ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 9, Issue 2, February 2026




©2026 IJMRSET | Volume 9, Issue 2, February 2026| DOI:10.15680/IJMRSET.2026.0902030

INNINHP 2RI RN | www.ijmrset.com | Impact Factor: 8.206) ESTD Year: 2018|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

A Paradigm Shift in Technology with Logistics
and Supply Chain Using Digital Twins

R. Salmath Nidhasa, Dr. B. Meenakshi Sundaram, Dr. S. Santhana Jeyalakshmi
Department of Management Studies, Mohamed Sathak Engineering College, Kilakkarai, Tamil Nadu, India
Associate Professor, Department of Management Studies, Mohamed Sathak Engineering College, Kilakkarai,
Tamil Nadu, India
Associate Professor & Head, Department of Management Studies, Mohamed Sathak Engineering College, Kilakkarai,
Tamil Nadu, India

ABSTRACT: The idea of the "digital twin," which makes it possible to create a virtual duplicate of real assets,
procedures, and systems, has become a game-changer in logistics. Digital twins enable logistics companies to simulate
operations, track performance in real-time, and forecast future results by integrating technologies like the Internet of
Things (IoT), artificial intelligence (Al), and advanced analytics. Decision-making in domains including supply chain
resilience, transportation planning, warehouse management, and risk management is greatly enhanced by this skill.
Leading businesses like DHL, Siemens, Maersk, and Amazon are implementing digital twin technology to improve
operational sustainability and efficiency, as seen by recent advances. This chapter examines the idea of a digital twin in
logistics, examines pertinent research, and evaluates its uses, advantages, and difficulties. The goals, reach, and
constraints of implementing digital twin solutions in supply chain management and logistics are also described in the
paper. All things considered, the digital twin is positioned as a potent enabler of Industry 4.0, offering a route towards
logistics systems that are more intelligent, resilient, and sustainable.

KEYWORDS: Digital Twin, Supply Chain, Internet of Things (IoT), Artificial Intelligence (Al), Predictive Analytics,
Smart Warehousing.

L. INTRODUCTION

The transportation of products, services, and information along international supply chains is greatly aided by the
logistics sector. Rising consumer expectations, shifting market conditions, supply chain disruptions, and sustainability
demands are just a few of the problems logistics companies confront in today's cutthroat economic environment.
Businesses are using cutting-edge digital technology that improve operational visibility, efficiency, and resilience to
address these problems. The Digital Twin is one such ground-breaking invention.

Real-time data from IoT devices, sensors, and corporate systems are used to update the digital twin, which is a virtual
depiction of actual logistics assets, procedures, or systems. Logistics firms may simulate, monitor, and optimise their
operations without interfering with real processes by using a dynamic digital model. This enables managers to make
data-driven decisions, anticipate bottlenecks, test "what-if" scenarios, and lower risks.

The expansion of Industry 4.0, IoT-enabled supply chains, Al-driven predictive analytics, and the requirement for
robust and sustainable operations have all expedited the integration of digital twin technologies with logistics.
Prominent international corporations including DHL, Siemens, Maersk, and Amazon have already started using digital
twin solutions for supply chain optimisation, fleet monitoring, port operations, and warehouse management.

The goal of this chapter is to give readers a thorough understanding of the Digital Twin in Logistics by assessing

previous research, highlighting its uses, advantages, and difficulties, and talking about how it can influence supply
chain management in the future.
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II. REVIEW OF LITERATURE

In a study made by Kaiblinger, A. & Woschank, M. (2022), titled “State of the Art and Future Directions of Digital
Twins for Production Logistics: A Systematic Literature Review”, published in Applied Sciences (12), Article 669), it
was concluded that although digital twins are widely discussed as Industry 4.0 enablers, empirical, full-scale
applications in production and warehouse logistics are still limited. investigations regarding the application of Digital
Twins in production logistics are still in an early stage of development and profound industrial applications are still
missing.

Another study made by Le, T.V. & Fan, R. (2023), titled “Digital Twins for Logistics and Supply Chain Systems:
Literature Review, Conceptual Framework, Research Potential, and Practical Challenges”, published in
Computers & Industrial Engineering (187, Article 109768), it was concluded that digital twin applications in logistics
are still fragmented and lack a unifying framework..

