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Abstract

This research establishes a corridor-focused screening framework aimed at prioritizing agro-processing siting and funding
along the northern section of the Trans-Sumatra Toll Road (JTTS) in Aceh and North Sumatra. Sectoral specialization is
initially determined through the Location Quotient (LQ) based on the Gross Regional Domestic Product (GRDP) structure
at the district level, subsequently refined via development-readiness indicators and assessed against corridor accessibility
using distance bands to toll gates. Capital requirements are evaluated and adjusted to 2022 prices by applying the time
value of money to create an indicative investment envelope. The evaluation procedure underscores nine essential regions
and four vital sectors—rice milling, integrated coconut processing, food production, and palm oil refining. The findings
suggest that proximity to the corridor significantly influences feasibility: sites within reasonable access bands demonstrate
clearer short-term viability, while locations exceeding 15 km from toll access are conditionally feasible and highly sensitive
to feeder-road stipulations. The estimated early funding framework is roughly IDR 15.87 trillion, chiefly directed towards
capital-intensive palm oil areas. This study's contribution lies in implementing a transparent and auditable stepwise
prioritization logic that connects specialization, readiness, access, and capital intensity into a screening-level decision-
support tool, while explicitly addressing access constraints, utilization risks, and environmental compliance factors.

Keywords: Agro-Processing Prioritization; Corridor Accessibility; Sectoral Specialization; Investment Screening Framework.

1. Introduction

Sumatra remains one of Indonesia’s principal commodity-producing regions, yet the translation of upstream
production strength into downstream agro-processing and value-added activities remains uneven across districts [1].
The ongoing development of the Trans-Sumatra Toll Road (JTTS) has reduced inter-regional travel frictions and created
new corridor linkages, but infrastructure provision alone does not automatically induce industrial upgrading [2]. Without
targeted siting and investment prioritization, corridor infrastructure may experience suboptimal utilization or spatially
concentrated benefits that are weakly connected to local production systems [3].

Existing studies on Indonesia’s toll-road expansion and corridor development primarily evaluate engineering
feasibility, traffic performance, financing mechanisms, or aggregate regional economic impacts [4]. Meanwhile,
research on industrial siting and agro-processing potential often operates at macro scales without explicitly integrating
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corridor access thresholds and capital intensity considerations [5, 6]. As a result, there remains limited operational
guidance on how to translate measurable sectoral specialization and district-level readiness into an investable shortlist
of corridor-linked agro-processing projects.

This study addresses that gap by developing a transparent, stepwise screening framework that links sectoral
specialization/Location Quotient (LQ), development readiness indicators, corridor access bands, and CAPEX
benchmarking into a coherent prioritization logic. Methodologically, the framework differs from conventional weighted
composite indices and generic multi-criteria siting models in three respects. First, it applies a sequential screening logic
rather than a compensatory weighting scheme, so weak performance in a critical dimension cannot be fully offset by
strength in another. Second, each stage relies on observable indicators and explicit thresholds, which improves
transparency, auditability, and replicability for planning practice. Third, the framework incorporates indicative financial
feasibility at the screening stage through CAPEX benchmarking and feeder-road stress testing, thereby linking spatial
prioritization to investability rather than stopping at locational attractiveness alone [7, 8].

2. Related Work and Theoretical Framing
2.1. Integrating Location Theory with Economic Corridor Development

The relationship between transportation infrastructure and economic development has been extensively theorized in
regional science and economic geography. Weber's industrial location theory [9] provides a foundational framework for
understanding spatial economic patterns, positing that industries locate where transportation costs for raw materials and
finished products are minimized. This theory establishes the critical role of transportation infrastructure in shaping
industrial geography, with industries tending to concentrate near resource extraction points, markets, or intermediate
locations where total transportation costs are optimized. Weber's model, though developed in an early industrial context,
remains relevant for understanding how major infrastructure projects like the Trans Sumatra Toll Road can influence
industrial location decisions in developing economies.

Complementing Weber's cost-based approach, Losch's optimal industrial location theory [10] introduces demand-
side considerations, arguing that optimal industrial locations emerge where market coverage is maximized. This theory
suggests that industries will develop in locations that allow them to dominate regional markets, creating spatial patterns
of economic activity that align with transportation corridors. Losch's framework is particularly relevant for
understanding how the JTTS can catalyse industrial development by connecting producers with broader markets across
Sumatra Island.

The concept of economic corridors represents a modern theoretical integration of these classical location theories
with contemporary development planning. Economic corridors are long-term projects that must address challenges
beyond physical infrastructure to become fully operational [11]. Economic corridor development (ECD) functions as a
spatial or area-based concept a process of widening, deepening, and integrating economic activities in a spatially targeted
manner. This approach recognizes that infrastructure alone does not guarantee economic development; rather, it requires
strategic alignment with regional economic potentials and industrial development planning. A successful ECD will
increase connectivity through trade integration and infrastructure development leading to increased regional economic
growth [12]. The LQ analysis serves as a critical methodological tool within this framework, enabling researchers to
identify regionally specialized economic sectors by comparing local industry concentrations to national averages [13].
This analytical approach provides an empirical foundation for targeting industrial development strategies along
transportation corridors. Figure 1 presents the conceptual framework that integrates these theoretical perspectives with
the practical application to the JTTS corridor development:

Utilities

Transportation
Infrastructure
Development

Ports

Industrial
Industrial Estate

Development
Industrial
Estate

Economic
Activity
Zone

Industrial
Estate

Industrial
Estate

Economic
Activity
Zone

Industrial
Estate

Economic
Activity Zone

\ Transportation /

Infrastructure

Supporting

Regional Infrastructure

Economic __/
Growth

N~

Transportation
Infrastructure

Figure 1. Conceptual Framework for Infrastructure-Industry Integration in Economic Corridor Development
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2.2. Empirical Evidence on Infrastructure-Industry Integration

Empirical studies on infrastructure—industry integration show that transport corridors can improve connectivity,
reduce generalized logistics costs, and create new opportunities for regional production systems. However, the literature
also indicates that infrastructure provision alone does not automatically generate industrial upgrading. Many studies
remain focused on engineering feasibility, aggregate regional impacts, or broad development effects, while offering
limited operational guidance on how corridor investments should be translated into district-level industrial prioritization
and project packaging [3, 8, 12].

