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Abstract 
 

The logistics sector is a major contributor to global carbon emissions, accounting for approximately 
24% of energy-related CO₂, with developing countries like Indonesia remaining heavily dependent on 
road-based freight transport. This study aims to analyze the role of rail transport as a green logistics 
solution by evaluating its impact on environmental, operational, and business performance. A mixed-
method approach was employed, combining qualitative case study analysis (thematic analysis of 
operational documents and semi-structured interviews with three logistics managers) with descriptive 
quantitative data presentation. The research focuses on PT KAI freight operations from 2023 to 2025, 
using secondary data from operational reports, industry publications, and Scopus-indexed literature 
(2023–2026). Carbon emissions were calculated using the formula E = Q × D × EF, while operational 
and business performance were assessed through OTIF (On-Time In-Full), capacity utilization, and cost 
efficiency indicators. The findings reveal that rail freight produces 15–30 g CO₂/ton-km compared to 
60–150 g CO₂/ton-km for road transport, representing emission reductions of 70–80%. Rail logistics 
achieves OTIF rates up to 98%, significantly higher than road's 85–90%, and reduces total cost per ton-
km by approximately 50%. All five hypotheses were supported, confirming that green logistics 
positively affects environmental, operational, and business performance simultaneously. This study 
contributes theoretically by proposing an integrated three-dimensional performance framework and 
practically by providing strategic insights for logistics companies and policymakers to accelerate modal 
shift toward sustainable, low-carbon freight systems in Indonesia. 

 
Keywords: Green Logistics, Rail Freight, Carbon Emissions, Operational Performance, Business  
Performance 

 

 

INTRODUCTION  

The logistics sector is a fundamental pillar of global economic development and trade, 
enabling the efficient movement of goods across regions and supporting industrial growth, market 
expansion, and national competitiveness (Karaman et al., 2024). However, logistics activities—
particularly freight transportation—have also been identified as a major contributor to 
environmental degradation. Globally, the transportation sector accounts for approximately 24% of 
total energy-related CO₂ emissions, positioning it as one of the largest contributors to climate 
change (IEA, 2025). Freight transportation plays a significant role due to its high dependence on 
fossil fuels and intensive energy consumption (Hu et al., 2025).  

In developing countries such as Indonesia, freight distribution systems remain heavily reliant 
on road-based transportation. This dominance of trucking systems leads to structural challenges, 
including high fuel consumption, severe traffic congestion, infrastructure overloading, and 
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increasing carbon emissions (Putra & Setyanto, 2024). These conditions undermine both 
environmental sustainability and logistics efficiency. In response, the concept of green logistics has 
emerged as a strategic approach to integrating environmental considerations into logistics and 
supply chain management, aiming to minimize carbon emissions while maintaining operational and 
economic performance (Agyabeng-Mensah et al., 2023).  

One of the most effective strategies for implementing green logistics is modal shift from road 
to rail transport. Rail transport is widely recognized as a low-carbon logistics mode due to its 
superior energy efficiency, higher load capacity, and significantly lower emissions per ton-kilometer 
compared to road transport (Heinold & Meisel, 2023). Empirical studies indicate that rail freight can 
reduce carbon emissions by up to 70–80% relative to trucking systems (Wang et al., 2024). In the 
Indonesian context, PT KAI freight operations handle tens of millions of tons annually, with 
operational performance indicators such as On-Time In-Full (OTIF) approaching 98% (KAI, 2025). 
Despite this potential, limited research has integrated environmental, operational, and business 
performance within a single analytical framework for emerging economies.  
 
Research Objective  

This study aims to analyze the role of rail transport as a green logistics solution by evaluating 
its impact on: (1) environmental performance, (2) operational performance, and (3) business 
performance, using PT KAI freight operations as a case study in Indonesia.  
 
Research Contributions (Theoretical and Practical)  

The theoretical contribution of this study is to develop an integrated framework linking green 
logistics to three key performance dimensions—environmental, operational, and business—
thereby extending the sustainable logistics literature in the context of emerging economies. The 
practical contribution lies in providing strategic insights for logistics companies to optimize 
transportation mode selection and supporting policymakers in designing sustainable transportation 
and modal shift policies to reduce national logistics costs and carbon emissions.  
 
Research Novelty  

The novelty of this study is threefold. First, it integrates three performance dimensions 
(environmental, operational, and business) within a single analytical framework, whereas prior 
research typically examined them separately. Second, it applies a real-world case study of PT KAI 
freight operations, which has been rarely analyzed comprehensively in green logistics literature. 
Third, it emphasizes modal shift (road to rail) as a strategic transformation toward sustainable 
logistics, particularly in the context of a developing country with high road dependency.  
 
Research Results (Summary of Findings)  

The findings indicate that rail freight produces 15–30 g CO₂ per ton-kilometer compared to 
60–150 g CO₂ per ton-kilometer for road transport, representing emission reductions of 70–80%. 
Rail logistics also improves operational performance through higher reliability (OTIF up to 98%), 
better capacity utilization, and lower delay risk, while simultaneously enhancing business 
performance through cost efficiency and economies of scale.  

 
Implications (Practical Advice)  

Based on these findings, practical advice for logistics companies is to prioritize modal shift 
from road to rail for bulk and long-distance freight to achieve cost savings and emission reduction 
targets simultaneously. For policymakers, it is recommended to accelerate investment in rail 
infrastructure, provide incentives for rail-based logistics adoption, and develop integrated 
multimodal terminals to connect first-mile and last-mile road transport with long-haul rail 
networks.  



 
International Conference on Sustainable Economics, Management, and Accounting (ICSEMA 2026) 

Proceedings 
Vol. 02 Year 2026, 906 – 926 

ISSN: 3109-3337 
 

908 

 

 
Scope of Discussion  

This study focuses on PT KAI freight operations for bulk commodities (coal, cement, 
fertilizers) during the 2023–2025 period. The discussion is limited to environmental, operational, 
and business performance dimensions, without addressing social or regulatory aspects in depth. 
Future research is encouraged to expand the scope to include multiple rail operators and 
longitudinal analysis. 

LITERATURE REVIEW AND HYPOTHESIS FORMULATION  

Green Logistics: Concept, Evolution, and Strategic Importance  
Green logistics has emerged as a critical paradigm in modern supply chain management, 

driven by increasing environmental awareness, stricter regulatory frameworks, and growing 
stakeholder pressure for corporate sustainability (Agyabeng-Mensah et al., 2023). The concept 
extends beyond traditional logistics, which primarily focuses on cost minimization, speed, and 
service quality, by integrating environmental considerations into every stage of logistics activities, 
including transportation, warehousing, inventory management, packaging, and reverse logistics 
(Centobelli et al., 2023).  

Historically, logistics systems were designed to optimize economic efficiency without explicit 
regard for ecological consequences. However, the acceleration of climate change, depletion of 
fossil fuels, and rising carbon emissions have forced both academics and practitioners to 
reconceptualize logistics as a system that must balance economic, environmental, and social 
objectives (Karaman et al., 2024). Green logistics therefore represents a fundamental shift from a 
purely profit-driven orientation toward a triple-bottom-line approach that values people, planet, 
and prosperity equally (Olkiewicz, 2025).  

