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ABSTRACT: Infrastructure is vital for boosting firm performance and competitiveness in
industrial zones, especially amid Industry 4.0 demands for seamless efficiency and
connectivity. This study analyzes development strategies at a manufacturing firm (anonymized
here for confidentiality) in Batam's Sei Lekop Industrial Area, Indonesia. We anonymized the
firm throughout for confidentiality. A single-case study gathered data via in-depth interviews,
site observations, and document reviews; descriptive qualitative analysis drew rigor from
quantified SWOT and gap methods. Results exposed clear shortfalls—roads, power, water,
digital links—versus benchmarks. SWOT scores land the firm in a growth quadrant,
demanding bold upgrades fueled by public-private partnerships. This work enriches
infrastructure strategy literature with a firm-level lens on industrial zones, weaving in physical
and digital dimensions. On the practical side, it lays out phased upgrades, digital integration,
and sustainability-focused tactics to lock in lasting competitiveness.
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1. Introduction

Industrial zones propel national economic growth by grouping production, logistics, and
distribution into efficient, focused hubs. In developing economies like Indonesia, their success
is directly tied to the quality and reach of supporting infrastructure. Roads, energy networks,
water supply, and digital connectivity are no longer seen merely as supporting facilities but as
key enablers of productivity and competitiveness [1-3]. When infrastructure provision is
inadequate, industrial operations tend to suffer from higher costs, delays, and lower efficiency,
which eventually weaken firms’ competitive positions [4, 5].

The Sei Lekop Industrial Area in Batam represents one of the rapidly developing
industrial clusters due to its proximity to ports and major transportation corridors [6, 7]. Yet,
its prime location does not eliminate persistent infrastructure challenges. PT X, one of the
companies operating in this area, faces practical constraints related to road capacity, energy
supply, clean water availability, and the reliability of digital infrastructure. These limitations
directly affect logistics performance, production continuity, and operational costs [8, 9].
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Recent studies frame infrastructure beyond just physical assets, embedding it within a
broader ecosystem of institutions and technology [10, 11]. Green and sustainable planning has
gained traction, especially for industrial and urban zones [12, 13]. Social infrastructure also
plays arole in shaping regional growth patterns and economic output [ 14]. Manufacturing firms
must now align their strategies with digital transformation and Industry 4.0 [15, 16]. Tools such
as prescriptive analytics, digital twins, and integrated digital systems enhance efficiency and
competitiveness in infrastructure operations [17-20]; however, cybersecurity threats remain a
significant concern in smart systems. Nevertheless, much of the existing research focuses on
national or regional infrastructure, with limited attention to firm-level decision-making in
specific industrial zones [21]. Recent studies have explored practical tools such as BIM—GIS
integration and planning support systems, but coverage remains limited for industrial areas in
developing countries [22, 23].

SWOT and gap analysis are widely applied across transport, energy, and infrastructure
sectors to support strategic decision-making [24—27]. These approaches are particularly useful
for identifying mismatches between existing conditions and desired performance targets, as
well as for formulating prioritized development strategies. Another important issue concerns
infrastructure financing and governance. Public—private partnerships (PPP) have been
increasingly promoted as viable mechanisms to accelerate infrastructure provision and improve
project performance [28-31]. Nevertheless, empirical evidence indicates that private
participation in infrastructure projects is not without risks and failures, particularly in complex
institutional and regulatory environments [32, 33].

This study contributes by focusing on firm-level infrastructure strategy within a specific
industrial zone, integrating physical and digital infrastructure assessments through SWOT and
gap analysis. It moves beyond general strategic discussions by providing a grounded and
practical perspective on infrastructure planning. Thus, this study aims to evaluate PT X’s
infrastructure strategy in the Sei Lekop Industrial Area by mapping current conditions,
identifying gaps, and formulating targeted strategies to enhance operational performance and
ensure long-term competitiveness. The findings are expected to contribute to academic
discourse on industrial infrastructure while offering practical insights for companies and
policymakers involved in industrial zone development.

2. Materials and Methods
2.1. Research design and case selection.

We used a qualitative single-case study to unpack firm-level infrastructure strategy in an
industrial zone setting. This approach fits messy, real-world issues where context can't be
untangled from the problem. Our focus: a manufacturer in Batam's Sei Lekop Industrial Area—
a fast-growing cluster with solid logistics ties but nagging infrastructure limits. This case study
was chosen for three main reasons: the company's active role in production and logistics, its
firsthand experience with infrastructure problems, and its willingness to share data. To protect
confidentiality and uphold research ethics, the company will be referred to as the "case
company" throughout this document.
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2.2. Data collection.

