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Abstract — This conceptual article examines the
implementation and impact of Digital Twins in military logistics,
focusing on resource optimization and improving operational
responses in complex environments. Digital Twins, accurate
digital replicas of physical systems, have the potential to
transform military operations through advanced simulations and
real-time monitoring. The study, without relying on practical
experiments, highlights how these technologies enhance logistics
management, reduce operational errors, and improve mission
planning via accurate forecasting and predictive maintenance. It
also discusses the integration of Digital Twins with Al systems,
optimizing distribution and maintenance decisions in rapidly
evolving scenarios. The article addresses technical and
organizational challenges in implementing Digital Twins,
proposing future research to overcome barriers and expand their
use in military logistics. Despite these challenges, it concludes that
the potential benefits of Digital Twins justify significant
investment in their adoption and continued development.
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1. INTRODUCTION AND CONTEXTUALIZATION

Military logistics, essential for operational success in any
military context, assumes primary importance in any
belligerent situations. Effective supply management and the
distribution of critical inputs — such as ammunition, food, fuel
and medical equipment — are determining factors in
maintaining combat capacity, as well as sustaining troop
morale. Logistics operations in war contexts are challenging
mainly due to the need for speed, precision and adaptability in
highly volatile, complex and insecure environments.

In this context, historical and contemporary literature
always highlights the complexity of maintaining efficient
supply chains when traditional routes can be interrupted,
whether by attacks, blockades or sabotage, highlighting
logistics as one of the fundamental pillars of military strategy
[1]. Multiple examples can be found in which the
effectiveness, or failure, of logistical operations determined
the results of conflicts. During World War II, for example, the
Allies' ability to establish and maintain transcontinental supply
lines was crucial for executing operations in multiple theaters
of operations, contrasting with the logistical difficulties faced
by the Axis Forces, particularly on the Eastern Front and in
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North Africa, where problems with refueling and maintaining
equipment compromised critical operations [2].

More recently, logistics operations in urban and mountain
environments in the Middle East have highlighted the need for
logistics strategies that adapt to local geographic and political
conditions, requiring sophisticated planning and intensive use
of advanced technologies for resource management and
distribution [3].

Today, technological advancements, such as Digital Twin
systems, have the potential to completely transform military
logistics operations, offering innovative and real time
solutions to the traditional challenges of tracking, forecasting
and maintaining supplies under adverse conditions. In this
sense, Digital Twins allow the simulation and detailed analysis
of complex logistics scenarios, enabling proactive and
strategic adjustments that increase the efficiency and security
of supply chains.

Digital Twins, also recognized and implemented as a self-
regulating, selfmonitoring, self-diagnosing, selfdecision, self-
adapting, self-execution, self-learning, autonomous, and self-
improvement system-of-systems TOOL can be a potential
solution for a better Commander’s situational awareness and
working as a decision support tool. Through accurate modeling
of operational environments and incorporation of real-time
data, these systems can predict disruptions, optimize delivery
routes and manage resources more effectively, ensuring
Armed Forces to maintain their operational capability even
under extreme conditions and complex environment.

Such a context highlights logistics not only as a support
function, but as a critical strategic element in military
operations, where efficiency and continuous innovation are
imperative for success and survival in war-like environments.
In this sense, the integration of new technologies and adaptive
approaches in logistics management are fundamental to face
future challenges in globally diverse belligerence scenarios.

Thus, this study aims to demonstrate how novel and
disruptive technologies, such as Digital Twins, can enable
more efficient management of logistics resources, reduce
operational errors, and enhance mission planning through
accurate forecasting and predictive maintenance. These
technologies present a valuable alternative for implementation
within the Armed Forces. Based on an extensive review of the
literature, this article identifies real-world cases and key data,
providing a solid foundation for its conclusions.

In this sense, Digital Twins currently represent an
emerging and highly disruptive technology, redefining the
paradigms of several disciplines, including military logistics.
Essentially, a Digital Twin is a dynamic virtual replica of a
process, system or physical entity, which is “continually
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updated” with real-world data. This digital model then
simulates and forecasts the real behavior of its physical pair,
in real time, allowing predictive analyzes and advanced
diagnostics, as depicted in Fig.1.