A second stream of literature examines industrial siting, regional specialization, and investment potential, often using
macroeconomic indicators or sectoral concentration measures to identify promising locations. While this work is useful
for revealing where productive advantages may exist, it often stops short of specifying how those advantages should be
filtered through practical access constraints, implementation readiness, and capital requirements. As a result, the
connection between corridor opportunity and investment-ready agro-processing siting remains methodologically
underdeveloped [5, 6, 14].

Taken together, the literature tends to bifurcate into two strands: corridor and infrastructure studies that emphasize
connectivity and broad economic effects, and industrial or financing studies that emphasize sectoral potential or
investment logic. What remains insufficiently developed is a transparent and replicable screening framework that can
connect a named corridor to district-level industrial prioritization using explicit economic signals, practical accessibility
criteria, and indicative investment feasibility. The present study addresses this gap by proposing a stepwise and auditable
screening logic that links specialization, readiness, access, and CAPEX benchmarking into a corridor-oriented decision-
support tool [7, 15, 16].

This framing positions the study not as a broad corridor-impact assessment, but as an implementation-oriented
prioritization framework designed to improve transparency and auditability in early-stage industrial screening.

2.3. Analytical Logic and Theoretical Grounding of the Screening Workflow

The research adopts a corridor-centric locational framework wherein transportation infrastructure influences
industrial placement primarily by altering generalized trade expenses and market accessibility, while the realization of
investments is contingent upon local productive capacities and financial viability constraints. In this context, the Trans
Sumatra Toll Road (JTTS) is conceptualized as a principal corridor that can facilitate agro-processing solely when
prospective districts integrate (i) comparative production advantages, (ii) adequate local preparedness to initiate and
expand industrial operations, and (iii) effective connectivity to corridor nodes that mitigate first-mile/last-mile
inefficiencies [17, 18].

The analytical framework interlinks three complementary dimensions. In the beginning, economic-base theory is the
backbone of using Location Quotient (LQ) as a clear gauge of sector-specific specialization and relative production
prowess. While LQ does not establish causative relationships, it serves as a transparent evaluative measure to discern
sectors that are plausibly amenable to downstream processing. Subsequently, location theory and corridor economics
underscore the significance of logistical expenses and accessibility; this necessitates explicit access parameters to toll
gates and acknowledges that the conditions of feeder roads may become restrictive beyond a certain practical threshold.
Finally, the logic of project finance necessitates the benchmarking of capital expenditures (CAPEX) and the
normalization of costs through the time value of money, as corridor-driven industrialization ultimately necessitates
investable projects rather than merely spatial potential [5, 13, 19].

This study addresses the implementation gap between corridor planning and project-level industrial prioritization by
operationalizing a sequential decision hierarchy that moves from specialization to readiness, from readiness to access,
and from access to indicative capital feasibility. Unlike weighted composite approaches, this hierarchy preserves the
analytical distinctiveness of each filter and improves auditability because each inclusion or exclusion decision can be
traced back to explicit criteria. Expert interviews are used not to generate subjective scores or re-weighting coefficients,
but to validate the plausibility, practicality, and implementation relevance of the shortlisted outcomes. The framework
is therefore positioned as a screening-level decision-support mechanism rather than a causal impact model, with its main
contribution lying in the integration of spatial accessibility and financial feasibility into a transparent corridor-oriented
industrial siting logic [3, 5, 15].

3. Research Methodology

This study employs a mixed-methods research design that integrates quantitative analysis with qualitative validation
to systematically identify and develop industrial estates from leading economic sectors in Northern Sumatra region. The
research follows a case study approach focused on Nanggroe Aceh Darussalam and North Sumatra provinces, which
represent a critical section of the JTTS corridor where strategic industrial development can significantly impact
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infrastructure utilization. This methodological choice is justified by the need to address complex, context-specific
questions regarding infrastructure-industry integration in developing country contexts, where both numerical data and
contextual understanding are essential for developing actionable strategies.

The research design incorporates elements of explanatory sequential mixed methods, where quantitative analysis of
regional economic data precedes and informs subsequent qualitative validation through expert interviews. This approach
enables the systematic identification of leading economic sectors through objective metrics, followed by practical
validation of development strategies with industry experts. The mixed-methods design addresses the limitations of
previous studies that have tended to focus exclusively on either technical/financial aspects or broad economic potential
assessments without integrating these domains [20].

The study focuses on Northern Sumatra region, encompassing Nanggroe Aceh Darussalam and North Sumatra
provinces, which constitute the northern segment of the JTTS corridor. This region was selected as the research location
due to its strategic importance in the overall toll road network and its significant economic potential that remains
underutilized. The research utilized economic data primarily from 2020, as this represents the most recent
comprehensive dataset available at the time of analysis and provides a consistent baseline for cross-regional comparison.
The research was conducted between January 2021 and June 2022, allowing sufficient time for data collection, analysis,
and expert validation prior to the anticipated completion timeline of the JTTS project in 2029.

