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Businesses today are more competitive than ever. Factors such as volatile
demand, rising demand for personalization, increasing product diversity and
short product life cycle, inherent and intrinsic disruptions in the product transfer
chain intensify competition. These conditions make it very challenging to
coordinate supply and demand. Therefore, supply chain management is of great
importance in the event of disruptions. Due to the lack of data, good estimates of
the probability of any particular disaster and accurate measurement of the
potential effects of each disaster are difficult to obtain, making it difficult to
perform cost-benefit analysis or return on investment analysis to justify risk
reduction programs. One way to reduce chain disruptions is to use technologies
from the Fourth Industrial Revolution. Therefore, in this paper, a model is
presented that by using the equipment of the Fourth Industrial Revolution in
supply chain design, in addition to reducing chain disruptions, product design
and transmission costs are also minimized. Therefore, first to validate the model,
a small numerical example and coding in Gomez software is used and then after
confirming the model, by implementing all three EO, MPA and SIF algorithms
on the large model, the results of all three algorithms were compared in terms of
model solution time and reduction of chain costs due to reduction of disturbances
by using the equipment of the fourth industrial revolution. The results show that
the SIF algorithm performed about 4.91% better than the MPA algorithm and
6.632% better than the EO algorithm and was able to reduce the cost of the chain
to a greater extent. But the point to consider is the duration of solving the model
using these algorithms. Based on the results, it was found that the SIF algorithm
has spent more time solving the model than both algorithms. This means that the
SIF algorithm evaluates the computational solution space in more detail and
accuracy, thus spending more time solving the model.

Citation: Farhangzad, E., Ehtesham Rathi, R., & Qarakhani , D. (2024). Development an Optimal Model
to Reduce the Cost and Effect of Supply Chain Disruptions Using Industry 4.0 Technology.
Geography(Regional Planning), 13 (Special Issue 1), 75-88.

DOI: 10.22034/jge0q.2023.381130.3998

* Corresponding author: Reza Ehtesham Rathi, Email: rezaehteshamrasi@gmail.com
Copyright © 2024 The Authors. Published by Qeshm Institute. This is an open access article under the
CC BY license (https://creativecommons.org/licenses/by/4.0/).



Geography(Regional Planning)

Volume 13 (Special Issue 1), Winter 2024

Extended Abstract

Introduction

The text discusses the importance of
efficiency and effectiveness in the supply
chain for sustainable competition. A supply
chain consists of stages that collaborate to
meet  customer demand. With the
globalization of the economy and increasing
market  uncertainties, companies must
cooperate to respond to diverse demands.
Additionally, the economic benefits of reusing
consumed goods have led to the creation and
management of reverse logistics networks.In
a closed-loop supply chain, products may
return to the chain after distribution, requiring
stronger management. However, there has
been limited research on supply chain
disruptions and associated risks. The
emergence of the fourth industrial revolution,
with industrial automation and the Internet of
Things, has further complicated the supply
chain.Ultimately, the article aims to optimize
disruptions in the closed-loop supply chain
within  Industry 4.0 by presenting a
mathematical model. The article is organized
into several sections, including an
introduction to the fourth industrial
revolution, a review of existing research, the
presentation of the mathematical model,
parameters, and results.

Methodology

This article presents a mathematical model for
designing a supply chain network under
uncertain demand and potential disruptions,
considering the impact of the fourth industrial
revolution. The model includes multiple
producers, distribution centers, and retailers.
The goal is to optimize the network structure
to maximize profit by minimizing disruptions.
Key decisions involve the number, location,
and capacity of facilities and product flow.

Results and Discussion

This article presents a model for designing a
closed-loop supply chain network under
uncertain demand and potential disruptions,
integrating the influence of the fourth
industrial revolution. The model considers
specified numbers and locations for potential
centers, acknowledges disruptions in facilities
and communication links, and factors in

operational and construction costs associated
with Industry 4.0 technologies. It aims to
optimize resource utilization amidst rising
demand due to population growth and
technological advancements.The objective
function seeks to minimize total network
costs, encompassing transfer costs between
different levels, collection costs utilizing
advanced technologies, and establishment
costs of centers. Constraints ensure adherence
to pre-determined numbers of centers, match
product transfers with customer demands,
regulate flow allocations, and enforce
capacity limits. Additionally, they guarantee
that product transfers occur only between
established facilities equipped with Industry
4.0 technologies and that each customer is
served by a single designated distribution
center.

Conclusion

In the current era, supply chain management
(SCM) is crucial for businesses, impacting all
organizational activities, from production to
customer service. Disruptions in the supply
chain can lead to unpredictable costs and
delays, often due to a lack of sustainable
strategies. Studies show significant long-term
impacts on organizational performance,
including decreased stock returns and
profitability. Efficient supply chains are more
prone to disruptions, highlighting the inverse
relationship between efficiency and risk. The
fourth industrial revolution (Industry 4.0)
offers advanced technologies to enhance SCM
by integrating material, information, and
financial flows while managing risks. This
article presents a three-level mathematical
model aimed at minimizing total supply chain
costs by reducing disruptions. After
validation, three optimization algorithms—
EO, MPA, and SIF—were used to solve the
model, with SIF proving the most effective in
cost reduction, albeit with longer computation
times. Sensitivity analysis revealed that
increasing distribution centers significantly
raises overall costs, especially when
expanding facilities for foreign customers.
However, the number of customer demands
alone has a minimal impact on costs unless
coupled with an increase in the number of
customers.
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