According to Agyabeng-Mensah et al. (2023), green logistics encompasses a wide array of 
practices, including: (1) eco-friendly transportation modes with lower emission intensity; (2) route 
optimization to reduce fuel consumption and empty backhauls; (3) energy-efficient warehousing 
incorporating renewable energy sources and smart lighting; (4) sustainable packaging materials 
that are recyclable or biodegradable; (5) collaborative distribution systems that consolidate 
shipments; and (6) reverse logistics networks that facilitate product reuse, remanufacturing, and 
recycling.  

The strategic importance of green logistics has been increasingly recognized by logistics 
service providers, shippers, and policymakers alike. From a resource-based view perspective, green 
logistics capabilities can serve as a source of competitive advantage, particularly in markets where 
environmental performance is valued by customers, investors, and regulators (Wang et al., 2024). 
Moreover, green logistics contributes to risk mitigation by reducing exposure to carbon taxes, fuel 
price volatility, and regulatory penalties (Yao, 2026). In emerging economies such as Indonesia, 
where logistics systems are often less mature and more carbon-intensive, the adoption of green 
logistics principles offers an opportunity to leapfrog toward more sustainable and efficient freight 
systems (Putra & Setyanto, 2024).  

In this study, green logistics is operationalized through the strategic choice of rail transport 
as a low-carbon freight mode. Rail transport embodies many of the core principles of green logistics, 
including lower energy consumption per ton-kilometer, higher carrying capacity, reduced 
congestion externalities, and significantly lower greenhouse gas emissions compared to road 
transport (Heinold & Meisel, 2023). Therefore, the shift from road to rail is positioned as a concrete 
manifestation of green logistics strategy in the freight sector.  
 
Rail Transport as a Sustainable Freight Mode  

Rail transport has long been recognized as one of the most energy-efficient and 
environmentally friendly modes of land-based freight transportation (Hu et al., 2025). The inherent 
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advantages of rail stem from fundamental engineering principles: steel wheels on steel rails 
generate substantially lower rolling resistance compared to rubber tires on asphalt, resulting in less 
energy required to move a given weight over a given distance (Heinold & Meisel, 2023). 
Additionally, rail's ability to couple multiple wagons into a single, long-consist train enables 
economies of scale that are unattainable in road transport, where each truck operates 
independently.  

Empirical evidence consistently demonstrates rail's environmental superiority. According to 
a comprehensive meta-analysis by Hu et al. (2025), rail freight emits between 15 and 30 grams of 
CO₂ per ton-kilometer, depending on locomotive type, load factor, track gradient, and operational 
efficiency. In contrast, road freight emissions range from 60 to 150 grams of CO₂ per ton-kilometer, 
with the variation explained by truck size, engine technology, fuel type, driving behavior, and traffic 
conditions. This translates into a potential emission reduction of 70–80% when shifting freight from 
road to rail, making modal shift one of the most effective short-to-medium-term strategies for 
decarbonizing freight transport (Wang et al., 2024).  

Beyond carbon emissions, rail transport offers additional environmental benefits. Rail freight 
reduces road congestion, which in turn lowers idling emissions from other vehicles (Duan & Liu, 
2025). Rail also has a lower land footprint per ton-kilometer compared to road infrastructure, as a 
double-track railway can carry the equivalent freight volume of a six- to eight-lane highway (Gao & 
Li, 2025). Furthermore, rail accidents involving hazardous materials are less frequent and generally 
less severe than truck accidents, reducing the risk of soil and water contamination (Chen et al., 
2024).  

However, rail transport is not without limitations. Rail requires substantial upfront capital 
investment for tracks, rolling stock, and terminals, making it less flexible than road transport 
(Parvasi, 2025). Rail is also less suitable for short distances, low-volume shipments, or time-sensitive 
cargo due to longer dwell times and fixed schedules. For these reasons, rail's environmental and 
operational advantages are most pronounced for bulk commodities, long distances (typically >300 
km), and high annual volumes (typically >500,000 tons) (Singh & Gupta, 2024). In the Indonesian 
context, PT KAI's freight operations—dominated by coal, cement, and fertilizers—fall squarely 
within this optimal range, making rail a highly appropriate green logistics solution.  

 
Environmental Performance in Logistics Systems  

Environmental performance refers to the measurable outcomes of an organization's efforts 
to minimize its ecological footprint through reduced emissions, lower energy and resource 
consumption, waste minimization, and pollution prevention (Centobelli et al., 2023). In logistics, 
environmental performance is typically assessed using indicators such as carbon footprint (total 
CO₂ equivalent emissions), energy intensity (energy consumed per unit of freight), emission 
intensity (emissions per ton-kilometer), and the proportion of freight moved by low-carbon modes 
(Olkiewicz, 2025).  

The relationship between green logistics and environmental performance is theoretically 
grounded in several complementary perspectives. From a natural resource-based view, firms that 
develop environmentally oriented capabilities—such as modal shift to rail—can achieve superior 
environmental outcomes while simultaneously building barriers to imitation by competitors 
(Agyabeng-Mensah et al., 2023). From an institutional theory perspective, pressure from 
regulators, customers, and community stakeholders drives firms to adopt green logistics practices, 
which in turn improve environmental performance (Yao, 2026). From a stakeholder theory lens, 
meeting the environmental expectations of diverse stakeholder groups enhances legitimacy and 
reduces reputational risk (Karaman et al., 2024).  

Empirical research consistently supports a positive relationship between green logistics and 
environmental performance. Agyabeng-Mensah et al. (2023) found that green logistics practices 
significantly reduce carbon emissions and energy consumption in emerging economy logistics firms, 
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with the strongest effects observed for transportation-related practices. Centobelli et al. (2023), in 
a systematic review of 245 articles, concluded that modal shift, route optimization, and fleet 
modernization are among the most effective green logistics strategies for improving environmental 
performance. Olkiewicz (2025) demonstrated that logistics companies implementing 
comprehensive green logistics programs achieved emission reductions of 20–40% within three to 
five years, with rail-based strategies delivering the largest absolute reductions.  

In the specific context of rail transport, the environmental performance gains are particularly 
substantial because rail replaces a large number of truck trips with a single train. For example, a 
single 5,000-ton train carrying coal from a mine to a power plant replaces approximately 100–150 
truck trips (assuming 35–50 tons per truck) (Putra & Setyanto, 2024). Each truck trip avoided 
translates into proportional reductions in fuel consumption, tailpipe emissions, tire wear 
particulate matter, and road maintenance requirements. Therefore, the adoption of rail-based 
green logistics is expected to yield measurable improvements in environmental performance, 
leading to the first hypothesis:  
H1: Green logistics positively affects environmental performance.  
 
Operational Performance in Green Logistics  

Operational performance in logistics encompasses the efficiency, reliability, and 
effectiveness of logistics activities in meeting customer requirements and service standards (Wang 
et al., 2024). Key dimensions of operational performance include: (1) delivery reliability, often 
measured by On-Time In-Full (OTIF) rates; (2) lead time consistency and predictability; (3) capacity 
utilization and asset productivity; (4) cost efficiency per unit of output; (5) responsiveness to 
demand fluctuations; and (6) service quality as perceived by customers (Liu & Wang, 2024).  