Another study made by Félix-Cigalat, J.S. & Domingo, R. (2023), titled “Towards a Digital Twin Warehouse
through the Optimization of Internal Transport”, published in Applied Sciences (13(8), Article 4652), it was
concluded that digital twins can effectively reduce warehouse transport efforts by integrating sensor data, routing
optimization, and simulation tools. The authors reported that such dynamic re-planning systems can provide continuous
decision-support for storage allocation and material flow without disrupting day-to-day operations.

Yet another study made by Wang, K., Xu, H., Wang, H., & Liu, X. (2024), titled “Digital twin-driven safety
management and decision support approach for port operations and logistics”, published in Frontiers in Marine
Science (11, Article 1455522), it was concluded that a five-layer port digital twin, developed using real-time
operational data, can predict hazardous cargo risks and suggest emergency responses. The study demonstrated that
integrating data-driven and simulation models significantly improves situational awareness and reduces safety incidents
in maritime logistics operations.

Further study made by Zhang, Y. (2024), titled “Digital Twin Approach for O&M with Business Model Innovation
in Transport and Logistics”, published in Sensors (24(18), Article 6069), it was concluded that digital twin solutions,
when combined with innovative business models such as outcome-based services, enhance predictive maintenance and
lifecycle optimization in logistics operations. The study emphasizes that linking digital twin analytics with business
value mechanisms can accelerate adoption and deliver measurable improvements in efficiency, reliability, and cost
savings.

II1. OBJECTIVES OF THE STUDY

To explain the concept of Digital Twin in logistics.

To study its applications of Digital Twin in warehouse, transportation, and supply chain management.
To identify the benefits and challenges of implementing digital twins.

To explore the future potential of digital twins in logistics.

B W N —

Scope of the Study

1. The study concentrates on how digital twins are used in supply chain and logistics operations.

2. It addresses supply chain optimisation in general, transportation, port operations, and warehouse management.

3. Only secondary data from industry publications, research articles, and case studies released between 2020 and 2024
are included.

4. Although field surveys and primary data collecting are not included in the study, it does indicate existing trends and
potential future paths.

Limitations of the Study

1. The study relies solely on secondary data, which can miss current industry issues.

2. There is currently a dearth of case studies and literature because the concept of a digital twin is still in its infancy.

3. Findings may quickly become out of date due to rapid technology advancements.

4. Because the study focusses on managerial and operational viewpoints, technical implementation details are not
included.
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Digital Twins' Underpinning Technologies
Digital twins are made possible by five complimentary technological trends: cloud computing, artificial intelligence,
digital reality technologies, APIs and open standards, and the internet of things.

The Internet of Things (IoT).

One significant element propelling the adoption of digital twins is the Internet of Things' explosive expansion. Digital
twins are made conceivable by IoT technologies because gathering massive amounts of data from a greater variety of
objects is now both technically and financially feasible. Businesses frequently misjudge the amount and complexity of
data produced by IoT platforms and products, necessitating the use of solutions to manage and interpret all the data
they are now gathering. For organising, accessing, and analysing complicated product-related data, a digital twin is
frequently the best option. A variety of underlying technologies are needed for digital twins, and these technologies are
just now getting to the stage where they can be used consistently, affordably, and widely.

Cloud Computing.

Creating, managing, and utilising digital twins requires a lot of processing power and storage. Large data centre
networks with access offered by software-as-a-service (SaaS) solutions now allow businesses to purchase precisely the
computing resources they require, when they require them, while keeping expenses under control, thanks to the ever-
declining cost of processing power and storage.

Open Standards and Application programming interfaces

Factory automation platforms and closed, proprietary-by-design simulation tools are gradually disappearing.
Technology businesses developed and safeguarded their own data models, necessitating extensive software
development to design infrastructure from the ground up for every new product.

Users can now swiftly and reliably mix data from many systems and tools thanks to the availability of open standards
and public application programming interfaces (APIs), which have significantly streamlined sharing and data
interchange.

Artificial Intelligence (Al).

Significant advancements in the capabilities and accessibility of sophisticated analytical tools have revolutionised how
businesses derive valuable insights from large, intricate data sets. Systems that can make decisions on their own and
forecast future situations based on past and present data are becoming possible thanks to machine learning frameworks.