This research encompasses all economic sectors operating within 34 regencies and municipalities in Nanggroe Aceh
Darussalam and North Sumatra provinces as its population base. A purposive sampling method was utilized to select
leading economic sectors determined through regional specialization indicators. Location Quotient (LQ) analysis was
conducted on Gross Regional Domestic Product (GRDP) data to detect sectors exhibiting substantial regional
concentration relative to national benchmarks. Consistent with Morrissey's [14] methodology, economic sectors
demonstrating LQ coefficients above 1.0 were classified as regionally specialized, with additional stratification
distinguishing moderately specialized sectors (LQ ranging from 1.0 to 1.5) from highly specialized sectors (LQ
exceeding 1.5).

The sampling process involved two stages: first, identifying specialized economic sectors at the provincial level; and
second, selecting specific regencies and cities for detailed analysis based on their contribution to specialized sectors.
For the final analysis, five regencies or cities with the highest GRDP values in each specialized sector were selected for
detailed investment cost estimation. This approach ensured that the analysis focused on areas with the greatest economic
potential while maintaining manageable scope for detailed investigation.

The research employed three primary instruments for data collection: literature review, benchmarking, and in-depth
interviews with industry experts. The literature review instrument focused on extracting relevant theoretical frameworks,
methodological approaches, and empirical findings from academic publications, government reports, and industry
documents related to infrastructure-industry integration. The benchmarking instrument compared the study region's
economic indicators with successful corridor development cases globally to identify transferable strategies.

The in-depth interview protocol, validated through pilot testing with two industry experts, included 15 structured
questions covering sector specialization, investment requirements, infrastructure needs, and implementation challenges.
Interviews were recorded with participants' consent to ensure accurate documentation of responses and were
subsequently transcribed for analysis. Table 1 presents the research variables and their operationalization:

Table 1. Research Variables and Operationalization

Variable Category Indicator Measurement Approach
Human Development Index Analysis of education, health, and standard of living metrics at regency/city level
Regional Development Economic Growth GRDP growth rate analysis
Leading Sectors LQ analysis of GRDP by economic sector
. Identification of highest and lowest prices in target regions using data from National Land
Land Price
Agency (BPN) and property platforms
Investment Cost Construction Price Benchmarking against similar industrial development projects
Equipment and Machinery Capacity factor estimation method
Infrastructure Analysis of required supporting infrastructure

Data collection followed a systematic three-phase procedure, as illustrated in Figure 2. The first phase involved
comprehensive literature review and secondary data collection from official sources including the Central Bureau of
Statistics (BPS) for Aceh and North Sumatra provinces (2020-2021), National Development Planning Agency
(Bappenas), and Ministry of Public Works and Housing. This phase yielded regional economic data, infrastructure plans,
and policy documents essential for contextual understanding.
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Figure 2. Data Collection Procedures

The second phase implemented benchmarking analysis, comparing the study region's economic indicators with
successful economic corridor developments globally. This involved identifying best practices from international cases
and assessing their applicability to the Northern Sumatra context. The benchmarking focused on corridor development
strategies, industrial estate planning, and public-private partnership models.

The third phase consisted of in-depth interviews with eight industry experts possessing extensive experience in
infrastructure development, industrial planning, and regional economic policy in Indonesia. The expert selection
followed a snowball sampling technique, beginning with contacts from the research team's professional network and
expanding through referrals. Interviews were conducted virtually between March and May 2022, each lasting
approximately 60-90 minutes, and were recorded for accuracy with participants' consent.

The data analysis employed a sequential mixed-methods approach combining quantitative and qualitative
techniques. The primary quantitative method was LQ analysis, calculated using the formula:

°t/e

10 =7 M

where, e; and e are the sectoral and total GRDP of a district/city, and E; and E are the sectoral and total provincial
GRDP. This analysis identified specialized economic sectors in each district and city, with LQ values >1.0 indicating
regional specialization. The analysis was complemented by economic growth rate calculations to assess sector
dynamism.

For investment cost estimation, TVM analysis was employed to project future investment requirements,
incorporating inflation rates and opportunity costs. The analysis follows a feasibility-oriented cost-normalization logic
adapted for industrial estate development [19]. Capacity factor estimation was applied to equipment and machinery costs
using the 0.6 exponent rule [21], which accounts for economies of scale in industrial facility development.

Qualitative data from expert interviews underwent thematic analysis. The researcher analyzed the interview
transcripts to identify recurring themes, critical feedback, and consensus points regarding the proposed industrial
development strategy. This expert validation step ensured that the quantitative findings were not only analytically
consistent but also contextually relevant and practically interpretable, which is important in corridor-oriented industrial
screening studies where implementation conditions can materially alter project prioritization [20].

This integrated methodological approach enabled the systematic identification of leading economic sectors and the
development of evidence-based strategies for industrial estate development along the JTTS corridor, providing a robust
foundation for maximizing infrastructure utilization and regional economic development.

