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ABSTRACT

In the fast-paced logistics environment, optimizing delivery routes has become essential for reducing transportation
costs and improving operational efficiency. Traditional logistics planning often relies on distance-based routing, which
may not fully capture real-world constraints and cost drivers. In today’s competitive market, organizations
continuously seek effective strategies to minimize logistics expenses while ensuring the timely delivery of goods. One
of the most critical challenges in this context is the Vehicle Routing Problem (VRP), as it directly influences delivery
time, fuel consumption, and overall logistics performance. This study examines the impact of route optimization on
logistics cost reduction by applying a VRP-based approach for truck routing. The analysis considers key operational
factors such as travel distance, delivery time, and fuel usage, along with sustainability indicators related to fuel
efficiency and emission reduction. The findings demonstrate that optimized routing significantly reduces logistics
costs and enhances operational efficiency, highlighting route optimization as a vital decision-support tool for cost-
effective and sustainable logistics management.

Keywords: Route Optimization, Vehicle Routing Problem (VRP), Logistics Cost Reduction, Operational Efficiency,
Sustainable Logistics.

1. INTRODUCTION

In today’s highly competitive business environment, logistics efficiency plays a critical role in enhancing customer
satisfaction while controlling operational costs. As transportation constitutes a significant portion of logistics
expenditures, organizations are increasingly focusing on route optimization as a strategic tool to enhance delivery
performance and reduce costs. Route optimization involves determining the most efficient transportation paths to
ensure timely deliveries while minimizing fuel consumption, travel distance, and operational expenses.

Cost reduction in logistics extends beyond simple route planning and requires a holistic approach that includes
effective resource utilization, vehicle scheduling, and real-time decision-making. Among the various challenges faced
by logistics managers, the Vehicle Routing Problem (VRP) remains one of the most significant, as it directly impacts
delivery time, fuel usage, and overall network efficiency. Traditional VRP models primarily focus on minimizing
travel distance, while more recent studies emphasize minimizing delivery time to enhance service levels.

However, previous research suggests that optimizing routes solely based on time may result in increased travel
distance, thereby increasing transportation costs (Alvarez et al., 2017). This creates a critical managerial dilemma
regarding the trade-off between minimizing distance and minimizing time. A notable research gap exists in studies
that simultaneously consider both distance and time to determine the most cost-effective routing strategy for logistics
operations.

Route optimization has proven to be an effective method for reducing fuel consumption, lowering operational costs,
and improving delivery capacity without expanding vehicle fleets. Optimized routing reduces unnecessary mileage
and idling, leading to improved productivity and enhanced customer satisfaction. Furthermore, route optimization
contributes to sustainable logistics practices by lowering carbon emissions and promoting efficient fuel usage.

With advancements in data analytics and real-time routing technologies, logistics organizations can dynamically adjust
routes based on traffic conditions, weather, and road disruptions. Such data-driven route optimization supports last-
mile delivery efficiency by enabling faster deliveries, accurate delivery time estimates, and improved customer
communication. In this context, the present study aims to examine the impact of route optimization on logistics cost
reduction by applying a VRP-based approach, focusing on both operational efficiency and sustainability outcomes.

2. REVIEW OF LITERATURE

Route optimization has been widely recognized as a critical factor in enhancing logistics efficiency and reducing
transportation costs. Early studies on logistics optimization emphasized the importance of minimizing travel distance
and improving vehicle utilization to control operational expenses. The Vehicle Routing Problem (VRP) has emerged
as one of the most extensively studied models in logistics and transportation research due to its practical relevance in
real-world delivery operations.[8]
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Several researchers have demonstrated that VRP-based routing significantly reduces fuel consumption and delivery
time while improving service reliability. Studies indicate that optimized routing leads to better allocation of vehicles,
reduced empty miles, and improved adherence to delivery schedules. With the advancement of analytical tools and
computing capabilities, VRP models have been increasingly integrated into decision-support systems for logistics
planning. This literature review explores key strategies for cost optimization in logistics product management,
focusing on operational efficiency and profitability [9].

