrated findings conclusively demonstrate that both strategic alignment and these implementation
challenges are critical and influential factors in determining the success of Al initiatives within the
downstream petroleum sector.
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Discussion

A study employed a mixed-methods approach to investigate the complex interplay among Al-driv-
en technological transformation, downstream petroleum demand and Indonesia’s economic growth,
addressing a gap in the literature. The findings contribute to existing scholarship by providing empirical
data and qualitative insights specific to the Indonesian context.

Interpretation of results and contribution to knowledge

A mixed-methods study found a significant positive correlation between Al adoption and opera-
tional efficiency in Indonesia’s downstream petroleum sector (supporting H1). Quantitative modeling
indicated only a moderate impact of Al on the oil and gas trade balance and GDP growth (partially
supporting H2). Qualitative findings confirmed strategic policy alignment but highlighted constraints
due to infrastructure gaps, skills shortages and organizational inertia (supporting H3 and rejecting
HO03). The research emphasizes that Al effectiveness is mediated by broader factors, contributing to
literature on technological adoption in emerging economies.

The paradox: Micro-success vs macro-constraint

The research establishes a critical paradox within Indonesia’s energy sector. Quantitative modeling
first confirmed a significant positive correlation between Al adoption and operational efficiency in
the downstream petroleum sector (supporting H1), validating the technological promise of Al at the
micro-level. This micro-level success, such as efficiency gains in logistics and demand forecasting,
confirms the potential for digital optimization highlighted by scholars in the region [3].

However, the analysis simultaneously revealed that this operational success does not translate into
significant, immediate macroeconomic impact (partially supporting H2). While Al-driven efficiency
gains demonstrate a statistically significant, positive influence on the oil and gas trade balance and
overall GDP growth, their contribution remains modest. This moderate macroeconomic impact sug-
gests Al is not yet fundamentally altering Indonesia’s structural dependency on imported downstream
products. This disconnect forms the central finding of the research. It necessitates the sequential ex-
planatory approach employed [1], where the qualitative findings (H3) are used to directly explain the
limitation of the quantitative results (H2).

Academic contribution and synthesis

The research begins by confirming existing literature on technology adoption, finding a positive
correlation between Al adoption and operational efficiency (H1). This validates the technological
promise of digitalization at the micro-level, aligning with established gains documented in logistics
optimization [3]. However, the study immediately pivots to provide a critical, nuanced perspective on
macroeconomic outcomes (H2). It reveals a highly constrained aggregate impact on national indi-
cators like the trade deficit, a finding that empirically substantiates scholarship that has long observed
Al’s limited effect in developing economies struggling with underlying structural dependencies [9].
This divergence — where micro-success fails to deliver macro-returns — establishes the central para-
dox of the research.

The unique academic contribution of this study lies in its methodological approach, employing the
sequential explanatory method to uncover the systemic friction behind this paradox. This synthesis
of quantitative and qualitative data empirically demonstrates that micro-level technological success
does not guarantee macro-level economic returns. By using the qualitative findings (H3) to directly
explain the constraints on the quantitative results (H2), the research moves beyond merely identifying
a problem; it provides a comprehensive diagnostic of the institutional failure.

Specifically, the identified implementation challenges (H3) provide granular, sector-level ev-
idence for structural warnings found in the policy literature. The constraints observed across digital
infrastructure and human capital directly corroborate the micro-level barriers to Al adoption faced by
Indonesian small and medium enterprises, lending empirical weight to the concerns raised by scholars
regarding resource limitations [10]. This shows that the difficulties encountered by a national state-
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owned enterprise are fundamentally the same as those facing a small enterprise when scaling digital
technology.

Furthermore, the structural issues observed — particularly the policy implementation gap — con-
firm the systemic constraints noted in the national energy transition literature. The study’s findings
reinforce the warnings that strategic intent, even when codified in documents like the National Al
Strategy (Stranas KA), is insufficient without direct institutional action [6, 11]. This demonstrates
that the national ambition to achieve the “Golden Indonesia 2045” vision is being undermined by
bottlenecks in policy execution and institutional inertia.

Ultimately, this research serves as a potent cautionary case study for emerging markets. It illus-
trates that the full realization of AI’s economic promise depends not just on acquiring technology,
but on robust infrastructure, human capital development, and overcoming organizational inertia. The
study concludes that strategic policy direction is not enough; it must be coupled with the political will
and structural remediation necessary to address these underlying systemic challenges, adding crucial
empirical weight to the theoretical concerns regarding technological leapfrogging.

Conclusion

This study successfully diagnosed the multifaceted challenge of leveraging Al for economic devel-
opment in Indonesia’s downstream petroleum sector, utilizing a sequential explanatory mixed-meth-
ods approach. Our analysis confirms that Al investment is effective at the micro-level, demonstrating
clear improvements in operational efficiency (H1 supported). However, this micro-level success does
not translate proportionally into significant macroeconomic gains — specifically in sustainably reducing
the oil and gas trade deficit (H2 partially supported/limited).

The qualitative phase explained this friction (H3), revealing that the primary obstacles are struc-
tural, centering on a fundamental disconnect between high-level policy (Stranas KA) and ground-lev-
el infrastructure and human capital capacity. Therefore, the strategic focus for Indonesia must pivot
from emphasizing the rhetoric of Al’s transformative potential to adopting practical, holistic strate-
gies that directly address these systemic constraints. To realize Al’s full economic contribution, the
government must move the National Al Strategy (Stranas KA) from an aspirational framework to an
enforceable sectoral mandate, which requires establishing a Joint AI Implementation Task Force be-
tween relevant ministries.

Concurrently, capital expenditure must shift towards targeted investments in dedicated digital net-
works linking energy-critical infrastructure, while mandating partnerships between state-owned en-
terprises and national universities to establish AI Governance and Data Science Academies to close
the critical skills gap. This integrated approach, which views Al as part of a solution to structural
deficits rather than a standalone fix, is essential for the downstream sector to significantly contribute
to the nation’s economic resilience and growth.

Limitations of the study

The study’s findings should be interpreted within its defined boundaries. The primary limitation
is the necessary reliance on aggregated or proxy data for Al investment due to the general unavail-
ability of high-resolution, sector-specific data. This restriction affects the precision of the quantitative
impact measures. Additionally, the qualitative component was confined by a small number of expert
interviews, which — while offering critical insights — limits the breadth of institutional perspectives
gathered. Finally, the study’s temporal focus up to 2024 inherently means it does not capture the long-
term, potentially more transformative, effects of Al, which often require a multi-year horizon to fully
materialize.

Future research

Based on the findings and limitations of this study, several avenues for future research are recom-
mended to advance the understanding of Al’s impact in emerging economies. First, a longitudinal
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study is warranted to track Al implementation over an extended period, such as a decade, which could
reveal the sustained, long-term effects on the downstream petroleum sector and the broader economy.
To support this, more robust quantitative analyses are necessary, requiring the gathering of granular,
sector-specific data on Al investment and performance metrics to overcome the current limitations
of aggregated data.

Furthermore, a regional comparative study could provide valuable insights into best practices and
contextual challenges by analyzing Al adoption in Indonesia against that of neighboring ASEAN
countries. A dedicated qualitative investigation into the mechanisms and effectiveness of Al policy
implementation should be pursued to identify the specific factors that either hinder or accelerate pro-
gress at the institutional level. Finally, further research should explore the specific impact of Al adop-
tion on human capital within the downstream sector, examining how technological change affects
skill requirements, potential job displacement, and the necessity for national reskilling programs.
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