4. Results and Discussion

The results show that corridor-linked agro-processing prioritization in Northern Sumatra is shaped by the interaction
of four screening dimensions: regional economic structure, district-level readiness, corridor accessibility, and indicative
capital requirements. Rather than treating these dimensions as separate descriptive findings, the analysis is organized as
a sequential screening logic that moves from economic concentration and sectoral specialization to access-sensitive
filtering, investment implications, and expert-based interpretation. This structure helps clarify which district—industry
combinations emerge as robust, which remain conditional, and which face material constraints before project-level
feasibility analysis is undertaken.
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4.1. Economic Structure and District-Level Industrial Screening

The 2020 GRDP profile, summarized in Table 2, indicates that economic activity in the northern JTTS corridor is
spatially concentrated rather than evenly distributed. In Aceh, five districts—Aceh Utara, Banda Aceh, Aceh Besar,
Bireuen, and Pidie—collectively account for 45.1% of provincial output. In North Sumatra, Medan, Deli Serdang,
Langkat, Simalungun, and Asahan contribute 57.6% of the provincial GRDP. This concentration pattern suggests that
corridor-linked industrialization should be anchored in districts where economic density, productive specialization, and
factor mobility are already relatively strong, rather than dispersed uniformly across the corridor. The resulting spatial
configuration also points to a functional complementarity between the two provinces: Aceh is more strongly associated
with upstream commodity production, while North Sumatra plays a larger role in downstream processing,
manufacturing, and market connectivity.

Table 2. Regional Economic Concentration (2020 GRDP)

Province Top S?Sr:ﬁli'(i:?suting 2020 GRDP Shagé&?ﬁ;{:?dal Main Economic Role

Aceh Utara 19,694,746.80
Banda Aceh 18,287,592.30

Aceh Aceh Besar 13,329,465.29 45.1 Agriculture, Mining, Trade
Bireuen 13,090,471.00
Pidie 10,759,990.70
Medan 242,198,241.66
Deli Serdang 110,145,244.53

North Sumatra Langkat 43,207,997.56 57.6 Manufacf_u(:gilgt,icPslantation,
Simalungun 39,441,345.32
Asahan 38,691,821.26

As shown in Table 3, sectoral specialization measured through Location Quotient (LQ) refines this broad economic
geography by identifying where tradable activities exhibit comparative regional strength. The results indicate
differentiated specialization patterns across the shortlisted districts. In Aceh, agriculture remains dominant, particularly
in Aceh Utara, Bireuen, and Pidie, while mining appears as an important secondary base in Aceh Utara and Aceh Besar.
In North Sumatra, the structure is more dualistic, combining strong agricultural specialization in Langkat, Simalungun,
and Asahan with manufacturing strength in Deli Serdang and, to a lesser extent, Asahan.

Table 3. LQ Analysis of Key Economic Sectors in The Northern JTTS corridor (Aceh and North Sumatra)

Regency/City 2020 G_R!DP _LQ LQ LQ ) LQ Clgss LQ_QIass LQ Class

(IDR million)  Agriculture ~ Mining Manufacturing (Agri) (Mining) (Manuf)
Aceh Utara 19,694,746.80 1.195 3.503 1.822 B R R
Banda Aceh 18,287,592.30 0.042 0 0.442 N N N
Aceh Besar 13,329,465.29 0.809 1.132 0.519 N B N
Bireuen 13,090,471.00 1.136 0.481 0.326 B N N
Pidie 10,759,990.70 1.349 0.618 0.616 M N N
Medan 242,198,241.66 0.053 0.001 0.727 N N N
Deli Serdang 110,145,244.53 0.494 0.566 1.600 N N R
Langkat 43,207,997.56 1.868 7.463 0.818 R R N
Simalungun 39,441,345.32 2.360 0.184 0.594 R N N
Asahan 38,691,821.26 1.710 0.163 1.197 R N B

Note: N = Not specialized (LQ< 1.00); B = Borderline (1.00-1.24); M = Moderate (1.25-1.49); R = Robust (>1.50).
This confirms that the corridor does not traverse a uniform economic landscape, but rather a sequence of districts
with distinct productive roles that can be matched to different agro-processing typologies.

The LQ interpretation is strengthened by distinguishing robust, moderate, and borderline specialization signals.
This is analytically important because values marginally above 1.0 do not necessarily indicate strong industrial
dominance. In the present study, candidates with stricter LQ performance remain more credible as corridor-linked
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priorities, whereas borderline cases are treated more cautiously and require stronger corroboration through
readiness, access, and feasibility filters [13, 14].

Economic specialization by itself is not sufficient to justify industrial prioritization. For that reason, the LQ results
were cross-checked against three readiness dimensions: sectoral GRDP composition, provincial potential sectors, and
Human Development Index (HDI). Taken together, these indicators help distinguish districts that are not only
specialized, but also institutionally and socioeconomically better positioned to absorb corridor-linked industrial growth
[22-24].

The readiness profile reveals a clear contrast between market-service hubs and production-oriented districts. Medan
and Banda Aceh exhibit relatively high development indicators but lower relevance as primary locations for new agro-
processing investment. By contrast, districts such as Aceh Utara, Pidie, Langkat, Simalungun, and Asahan combine
stronger commaodity-linked production structures with more compelling justification for industrial expansion. Table 4
summarizes the sectoral GRDP distribution in the priority areas used to support the readiness filter.

Table 4. Sectoral GRDP Distribution in Priority Areas (% of GRDP)

Province Regency/City Agriculture Mining Manufacturing  Sum of 3 Sectors
Aceh Utara 36.38 15.76 8.45 60.59
Banda Aceh 1.29 0 2.05 3.34
Aceh Aceh Besar 24.6 5.09 24 32.09
Bireuen 34.57 2.16 151 38.24
Pidie 41.06 2.78 2.86 46.7
Medan 111 0 14.12 15.23
Deli Serdang 10.46 0.70 31.05 42.21
North Sumatra Langkat 39.57 9.22 15.89 64.68
Simalungun 49.99 0.23 11.54 61.76
Asahan 36.22 0.20 2324 59.66

Three indicators structure readiness: sectoral GRDP distribution, province-level potential sectors, and the Human
Development Index (HDI). The sectoral distribution shows high tradables shares in commodity and processing districts.
In Aceh, the combined share of agriculture, mining, and manufacturing reaches 60.59% in Aceh Utara, 46.70% in Pidie,
38.24% in Bireuen, and 32.09% in Aceh Besar, while Banda Aceh is 3.34% due to its service profile. In North Sumatra,
the totals are 61.76% in Simalungun, 59.66% in Asahan, 64.68% in Langkat, 42.21% in Deli Serdang, and 15.23% in
Medan, confirming Medan’s role as a market node rather than a production base.