Augmented, Mixed, and Virtual Reality.

The insights produced by a digital twin must be presented on a screen (2D) or in real space (3D) in order to be utilised,
consumed, and effectively acted upon. Due to the limitations imposed by today's common computing conventions, the
majority of digital twins have been displayed in two-dimensional space up to this point. However, augmented reality is
gradually making it possible for us to show digital content in three dimensions.

We may also engage with digital material in our current physical surroundings thanks to mixed reality. Additionally,
virtual reality enables us to design completely new settings that present digital twins in a very immersive manner,
resulting in the richest information consumption and engagement. While the sensing and processing infrastructure
needed to produce a digital twin is provided by the aforementioned technologies—IoT, cloud computing, APIs, and
artificial intelligence—augmented, mixed, and virtual reality are the tools used to visualise and make digital twins
appear real to the user.

How Value Is Created by Digital Twins

Digital twins can be applied in a variety of ways to improve an organisation, user, process, or product. Applications
have a significant impact on the value that is accessible and the amount of money needed to collect it. The majority fit
into one or more of the general categories listed below.

Descriptive worth.

When an asset is remote or hazardous, such as spacecraft, offshore wind turbines, power plants, and manufacturer-
owned machinery operating at customer factories, the ability to instantly visualise the status of that asset via its digital
twin is useful. Information is easier to acquire and understand from a distance thanks to digital twins.
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Analytical worth.
Data that cannot be measured directly on the physical thing, such as information created inside an object, can be
obtained by digital twins that use simulation technology. This can help optimise the performance of upcoming product
generations and be used as a diagnostic tool for current items.

Diagnostic worth.

Digital twins can include diagnostic tools that propose the most likely underlying causes of particular states or
behaviours based on measured or inferred data. These systems may use analytics and machine learning techniques to
extract relationships from past data, or they may be implemented as explicit rules based on business expertise.

Predictive Value.

A digital twin model can be used to forecast the physical model's expected future condition. GE's use of digital twins in
wind farms to forecast power generation is one example. The most advanced digital twins do more than just forecast
potential problems; they also suggest solutions. Future smart factories that can make independent decisions about what
to produce, when to produce it, and how to do it in order to maximise profitability and customer pleasure will be greatly
aided by digital twins. Three advantages are frequently mentioned by early users of digital twins:

1. Data-driven cooperation and decision-making

2. Simplified corporate procedures

3. Novel business strategies

Each digital twin offers a single source of truth for an asset that encourages stakeholder collaboration to solve issues
quickly since it delivers a single visualisation to important decision makers. Inspections, testing, analysis, and reporting
are examples of time-consuming, error-prone tasks that can be automated with digital twins. Teams can now
concentrate on higher-value tasks as a result. Product-as-a-service business models, also known as servitization, are
mostly driven by digital twins. In these models, businesses sell results rather than a single product by managing the
asset's whole lifecycle. Manufacturers can enhance availability and save service costs by using digital twins to remotely
monitor, diagnose, and optimise their assets.

The Product Lifecycle and the Digital Twin

Product lifecycle management (PLM) has been intimately linked to digital twins since their conception. These days,
digital twins are utilised at every stage of a product's lifespan. A product's twin first appears during the development
phase and then changes to meet various business requirements as it moves through design, production, launch,
distribution, operation, servicing, and decommissioning.

Product Development.

Future product requirements and specifications can be improved by using data from digital twins of earlier goods. As
shown in figure 6, virtual prototyping using 3D modelling and simulation enables quicker design iterations and lessens
the need for physical testing. Tests using digital twins can identify component conflicts, evaluate ergonomics, and
replicate product behaviour in a range of settings throughout the design phase. When combined, these strategies save
development costs, shorten time to market, and increase the final product's dependability.

Production

In the production process, digital twins help cross-functional teams collaborate. They enable designs to be optimised
for production and delivery and can be used to clarify specs with suppliers. If the company creates a new digital twin
for each product it produces, each model will include information about the particular parts and materials used in the
product, end-user configuration choices, and production process conditions. Before a new manufacturing facility is put
into service, layouts, procedures, and material flows can be examined and optimised thanks to digital twins of
production lines.