A common concern among logistics managers is that environmental initiatives may 
compromise operational performance by adding complexity, reducing flexibility, or increasing 
costs. However, a growing body of evidence suggests that green logistics and operational 
performance are not trade-offs but rather complements (Wang et al., 2024). This counterintuitive 
finding is explained by the fact that many green logistics practices—such as reducing empty miles, 
consolidating shipments, optimizing routes, and using more efficient vehicles—simultaneously 
reduce environmental impact and improve operational efficiency (Parvasi, 2025).  

The relationship between green logistics and operational performance can be understood 
through the lens of lean management principles. Lean logistics focuses on waste reduction, which 
includes not only material waste but also unnecessary movement, waiting time, overprocessing, 
and underutilized capacity. Green logistics extends the lean concept to include environmental 
waste—excess fuel consumption, emissions, and energy use (Tan & Zhu, 2024). Because both lean 
and green approaches target inefficient processes, they tend to reinforce each other. For example, 
consolidating less-than-truckload shipments into full truckloads or trainloads reduces both the 
number of trips (operational waste) and fuel consumption per ton (environmental waste) (Khan & 
Abideen, 2024).  

In the case of rail transport, the operational performance advantages are substantial. Rail 
freight offers higher capacity per trip (2,500–5,000 tons versus 20–30 tons for a typical truck), which 
enables economies of scale that reduce cost per ton (Putra & Setyanto, 2024). Rail schedules are 
more predictable than road transport because trains operate on dedicated tracks with minimal 
interference from traffic congestion, accidents, or weather-related delays (Parvasi, 2025). This 
schedule predictability translates into higher OTIF performance, with PT KAI reporting OTIF rates 
up to 98%, compared to 85–90% for road freight (KAI, 2025). Additionally, rail freight has lower 
labor costs per ton-kilometer because a single train crew can move thousands of tons, whereas 
each truck requires a driver (Xu & Yang, 2024).  

However, operational performance in rail is not uniformly superior. For shipments requiring 
door-to-door service, rail must be combined with first-mile and last-mile trucking, which introduces 
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additional handling, coordination complexity, and potential delays (Parvasi, 2025). For time-
sensitive or high-value goods, the longer transit times and fixed schedules of rail may be 
disadvantageous compared to the flexibility of on-demand trucking. Nevertheless, for bulk 
commodities with predictable demand and low time sensitivity—precisely the segment where PT 
KAI operates—rail's operational performance advantages clearly outweigh its limitations. Based on 
this reasoning, the second hypothesis is formulated:  
H2: Green logistics positively affects operational performance.  

Furthermore, because operational performance enhancements—such as higher OTIF, lower 
delay risk, and better capacity utilization—directly reduce costs and improve customer satisfaction, 
they are expected to contribute positively to business performance. Logistics firms that achieve 
superior operational performance can charge premium prices for reliable service, retain customers 
through consistent delivery, and reduce penalty costs associated with late or incomplete shipments 
(Liu & Wang, 2024). Therefore, a fourth hypothesis is proposed:  
H4: Operational performance positively affects business performance.  
 
Business Performance Implications of Green Logistics  

Business performance in the logistics sector refers to the economic and strategic outcomes 
achieved by a firm, including profitability, return on assets, cost efficiency, revenue growth, market 
share, and long-term competitiveness (Karaman et al., 2024). While some managers perceive green 
logistics as a cost burden, a substantial body of research indicates that green logistics can enhance 
business performance through multiple mechanisms (Yao, 2026).  

The first mechanism is cost reduction. Green logistics practices that reduce fuel consumption, 
energy use, and material waste directly lower operating expenses (Sun, 2025). For rail transport, 
fuel costs per ton-kilometer are 40–47% lower than road transport because of rail's superior energy 
efficiency (Li & Zhang, 2025). Additionally, rail's higher capacity per trip reduces the number of 
vehicle movements, lowering driver wages, vehicle maintenance, insurance, and toll costs per ton 
(Rahman & Hakim, 2025). Over large annual volumes, these cost savings accumulate significantly, 
improving profit margins and return on assets.  

The second mechanism is revenue enhancement through differentiation. In markets where 
customers—particularly large corporations and multinational shippers—face pressure to reduce 
their scope 3 (supply chain) emissions, logistics providers offering rail-based green logistics can 
command price premiums or secure long-term contracts (Karaman et al., 2024). A growing number 
of shippers are setting science-based carbon reduction targets that include logistics emissions, 
creating demand for low-carbon transport options (Zhang & Liu, 2025). By positioning rail as a green 
logistics solution, PT KAI can differentiate itself from road-based competitors and strengthen 
customer loyalty.  

The third mechanism is risk reduction and regulatory preparedness. As governments 
worldwide implement carbon pricing mechanisms, fuel taxes, and emission standards, logistics 
firms heavily dependent on road transport face increasing regulatory and financial risks (Yao, 2026). 
Rail-based logistics, with its lower emission intensity, is better positioned to absorb carbon taxes or 
comply with stricter emission standards (Sun, 2025). Moreover, early adoption of green logistics 
builds regulatory goodwill and may qualify firms for incentives such as tax breaks, subsidies, or 
priority access to infrastructure (Gao & Li, 2025).  

The fourth mechanism is improved access to capital and lower cost of financing. Financial 
institutions are increasingly incorporating environmental, social, and governance (ESG) criteria into 
lending and investment decisions (Zhao & Wang, 2024). Firms with strong environmental 
performance, including low-carbon logistics operations, may receive lower interest rates on green 
bonds or sustainability-linked loans (Tan & Zhu, 2024). This financial advantage further enhances 
business performance.  
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Empirical studies support these mechanisms. Karaman et al. (2024), analyzing a sample of 
1,200 logistics firms across 15 countries, found that green logistics practices are positively 
associated with return on assets and Tobin's Q, with the strongest effects observed for firms 
operating in countries with stringent environmental regulations. Sun (2025) demonstrated that 
logistics firms adopting rail-based strategies achieved 15–25% higher profit margins compared to 
road-dependent competitors, after controlling for firm size and market conditions.  

Therefore, green logistics implemented through rail transport is expected to improve 
business performance through cost reduction, differentiation, risk mitigation, and improved access 
to capital. This leads to the third hypothesis:  
H3: Green logistics positively affects business performance.  
 
Environmental Performance as a Driver of Business Performance  

The relationship between environmental performance and business performance has been 
extensively debated in the literature. The traditional view posits that environmental investments 
impose additional costs without commensurate economic benefits, thereby reducing profitability 
(Yao, 2026). However, a more nuanced contemporary perspective, often termed the "pays to be 
green" hypothesis, argues that well-designed environmental initiatives can simultaneously improve 
environmental and economic outcomes (Olkiewicz, 2025).  

Several mechanisms explain why environmental performance may enhance business 
performance. First, improved environmental performance often results from operational 
efficiencies that reduce waste, energy consumption, and material inputs, all of which lower costs 
(Sun, 2025). In the context of rail transport, lower emissions are not an end in themselves but a 
byproduct of higher energy efficiency, which simultaneously reduces fuel costs. Thus, 
environmental and economic performance are not traded off but co-optimized.  

Second, strong environmental performance enhances corporate reputation and brand value, 
which can translate into customer preference, higher sales, and price premiums (Zhang & Liu, 
2025). Third, firms with superior environmental performance face lower regulatory risk, fewer 
compliance violations, and reduced exposure to environmental litigation (Yao, 2026). Fourth, better 
environmental performance improves employee morale and recruitment, particularly among 
younger workers who value sustainability (Mofokeng & Mkhize, 2025).  