Table 5 confirms that potential sectors at the provincial level align with this pattern. In Aceh, within agriculture,
plantation crops lead and—along with food crops—anchor upstream supply; within manufacturing, food and beverages
ranks first. In North Sumatra the dominance is stronger: agriculture totals IDR 173.08 trillion with plantation crops at
IDR 86.50 trillion, and manufacturing totals IDR 156.50 trillion with food and beverages at IDR 114.88 trillion. These
values justify palm-oil and food processing in North Sumatra and rice—coconut chains in Aceh.

Table 5. Provincial “Potential Sectors”

. GRDP . GRDP

Province Sector (IDR million) Leading Subsector (IDR million)

Agriculture, Forestry, Fisheries 51,545,380 Plantation Crops 13,150,770

Aceh
Manufacturing 7,593,030 Food & Beverages 3,161,700
Agriculture, Forestry, Fisheries 173,083,470 Plantation Crops 86,501,670
North Sumatra

Manufacturing 156,503,610 Food & Beverages 114,881,700

HDI introduces a labor-readiness lens and a social-equity filter. Table 6 reveals that Aceh’s Banda Aceh is “very
high,” so not a primary target for new industrialization; Aceh Utara is “medium,” and Aceh Besar, Bireuen, and Pidie
are “high,” suitable for employment expansion. In North Sumatra, Medan is “very high,” Deli Serdang—Simalungun—
Langkat are “high,” and Asahan is upper “medium-high,” suggesting the largest marginal gains from
industrialization in Asahan—Langkat—Simalungun. Categories follow BPS thresholds: very high (>80), high (70—
<80), medium (60-<70), low (<60).
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Table 6. Human Development Index (HDI) and Readiness Class (Average 2018-2020)

Province Regency/City Avg. HDI BPS Class Population 2020
Aceh Utara 69.030 Medium 602,793
Banda Aceh 84.987 Very High 252,899
Aceh Aceh Besar 73.283 High 405,535
Bireuen 71.940 High 436,418
Pidie 70.380 High 435,275
Medan 80.867 Very High 2,435,252
Deli Serdang 75.263 High 1,931,441
North Sumatra Langkat 70.677 High 1,030,202
Simalungun 72.907 High 990,246
Asahan 69.900 Medium-High 769,960

Commodity data further sharpen the industry selection process. In Aceh, rice production is concentrated in districts
such as Aceh Utara and Pidie, while coconut-related potential supports integrated coconut processing in Aceh Besar and
Bireuen. In North Sumatra, palm-oil production is strongly concentrated in Asahan, Simalungun, and Langkat, whereas
Deli Serdang stands out as the most plausible node for food manufacturing due to its stronger industrial base and market
accessibility.

The screening process therefore yields four prioritized industrial typologies: rice milling, integrated coconut
processing, food manufacturing, and palm-oil processing. These typologies are not assigned generically across the
corridor, but matched to districts whose economic profiles indicate both commaodity fit and implementation relevance.

These results indicate that corridor-linked agro-processing development should not be treated as a generic regional
industrialization strategy. Instead, the evidence supports a differentiated district—sector matching logic, in which
industrial typologies are prioritized according to local resource endowments, development readiness, and practical
access conditions.

Figure 3 summarizes the spatial distribution of the shortlisted industrial typologies across the principal districts
identified in the screening process. The pattern is clearly differentiated rather than uniform. Aceh-based districts are
more strongly associated with rice milling and integrated coconut processing, reflecting the province’s upstream
commodity structure and the concentration of paddy and coconut resources. By contrast, North Sumatra shows a stronger
orientation toward palm-oil processing, especially in Asahan and Simalungun, while Deli Serdang emerges as a localized
node for food manufacturing due to its stronger market access, industrial base, and corridor connectivity.

Aceh Besar

Aceh Utara

Pidie

Bireuen

District

Deli Serdang

Shortlisted candidate sites

Langkat
Simalungun
Asahan
) aut ) 409
e ot a0 o  or0ce
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AN 00 P

Shortlisted industry

Figure 3. Comparative sectoral prioritization across shortlisted districts
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This comparative view strengthens the argument that corridor-linked agro-processing development should not be
treated as a generic regional industrialization strategy. In analytical terms, the figure complements the tabular results by
making the territorial pattern of sectoral prioritization more visible and by clarifying how the corridor framework
translates regional economic structure into a geographically distributed shortlist of investment opportunities. While
sectoral specialization and readiness help identify where corridor-linked agro-processing is plausible, practical
prioritization depends on whether shortlisted locations can access the JTTS under feasible first-mile conditions.

Because the GRDP structure used for LQ is based on 2020 data, pandemic-year shocks may distort sectoral shares
and therefore affect borderline specialization signals. For that reason, LQ values are treated as screening proxies rather
than causal indicators, and borderline cases are interpreted cautiously [13, 14]. To address the concern that LQ values
marginally above 1.0 may not indicate economically dominant specialization, the study applies a threshold sensitivity
framing using stricter cutoffs (LQ > 1.25 and LQ = 1.5) to distinguish robust priorities from conditional ones [13, 14].