Recent literature highlights the growing role of data analytics and visualization tools in logistics optimization.
Researchers emphasize that combining optimization models with dashboard-based monitoring systems enhances
managerial decision-making by providing real-time insights into route performance, cost behavior, and operational
efficiency. The use of tools such as Excel-based optimization and Power Bl dashboards has been found effective,
particularly for small and medium-sized logistics firms. The first key strategy for cost optimization lies in the adoption
of advanced technologies such as automation, Internet of Things (10T), and Al [10].

In addition to economic benefits, recent studies have focused on the environmental implications of route optimization.
Optimized routing contributes to reduced fuel consumption and lower carbon emissions, supporting sustainable
logistics practices. Scholars argue that sustainability-driven routing decisions are becoming increasingly important due
to regulatory pressures and corporate social responsibility initiatives. Despite extensive research on VRP models,
limited empirical studies focus on practical implementation at the operational level using simple and accessible tools.
Many studies rely on complex algorithms that are difficult to implement in real-world logistics settings. This research
addresses the identified gap by empirically examining the impact of VRP-based route optimization on logistics cost
reduction using operational data and practical analytical techniques.[11]

3. OBJECTIVES

e To study the impact of route optimization on logistics cost reduction.

e To apply a VRP-based model to optimize delivery routes.

o To quantify the relationship between distance, time, and transportation cost.

e To evaluate the effect of optimized routing on fuel consumption and delivery efficiency.
e To assess the contribution of route optimization to sustainable logistics practices.

4. PROBLEM STATEMENT

Logistics companies increasingly face challenges in minimizing transportation costs while maintaining timely and
reliable delivery services. Inefficient route planning often leads to longer travel distances, higher fuel consumption,
increased delivery times, and excessive operational costs. Many organizations still rely on experience-based or manual
routing decisions that fail to simultaneously consider critical factors such as distance, time, and vehicle utilization.

The absence of an integrated, data-driven routing approach creates uncertainty in logistics planning and limits cost-
saving opportunities. Therefore, there is a need to examine how route optimization using a Vehicle Routing Problem
(VRP)-based approach can reduce logistics costs, enhance operational efficiency, and support sustainable logistics
practices.

5. RESEARCH METHODOLOGY
5.1 Data Collection

This study employs both quantitative and qualitative data to comprehensively analyse the impact of route optimization
on logistics cost reduction.

1. Quantitative Data

e Financial data, including fuel costs and operating costs

e Operational data such as delivery routes, travel distance, delivery time, fuel consumption, and vehicle utilization
2. Qualitative Data

o Customer feedback and survey responses related to delivery timeliness and service quality

e Case studies of logistics firms that have successfully implemented route optimization strategies

5.2 Data Analysis

1. Quantitative Analysis

o Statistical and analytical tools are used to analyse delivery distance, fuel consumption, delivery time, and logistics
costs
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Comparative analysis is conducted between pre-optimization and post-optimization routes

Cost savings achieved through route optimization are calculated and evaluated
. Qualitative Analysis

N

Customer feedback is analysed to identify key service-related challenges and improvement areas

Case studies are examined to identify best practices and lessons learned in route optimization and cost reduction
5.3 Data Sources

e Industry reports and logistics publications

o Case studies of successful logistics and transportation firms

o Simulated operational datasets developed for analytical purposes

5.4 Research Design

The study adopts a mixed-methods research design, combining quantitative and qualitative approaches to provide a
holistic understanding of the impact of route optimization on logistics cost reduction.

1. Quantitative Research Design

o Historical operational data on delivery routes, distances, fuel consumption, delivery time, and vehicle performance
are analysed

A basic Vehicle Routing Problem (VRP) model is applied to optimize routes and minimize total travel distance

N

. Qualitative Research Design

Customer surveys and feedback mechanisms are used to assess service quality and delivery performance

e Secondary case studies support the quantitative findings and enhance managerial relevance

6. OPERATIONAL COST REDUCTION STRATEGIES

¢ Route Optimization: Selecting the most efficient delivery routes to reduce distance, fuel usage, and delivery time
¢ Vehicle Utilization Improvement: Optimizing vehicle loads and routing schedules to reduce unnecessary trips

e Delivery Consolidation: Combining deliveries within optimized routes to improve efficiency

e Data-Driven Decision Making: Using analytics and dashboards to monitor logistics performance and identify
cost-saving opportunities

7. HYPOTHESIS DEVELOPMENT

Based on the conceptual framework, the following hypotheses are formulated to examine the relationship between
route optimization and logistics cost reduction.

e Primary Hypothesis

H1: Route optimization using a VRP-based approach has a significant impact on logistics cost reduction.
e Secondary Hypotheses

H2: Route optimization significantly reduces total travel distance in logistics operations.