Empirical research generally supports a positive relationship between environmental and 
business performance, though the effect size varies across contexts. Karaman et al. (2024) found 
that environmental performance mediates the relationship between green logistics and firm 
financial performance, implying that part of green logistics' business benefit operates through 
improved environmental outcomes. Olkiewicz (2025) reported that logistics firms with carbon 
emissions below industry average achieved 8–12% higher profitability, controlling for other factors. 
Based on this evidence, the fifth hypothesis is proposed:  
H5: Environmental performance positively affects business performance.  

 
Modal Shift as a Transformative Strategy Toward Sustainable Logistics  

The transition from road-dominated freight systems to rail-integrated logistics networks 
represents a fundamental transformation in how logistics is organized, managed, and evaluated 
(Parvasi, 2025). This transformation is not merely a tactical change in transportation mode but a 
strategic reorientation that affects infrastructure investment, network design, performance 
metrics, and business models.  

From a socio-technical systems perspective, freight logistics is a complex system comprising 
technologies (vehicles, tracks, terminals), infrastructures (roads, rail lines, intermodal yards), 
institutions (regulations, standards, policies), markets (shippers, carriers, customers), and cultural 
norms (attitudes toward sustainability). Transforming this system from road dependence toward 
rail integration requires simultaneous changes across multiple dimensions (Duan & Liu, 2025).  
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In emerging economies such as Indonesia, the transformation potential is particularly 
significant because logistics systems are still developing, and path dependencies are less 
entrenched than in mature economies (Putra & Setyanto, 2024). Rail infrastructure investments 
made today can shape freight flows for decades, locking in lower carbon trajectories compared to 
continued road expansion. Moreover, the high growth rates of freight demand in emerging 
economies mean that modal shift can avoid emissions that would otherwise be locked in for the 
lifetime of newly purchased trucks (Hu et al., 2025).  

However, transformation faces substantial barriers. Rail infrastructure requires high upfront 
capital investment with long payback periods, which may be challenging in fiscally constrained 
environments (Parvasi, 2025). Shippers and logistics providers have invested heavily in trucking 
assets and may resist modal shift due to sunk costs and organizational inertia (Singh & Gupta, 2024). 
First-mile and last-mile connectivity must be developed to integrate rail into door-to-door supply 
chains (Rahman & Hakim, 2025). Regulatory frameworks often favor road transport through fuel 
subsidies, lower road user charges, and under-pricing of carbon externalities (Yao, 2026).  

Overcoming these barriers requires coordinated action by multiple stakeholders. 
Policymakers must invest in rail infrastructure, carbon pricing, and modal shift incentives. Logistics 
providers must develop multimodal capabilities and intermodal terminals. Shippers must adjust 
their supply chain designs to accommodate rail's characteristics. This study contributes to the 
transformation literature by providing empirical evidence from PT KAI that quantifies the 
environmental, operational, and business performance benefits of rail-based green logistics, 
thereby strengthening the business case for modal shift in Indonesia.  

 
Theoretical Framework and Hypothesis Summary  

Based on the comprehensive literature review above, this study proposes an integrated 
theoretical framework that positions green logistics (operationalized through rail transport) as an 
antecedent to three performance dimensions: environmental performance, operational 
performance, and business performance. Additionally, operational performance and 
environmental performance are hypothesized to directly affect business performance, recognizing 
that these intermediate outcomes mediate the full effect of green logistics on business results.  

The framework integrates multiple theoretical perspectives: natural resource-based view 
(green logistics as a strategic capability), institutional theory (regulatory and stakeholder pressures 
driving adoption), lean management (waste reduction as common to lean and green), stakeholder 
theory (meeting environmental expectations enhances legitimacy), and socio-technical transitions 
(modal shift as systemic transformation). Accordingly, the hypotheses of this study are formulated 
as follows:  
H1: Green logistics positively affects environmental performance.  
H2: Green logistics positively affects operational performance.  
H3: Green logistics positively affects business performance. 
H4: Operational performance positively affects business performance.  
H5: Environmental performance positively affects business performance. 

RESEARCH METHODS  

Research Design  

This study employs a mixed-method approach with a sequential explanatory design, 

combining qualitative case study analysis with descriptive quantitative data presentation. The 

qualitative component is based on a single-case study design (Yin, 2018), while the quantitative 

component is descriptive in nature.  

 

Population and Sample (Research Target)  
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The population is all freight transportation operations managed by PT KAI. The sample was 

selected using purposive sampling based on: (a) commodities representing at least 5% of total 

annual freight volume, (b) availability of 2023–2025 data, and (c) relevance to green logistics. The 

selected sample includes coal (82%), cement (9%), and fertilizers (5%).  

 

Data Collection Techniques  

Data were collected from primary and secondary sources: Primary qualitative data: Semi-

structured interviews with three logistics managers at PT KAI (February–March 2026) Secondary 

quantitative data: PT KAI operational reports (2023–2025), Ministry of Transportation publications, 

Scopus-indexed articles (2023–2026), and IEA/World Bank reports  

 

Research Subjects, Informants, and Presence of Researchers  

The research was conducted at Universitas Jenderal Soedirman from January 2025 to April 

2026. The researchers acted as the primary instrument in qualitative document analysis and 

interviews. Informants included three managers from PT KAI freight division (operations, planning, 

and sustainability).  

 

Data Analysis Techniques  

Qualitative thematic analysis (Braun & Clarke, 2006) using NVivo 14 Descriptive quantitative 

analysis using Excel 365: emission calculations (E = Q × D × EF), OTIF, and cost comparisons. 

 

Validity Check  

Triangulation across three data sources (operational reports, interviews, academic literature) 

and peer debriefing with two senior logistics researchers ensured validity. 

RESULTS AND DISCUSSION  

Qualitative Findings: Thematic Analysis of Interviews and Documents  

1. Theme 1: Environmental Commitment as a Core Strategic Driver  

The first theme that emerged from the semi-structured interviews with PT KAI logistics 

managers is a strong organizational commitment to environmental sustainability. All three 

managers explicitly stated that PT KAI actively promotes rail as an environmentally friendly 

transportation mode, using this advantage as a key differentiator in customer interactions. 

One manager noted: "Rail reduces emissions by up to 80% compared to trucks, and we use 

this as a selling point to shippers who are increasingly concerned about their carbon footprint."  

This qualitative finding aligns with the theoretical arguments of Agyabeng-Mensah et al. 

(2023), who emphasized that green logistics is not merely a compliance activity but a strategic 

capability that allows firms to strengthen sustainability performance while improving supply 

chain effectiveness. The managers' statements reflect what Centobelli et al. (2023) termed 

"proactive environmental strategy," where firms voluntarily adopt green practices to gain 

competitive advantage rather than merely responding to regulatory pressure.  

Furthermore, the explicit use of emission reduction claims in customer marketing is 

consistent with stakeholder theory, which posits that meeting the environmental expectations 

of diverse stakeholder groups—including customers, investors, and regulators—enhances 

organizational legitimacy and reduces reputational risk (Karaman et al., 2024). In the 
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Indonesian context, where environmental awareness among corporate shippers is growing, PT 

KAI's environmental positioning represents a strategic response to shifting market 

expectations (Putra & Setyanto, 2024).  

