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1. Introduction

Intermodal transportation, which involves the use of multiple transportation modes [1] (such as road, rail, and
sea) without handling the cargo itself when switching modes, is crucial for efficient supply chain management.
In a country like India, characterized by vast geographical diversity, varying infrastructure quality, and

complex regulatory frameworks, optimizing intermodal transportation presents unique challenges [2].

Efficient intermodal transportation can lead to substantial cost savings, improved service levels, and reduced
environmental impact [3]. However, achieving these outcomes in India requires careful consideration of
numerous factors, including infrastructure quality, transit times, and regulatory constraints. This paper presents

a hypothetical case study designed to explore the optimization of intermodal transportation in India. The focus
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is on a logistics company facing significant challenges in managing its transportation network across different

regions of the country.

The literature on intermodal transportation optimization is extensive, covering various mathematical models
and algorithms aimed at improving efficiency [4]. Mixed-Integer Linear Programming (MILP) is widely used
due to its capability to handle complex transportation networks by considering multiple variables such as costs,
transit times, and capacity constraints. For instance, the reference [5] demonstrated significant cost savings and

efficiency improvements by applying MILP to optimize intermodal transportation.

Genetic Algorithms (GA) are another popular method for addressing complex optimization problems in
transportation. GA is particularly suitable for exploring a broad solution space and handling nonlinear, multi-
objective problems. The GA is successfully utilized to optimize multimodal transport networks, achieving

notable improvements in both cost and service quality [6].

In the Indian context, the optimization of intermodal transportation is particularly challenging due to the
country's diverse geography, infrastructure disparities, and regulatory complexities. The potential of intermodal
transportation in India is discussed in [7], emphasizing the need for integrated logistics solutions that address
these unique challenges. This paper builds on the existing literature by applying MILP and GA to a
hypothetical case study in India, focusing on the specific challenges and opportunities presented by the

country's logistics landscape.

2. Complexity of Intermodal Transportation in India

Intermodal transportation in India is a complex endeavor due to several interrelated factors, including
geographical diversity, varying infrastructure quality, regulatory challenges, and the fragmented nature of the
logistics industry. These complexities make the optimization of intermodal transportation a critical area of

research.

2.1 Factors in Intermodal transportation in India [8-12]

1. Geographical Diversity

India’s vast and diverse geography, ranging from mountainous regions in the north to extensive coastal areas in
the south, poses significant challenges for transportation. The terrain affects the availability and efficiency of
different modes of transport. For instance, rail and road networks are more developed in plains and urban areas,
while coastal regions may rely more on sea transport. This diversity necessitates careful planning and

optimization to ensure efficient movement of goods across the country.

2. Infrastructure Disparities
Infrastructure quality varies widely across India. While some regions have well-developed road, rail, and port

infrastructure, others suffer from poor connectivity, inadequate facilities, and bottlenecks. For example, major
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ports like Mumbai and Chennai are often congested, leading to delays and increased costs. The disparity in
infrastructure quality adds to the complexity of intermodal transportation, as it requires the careful selection of

routes and modes of transport to minimize delays and costs.

3. Regulatory Challenges

India's regulatory environment is marked by complex and often inconsistent regulations across states. This
includes differences in taxation, road permits, and customs procedures, which can create delays and additional
costs in intermodal transportation. The regulatory landscape requires logistics providers to navigate a maze of

rules and procedures, further complicating the planning and execution of intermodal transportation.

4. Fragmented Logistics Industry

The Indian logistics industry is highly fragmented, with numerous small and medium-sized enterprises (SMEs)
operating alongside larger players. This fragmentation leads to inefficiencies, such as a lack of coordination and
standardized processes, which can hinder the seamless integration of different transportation modes. The lack
of an integrated logistics framework makes it challenging to optimize intermodal transportation, as different

players may not have access to real-time data or may operate under different standards.

2.2 Importance of Research on Intermodal Transportation Optimization
Given the complexities outlined above, research on optimizing intermodal transportation in India is of

paramount importance. The following points highlight the critical need for such research [11], [13-22]:
1. Enhancing Efficiency and Reducing Costs

Optimization research can lead to significant improvements in the efficiency of intermodal transportation. By
identifying the most cost-effective routes and modes of transport, companies can reduce overall logistics costs,
which are currently higher in India, compared to global standards. For instance, the logistics cost as a
percentage of GDP in India is higher to compare to the developed countries. Reducing these costs can improve

the competitiveness of Indian businesses on the global stage.

2. Improving Service Levels

Research can also help in enhancing service levels by reducing transit times and ensuring more reliable
delivery schedules. In a market where customer expectations are rising, especially with the growth of e-
commerce, ensuring timely and efficient delivery is crucial. Optimizing intermodal transportation can help
companies meet these expectations by minimizing delays and improving the reliability of supply chains [14].