Digital Twins in Logistics

Many of the essential enabling technologies are already in place, even though digital twins have not yet been widely
used in logistics. Sensors have been used by the logistics industry to track shipments and, more recently, machinery and
material handling equipment. These days, the industry is likewise moving towards cloud-based IT systems and
adopting open API techniques more and more. To optimise their supply chains and gain fresh insights from past
shipping and operational data, businesses are utilising machine learning and advanced analytics approaches.
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Because the data from jobs like warehouse picking and vehicle loading is perfectly suited to the production of digital
twins in these environments, logistics experts are even using augmented, mixed, and virtual reality apps for these tasks.
However, integrating these and other technologies into a complete digital twin deployment is a difficult task. Few
businesses have been willing to make the required investments thus far, which may be explained by the cost-sensitive
nature of many logistics-related tasks.

It is evident that investigating possible applications for digital twins in the logistics industry is now beneficial. In the
upcoming years, the business case for some or all of the strategies outlined in this chapter may become strong as costs
decrease and trust in technology increases.

Digital twins for packaging and containers

Most goods that go through logistics networks do so in a protective container of some kind. In addition to fleets of
specialised or all-purpose reusable containers, the sector uses a lot of single-use packaging. The sector faces several
difficulties in designing, overseeing, and managing packaging and containers.

For instance, demand, seasonal volatility, and packaging variation are all increasing due to the expansion of e-
commerce. This consequently results in a large amount of waste and lowers operational effectiveness due to inefficient
volume utilisation.

Stronger, lighter, and more ecologically friendly packaging materials could be developed with the use of material
digital twins. Businesses are investigating the use of a variety of novel materials, such as compostable plastics and
materials with a high proportion of post-consumer recycled content, in an attempt to increase sustainability.

The massive furniture company IKEA is even using a biological substitute made from mushrooms in place of plastic
foam. Businesses may be able to better understand and forecast the performance of novel materials in packaging
applications with the use of material digital twins like those created by Math2Market. These twins are capable of
simulating the behaviour of materials under the shock loads, vibration, and temperature encountered during transit.

Logistics companies may be able to handle container fleets more effectively with the aid of digital twins. In many
different logistical flows and modalities, reusable containers are the industry norm. Standard ocean containers,
aeroplane ULDs, reusable crates for moving auto parts between manufacturers, and containers for delivering food and
drink to retail establishments and customer residences are some examples of these.

It might be challenging to keep track of reusable containers. In addition to managing the transportation of containers
from their final location to their next required location, businesses must also inspect them for contamination and
damage that could jeopardise future shipments or endanger workers or other assets.

New 3D photography technologies, like those created by the German startup Metrilus, can quickly produce a
comprehensive model of a container, enabling the automated detection of possible issues like fractures and dents. A
digital twin that helps determine when a particular asset should be used, repaired, or retired might be created by
combining that information with previous data on the container's movements.

Additionally, combining such data from an entire fleet of containers could assist owners in making the best choices
regarding the size and distribution of their fleet as well as spotting patterns that might point to underlying issues like
poor container design or rough handling that takes place at particular stages of the supply chain.

IV. DIGITAL TWINS OF SHIPMENTS
The next natural step is to include the contents of a box or container in its digital duplicate. For example, if an object to
be sent already has a digital twin, information about its geometry can be retrieved from this pre-existing source. As an
alternative, 3D scanning and the same computer vision technologies described in the preceding section can be used to

generate the item data when the shipping is ready.

By automating packaging selection and container packing techniques to maximise utilisation and product protection,
for instance, combining product and packaging data could help businesses increase productivity.
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Sensors that track temperature, package orientation, shock, and vibration are already widely used in the transportation
of high-value, sensitive goods like medications and fragile technological components. The most recent iterations of
these sensors, like those created by Roambee, Blulog, Kizy, and others, have sensors that provide an increasing number
of data points that enable continuous data transfer over the course of a shipment.

The information gathered by these sensors would be stored in a shipment digital twin. Additionally, new uses for this
data could be made possible by digital twin technology. For instance, a model that incorporates the packaging's shock-
absorbing properties and thermal insulation could enable the extrapolation of internal product conditions from data
gathered by external sensors.