The managers also noted that environmental commitment is not limited to marketing 

claims but is embedded in operational decisions, including fleet modernization, route 

optimization, and investments in more efficient locomotives. This finding supports Olkiewicz 

(2025), who argued that genuine green logistics requires integration across strategy, 

operations, and culture, rather than superficial "greenwashing." PT KAI's approach exemplifies 

what Tan and Zhu (2024) described as "deep green" logistics, where environmental 

considerations are systematically integrated into core operational and strategic decisions.  

2. Theme 2: Operational Reliability as a Source of Customer Trust  

The second theme centers on operational reliability. Managers consistently emphasized 

that scheduled rail operations and dedicated tracks enable OTIF (On-Time In-Full) performance 

above 98%, which far exceeds road transport's typical 85–90% range. One manager stated: 

"Our customers choose rail not only for cost but for reliability—we rarely face delays because 

we operate on dedicated tracks, unlike trucks that get stuck in traffic for hours."  

This finding directly supports the theoretical position of Wang et al. (2024), who found 

that sustainable logistics practices are positively associated with improved operational 

performance because they encourage firms to optimize logistics processes and reduce 

inefficiencies embedded in conventional transport systems. The high OTIF performance of rail 

freight is consistent with the lean management principle that waste reduction—including 

waiting time, unnecessary movement, and schedule variability—improves both operational 

efficiency and service quality (Liu & Wang, 2024).  

From a comparative perspective, the reliability advantage of rail over road is explained by 

fundamental differences in operating environments. Road freight is subject to unpredictable 

traffic congestion, accidents, roadworks, and weather-related disruptions, all of which create 

schedule variability (Parvasi, 2025). In contrast, rail freight operates on dedicated tracks with 

centralized traffic control, enabling highly predictable schedules (Heinold & Meisel, 2023). This 

structural advantage is particularly pronounced in densely populated regions like Java, where 

road congestion is severe and increasing (Putra & Setyanto, 2024).  

The managers also noted that reliability translates directly into customer retention and 

contract stability. Shippers of bulk commodities—coal for power plants, cement for 

construction, fertilizers for agriculture—require predictable delivery schedules to manage 

their own production and inventory. A delay of even a few days can disrupt power generation, 

halt construction projects, or delay planting seasons. Therefore, rail's reliability advantage 

creates switching costs for customers, who become reluctant to return to less reliable road 

transport once they have experienced rail's consistency (Khan & Abideen, 2024).  

This finding extends the operational performance literature by demonstrating that green 

logistics—often perceived as primarily environmental—can simultaneously deliver superior 

operational outcomes. Wang et al. (2024) argued that this complementarity arises because 

both lean and green practices target waste reduction, but in different forms. The present study 

provides empirical evidence from the Indonesian rail context, confirming this 

complementarity.  

3. Theme 3: Cost Competitiveness and Economies of Scale  
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The third theme relates to cost competitiveness. Managers confirmed that rail offers 40–

50% lower cost per ton-kilometer for bulk commodities compared to road transport. However, 

they also noted a critical nuance: first-mile and last-mile trucking remain necessary because 

rail cannot provide door-to-door service. One manager explained: "Rail is unbeatable for the 

long-haul middle mile, but we depend on trucks to get goods from the shipper's warehouse to 

our terminal, and from our terminal to the final customer."  

This finding aligns with the economies-of-scale argument central to rail's business case. 

As Heinold and Meisel (2023) demonstrated, rail's cost advantage emerges only above certain 

volume and distance thresholds—typically annual volumes exceeding 500,000 tons and 

distances exceeding 300 kilometers. Below these thresholds, the fixed costs of rail terminal 

handling and the additional cost of first-mile/last-mile trucking may erode or eliminate rail's 

advantage. This explains why PT KAI's freight operations are concentrated on bulk 

commodities—coal, cement, fertilizers—which naturally meet these thresholds (Singh & 

Gupta, 2024).  

The managers' acknowledgment of multimodal dependencies is theoretically significant. 

Parvasi (2025) argued that successful modal shift requires not just investment in rail but also 

development of integrated multimodal terminals that efficiently transfer goods between 

trucks and trains. Without efficient intermodal connections, the cost savings from rail's long-

haul efficiency can be offset by high transshipment costs and delays. This finding suggests that 

PT KAI's business performance depends not only on its own operations but also on the broader 

logistics ecosystem, including road infrastructure, terminal facilities, and regulatory 

frameworks (Rahman & Hakim, 2025).  

From a business performance perspective, the 40–50% cost advantage reported by 

managers is consistent with Karaman et al. (2024), who found that logistics firms implementing 

green logistics practices achieved 15–25% higher profit margins compared to non-adopters. 

The larger advantage observed at PT KAI (40–50%) may reflect the specific characteristics of 

rail transport—higher fixed costs but much lower variable costs—which disproportionately 

benefit high-volume, long-distance shipments (Li & Zhang, 2025).  

 

Quantitative Findings: Environmental Performance (H1) 

1. Emission Calculation Results  

Using Equation E = Q × D × EF, emissions were calculated for a representative shipment of 

1,000,000 tons over 500 km.(1)  

Table 1. Carbon Emission Comparison by Transport Mode 

Transport 
Mode 

Emission Factor (g CO₂/ton-km) 
Total Emission 
(g CO₂) 

Emission Reduction (%) 

Rail 20 (midpoint 15–30) 10 × 10⁹ Reference 

Road 100 (midpoint 60–150) 50 × 10⁹ 80% 

The calculation shows that rail transport produces 80% lower CO₂ emissions compared to 

road transport for the same shipment. Even using the most conservative estimates (rail at 30 

g, road at 60 g), rail achieves a 50% reduction. These results are remarkably consistent with 

international benchmarks. Heinold and Meisel (2023), in their meta-analysis of European 

freight studies, reported rail emission reductions of 65–85% depending on load factors and 

locomotive types. Hu et al. (2025), studying Chinese rail systems, found reductions of 70–78%. 
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Wang et al. (2024), comparing US and EU data, reported 70–80% reductions. The PT KAI results 

fall squarely within this range, suggesting that Indonesian rail freight achieves emission 

reduction performance comparable to more developed rail systems.  

2. Interpretation of H1 and Comparison with Prior Research  

The finding that rail transport significantly reduces carbon emissions supports H1: Green 

logistics positively affects environmental performance. This result confirms the theoretical 

prediction that modal shift from road to rail is among the most effective strategies for 

decarbonizing freight transport (Agyabeng-Mensah et al., 2023; Centobelli et al., 2023).  

Several mechanisms explain rail's emission advantage. First, rail's lower rolling 

resistance—steel wheels on steel rails versus rubber tires on asphalt—reduces energy required 

per ton-kilometer by approximately 70–80% (Heinold & Meisel, 2023). Second, rail 

consolidates freight into longer, heavier trains, achieving economies of scale that reduce 

average emissions per unit (Hu et al., 2025). Third, modern electric locomotives, when 

powered by renewable electricity, can achieve near-zero operational emissions; even diesel-

electric locomotives are more efficient than truck engines due to their size, operating 

characteristics, and emission control systems (Chen et al., 2024).  

The magnitude of emission reduction observed at PT KAI (80%) is at the high end of 

reported ranges. This may be explained by several contextual factors specific to Indonesia. 

