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Abstract: The growing emphasis on environmental responsibility has compelled organisations to redesign conventional supply
chain frameworks by incorporating sustainability-oriented objectives. In this context, the present work investigates an
optimisation-based approach for green supply chain management by simultaneously addressing economic and environmental
performance indicators. A multi-supplier, multi-customer supply chain network is formulated with the objective of minimising
overall transportation cost and associated carbon emissions.
Two widely used optimisation techniques, namely Linear Programming and Genetic Algorithm, are employed to solve the proposed
problem and their performances are comparatively analysed. Linear Programming is utilised due to its mathematical precision and
computational efficiency in handling structured optimisation problems, whereas the Genetic Algorithm is applied to examine its
adaptability in dealing with complex and heuristic-based solution spaces. The evaluation is carried out by comparing solution
quality in terms of total cost, emission levels, and computational behaviour.
The results reveal that Linear Programming consistently delivers lower cost and emission values under the given problem
formulation, demonstrating its suitability for deterministic and well-defined supply chain environments. Although the Genetic
Algorithm provides feasible solutions and greater modelling flexibility, its effectiveness is strongly influenced by parameter
selection and algorithm tuning.
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I. INTRODUCTION

n the contemporary industrial and commercial environment,
organisations are increasingly required to enhance operational
efficiency while simultaneously addressing environmental
sustainability concerns. Supply chain management has therefore
expanded beyond its conventional emphasis on cost reduction and
service level improvement to incorporate environmental
responsibility as a critical performance dimension. This transition
has given rise to Green Supply Chain Management, which
focuses on embedding environmental considerations such as
emission reduction, energy conservation, and waste minimisation
into supply chain planning and execution processes [1], [2].

Optimisation techniques play a central role in supply chain
decision-making, particularly in transportation and distribution
planning. Traditional optimisation models are predominantly
designed to minimise economic costs; however, these models
often neglect the environmental impacts associated with logistics
activities, especially greenhouse gas emissions generated during
transportation [3]. With stricter environmental regulations and
growing stakeholder awareness, the need for optimisation
frameworks that jointly address economic and environmental
objectives has become increasingly important [4].

Incorporating sustainability objectives into supply chain

optimisation introduces additional complexity, as decision-makers
must balance conflicting goals such as cost efficiency and
emission reduction. This multi-objective nature of green supply
chain problems necessitates the use of robust optimisation
techniques capable of handling trade-offs while satisfying supply
and demand constraints [5]. Consequently, researchers have
explored both classical mathematical programming methods and
nature-inspired heuristic algorithms to address such challenges.

In this study, a multi-supplier, multi-customer green supply chain
network is analysed, where transportation decisions directly
influence total operational cost and carbon emissions. Two
optimisation approaches with contrasting characteristics are
employed for comparative evaluation. Linear Programming is
utilised due to its deterministic structure and proven capability to
generate globally optimal solutions for problems with linear
relationships [6]. In parallel, Genetic Algorithm is applied to
assess its effectiveness as a flexible, heuristic-based method
capable of exploring large and complex search spaces [7].

The primary objective of this work is to comparatively analyse
the performance of Linear Programming and Genetic Algorithm
for green supply chain optimisation under identical problem
conditions. The comparison is carried out based on total
transportation cost, emission levels, and solution behaviour. The
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outcomes of this study aim to support decision-makers in
selecting appropriate optimisation techniques for sustainable
supply chain planning and contribute to ongoing research in
environmentally responsible logistics optimisation.

Fig. 1: Supply Chain Process Flowchart

Fig. 2: Green Supply Chain Model Diagram

II.LITERATURE SURVEY

Green Supply Chain Management has attracted considerable
academic and industrial attention over the past two decades due to
growing environmental concerns and stricter regulatory
frameworks. It represents an extension of conventional supply
chain management, wherein environmental objectives are
systematically integrated into supply chain activities such as
sourcing, production, transportation, and end-of-life management.
Researchers broadly agree that GSCM aims to reduce negative
environmental impacts without compromising organisational
competitiveness and economic performance [1], [2].

From a theoretical perspective, the foundation of GSCM is often
linked to the natural resource-based view of the firm, which
suggests that environmentally responsible practices can serve as a
source of competitive advantage. According to this view,
organisations that proactively adopt green practices in their
supply chains are better positioned to improve operational
efficiency, enhance brand reputation, and achieve long-term
sustainability [3]. Empirical studies have further validated this
argument by demonstrating positive relationships between green
supply chain initiatives and firm-level performance indicators
such as cost efficiency, operational flexibility, and market
performance [4].