3. Sustainability and Environmental Impact

Intermodal transportation has the potential to reduce the environmental impact of logistics by shifting freight

from road to more sustainable modes such as rail and sea. Research in this area can identify ways to minimize
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carbon emissions and other environmental impacts, aligning with India’s broader goals of sustainability and
reducing its carbon footprint [15]. This is particularly important as India is one of the largest emitters of

greenhouse gases globally, and the logistics sector is a significant contributor.
4. Supporting Economic Growth

Efficient intermodal transportation is crucial for supporting India’s economic growth, especially as the country
continues to urbanize and industrialize. Improved logistics infrastructure and optimized transportation
networks can facilitate the movement of goods, reduce costs, and enhance productivity. This, in turn, can

attract investment, boost exports, and contribute to overall economic development.
3. Problem Formulation for Intermodal Transportation

Intermodal transportation involves the movement of goods using multiple modes of transportation—such as
trucks, trains, ships, and airplanes—without handling the goods themselves when changing modes. The key

goal is to optimize the efficiency and cost-effectiveness of transporting goods from origin to destination.

The intermodal transportation problem is defined by a network consisting of nodes and links. Nodes represent
terminals (e.g., ports, railway stations, airports), and links represent transportation routes (e.g., rail lines,
highways, sea routes). The problem is to find the optimal route and combination of transportation modes that
minimize the total transportation cost or time, while satisfying constraints related to capacity, delivery time,

and cost.

Sets and Parameters:

N: Set of nodes (terminals).

L: Set of links (routes).

M: Set of transportation modes.

¢ Cijm: Cost of transporting goods between node i and node j using mode m.

¢ Tijm: Time required to transport goods between node i and node j using mode m.
e Qijm: Capacity of the transportation mode m on the link between nodes i and j.

¢ d: Demand, the amount of goods to be transported.

¢ Tmax: Maximum allowable transportation time.
Decision Variables:

e xijm: Binary variable, where xijm = 1 if the route (i,j) using mode m is selected, and 0 otherwise.

3.1. Objective Function Formulation

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrmme.com | Vol 5, Issue 5


http://ijsrmme.com/

Sunilkumar N Chaudhari et al Int. J. Sci. Res. Mech. Mater. Eng, September-October-2021, 5 (5) : 18-28

The objective of the problem can be to minimize either the total transportation cost or the total transportation

time.

1. Cost Minimization:

Minimization Z = Z Z Xiijijm 1)

(i,j)eL meM

2. Time Minimization:

Minimization T = Z Z Xijm'l'ijm )
(i,j)eL meM

3.2. Constraints Formulation
The problem is subject to the following constraints:

1. Flow Conservation Constraint: Goods entering a node must either be transferred to another mode or leave

the node.
1 if i is the source node
DD Xim— D, D, Xjim =1—1 if i is the destination node node 3)
(j)eN meM (j)eN meM 0 0therW|Se

2. Capacity Constraint: The flow on each route should not exceed the capacity of the transportation mode.

Ximd <Qyy V(1, J) €L, VMeM 4)

ijm?
3. Time Window Constraint: The transportation must be completed within a specific time frame.

Z Z XijmTijm STmax (5)

(i,j)eL meM

4. Mode Selection Constraint: Each leg of the journey must use one mode of transportation.

D X =1 (i, j) el (6)

meM
This formulation provides a comprehensive framework for optimizing intermodal transportation, ensuring that
the solution meets all logistical requirements while minimizing cost or time.

3.3. Optimization Models

Two models are developed for optimization:
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MILP Model: This model identifies the optimal combination of transport modes and routes that minimize total
costs while satisfying capacity and service level constraints. It considers variables such as transportation costs,
transit times, and mode availability.

GA Model: The GA model is used to explore alternative solutions that may not be captured by the MILP model,

particularly in handling the nonlinear and multi-objective nature of the problem
4. Case Study

India, with its vast geography and diverse topography, presents a unique challenge for intermodal
transportation. The country’s transportation network is composed of an extensive network of roads, railways,
ports, and airports, all of which need to be efficiently integrated to minimize logistics costs and transit times.
This case study focuses on optimizing the intermodal transportation of goods in India, using a Genetic

Algorithm (GA) to determine the most efficient routes and mode combinations.

The objective of this case study is to optimize the transportation of goods between major industrial hubs in

India, such as Mumbai, Delhi, Chennai, and Kolkata. The focus is on minimizing the total transportation cost

while ensuring timely delivery of goods. The transportation network includes multiple modes: road, rail, and

sea.

The specific challenges in India include:

¢ Long Distances: Transportation across vast distances, especially between northern and southern regions.

e Infrastructure Constraints: Varying quality of infrastructure, with some routes being more efficient than
others.

e Capacity and Congestion: Certain routes, especially those involving major ports and highways, are prone
to congestion.

¢ Regulatory Considerations: Differences in state-level regulations, tolls, and taxes, which impact

transportation costs.

4.1 Data Collection and Model Parameters
Data for this case study was collected from multiple sources, including government reports, transportation

logistics companies, and public databases. Key data points include:

¢ Distances between major nodes (e.g., Mumbai, Delhi, Chennai, Kolkata).
o Transportation costs for each mode (road, rail, sea).

e Travel times for each mode.

o Capacity limits for each mode and route.