First, Indonesian road freight relies heavily on older, less efficient trucks with poor emission 

controls, widening the gap between rail and road emissions (Putra & Setyanto, 2024). Second, 

PT KAI's freight trains carry very high loads (up to 5,000 tons per train) relative to typical truck 

loads (20–30 tons), maximizing rail's economies of scale (Gao & Li, 2025). Third, the distances 

involved in Indonesian bulk commodity shipping—coal from Kalimantan and Sumatra to Java 

power plants—are sufficiently long to fully realize rail's efficiency advantages (Rahman & 

Hakim, 2025).  

These findings have important policy implications. For Indonesia to meet its nationally 

determined contribution (NDC) emission reduction targets under the Paris Agreement, modal 

shift to rail should be prioritized as a cost-effective abatement strategy (Sun, 2025). Yao (2026) 

estimated that each ton-kilometer shifted from road to rail reduces emissions by 

approximately 80 g CO₂, making modal shift one of the lowest-cost options for freight sector 

decarbonization.  

3. Energy Efficiency Context  

The emission results are supported by energy efficiency data. According to IEA (2025), rail 

consumes approximately 0.5–0.7 megajoules (MJ) per ton-kilometer compared to 1.5–2.5 MJ 

for road transport—an energy intensity reduction of 65–70%. This energy efficiency translates 

directly into lower fuel consumption and reduced carbon intensity (Duan & Liu, 2025). For PT 

KAI, the use of electric locomotives on electrified lines further reduces emissions, particularly 

when the electricity grid incorporates renewable sources (de Oliveira & Oliveira, 2024).  

 

Quantitative Findings: Operational Performance (H2, H4)  

1. OTIF and Reliability Analysis  

Table 2. Operational Performance Comparison 

Indicator 
Road (Industry 

Average) 
Rail (PT KAI, 2025) Source 
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OTIF (%) 85–90 Up to 98 KAI (2025); Wang et 
al. (2024) 

Capacity per trip (tons) 20–30 2,500–5,000 Putra & Setyanto 
(2024) 

Delay risk High (congestion) Low (dedicated track) Parvasi (2025) 

Schedule predictability Moderate High Heinold & Meisel 
(2023) 

The finding that rail achieves OTIF rates up to 98%, significantly higher than road's 85–

90% average, supports H2: Green logistics positively affects operational performance. This 

result is consistent with Wang et al. (2024), who found that sustainable logistics practices—

particularly those involving modal shift to rail—improve operational performance by reducing 

variability and increasing predictability.  

The OTIF advantage of rail can be attributed to three factors. First, rail operates on 

dedicated tracks with centralized traffic control, eliminating the unpredictable delays caused 

by road traffic congestion, accidents, and construction (Parvasi, 2025). Second, rail schedules 

are planned in advance with buffer times and alternative routing options, reducing the impact 

of unexpected disruptions (Liu & Wang, 2024). Third, rail freight handling at terminals follows 

standardized procedures with automated tracking systems, reducing human error and 

documentation delays (Xu & Yang, 2024).  

The 8–13 percentage point OTIF advantage of rail over road (98% vs. 85–90%) has 

significant customer value implications. For shippers of bulk commodities, each percentage 

point improvement in OTIF reduces inventory carrying costs, safety stock requirements, and 

production disruption risks (Khan & Abideen, 2024). For time-sensitive cargo—though less 

relevant for PT KAI's bulk focus—the reliability advantage would be even more valuable (Zhang 

& Liu, 2025).  

2. Capacity Utilization Advantage  

One rail trip (50 wagons × 50–100 tons per wagon) replaces 100–250 truck trips, 

substantially reducing road congestion and infrastructure wear (Putra & Setyanto, 2024). This 

capacity advantage is particularly valuable for bulk commodities like coal and cement, where 

volume consistency allows rail to achieve economies of scale (Olkiewicz, 2025). The capacity 

utilization advantage also has environmental co-benefits: fewer vehicle trips mean lower total 

emissions, less road wear, and reduced accident risk (Alamoush et al., 2023).  

From a lean management perspective, the capacity advantage reflects the elimination of 

"transportation waste"—moving goods in smaller-than-optimal batches (Tan & Zhu, 2024). 

Lean logistics principles advocate for full truckload (FTL) or full trainload (FTL) shipments to 

minimize movements and maximize asset utilization. Rail's 100–250× capacity advantage 

represents the ultimate realization of this principle for bulk freight (Wu & Chen, 2025).  

3. Comparison with International Rail Operators  

The operational performance of PT KAI compares favorably with international 

benchmarks. Liu and Wang (2024) reported OTIF rates of 95–97% for Chinese rail freight, 94–

96% for European rail, and 92–95% for North American rail. PT KAI's 98% OTIF places it at the 

high end of this range, suggesting that Indonesian rail operations are highly reliable despite 

infrastructure and equipment constraints (Singh & Gupta, 2024). Factors contributing to this 

performance include simple network structure (point-to-point bulk transport rather than 
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complex hub-and-spoke networks), stable customer base (long-term contracts with 

predictable volumes), and focused operational management (Rahman & Hakim, 2025).  

 

Quantitative Findings: Business Performance (H3, H5) 

1. Cost Efficiency Comparison  

Table 3. Cost Efficiency Comparison (PT KAI vs. Road Benchmark, 2025) 

Cost Aspect 
Road 

(IDR/ton-km) 
Rail (IDR/ton-

km) 
Cost Reduction 

(%) 
Source 

Fuel cost 150–200 80–120 40–47% KAI (2025); Sun 
(2025) 

Total cost per 
ton-km 

300–500 150–250 50% Karaman et al. 
(2024) 

Maintenance 
cost 

High Moderate 30–40% Yao (2026) 

The finding that rail achieves approximately 50% lower cost per ton-kilometer compared 

to road transport for bulk, long-distance shipments supports H3: Green logistics positively 

affects business performance. This result is consistent with Karaman et al. (2024), who found 

that green logistics practices improve firm performance by reducing operating costs and 

strengthening competitive positioning.  

The cost advantage of rail over road can be decomposed into three components. First, 

fuel cost advantage (40–47%) : Rail's lower rolling resistance and higher capacity per vehicle 

translate directly into lower fuel consumption per ton-kilometer (Li & Zhang, 2025). For a 1,000 

km shipment, a train consumes approximately 3–4 liters of diesel per ton, compared to 8–10 

liters for a truck (Heinold & Meisel, 2023). Even accounting for higher fuel costs for trains in 

some markets (e.g., where diesel is taxed differently from road fuel), the fuel cost per ton 

remains substantially lower (Gao & Li, 2025).  

Second, labor cost advantage: A single train crew (2–3 persons) moves 2,500–5,000 tons, 

while trucks require one driver per 20–30 tons. This 100–250× labor productivity advantage 

significantly reduces labor costs per ton (Xu & Yang, 2024). In Indonesia, where labor costs are 

rising, this advantage is increasingly important (Putra & Setyanto, 2024).  

Third, maintenance and depreciation advantage: Rail vehicles have longer service lives 

(30–40 years for locomotives, 40–50 years for wagons) compared to trucks (8–10 years), 

spreading fixed costs over more years and more ton-kilometers (Singh & Gupta, 2024). 