Existing literature highlights that GSCM is not limited to isolated
environmental initiatives but requires a holistic and integrated
approach across the entire supply chain network. This includes
green purchasing, eco-design, cleaner production, reverse
logistics, and collaboration with supply chain partners [5].
However, the extent to which these practices translate into
measurable environmental and economic benefits varies across
industries, regions, and organisational contexts, indicating the
presence of moderating factors that influence GSCM outcomes
[6].

Another prominent research stream focuses on decision-support
tools and optimisation techniques for implementing GSCM
practices effectively. Scholars have increasingly employed
mathematical programming models and metaheuristic algorithms
to address complex trade-offs between cost minimisation and
environmental impact reduction. These studies emphasise the

need for robust optimisation frameworks capable of handling
multiple objectives and operational constraints inherent in green
supply chain networks [7].

Despite the growing body of research, the literature reveals a need
for comparative studies that evaluate the effectiveness of different
optimisation approaches under identical problem settings. Such
comparisons are essential for guiding practitioners in selecting
suitable techniques for sustainable supply chain planning.

2.2: Empirical Evidence on GSCM Practices

A substantial body of empirical research has examined the
practical implementation of Green Supply Chain Management
practices and their influence on organisational performance.
These studies largely focus on identifying specific green
initiatives and evaluating their impact on economic, operational,
and environmental outcomes. Commonly investigated practices
include green purchasing, eco-design, waste reduction, energy-
efficient transportation, and reverse logistics [2], [3].

Several empirical investigations report that the adoption of
GSCM practices contributes positively to operational efficiency
and cost performance. For instance, environmentally conscious
supplier selection and material sourcing have been shown to
reduce resource consumption and improve process efficiency,
thereby lowering overall operational costs [1], [4]. Similarly,
investments in cleaner transportation and logistics optimisation
have demonstrated potential for reducing fuel consumption and
carbon emissions without adversely affecting service levels [5].

However, the literature also indicates that the relationship
between GSCM practices and environmental performance is not
always straightforward. While some studies report significant
reductions in emissions and waste generation, others suggest that
environmental improvements are highly dependent on contextual
factors such as industry type, firm size, and regulatory
environment [6]. This inconsistency highlights the complexity of
translating green initiatives into measurable environmental
benefits across different supply chain configurations.

Another important observation from empirical studies is the role
of managerial commitment and organisational readiness in the
successful implementation of GSCM. Firms with strong top-
management support and clearly defined sustainability strategies
tend to achieve better performance outcomes from green supply
chain initiatives [7].

Overall, empirical evidence suggests that GSCM practices can
enhance firm performance when appropriately aligned with
organisational objectives and operational capabilities.
Nevertheless, the variability in reported outcomes underscores the
need for quantitative decision-support models that can
systematically evaluate cost–environment trade-offs. This
reinforces the relevance of optimisation-based approaches, such
as those explored in this study, for supporting effective and data-
driven green supply chain decision-making.

2.3: The Role of Collaborative Capabilities

Collaboration among supply chain partners is widely recognised
as a critical enabler for the successful implementation of Green
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Supply Chain Management practices. Unlike traditional supply
chains that prioritise cost and efficiency in isolation, green supply
chains require coordinated efforts among suppliers, manufacturers,
distributors, and customers to achieve environmental objectives.
Prior studies emphasise that collaborative capabilities
significantly influence the extent to which sustainability
initiatives are effectively adopted and sustained across supply
chain networks [9], [10].

Empirical research indicates that organisational orientations, such
as green entrepreneurial orientation and market orientation, play
an important role in fostering collaborative behaviour. Firms that
actively promote innovation, environmental awareness, and long-
term value creation are more likely to engage in information
sharing and joint problem-solving with supply chain partners [9].
Such collaboration enables the alignment of environmental goals,
facilitates the exchange of best practices, and supports the
implementation of green initiatives such as cleaner production
methods and low-emission logistics strategies.

Another key aspect of collaborative capability lies in supplier and
customer integration. Studies have shown that close coordination
with suppliers can improve green purchasing decisions and
enhance compliance with environmental standards, while
collaboration with customers supports eco-design and sustainable
product development [11]. These integrative practices help reduce
uncertainty and improve the overall effectiveness of green supply
chain operations.

Despite the recognised benefits, developing collaborative
capabilities presents several challenges. Differences in
organisational culture, power imbalances, and lack of trust among
supply chain partners can hinder effective collaboration.
Additionally, the costs associated with coordination and
information sharing may discourage firms from fully engaging in
collaborative green initiatives [10]. These barriers suggest that
collaboration in green supply chains requires deliberate strategic
planning and supportive organisational structures.