Digital Replicas of Distribution Centres and Warehouses

The design, operation, and optimisation of logistics infrastructure, including warehouses, distribution centres, and
cross-dock facilities, may be greatly impacted by digital twins. A 3D model of the building itself, IoT data gathered
from linked warehouse platforms, and inventory and operational data, such as the size, quantity, location, and demand
characteristics of each item, might all be combined by these digital twins.

By supporting the design and layout of new facilities, warehouse digital twins enable businesses to maximise space
utilisation and replicate the flow of goods, workers, and material handling equipment.

The digital twin can be continuously updated throughout warchouse operations using information gathered from the
different automation technologies that are increasingly being used in warehouses. These include automated guided
trucks, automated storage and retrieval equipment, drone-based stock counting systems, and goods-to-person picking
systems.

Additionally, by utilising sensor data, modelling, and monitoring technologies to lower energy usage while maintaining
necessary throughput levels, digital twins will enable additional performance optimisation of these automated systems.

The efficiency of warechouse workers can also be improved by using comprehensive 3D facility data. Businesses can
use wearable technology like Google Glass Enterprise Edition or Microsoft HoloLens to implement augmented-reality
picking systems or virtual-reality training tools, which DHL Supply Chain is now employing.

The Effects of Using Digital Twins on Logistics
With engineering, manufacturing, energy, and automotive leading the way, digital twin technologies have the potential
to revolutionise nearly every industry. Every step of the value chain will be impacted by the widespread adoption of
digital twins. Manufacturers will be able to improve their designs with the use of comprehensive, real-time data on
operational conditions and product usage patterns.

Faster and more adaptable manufacturing procedures

A more proactive approach to maintenance and support will be made possible by data on product performance,
enabling businesses to provide their clients with additional services or to step in sooner to stop malfunctions and save
downtime. However, businesses must be able to convert digital information from upstream into tangible actions
downstream in order to reap these benefits. Supply chains and the logistics systems that oversee the movement of
goods, components, and materials across them will need to be significantly altered in order to accomplish this.

Inbound to Manufacturing

New demands on incoming material flows will result from faster, more adaptable production processes. For instance,
more products will be able to be configured and customised to meet the unique needs of individual customers thanks to
digital twins, but meeting that demand will become more complex due to the increased number of component
variations and parts that need to be managed in a batch size of one.

Businesses will have to figure out how to deal with that complexity without sacrificing lead times, decreasing
transportation efficiency, or creating expensive inventory. This will necessitate careful supplier location selection as
well as innovative freight and transportation strategies. For instance, businesses may be able to boost utilisation even
when they need modest order volumes and frequent deliveries by pooling transport across several suppliers. It will also
be crucial to work more closely with suppliers.
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Manufacturers may help with this by working closely with suppliers to understand the strengths and weaknesses of
their production processes, as well as by sharing demand forecasts—which are partially derived from digital twin
data—earlier. Meanwhile, suppliers can give their clients more flexibility and value by using strategies like vendor-
managed inventory (VMI).

In-Plant Logistics

In-plant material flows will also be subject to new requirements due to the demands of digital twin-enabled production.
Businesses may need to modify their kanban replenishment methods and just-in-time delivery procedures to lineside in
order to handle shorter lead times and more complicated products. In order to guarantee that the digital twins of the
goods they construct are linked to the appropriate component serial numbers or batch codes, for instance, they will also
need to handle material and component-related data more rigorously.

In certain situations, new methods for workstation and plant layout design will be needed to modify manufacturing
processes to meet the demands of digital twin-driven goods and business models. To handle more complicated and
changeable material requirements, businesses could choose to modify their material storage and handling systems or
transition from batch processing to single piece flow. By combining with sophisticated storage and handling systems or
by using augmented reality (AR) technology to assist employees in quickly finding and selecting parts, digital twin
technologies could assist businesses in managing this extra complexity.

Logistics for Aftermarket

Digital twins have the power to completely change how consumers and product producers interact. An OEM or a third-
party service partner can keep an eye on a product from anywhere in the world with a digital twin. They can use that
power to provide their clients with a variety of value-adding services, such as predictive maintenance and remote
support. However, the efficiency of the provider's aftermarket supply chain will be crucial to these new service
offerings.