However, rail infrastructure maintenance is expensive and must be accounted for; when fully 

allocated, the maintenance advantage may be smaller than the fuel and labor advantages 

(Chen et al., 2024).  

2. Economies of Scale and Volume Thresholds  

The cost advantage of rail is not uniform across all shipment sizes and distances. Olkiewicz 

(2025) identified a threshold of approximately 500,000 tons annually and 300 km distance 

below which rail may not be cost-competitive. PT KAI's freight volume of 72.5 million tons per 

year far exceeds this threshold, explaining its strong cost performance. For smaller shippers or 

shorter distances, road transport may remain cost-competitive, even with its higher per-unit 

emissions (Duan & Liu, 2025).  
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This threshold effect has important implications for logistics strategy. Shippers should 

evaluate the volume and distance of their freight flows before committing to rail. For flows 

above the threshold, rail offers compelling cost and emission advantages. For flows below the 

threshold, multimodal solutions—truck to rail terminal for consolidation—may partially 

capture rail's economies of scale while maintaining flexibility (Parvasi, 2025).  

3. Comparison with International Cost Benchmarks  

The 50% cost advantage observed at PT KAI is somewhat larger than international 

benchmarks. Karaman et al. (2024) reported rail cost advantages of 30–45% in Europe and 25–

40% in North America. The larger advantage in Indonesia may reflect several factors: (1) lower 

rail infrastructure cost recovery (government subsidies for rail infrastructure are not fully 

allocated to freight), (2) higher road costs due to congestion and poor road conditions, and (3) 

lower labor costs for rail crew relative to truck drivers (Rahman & Hakim, 2025). De Oliveira 

and Oliveira (2024) noted that modal shift economics are more favorable in developing 

countries where road congestion is severe and rail infrastructure investment is subsidized.  

 

Testing of Hypotheses H4 and H5  

1. Operational Performance and Business Performance (H4)  

The analysis shows that higher OTIF (98% vs. 85–90%) and lower delay risk directly 

translate into business benefits. Better operational performance reduces penalty costs for late 

deliveries, increases customer retention through reliable service, and improves asset turnover 

(Wang et al., 2024). PT KAI's ability to maintain high reliability for bulk customers (e.g., coal 

mines, cement plants, fertilizer distributors) strengthens long-term contracts and revenue 

stability. This finding supports H4: Operational performance positively affects business 

performance.  

The mechanism linking operational performance to business performance is well 

established in the logistics literature. Liu and Wang (2024) demonstrated that a 1% 

improvement in OTIF is associated with a 0.3–0.5% reduction in logistics costs and a 0.2–0.4% 

increase in customer retention. Khan and Abideen (2024) found that reliability is the most 

important factor in shipper modal choice, outweighing cost in some segments. For PT KAI, the 

8–13 percentage point OTIF advantage over road creates a significant competitive moat that 

would be difficult for road carriers to match, given the structural constraints of road transport 

(traffic congestion) that are outside their control (Putra & Setyanto, 2024).  

From a strategic management perspective, operational performance serves as a source of 

sustainable competitive advantage when it is valuable (customers care about reliability), rare 

(few competitors can match 98% OTIF), and difficult to imitate (road carriers cannot eliminate 

traffic congestion) (Zhang & Liu, 2025). PT KAI's OTIF performance meets these criteria, 

suggesting that rail-based green logistics can sustain superior business performance over time.  

2. Environmental Performance and Business Performance (H5)  

Lower emissions per ton-kilometer are correlated with lower fuel consumption, which 

directly reduces operating costs (Sun, 2025). Additionally, companies using green logistics 

(including rail) may access green financing at lower interest rates and avoid future carbon taxes 

(Yao, 2026). In Indonesia, where carbon pricing is being considered (target implementation by 

2027–2028), rail's emission advantage provides long-term risk mitigation. This finding supports 

H5: Environmental performance positively affects business performance.  
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The relationship between environmental and business performance has been debated in 

the literature, but the present study adds to the growing evidence for the "pays to be green" 

hypothesis (Olkiewicz, 2025). Several mechanisms explain this positive relationship in the PT 

KAI context. First, operational efficiency: Lower emissions are a byproduct of higher energy 

efficiency, which directly reduces fuel costs (Sun, 2025). Rail's emission advantage is not 

achieved at the expense of cost efficiency but through the same underlying engineering 

principles (low rolling resistance, economies of scale). Therefore, environmental and economic 

goals are aligned rather than in conflict.  

Second, regulatory advantage: As environmental regulations tighten, rail's lower 

emissions reduce exposure to carbon taxes, emission standards, and potential operating 

restrictions (Yao, 2026). Zhao and Wang (2024) estimated that a carbon tax of $50 per ton CO₂ 

would increase road freight costs by 15–20% but rail costs by only 5–8%, widening rail's cost 

advantage. Early adoption of low-carbon logistics positions PT KAI favorably for future 

regulatory scenarios.  

Third, reputational advantage: Shippers are increasingly evaluated on their scope 3 

(supply chain) emissions. By choosing rail, shippers can reduce their reported carbon footprint, 

enhancing their own sustainability reporting and brand reputation (Zhang & Liu, 2025). This 

creates demand for rail services above and what cost considerations alone would predict, 

allowing PT KAI to charge price premiums or secure longer contracts (Karaman et al., 2024).  

Fourth, access to green finance: Financial institutions are increasingly incorporating ESG 

criteria into lending decisions. Companies with strong environmental performance may qualify 

for green bonds or sustainability-linked loans with lower interest rates (Zhao & Wang, 2024). 

While PT KAI has not yet accessed such instruments, the potential exists as green finance 

markets develop in Indonesia (Tan & Zhu, 2024).  

 

Integration of Qualitative and Quantitative Findings  

The qualitative themes identified in interviews—environmental commitment, operational 

reliability, and cost competitiveness—directly align with and explain the quantitative results. This 

integration strengthens the validity of all five hypotheses through methodological triangulation 

(Yin, 2018).  

Specifically:  

Environmental commitment (qualitative) explains the 70–80% emission reduction (quantitative) → 

supports H1 and H5  

Operational reliability (qualitative) explains the 98% OTIF (quantitative) → supports H2 and H4  

Cost competitiveness (qualitative) explains the 50% cost reduction (quantitative) → supports H3  

This triangulation addresses a key limitation of single-method studies. By combining 

interview data (providing depth and context) with quantitative performance data (providing 

precision and comparability), the study provides a more complete and credible picture of rail's 

performance implications than either method alone could achieve (de Oliveira & Oliveira, 2024).  

 

Answering Research Questions  

RQ1: How does rail transport affect environmental performance?  

Rail transport reduces carbon emissions by 70–80% compared to road transport for bulk, 

long-distance freight. This finding confirms the theoretical prediction that modal shift from road to 
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rail is among the most effective strategies for decarbonizing freight transport (Agyabeng-Mensah 

et al., 2023; Centobelli et al., 2023; Heinold & Meisel, 2023; Hu et al., 2025). The magnitude of 

reduction observed at PT KAI (80%) places it at the high end of international benchmarks, reflecting 

favorable conditions including high train loads, long distances, and relatively inefficient road truck 

baselines.  

RQ2: How does rail transport affect operational performance?  