Data Collection To ensure a thorough triangulation process, we gathered data from several
sources. The main insights came from semi-structured interviews with key individuals. In
addition, company documents and industry reports provided important secondary context. We
assessed the infrastructure using direct observations in the field. Table 1 provides a summary
of the participant profiles. A purposive sampling technique was used to select respondents with
direct involvement in infrastructure-related activities.

Table 1. Profile of interview informants.

No Position Experience (Years) Role in Infrastructure
1 Operations Manager 12 Strategic decision-making
2 Logistics Supervisor 8 Distribution management
3 Maintenance Staff 6 Infrastructure maintenance
4 IT Officer 5 Digital infrastructure

2.3. Data analysis.

We took a structured qualitative route for analysis. Thematic coding processed interview
transcripts—starting with open coding, then axial, and selective phases—to build themes on
infrastructure hurdles, operational fallout, and response tactics. Triangulation cross-checked
interviews with site observations and documents to ensure rock-solid reliability. This method
builds trust in the analysis by ensuring both credibility and solid reliability.

2.4. SWOT and gap analysis procedure.

We ran SWOT via quantified IFE and EFE matrices, weighting factors (0—1) and rating them
(1-4) to yield weighted scores. Gap analysis pitted current conditions against benchmarks from
industrial regulations and key studies. The gap percentage was calculated as:

Gap (%) = (Ideal — Existing) / Ideal x 100.
2.5. Research workflow.

Figure 1 maps our step-by-step workflow. It starts with wide-ranging data collection from
primary and secondary sources. We followed up with coding and thematic analysis to pull out
patterns and main themes from the qualitative data. Those insights went into gap analysis
against industry standards to highlight big discrepancies, then fed a SWOT matrix to balance
internal and external factors, wrapping up with concrete recommendations for infrastructure
upgrades.

1. Data 2. Coding & 3. Gap Analysis . 5. Strategy
Collection Thematic Analysis Formulation
- Interviews & - Process Qualitative - Current vs. Industry - Evaluate Internal - Develop Strategic
Observations Data Standards & External Recommendations
- Primary & - |dentify Recurring - Pinpoint Critical Environments - Infrastructure
Secondary Sources Patterns Discrepancies Improvement Plans

Figure 1. Research workflow.
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3. Results and Discussion
3.1. Infrastructure conditions.

PT X grapples with major infrastructure hurdles that drag down operations. Roads stand out as
the top issue—too narrow and poorly linked between blocks. Figure 2 shows 72% of
respondents pinpointed roads as the top issue, followed by water supply (18%) and digital
systems (10%). This matches earlier studies tying transport shortfalls to logistics holdups and
output slumps [4, 5]. Road problems lead the pack in fast-growing zones like Sei Lekop, where
skimpy capacity stalls shipments. Electricity stays fairly steady but lacks punch, leaning on
generators that jack up expenses—echoing dependability woes across industrial clusters [10,
11].

Infrastructure Issues at PT X (Internal Respondents)

mRoads M Internet Connectivity m Clean Water

Figure 2. Distribution of infrastructure constraints (source: Field Survey, n=11 respondents; measured using
percentage-based response analysis).

3.2. Gap analysis.

The gap analysis reveals substantial discrepancies between the existing infrastructure and the
required operational standards. Table 2 sums it up: current setups fall short of demand across
roads, power, water, and digital lines. Benchmarks match standard industrial estate plans and
manufacturing logistics needs [12, 13]. Roads show the biggest gap at 41.7% on width, making
them the clear priority for planning and strategy next.

Table 2. Infrastructure gap analysis.

Infrastructure Existing Ideal Standard Gap (%)
Road Width 7m 12 m 41.70%
Electricity 8§ MW 12 MW 33.30%
Water Supply 800 m? 1200 m* 33.30%
Internet Speed Low High-speed ERP-ready High

3.3. SWOT analysis (QUANTIFIED).

To gauge PT X's strategic stance, we ran quantified SWOT through IFE and EFE matrices.
Table 3 breaks down internal factors (strengths, weaknesses); Table 4 handles external ones
(opportunities, threats). Weights and ratings give crisper insight than plain descriptive SWOT.
IFE (Table 3) hits 2.70 overall—a decent internal setup, with location and staff strengths
tempered by infrastructure gaps and steep energy costs. EFE (Table 4) hits 2.85, signaling good
external footing via government aid and PPPs, even with competition and red tape in play. The
results position the company in a growth strategy quadrant, suggesting that aggressive
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infrastructure investment is required. This aligns with strategic infrastructure planning
literature emphasizing alignment between internal capacity and external opportunity [23].