Only when a new part is available for installation at a convenient moment may early warning that a part is going to fail
be helpful. For many businesses, the distribution and delivery of replacement parts will become an increasingly
important component of their operational model. Businesses will need to know exactly where their customers are, what
products they use, and how they use those items in order to develop and run high-performing aftermarket logistics and
support capabilities.

To ensure that lead times fulfil their commitments to clients, they will have to regularly assess the distribution and
placement of spare parts inventories. Additionally, businesses will need to closely integrate the distribution of parts
with other aspects of their field service and aftermarket activities. For example, they could have to schedule component
delivery windows to coincide with the arrival of service experts at customer locations, or they might need to use their
distributor and dealer networks more to offer after-sales services.

Aftermarket supply chains will also have to handle items that are nearing the end of their useful lives, whether they are
whole products that are no longer required by their original users or worn and damaged parts removed during service
operations. By assisting businesses in identifying the precise type and content of equipment, digital twins can help them
optimise the potential value of end-of-life equipment. More complex reverse logistics procedures along with suitable
remanufacturing, recycling, and waste management systems may be necessary to capture that value.

Managing the Supply Chain

Digital twins will enable businesses to manage their products in a more comprehensive, end-to-end manner by
providing a more comprehensive picture of their performance throughout their lives. A similarly comprehensive
approach to supply chains will be necessary to maximise the through-life value of goods and related services.
Businesses will specifically need to come up with more clever ways to balance lead times, availability, and inventory
prices within their networks. In order for them to comprehend the position and availability of parts and materials in
their own inventory as well as those of suppliers, sales channels, and distribution partners, full supply chain visibility
will become even more crucial.

With supplier and manufacturing footprints, logistics lanes, and stock locations set up to support high service levels and
guarantee businesses can fulfil the availability and reaction time commitments they make to their customers, optimal
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supply chain setup will also be crucial. Lastly, supply chains must be robust, able to sustain service levels in the face of
disruption, bounce back fast from significant incidents, and adapt well to shifts in demand.

The concept of a digital twin in logistics

A virtual model of a product was developed to simulate and forecast its performance in the field of product design and
manufacturing, which is where the idea of the "digital twin" first emerged. This idea has spread over time to other
sectors, such as supply chain management and logistics, where it is now a crucial component of Industry 4.0.

In the context of logistics, a "digital twin" is a virtual version of actual logistics systems, such supply chains, ports,
transportation fleets, or warehouses, that is constantly updated with real-time data from IoT devices, RFID, GPS, and
enterprise systems. Without interfering with actual processes, this digital model enables managers to keep an eye on
operations, test "what-if" scenarios, anticipate interruptions, and make better decisions.

Core Components of Digital Twins in Logistics

1. Physical Asset or Process: The actual thing, such a fleet of delivery trucks, a port facility, or a warehouse.

2. Digital Model: Software and simulation techniques are used to build a virtual depiction.

3. Data Connectivity: Synchronisation is guaranteed by real-time data from IoT sensors, RFID systems, GPS, and
cloud platforms.

4. Analytics and Intelligence: Al and machine learning examine data, identify trends, and offer forecasts.

5. User Interface: Managers engage with the twin, test scenarios, and make choices using dashboards and visualisation
tools.

How Digital Twins Operate in Logistics

Step 1: Data Collection: RFID and barcodes are used to track goods; GPS keeps an eye on cars; sensors gather
information on temperature, vibrations, fuel usage, and traffic patterns.

Step 2: Data Integration: The digital twin is hosted on a central cloud platform that receives this data.

Step 3: Simulation and Modelling: Real-time digital replication of the logistics process mimics actual operations.

Step 4: Predictive Analysis: The twin can predict future problems like delays, equipment breakdown, or capacity
constraints by using Al and machine learning.

Step 5: Support for Decision-Making: Before implementing various "what-if" situations in the real world, managers can
test them in the twin. They can mimic, for instance, postponing a shipment, rearranging a warehouse, or rerouting a
delivery.