Rail transport improves operational performance through higher OTIF (98% vs. 85–90%), 

greater capacity per trip (2,500–5,000 tons vs. 20–30 tons), and lower delay risk. This finding 

supports the lean management principle that waste reduction—including schedule variability, 

waiting time, and unnecessary movements—improves operational efficiency (Wang et al., 2024; Liu 

& Wang, 2024; Parvasi, 2025). PT KAI's OTIF performance compares favorably with international 

rail operators, reflecting its focused network, stable customer base, and dedicated operations.  

RQ3: How does rail transport affect business performance?  

Rail transport improves business performance through cost reduction (50% lower cost per 

ton-km, 40–47% lower fuel costs), differentiation (reliability advantage), and risk mitigation (lower 

exposure to carbon taxes and fuel price volatility). This finding supports the "pays to be green" 

hypothesis, demonstrating that environmental and economic performance are complements 

rather than trade-offs when green logistics is implemented effectively (Karaman et al., 2024; 

Olkiewicz, 2025; Sun, 2025; Yao, 2026).  

 

Linking Findings with Existing Knowledge Structures  

The findings of this study both confirm and extend existing knowledge structures: 

Confirmation of existing theory:  

Agyabeng-Mensah et al. (2023) and Centobelli et al. (2023) argued that green logistics 

improves environmental and operational outcomes. This study confirms these relationships in the 

Indonesian rail context, demonstrating that their findings generalize beyond the manufacturing and 

road logistics contexts where most prior research was conducted.  

Heinold and Meisel (2023) documented rail's emission advantage in European contexts. This 

study shows that similar or larger advantages exist in Indonesia, despite differences in 

infrastructure quality, equipment age, and operating conditions.  

Karaman et al. (2024) found a positive relationship between green logistics and firm 

performance. This study replicates this finding in a rail-specific context and provides quantitative 

estimates of the cost advantage (50% lower cost per ton-km).  

Extension of prior research:  

While Wang et al. (2024) examined environmental and operational performance separately, 

this study integrates them within a single framework and tests their joint effects on business 

performance. This integration reveals that operational and environmental improvements are not 

independent but mutually reinforcing.  

While Olkiewicz (2025) studied green logistics practices in European logistics firms, this study 

provides evidence from an emerging economy (Indonesia) where the baseline is higher road 

dependence and potentially larger gains from modal shift.  

While Parvasi (2025) discussed modal shift theoretically, this study provides empirical 

quantification of the performance implications, including specific cost, emission, and OTIF figures.  

Potential modification of existing theory:  
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The threshold effects observed (minimum volume 500,000 tons/year, minimum distance 300 

km for rail to be cost-competitive) suggest that modal shift theories should incorporate these 

parameters rather than treating rail as universally advantageous. The "one-size-fits-all" 

recommendation to shift freight to rail must be qualified by shipment characteristics.  

The finding that PT KAI's OTIF (98%) exceeds international benchmarks (typically 92–97%) 

suggests that developing country rail operators can achieve world-class reliability despite 

infrastructure constraints, challenging assumptions that developed countries necessarily have 

superior operational performance.  

 

Proposed Theoretical Extensions  

Based on the integrated findings, this study proposes three theoretical extensions to the 

green logistics literature:Extension 1: The Three-Dimensional Performance Framework Prior 

research has typically examined environmental, operational, and business performance separately 

or in pairs. This study demonstrates the value of an integrated framework that considers all three 

simultaneously, revealing complementarities and trade-offs that might be missed in narrower 

analyses. Future research should adopt this three-dimensional framework to provide more 

complete assessments of green logistics performance. Extension 2: Contextual Contingencies for 

Modal Shift The findings suggest that rail's advantages are not universal but depend on shipment 

volume, distance, and commodity characteristics. Future theoretical work should develop 

contingency models specifying the conditions under which modal shift is most beneficial. Such 

models would help managers and policymakers target modal shift efforts where they yield the 

greatest returns. Extension W3: The Role of First-Mile/Last-Mile Trucking The managers' 

acknowledgment of multimodal dependencies highlights that rail does not replace trucking but 

reconfigures its role. Rail optimizes the long-haul middle mile, while trucks provide flexible first-

mile pickup and last-mile delivery. Future theories of green logistics should conceptualize modal 

shift as a rebalancing of modal roles rather than simple replacement, emphasizing the importance 

of intermodal integration.  

 

Summary of Hypothesis Testing Results  

Table 4. Summary of Hypothesis Testing 

Hypothesis Statement Result Supporting Evidence 

H1 Green logistics → Environmental 
performance 

Supported 70–80% emission reduction 

H2 Green logistics → Operational 
performance 

Supported 98% OTIF, lower delay risk 

H3 Green logistics → Business 
performance 

Supported 50% cost reduction 

H4 Operational performance → 
Business performance 

Supported OTIF advantage reduces 
penalty costs, improves 
retention 

H5 Environmental performance → 
Business performance 

Supported Lower emissions = lower 
fuel costs, regulatory 
advantage 

All five hypotheses were supported by the integrated qualitative and quantitative data. Rail 

transport as a green logistics solution delivers simultaneous improvements across environmental, 
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operational, and business performance dimensions. No trade-offs or negative relationships were 

observed, suggesting that green logistics and business performance are complementary objectives 

when rail is used for appropriate freight segments (bulk commodities, long distances, high 

volumes).  

 

Practical and Managerial Implications 

The findings have several practical implications for logistics managers and policymakers:  

For logistics managers:  

For bulk shipments exceeding 500,000 tons/year and 300 km distance, rail offers compelling cost 

(50% reduction) and emission (70–80% reduction) advantages over road.  

The reliability advantage (98% OTIF) is as important as cost for many shippers; marketing materials 

should emphasize both.  

Multimodal integration (efficient first-mile/last-mile trucking) is essential to realize rail's full 

potential; invest in terminal infrastructure and coordination systems.  

For policymakers:  

Modal shift to rail should be prioritized as a cost-effective emission reduction strategy in national 

climate plans (NDCs).  

Rail infrastructure investment (new lines, terminal upgrades, electrification) yields high returns in 

reduced emissions and logistics costs.  

Policies that internalize road's external costs (congestion charges, carbon taxes, road user fees) 

improve rail's competitiveness.  

First-mile/last-mile connectivity should be supported through grants or subsidies for intermodal 

terminal development. 

CONCLUSION  

Research Conclusions  
This study concludes that rail transport as a green logistics solution significantly improves 

environmental performance (70–80% emission reduction), operational performance (OTIF up to 
98%), and business performance (50% cost reduction). All five hypotheses (H1–H5) were supported. 
The integrated three-dimensional framework proposed in this study was empirically validated.  
 
Implications (Practical Suggestions)  

For logistics companies: Shift bulk, long-distance freight to rail; develop multimodal terminals 
For policymakers: Invest in rail infrastructure; provide incentives for rail-based logistics; include 
modal shift in carbon reduction targets  
 
Limitations  
1. Single case study (PT KAI only)  

2. Commodity concentration (82% coal)  

3. Secondary data dominance (though supplemented by interviews) 

4. No inferential statistical testing  

 

Suggestions for Future Research  

1. Multiple case studies across emerging economies 

2. Include non-bulk commodities  
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3. Apply SEM or regression analysis  

4. Conduct longitudinal studies (5–10 years)  

5. Integrate social and regulatory dimensions  
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