¢ Demand levels for goods transported between these nodes.

The GA was implemented to solve this optimization problem. The parameters used in the GA include:
¢ Population Size: 100 individuals.
e Crossover Rate: 0.8.
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e  Mutation Rate: 0.01.
¢ Number of Generations: 200.

4.2 Optimization Process Using GA

The Genetic Algorithm was used to optimize the route and mode selection for transporting goods between the
nodes. The GA works by iteratively evolving a population of solutions, with each solution representing a
potential routing and mode selection plan. The fitness of each solution was evaluated based on the total

transportation cost and time.

Initialization: The initial population was generated randomly, ensuring that all solutions were feasible with
respect to the network constraints.

Selection and Crossover: Solutions were selected based on their fitness, with a higher probability of selection
for solutions with lower transportation costs. The selected solutions were then combined using crossover to
generate new offspring, which inherit characteristics from both parent solutions.

Mutation: A mutation operator was applied to introduce small random changes in the offspring, allowing the
algorithm to explore new areas of the solution space and avoid local optima.

Iteration: The process was repeated for 200 generations, with the best solutions being carried forward to the

next generation.
4.3 Results and Discussion

The GA optimization produced a set of optimal routes and mode combinations that significantly reduced

transportation costs and times. The results are summarized in Table 1.

Table 1: Result for intermodal transport for India

Route (From - To) Mode Selected Cost (INR) Time (Days) Capacit(z/ol)Jti]ized
Mumbai - Delhi Rail 50,000 2 85%
Delhi - Kolkata Rail 60,000 3 90%
Mumbai - Chennai Sea 70,000 5 80%
Chennai - Kolkata Rail 55,000 2 75%
Delhi - Mumbai Road 65,000 4 70%
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Figure 3: Mode selection for each rout
Figure 1, 2 and 3 represents Transportation cost by rout and mode, Capacity utilized by mode and Mode

selection for each rout respectively. The key Observations are as follows.

¢ Rail was the preferred mode for long-haul routes such as Mumbai to Delhi and Delhi to Kolkata, primarily
due to its lower cost and higher capacity.

e  Sea transportation was optimal for the Mumbai to Chennai route, despite the longer transit time, due to its
cost-effectiveness for large volumes.

¢ Road transportation was selected for routes where flexibility and speed were required, despite being more

expensive compared to rail.

The results indicate that a hybrid approach combining rail, sea, and road transportation is most efficient for
optimizing intermodal logistics in India. Railways, with their extensive reach and cost advantages, emerged as
the dominant mode, especially for high-capacity routes. However, sea transport also played a critical role for
coastal routes, offering a balance between cost and capacity. Road transport, while more expensive, provided
essential flexibility, particularly for routes requiring quicker delivery times.

This study demonstrates the effectiveness of using Genetic Algorithms in optimizing complex intermodal
transportation problems, particularly in a country like India, where infrastructure diversity and regional

variations play a significant role in logistics planning.

The analysis also highlights the potential benefits of implementing integrated logistics solutions, such as the
development of multimodal logistics parks and the adoption of real-time data sharing across the supply chain.
These solutions can further enhance the efficiency of intermodal transportation and reduce the impact of

congestion and delays.

The findings of this hypothetical case study demonstrate the potential for significant improvements in the
efficiency of intermodal transportation in India through optimization techniques. The results suggest that a

well-designed transportation plan can lead to substantial cost savings and service level improvements.

However, the implementation of such optimization strategies in the real world presents several challenges.
Regulatory hurdles, infrastructure development, and stakeholder collaboration are critical factors that must be
addressed to realize the full potential of intermodal transportation optimization in India. The study also
underscores the importance of considering local conditions when developing optimization models. India's
diverse geography, infrastructure variations, and complex regulatory environment require tailored solutions

that take into account the specific challenges and opportunities of the country's logistics landscape.

5. Conclusion
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This hypothetical case study highlights the importance of optimizing intermodal transportation in India to
enhance supply chain efficiency. By employing MILP and GA, the study demonstrates that significant cost

savings and transit time reductions can be achieved while maintaining high service levels.

The GA-based optimization model provides a powerful tool for enhancing the efficiency of intermodal
transportation networks in India. By optimizing the selection of transportation modes and routes, companies
can achieve significant cost savings and improve delivery performance. The flexibility of GA in handling
complex, nonlinear problems makes it particularly suited for real-world logistics scenarios where traditional

methods may fall short.

The findings offer valuable insights for logistics companies operating in India, emphasizing the need for
integrated logistics solutions and the careful consideration of local conditions. As India continues to develop its
infrastructure and regulatory environment, the optimization of intermodal transportation will play a critical

role in the country's economic growth and competitiveness.

Future work could focus on incorporating dynamic factors such as real-time traffic data, seasonal variations,
and regulatory changes into the model, further enhancing its applicability in the rapidly evolving

transportation landscape of India.
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