V. APPLICATIONS OF DIGITAL TWIN IN LOGISTICS

Management of Warehouses
Digital twins track inventory levels, model warehouse layouts, and streamline picking and packing processes. In order
to reduce inefficiencies and increase speed, DHL has used digital twins to simulate order-picking scenarios.

Transportation and Fleet
Fuel efficiency monitoring, route optimisation, and predictive maintenance are all made possible by vehicle twins.
Predictive models, for instance, can save downtime by alerting management to a truck breakdown before it happens.

Maritime and Port Logistics
To control vessel arrivals, container handling, and storage allocation, ports such as Rotterdam have experimented with
digital twins of their terminals. This increases safety and reduces traffic.

Complete Supply Chains

Suppliers, manufacturers, warehouses, and distributors are all integrated into a unified model via a digital twin of the
whole supply chain. This strategy is used by businesses like Siemens and Maersk to anticipate interruptions, optimise
shipping timetables, and guarantee supply chain resilience.

Digital twins' advantages in logistics

¢ Operational Efficiency: Lowers lead times, gets rid of waste, and raises service standards.
+» Cost Savings: Reduces labour, fuel, and maintenance costs.
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Predictive maintenance minimises downtime and keeps equipment from failing.
Risk Reduction: Provides backup plans and anticipates problems.
Sustainability: Lowers carbon emissions by optimising routes and energy use.
Client satisfaction: Reliable deliveries and real-time tracking foster client trust.
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Challenges in Adoption

Despite its potential, adoption of digital twins is hampered by issues like:
% High Implementation Costs: It is costly to set up simulation platforms and IoT infrastructure.

» Data Security Concerns: Cybersecurity concerns are increased by large-scale data acquisition.

Skill Gaps: To operate and oversee these cutting-edge systems, logistics experts need to receive training.

Integration Problems: A lot of logistics firms continue to employ antiquated systems that could be difficult to

integrate with digital twin platforms.
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VI. FUTURE OF DIGITAL TWINS IN LOGISTICS

Artificial Intelligence (AI) Integration
In addition to simulating logistics procedures, future digital twins will employ Al and machine learning to make
decisions on their own. For instance, when disturbances arise, Al-powered twins may immediately reroute cargo.

Digital twin + blockchain

Logistics firms may increase trust and transparency by integrating blockchain with digital twins. Every stage of the
supply chain—production, transportation, and delivery—could be reproduced in the twin and recorded on blockchain,
lowering fraud and guaranteeing authenticity.

Real-Time Twins with 5G Capabilities

Digital twins will have nearly instantaneous data processing and transmission capabilities thanks to 5G technology.
They will be more efficient in making decisions in real time as a result, particularly in fleet monitoring and last-mile
deliveries.

Green and Sustainable Logistics
Businesses will be able to monitor energy, fuel, and carbon emissions with the use of digital twins. They will
immediately help achieve net-zero supply chains by optimising vehicle utilisation and modelling greener routes.

Twins of Metaverse Logistics
Logistics managers and planners may engage with digital twins of supply chains or warehouses in the future through
immersive AR/VR interfaces (Metaverse). Planning would become more user-friendly and cooperative across
international teams as a result.

Self-governing Logistics Systems

Digital twins will be used as the control and monitoring systems for self-driving trucks, drones, and automated
warehouses as they proliferate. They will support the coordination, effectiveness, and safety of autonomous logistical
assets.

VII. CONCLUSION

One of the most important technological developments in the industry 4.0 era is the idea of a digital twin in logistics.
Organisations can obtain real-time visibility, predictive insights, and better decision-making by building a virtual
replica of logistical activities such supply chain networks, transportation, and warehousing. The useful advantages of
digital twins, such as increased productivity, lower expenses, and improved customer service, are demonstrated by case
studies from DHL, Maersk, and the Port of Rotterdam.

Widespread adoption is still hampered by concerns including high implementation costs, problems with data
integration, and the requirement for specialised knowledge. Notwithstanding these drawbacks, digital twin
technology—when combined with Al, blockchain, IoT, and 5G—will be crucial to the development of intelligent, self-
sufficient, and sustainable supply chains in the future of logistics.
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To sum up, digital twins are more than just a fad; they are a revolutionary invention that will completely change
logistics in the future by making it more resilient, predictable, and sustainable.
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