4.2. Corridor Accessibility and Access-Sensitive Prioritization

As illustrated in Figure 4, industrial siting in the study follows two linked rules: processing facilities should be
located in high-productivity sub-districts to secure raw-material capture, while also minimizing access distance to the
JTTS in order to reduce first-mile and last-mile costs. On that basis, candidate sites were mapped in Google Earth Pro
and measured against the nearest toll gate or corridor segment using Euclidean distance. At the screening stage, this
metric serves as a transparent and spatially explicit proxy for accessibility rather than as a substitute for network distance
or travel time. Its value lies in enabling direct comparison across heterogeneous districts before more detailed
engineering and logistics data are introduced [5, 6].

Thailand Philippines
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3. Bireun
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5. Langkat
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@ Rice Processing Factory

Figure 4. Proposed Locations of 22 Industrial Estates along the JTTS Corridor in Northern Sumatra

The representative access distances reported in Table 7 reveal substantial heterogeneity in practical corridor access.
In Aceh Besar, Seulimeum lies within sub-kilometer reach of the Jantho gate, while Lhoknga is far more distant. In
Aceh Utara, candidate sites range from relatively accessible locations such as Cot Girek to more distant rice-milling
locations such as Muara Batu and Sawang. Pidie presents the clearest case of access stress, with all shortlisted sites
concentrated at relatively long distances from the Padang Tiji gate. In contrast, Simalungun contains both near-corridor
and farther-removed palm-oil candidates, illustrating how the same district may contain markedly different logistics
conditions depending on the exact siting choice.

These patterns show that corridor presence alone is insufficient as an accessibility indicator. What matters for
investment screening is not merely whether a district lies on the corridor, but whether candidate sites can connect to
corridor nodes under cost conditions compatible with agro-processing operations [5, 25].

Because Euclidean distance is a lower-bound proxy that ignores road-network circuity, terrain, and local connectivity
quality, the analysis does not treat access bands as exact logistics cost measures. Instead, the bands are interpreted as
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screening-stage indicators, with threshold-sensitive cases explicitly flagged for subsequent validation using network-
based distance and travel-time analysis [5, 7].

Table 7. Representative JTTS Access Distances by Candidate Sites

Province District Site Industry Nearest JTTS Gate / Segment Distance (km)
Seulimeum Integrated coconut TG Jantho 0.854
Aceh Besar Kuta Cot Glie Rice milling TG Indrapuri 1.968
Lhoknga Rice milling TG Kutabaro 16.748
Cot Girek Palm-oil mill TG Lhoksukon 5.567
Aceh Utara Meurah Mulia Rice milling TG Lhokseumawe 10.215
Sawang Rice milling TG Bireuen 17.076
Aceh Muara Batu Rice milling TG Bireuen 19.874
Mutiara Integrated coconut TG Padang Tiji 18.176
Pidie Mutiara Timur Rice milling TG Padang Tiji 20.082
Glumpang Baro Rice milling TG Padang Tiji 22,731
Kota Juang Rice milling TG Bireuen 1.567
Bireuen Kuala Rice milling TG Bireuen 2.102
Gandapura Integrated coconut TG Bireuen 12.946
Deli Serdang Pancur Batu food manufacturing TG Amplas 11.169
Langkat Brandan Barat Palm-oil mill TG Pangkalan brandan 0.78
Air Batu Palm-oil mill TG Kisaran 2.545
Aek Kuasan Palm-oil mill TG Asahan 4784
North Sumatra Asahan Air Joman Palm-oil mill TG Kisaran 8.944
Aek Songsongan Palm-oil mill TG Asahan 9.570
Buntu Pane Palm-oil mill TG Kisaran 4.102
Simalungun Jorlang Hataran Palm-oil mill Kuala Tanjung-Tebing Tinggi—Parapat 0.615
Simalungun Jawa Maraja Bah Jambi Palm-oil mill Kuala Tanjung-Tebing Tinggi—Parapat 13.979

4.3. Investment Envelope and Implementation Implications

After spatial and access-sensitive filtering, the shortlisted candidates were translated into an indicative investment
envelope using cross-facility benchmarking and time-value-of-money normalization to 2022 prices. This approach
makes it possible to compare industrial typologies and districts on a consistent cost basis. The resulting cost structure is
shaped by three main components: land acquisition, building construction, and machinery or equipment [19, 21]. Table
8 summarizes the benchmark industrial typologies and the district-level candidate distribution used to structure this
investment envelope.

The district-level profile shows marked heterogeneity in capital requirements. In Aceh, the combined programs in
Aceh Utara, Aceh Besar, Bireuen, and Pidie generate a substantial investment envelope driven by the mix of rice and
coconut facilities. In North Sumatra, the capital burden is even more concentrated, especially in Simalungun and Asahan,
where multiple palm-oil mills and larger land footprints push costs upward.

Plant counts per district are anchored in annual raw-material balance, 300 operating days, and benchmark plant
capacities; market concentration informs the single food factory siting in Deli Serdang, while commaodity productivity
and toll access determine rice, coconut, and palm-oil allocations elsewhere. For Langkat’s 110.4 thousand tons/year of
FFB, the capacity rule yields 0.341 of a standard unit, rounded to one mill and then sited in high-productivity sub-
districts; the same rationing logic underpins the Aceh rice and coconut programs.