In summary, the literature highlights collaborative capability as a
key determinant of GSCM success, influencing both
environmental and economic performance. Strengthening
collaboration among supply chain partners can enhance the
effectiveness of sustainability initiatives and improve overall
supply chain performance. These insights further support the need
for optimisation models that consider coordinated decision-
making, as examined in the comparative analysis presented in this
study.

2.4: Challenges and Future Research Directions

Despite the significant progress made in Green Supply Chain
Management research, the existing literature identifies several
challenges that limit the widespread and effective implementation
of sustainable supply chain practices. One of the primary
challenges is the complexity associated with balancing economic
objectives and environmental goals. Organisations often face
difficulties in quantifying environmental impacts and integrating
them into decision-making frameworks alongside traditional cost-
based performance measures [12], [13].

Another major challenge highlighted in the literature relates to
contextual variability. The effectiveness of GSCM practices is
strongly influenced by factors such as industry characteristics,
regulatory environments, organisational size, and regional
differences. As a result, sustainability initiatives that perform well
in one context may not yield similar outcomes in another, limiting
the generalisability of empirical findings [2], [6]. This
underscores the need for adaptable and context-sensitive
optimisation models.

Technological limitations also present challenges for GSCM
implementation. Although emerging technologies such as data
analytics, digital platforms, and blockchain systems have the
potential to enhance transparency and traceability in supply
chains, their integration into green supply chain frameworks
remains limited. The literature indicates that the combined impact
of advanced technologies and optimisation techniques on
sustainable supply chain performance is still underexplored [7].

From a methodological perspective, many existing studies rely on
qualitative assessments or single-objective optimisation
approaches, which may not adequately capture the trade-offs
inherent in green supply chain decision-making. Future research
should focus on developing multi-objective optimisation models
that simultaneously address cost, emissions, and service-level
requirements. Comparative evaluations of different optimisation
techniques under consistent problem settings can further support
informed decision-making for practitioners [12].

In terms of future research directions, scholars are encouraged to
adopt cross-industry and cross-regional research designs to
improve the robustness of findings. Additionally, integrating
uncertainty, dynamic demand, and real-time data into green
supply chain optimisation models represents a promising area for
further investigation. Addressing these research gaps will
contribute to the development of more resilient, efficient, and
environmentally sustainable supply chain systems.

III.METHODPLOGY

3.1 Problem Formulation

The green supply chain optimization problem is modelled as a
multi-objective problem that aims to minimize both cost and
emissions. The basic formulations include:

1. Minimize the total cost, total emissions, or a weighted
combination of both.
For example:

Minimize :Z=
i=1

m

j=1

n

cij.xij+eij.xij��

Where:

 cij​ : cost of shipping from supplier i to customer j

 eij​ : emissions associated with shipping from i to j

 xij​ : decision variable (shipment quantity)

Decision Variables:
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The variables represent the number of units shipped from each
supplier to each customer:

xi,j = Shipment from supplier i to customer j.

2. Constraints:

o Supply Constraints: Total shipments from a supplier
must not exceed its capacity.

j=1

n

xij� ≤Si ∀i

Where Si​ is the supply capacity of supplier i

o Demand Constraints: Each customer's demand must be met
exactly:

i=1

Suppliers

xij= customer Demandj� ∀j

o Non-Negativity: xij≥0

3.2 Optimization Techniques

3.2.1 Linear Programming (LP)

Linear Programming (LP) is a powerful mathematical
optimization technique used to determine the best outcome in a
mathematical model whose requirements are represented by linear
relationships. It is a cornerstone method in operations research
and is widely used across industries to solve problems related to
resource allocation, production scheduling, transportation, and
more.

A standard linear programming problem can be formulated as
follows:

 Objective Function:

The goal is to optimize (minimize or maximize) a linear objective
function:

min/max Cx
T

where: x is a vector of decision variables.

c is a vector of coefficients corresponding to these variables.

 Constraints: The decision variables are subject to a set of
linear constraints:

Ax ≤ b or Ax = b

Where A is a matrix representing the coefficients of the
constraints, b is a vector representing the right-hand side values of
the constraints.

Additionally, non-negativity constraints are typically imposed: x
≥ 0,

In its standard form, an LP problem is written as: min Cx
T ,

Subject to Ax = b, x ≥ 0.

Advantages:

 Global Optimality: LP problems, when convex, guarantee a
global optimum.

 Efficient Solvers: Modern LP solvers can handle very large-
scale problems.

 Economic Interpretability: Dual variables provide insights
into resource valuation.

 Simplicity: The linear structure is often straightforward to
model and understand.

Limitations:

 Linearity Assumption: LP assumes that all relationships are
linear, which may not hold in all real-world scenarios.