Table 3. IFE matrix (internal factors).

Factor Weight Rating Score
Strategic location 0.25 4 1
Skilled workforce 0.2 3 0.6
Limited road capacity 0.3 2 0.6
High energy cost 0.25 2 0.5
Total 1 2.7

Table 4. EFE matrix (external factors).

Factor Weight Rating Score
Government support 0.3 4 1.2
PPP opportunities 0.25 3 0.75
Competition 0.25 2 0.5
Regulatory risk 0.2 2 0.4
Total 1 2.85

3.4. Strategy formulation.

From quantified SWOT results, we built a strategy matrix linking internal and external factors
to concrete actions. Table 5 maps SWOT elements to proposals—Ieveraging strengths for
opportunities while tackling weaknesses and threats head-on. The SWOT-strategy matrix
(Table 5) flags PPP-driven expansion and infrastructure upgrades as top priorities. In particular,
addressing road capacity and utility constraints becomes critical to improving logistics
performance and operational efficiency. These strategies are consistent with global trends in
industrial infrastructure development, particularly the integration of digital and physical
systems [19].

Table 5. SWOT-strategy matrix.

SWOT Factor Strategy
Strength—Opportunity Expand infrastructure via PPP
Weakness—Opportunity Upgrade roads & utilities
Strength—Threat Improve logistics efficiency
Weakness—Threat Invest in resilient infrastructure

3.5. Conceptual framework.

To clarify the theory and analysis, we propose a conceptual framework linking infrastructure
conditions, tools like gap and SWOT, and endgame strategies. The relationship between
infrastructure condition, gap analysis, SWOT factors, and development strategy is illustrated
in Figure 3. The framework demonstrates that infrastructure limitations serve as the initial
input, which is then evaluated through gap analysis and SWOT analysis to generate strategic
responses. These strategies ultimately influence operational performance and competitiveness,
consistent with the Resource-Based View (RBV) and infrastructure performance theory.

Infrastructure ) | Evaluation I Strategic . Strategic
Condition . Tools . OQutput - Outcome
(Input) . (Process) (Process) 62 (Outcomes)

P

Performance &
Competitiveness

Infrastructure s
Condition S g

‘ _— Operational

- Current Limitations. |
- Initial input - External |
\_ (Opporturities/Threats) |

Theoretical Foundation:
- Based on: Resource-Based View (RBV)
- Based on: Infrastructure Performance Theory

Figure 3. Conceptual Framework
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3.6. Sustainability and risk analysis.

Infrastructure planning must blend risk management and sustainability with core strategy to
secure enduring resilience. Table 6 sums up key risks by probability and impact. Power outages
and road jams rate as critical, demanding immediate fixes. Water shortages and cyber threats
fall into high-to-moderate, underscoring the push for tough physical and digital safeguards.
This reinforces how infrastructure planning needs to weave in sustainability and resilience, as
smart infrastructure research stresses [21].

Table 6. Infrastructure risk matrix.

Risk Probability Impact Level
Power failure High High Critical
Road congestion High High Critical
Water shortage Medium High High
Cyber risk Medium Medium Moderate

4. Conclusions

Our work advances infrastructure strategy literature through a firm-level breakdown in an
industrial zone setting, blending physical and digital elements via a tight analytical frame.
Unlike earlier studies locked onto regional or national plans, ours reveals precisely how
infrastructure constraints slam daily operations and steer firm-level decisions. The findings
highlight that transportation infrastructure, energy supply, and digital connectivity are critical
determinants of logistics efficiency and competitiveness. The quantified SWOT and gap
analysis confirm the need for aggressive infrastructure investment supported by external
collaboration mechanisms such as PPP. From a management standpoint, this study offers
concrete steps: phased infrastructure upgrades, tight digital integration, and sustainability-
focused development. From a policy perspective, the results emphasize the importance of
improving industrial estate governance, infrastructure financing mechanisms, and regulatory
support. Future studies should broaden to multiple industrial zones for better generalizability
and direct comparisons.
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