Benchmark plant capacities are treated as nameplate planning references for CAPEX normalization and should not
be interpreted as guaranteed operating levels at each shortlisted district. In commaodity-based systems, upstream supply
can fluctuate seasonally and inter-annually due to harvest cycles, weather variability, farm-gate price dynamics, and
procurement competition. This creates an overcapacity risk if facilities are sized assuming sustained high utilization
while effective procurement catchments and first-mile logistics cannot reliably support it. At screening level, this
uncertainty is addressed by treating capacity choices as conditional and emphasizing phased or modular scaling, widened
sourcing catchments (where feasible), and supporting measures such as storage, scheduling, and contract-farming
arrangements in subsequent feasibility work [26, 27].
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Table 8. Benchmark Plant Capacities and Candidate Units by District

Province District Industry Units Benchmark capacity
Aceh Utara Rice milling + Palm oil 4 360 - 1,080 t/day
Aceh Besar Rice milling + Integrated coconut 3 360-400 t/day
Aoeh Bireuen Rice milling + Integrated coconut 3 360-400 t/day
Pidie Rice milling + Integrated coconut 3 360-400 t/day
Deli Serdang Food manufacturing 1 0.55 t/hour
Langkat Palm oil 1 1,080 t/day
North Sumatra
Simalungun Palm oil 2 1,080 t/day
Asahan Palm oil 5 1,080 t/day

At the aggregate level, the study estimates a total initial investment requirement of approximately IDR 15.87 trillion
across eight districts and four priority industries. The investment envelope is not merely an accounting total, but an
indicator of the scale of transformation required to convert Northern Sumatra’s commodity base into a corridor-linked
agro-industrial system.

The financial interpretation of these estimates is important because corridor industrialization is likely to be highly
uneven in capital intensity. Palm-oil clusters in Simalungun and Asahan require much heavier financial commitment
than rice milling or food manufacturing, meaning that project packaging, sequencing, and financing structure cannot be
standardized across all shortlisted candidates.

From an implementation perspective, the investment results support a phased corridor-development strategy. Sites
with short access distances and manageable feeder burdens are more suitable for near-term packaging, while access-
dependent candidates should proceed only when feeder-road commitments, public co-investment, or hybrid financing
arrangements become clearer [16, 28].

To assess the financial viability of access-dependent candidates once first-mile upgrading is factored in, Table 9
classifies six industrial sites in Aceh Province into three priority tiers based on feeder-road CAPEX impact under
medium-cost assumptions. All six sites are located beyond the practical 15-km access threshold, with excess upgrade
lengths ranging from 1.7 km to 7.7 km. The results reveal a clear risk gradient: near-term candidates face relatively
modest CAPEX increases, conditional candidates show wider cost penalties and greater implementation uncertainty,
and the most distant site becomes a high-risk proposition.

Table 9. Feeder-Road Cost Stress Test: Priority-Based Classification

i * 23
Priority Site District Distance from Upgrade Length Feeder Cost CAPEX Impact

Toll (km) L (km) (IDR bn) (%)
Near-term Lhoknga Aceh Besar 16.748 1.748 175 +10.7%
Near-term Sawang Aceh Utara 17.076 2.076 20.8 +12.7%
Conditional Mutiara Pidie 18.176 3.176 318 +6.4%
Conditional Muara Batu Aceh Utara 19.874 4.874 48.7 +29.7%
Conditional Mutiara Timur Pidie 20.082 5.082 50.8 +31.0%
High-risk Glumpang Baro Pidie 22.731 7.731 77.3 +47.1%

* Feeder cost assumes IDR 10 billion/km (medium-cost case). CAPEX impact = feeder-road cost / baseline industrial-facility CAPEX x 100. Upgrade length
L = max(d - 15, 0), where d is the distance from the nearest toll gate.

Figure 5 visualizes the relationship between distance from the nearest JTTS toll gate and feeder-road CAPEX impact
for the six access-dependent sites assessed in Aceh Province. The overall pattern is positive: sites located farther beyond
the practical 15-km access threshold tend to face larger feeder-road CAPEX penalties. Near-term candidates such as
Lhoknga and Sawang remain associated with relatively modest cost impacts, while conditional candidates display
greater dispersion due to differences in baseline project size and cost structure. Glumpang Baro stands out as the clearest
high-risk case, combining the greatest excess distance with the largest CAPEX burden.
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Figure 5. Relationship between toll-gate distance and feeder-road CAPEX impact

The analytical value of Figure 5 lies in making the first-mile constraint more legible. The relationship is not perfectly
linear because project scale and cost structure still matter, but the visual pattern confirms that corridor distance is a
financially material variable in investment screening. In practical terms, the figure supports the study’s distinction
between near-term, conditional, and high-risk priorities by showing that feeder upgrading requirements increasingly
alter project viability as candidate sites move farther from trunk infrastructure [5].

These findings also clarify why some apparently promising district—industry pairs cannot be treated as equally
investable. A strong commodity base and plausible industrial fit may still yield only conditional priority status when
feeder-road burdens become sufficiently large.

4.4. Expert Validation

As summarized in Table 10, the expert inputs converge on the importance of explicit access screening, realistic cost
normalization, and clearer distinction between robust and conditional candidates. The expert validation exercise
generally supports the analytical direction of the framework while also clarifying its operational boundaries.
Practitioners in industrial development and regional infrastructure agreed that agro-based industries remain the most
viable corridor-linked growth engines in the study area, particularly when toll access and feeder connectivity are treated
as explicit enabling conditions. There was also broad agreement that network-based accessibility would be preferable at
implementation stage, but that simplified spatial distance remains acceptable at screening stage so long as its limitations
are stated clearly and threshold-sensitive cases are identified transparently.