 Deterministic Framework: Traditional LP does not account
for uncertainty in parameters; however, extensions like
stochastic programming exist.

 Scalability for Non-Linear Problems: LP is not suitable for
problems where the objective or constraints are non-linear,
requiring other optimization techniques like Nonlinear
Programming (NLP) or Mixed-Integer Linear Programming
(MILP).

3.2.2 Genetic Algorithm (GA)

Genetic Algorithms (GAs) are a class of evolutionary algorithms
inspired by the process of natural selection and genetics in
biological systems. They are particularly useful for solving
complex, multi-modal, and non-linear optimization problems
where traditional techniques may struggle or become
computationally expensive. GA’s mimics the process of natural
evolution through a population of candidate solutions, which
evolve over successive generations. The key principles involved
are:

 Population: A set of candidate solutions (often encoded as
chromosomes or strings). Each candidate solution represents a
point in the search space.

 Fitness Function: A function that evaluates how good each
candidate solution is with respect to the optimization problem.
In green supply chain optimization, the fitness function might
be designed to minimize a combination of cost and emissions.

 Selection: The process of choosing candidate solutions based
on their fitness to be parents for the next generation. Common
methods include roulette wheel selection, tournament
selection, and rank selection.

 Crossover: A genetic operator that combines two parent
solutions to produce offspring, aiming to inherit the best traits
from both parents. Various crossover methods exist, such as
single-point, multi-point, and uniform crossover.

 Mutation: A genetic operator that introduces small random
changes into candidate solutions. Mutation helps maintain
diversity within the population and prevents premature
convergence to suboptimal solutions.

 Elitism: A strategy that ensures the best-performing solutions
are carried over to the next generation, preserving high-quality
candidates.

 Termination: The algorithm typically stops after a
predetermined number of generations or when improvement in
the fitness function stagnates.
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Although GAs is heuristic and do not follow a strict mathematical
programming formulation like LP, their performance can be
described by their fitness function. For example, in the context of
green supply chain optimization, a fitness function might be
defined as:

f x = α
i=1

m

j=1

n

Cijxij�� + β
i=1

m

j=1

n

Eijxij��

Advantages:

 Global Search Capability: GAs perform a broad search over
the solution space, reducing the likelihood of getting stuck in
local optima.

 Flexibility: They can be applied to a wide variety of problems,
including non-linear, non-convex, and multi-objective
optimization.

 No Derivative Requirement: GAs do not require gradient
information, making them suitable for problems with
discontinuous or noisy objective functions.

Limitations:

 Computational Cost: GAs can be computationally intensive,
especially for large and complex problems, as they evaluate a
large number of candidate solutions over many generations.

 Parameter Sensitivity: The performance of a GA heavily
depends on parameters such as population size, mutation rate,
crossover probability, and selection pressure. Tuning these
parameters can be challenging.

 Convergence Issues: GAs may converge slowly and can
sometimes converge to suboptimal solutions if not properly
tuned.

3.3 Data and Parameters

 Cost matrix (cost per unit from each supplier to each
customer)

= [4, 6, 9, 5; 7, 4, 3, 8; 5, 8, 6, 4];

 Emission Matrix:

= [2, 3, 4, 2; 3, 2, 1, 3; 2, 4, 3, 2];

 Supply Capacity & Demand: = [100; 150; 120];

IV.RESULT

4.1 Results obtained using Linear programming

Figure 3 provides a clear visual representation of the optimized
shipment quantities from each supplier to each customer.

Fig 3 Heatmap of Optimized Shipment Plan using Linear
programming

Fig 4 Plot of Total Cost and Emissions using Linear programming

5.2 Results obtained using Genetic Algorithm

Fig 5 Heatmap of Optimized Shipment Plan using Genetic
Algorithm

Fig 6: Plot of Total Cost and Emissions using Genetic Algorithm

V.CONCLUSION
This study examined green supply chain optimisation using
Linear Programming and Genetic Algorithm techniques in a
multi-supplier, multi-customer network, with the objective of
minimising total transportation cost and carbon emissions. Both
methods were evaluated under identical problem settings to assess
their suitability for sustainability-driven supply chain planning.

The results show that Linear Programming delivers superior
performance, achieving lower cost and emission values due to its
deterministic structure and ability to obtain globally optimal
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solutions for linear problems. In comparison, the Genetic
Algorithm provided feasible solutions with greater flexibility but
required careful parameter tuning to approach the performance of
Linear Programming.

Overall, the findings highlight that Linear Programming is more
effective for structured green supply chain problems, while
Genetic Algorithms remain useful for complex scenarios where
modelling flexibility is required. This comparative analysis offers
practical guidance for selecting appropriate optimisation
techniques in sustainable supply chain management.
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