H3: Reduction in travel distance leads to lower fuel consumption and operating costs.

H4: Route optimization significantly reduces delivery time and improves operational efficiency.

H5: Improved operational efficiency through route optimization positively contributes to sustainable logistics
practices.

8. HYPOTHESIS MAPPING TO RESEARCH METHODOLOGY

The hypotheses are tested using quantitative and qualitative data through appropriate analytical techniques, as outlined
below:

Table 1: Hypothesis and Data Type
Hypothesis Variable Relationship Data Type Analysis Technique

Route Optimization — Logistics Cost
Reduction

Before—After Cost Comparison,

H1 - .
Descriptive Analysis

Quantitative

Route Optimization — Distance
Reduction

Distance Analysis (Pre vs Post

H2 Optimization)

Quantitative
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Hypothesis Variable Relationship Data Type Analysis Technique
H3 Distance Reducnofl — Fuel Cost Quantitative Fuel Cost Calculation, Trend Analysis
Reduction
H4 Route Optimization = Delivery Time Quantitative Time Comparison Analysis
Reduction
H5 Operational Efficiency— Sustainable Qualitative & Interpretation of Emission Reduction &
Logistics Quantitative Case Insights

Table 2: Operationalization of Variables
Variable Type Variables
Independent Variable Route Optimization (VRP-based routing)
Mediating Variables Distance travelled, Fuel consumption, Delivery time, Vehicle utilization
Dependent Variable Logistics Cost Reduction

Outcome Variable Sustainability impact (reduced fuel usage and emissions)

Quantitative analysis validates hypotheses H1-H4 through measurable operational and cost data
Qualitative insights support H5 by linking operational efficiency to sustainable logistics practices

o The VRP model serves as the analytical foundation for hypothesis testing
9. STATISTICAL TESTING OF HYPOTHESES

Purpose of Statistical Testing

Statistical testing is employed in this study to empirically validate the impact of route optimization on logistics cost
reduction. The tests compare logistics performance metrics before and after the implementation of a VRP-based route
optimization approach.

Statistical Techniques Used

Given the nature of the study and the availability of pre-optimization and post-optimization data, paired comparison
techniques are applied.

1. Descriptive Statistics
e Mean

Percentage change

Trend comparison

These are used to summarize:

e Travel distance

e Fuel consumption

o Delivery time

e Logistics cost

2. Paired Sample t-Test (Primary Test)

The paired sample t-test is used to examine whether there is a statistically significant difference between logistics
performance before and after route optimization. This test is appropriate because:

e The same vehicles/routes are observed before and after optimization
e Data is continuous (distance, cost, time)
e The objective is to measure improvement due to intervention (VRP)
Table 3: Descriptive Statistics (Before and After Route Optimization)

Variable Before Optimization (Mean) After Optimization (Mean) Percentage Reduction (%0)

Travel Distance (km) 136.0 107.0 21.3%
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Variable Before Optimization (Mean) After Optimization (Mean) Percentage Reduction (%0)
Fuel Consumption (litres) 88.5 69.8 21.1%
Delivery Time (hours) 5.6 45 19.6%
Logistics Cost () 52,400 41,900 20.0%

Interpretation:
The descriptive analysis indicates a noticeable reduction across all operational variables after route optimization,
highlighting improved logistics efficiency.

Table 4: Paired Sample t-Test Results (Before vs After Optimization)

Variable Mean Difference t-value p-value Result
Travel Distance 29.0 km 4,12 0.003 Significant
Fuel Consumption 18.7 litres 3.98 0.004 Significant
Delivery Time 1.1 hours 3.45 0.009 Significant
Logistics Cost 310,500 456 0.002 Significant

Rule:
p <0.05 — Reject Null Hypothesis

Interpretation:
All variables show statistically significant improvement after route optimization, confirming the effectiveness of the
VRP-based approach.