Table 10. Structured summary of expert validation

- Level of . . . .
Validation Theme Consensus Main Expert Observation Analytical Implication
Priority of agro- Hiah Rice, coconut, palm oil, and food processing remain the most realistic Supports the shortlisted sectoral
processing sectors g corridor-linked industries in the study area. focus.
Use of accessibility Hiah Network-based accessibility is preferable for implementation, but Supports Euclidean distance as a
metrics 9 simplified spatial distance remains acceptable for early-stage screening. screening proxy with limitations.
CAPEX normalization Hiah TVM-based normalization is necessary for comparability across time Supports the financial
method 9 and locations. benchmarking framework.
) . HSBGN and local land-price variation should be incorporated in later-  Positions current CAPEX estimates
Cost refinement needs Medium - S -
stage estimates. as indicative rather than final.
Feeder-road High First-mile and last-mile connectivity remains a binding constraint even Justifies conditional or deferred

bottlenecks

where trunk corridor access exists.

classification for distant sites.

The expert validation exercise generally supports the analytical direction of the framework while also clarifying

its operational boundaries. Practitioners in industrial development and regional infrastructure agreed that agro-
based industries remain the most viable corridor-linked growth engines in the study area, particularly when toll
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access and feeder connectivity are treated as explicit enabling conditions. There was also broad agreement that
network-based accessibility would be preferable at implementation stage, but that simplified spatial distance
remains acceptable at screening stage so long as its limitations are stated clearly and threshold-sensitive cases are
identified transparently.

Experts likewise endorsed TVM-based CAPEX normalization as an appropriate method for cross-provincial and
cross-temporal comparison, while recommending that later feasibility work should integrate local construction indices
and more precise land-price adjustments. A recurring concern across the expert input was that first-mile bottlenecks
remain a binding constraint even where the main corridor is available. In this respect, the validation process did not
overturn the shortlisted outcomes, but sharpened their interpretation by reinforcing the distinction between robust
candidates and those requiring further access, cost, or implementation due diligence.

4.5. Synthesis of Corridor Screening Logic

Taken together, the results reveal that industrial development outcomes along the northern JTTS corridor are shaped
by the interaction of three closely connected mechanisms: sectoral composition, logistics accessibility, and capital
requirements. Sectoral specialization and readiness determine whether a district is a plausible candidate for corridor-
linked agro-processing. Accessibility determines whether that plausibility can be translated into operationally credible
siting. Capital requirements determine whether the resulting sites remain investable once land, buildings, machinery,
and first-mile upgrading are considered together [8, 29-31].

This is also where the present study distinguishes itself from more generic corridor-impact analysis and from opaque
weighted siting models. Rather than producing a black-box composite rank, the framework makes each prioritization
step visible: it shows which candidates are supported by specialization, which survive readiness screening, which remain
viable under access constraints, and which face material financial penalties. That transparency improves auditability and
makes the shortlist more useful for planning practice [7, 8].

At the same time, the screening logic should not be interpreted as a causal model or a substitute for full feasibility
analysis. Several limitations remain explicit. LQ results based on pandemic-year sectoral data may affect borderline
cases; Euclidean distance is a lower-bound proxy rather than a final logistics measure; benchmark plant sizes are
planning references rather than guaranteed operating capacities; and environmental compliance, permitting, and water-
waste infrastructure still require more detailed project-level appraisal [13, 32, 33].

In policy terms, the results support a toll-oriented but selectively phased development approach. Sub-kilometer and
lower-risk sites can be advanced earlier, 1-15 km sites may remain viable with adequate supporting infrastructure, and
more distant access-dependent sites should proceed only when feeder investments and financing mechanisms are
sufficiently credible. In this sense, the framework does not replace feasibility analysis; it improves it by clarifying where
scarce planning and investment effort should be directed first [8, 16, 31, 34].

5. Conclusion

This study develops a corridor-oriented screening framework for translating commodity-based regional potential
into a prioritized and investment-relevant shortlist of agro-processing opportunities along the northern segment of the
Trans-Sumatra Toll Road. By combining sectoral specialization, development readiness, corridor accessibility, and
indicative CAPEX benchmarking within a transparent stepwise structure, the framework identifies nine priority districts
and four principal industrial typologies: rice milling, integrated coconut processing, food manufacturing, and palm-oil
processing. The results show that specialization alone is insufficient for prioritization. Instead, feasible corridor-linked
industrialization depends on the interaction between local economic strength, practical toll access, and the capital
implications of first-mile constraints. In particular, sites located within favorable access bands display stronger near-
term viability, whereas candidates beyond the practical 15-km threshold become conditional on feeder-road upgrading
and more careful project packaging.

The framework is intentionally positioned as a screening-level decision-support tool rather than a causal or fully
predictive model, and its robustness depends on several clearly acknowledged assumptions. Pandemic-year sectoral data
may affect borderline LQ signals; Euclidean distance provides a lower-bound accessibility proxy rather than a final
logistics metric; and benchmark plant capacities represent planning references rather than guaranteed operating
conditions. Nevertheless, the combination of threshold sensitivity checks, feeder-road stress testing, and expert
validation improves the credibility and auditability of the prioritization results. The aggregate investment envelope,
estimated at approximately IDR 15.87 trillion, underscores the scale of transformation required to build a corridor-linked
agro-industrial system in Northern Sumatra. Accordingly, the main value of the framework lies in helping planners
distinguish robust, conditional, and high-risk candidates before proceeding to more resource-intensive engineering,
financial, and environmental feasibility studies.
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