Table 5: Hypothesis Testing Summary

Hypothesis Description Statistical Test Used Result
H1 Route optimization significantly reduces logistics cost Paired t-test Supported
H2 Route optimization reduces travel distance Paired t-test Supported
H3 Distance reduction lowers fuel consumption and cost Correlation & % Analysis Supported
H4 Route optimization reduces delivery time Paired t-test Supported
H5 Route optimization supports sustainable logistics  Descriptive & Qualitative Analysis Supported

Table 6: Relationship Between Distance Reduction and Fuel Cost Savings

Vehicle ID Distance Reduced (km) Fuel Cost Saved (%)

V1 25 1,625
V2 30 1,950
V3 20 1,300
V4 40 2,600
V5 30 1,950

Interpretation:
The table demonstrates a direct relationship between reduced travel distance and fuel cost savings, supporting
Hypothesis H3.

Table 7: Sustainability Impact Assessment

Indicator Before Optimization After Optimization Impact
Fuel Consumption High Reduced Positive
Carbon Emissions High Lower Positive
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Indicator Before Optimization After Optimization Impact
Vehicle Utilization Moderate Improved Positive
Operational Efficiency Low High Positive

LEAD TIME days

Order Order Order Order Order Order Order Order Order Order
1 2 3 e 5 & 7 8 q 10

Contract Lead Time Real Lead Time == o= - Average Lead Time

Figure 1: Delivery Time Comparison Before and After Route Optimization
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Figure 2: Vehicle-wise Fuel Cost Savings After Route Optimization

@International Journal Of Progressive Research In Engineering Management And Science

1306



INTERNATIONAL JOURNAL OF PROGRESSIVE e-1SSN :
[TPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
AND SCIENCE (IJPREMS) Impact

WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 05, Issue 12, December 2025, pp : 1301-1308 7.001

Graph Type

e Column Chart

X-Axis

e Vehicle ID

Y-AXxis

o Fuel Cost Savings (%)

10. KEY TAKEAWAYS

¢ Route optimization using a VRP-based approach leads to significant logistics cost reduction.

e Optimized routing reduces travel distance by over 20%, resulting in substantial fuel cost savings.

¢ Delivery time improvements enhance operational efficiency and customer service performance.

e Statistical testing confirms that the observed improvements are empirically significant.

¢ Route optimization contributes positively to sustainable logistics by lowering fuel consumption and emissions.

e Even basic VRP models, when combined with analytical tools like Excel and Power BI, can deliver strong
managerial value.

e The study provides a practical framework for logistics firms, especially small and medium enterprises, to
implement cost-effective routing strategies

11. CONCLUSION

e Route optimization has become a critical operational strategy for logistics organizations seeking to reduce
transportation costs while maintaining high service performance. This study examined the impact of route
optimization on logistics cost reduction using a Vehicle Routing Problem (VRP)—based approach. By analyzing
operational parameters such as travel distance, fuel consumption, delivery time, and logistics cost, the study provides
empirical evidence of the effectiveness of optimized routing.

e The results of the statistical analysis indicate a significant reduction in travel distance, fuel consumption, and
delivery time after the implementation of route optimization. The paired sample t-test confirms that logistics cost
reduction achieved through VRP-based routing is statistically significant. These findings validate that data-driven
routing decisions outperform traditional experience-based routing practices.

e In addition to cost and efficiency improvements, the study highlights the sustainability benefits of route
optimization. Reduced fuel consumption and optimized vehicle utilization contribute to lower carbon emissions,
supporting environmentally sustainable logistics operations. The findings demonstrate that even basic VRP models
can generate substantial economic and environmental benefits without requiring complex or expensive technologies.

e Overall, the study concludes that route optimization is a powerful decision-support tool for logistics managers. The
integration of analytical models and performance dashboards enables informed decision-making, cost efficiency, and
sustainable logistics management. Future research may extend this study by incorporating real-time data, dynamic
traffic conditions, and advanced optimization techniques to further enhance routing efficiency.
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