As can be seen in Fig. 1, considering the military context,
Digital Twins can be used to represent vehicles, weapons
systems, critical infrastructures or even entire operational
theaters, thus facilitating scenario simulation, process
optimization and data-based strategic decision making.
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Fig.1: Digital Twin Approach and structure with logistical activities and data
flow, in support of commanders' decisions. Adapted from [4]

Already considering the concept of Digital Twins, Fig. 2
depicts a schematic that not only illustrates the link between
the physical (left side) and digital (right side) realms in a
scenario utilizing Digital Twins (DT), but also highlights the
differences between what is performed in the traditional War
Concept (top) and the Future War Concept (bottom) settings.
Traditionally, digital data was collected and later analyzed by
militar specialists to suggest possible strategies and process
enhancements for future implementation. However, in the
context of a much more dinamic war, typical of future-oriented
scenarios, Al-powered DTs are capable of making
autonomous, real-time decisions to quickly correct any
deviations and steer the process back to its optimal trajectory.
Thus, DTs can revolutionize the utilization of collected data
by analyzing and acting upon it immediately, preventing the
manufacture of flawed components within the current process
itself.
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Fig.2: Diferences between traditional war concept and the proposed DT-
supervised ones. Adapted from [5]

The potential impact of Digital Twins on military logistics
seems to be vast and multifaceted. Firstly, the ability to
simulate logistics operations in detail in a controlled
environment allows the identification of inefficiencies and
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vulnerabilities before they impact real operations. As an
example, the application of Digital Twins could anticipate
problems in supply routes, predict equipment failures or even
model the impact of adverse conditions on the transport of
critical inputs, always being updated with real-time data.
Furthermore, integration with other technologies, such as
artificial intelligence (AI) and the Internet of Things (IoT),
enhances the ability to quickly respond to dynamic changes on
the battlefield, adapting logistics strategies in real time to
ensure the effectiveness and safety of operations [4].

Furthermore, Digital Twins strongly support the concept of
predictive maintenance, a crucial aspect for military logistics.
By continuously monitoring the condition of equipment and
predicting failures before they occur, the downtime and
maintenance costs can be significantly reduced.

These applications not only increase the availability and
reliability of military equipment, but also optimize resource
management, ensuring that units in the field have the support
they need without excessive redundancies or critical deficits.
In the long term, the effective implementation of Digital Twins
promises to provide a disruptive transformation on military
logistics, making it more proactive, more eficient, and
strategically adapted to the rapid and complex needs of modern
military operations.

II — CHALLENGES OF MILITARY LOGISTICS IN
BELIGERENCE

Logistics operations under conflict face intrinsic
challenges that require speed, precision, security and the
ability to adapt quickly. Speed is a key point, as well as the
efficiency with which the supplies are delivered and can
impact directly the effectiveness of military operations and,
thus, the survival of troops in the field. Delays in the delivery
of essential sources such as ammunition, food and medical
equipment can compromise entire operations, leading to
strategic and operational failures. Furthermore, the need for
speed must be balanced with precision and accuracy, once the
fact of delivering resources to wrong place and time can result
in wasted resources or even increased vulnerability of the
troop.

Security of logistics operations is another critical
challenge, especially in conflict zones where supply routes are
often targets of attack. Protecting these routes requires not only
physical security measures, but also sophisticated coordination
and tactical intelligence to avoid ambushes and disruptions.
Furthermore, the protection of logistics data has become a
growing concern with the advent of cyber warfare, where
information about movements and supplies can be intercepted
and manipulated, resulting in serious operational risks.

Finally, the ability to adapt to rapid changes in theater is
essential for logistical success in conflict. The war
environment is extremely dynamic, with conditions that can
change abruptly due to enemy actions or geopolitical changes.
Military logistics must be able to react quickly to these
changes, adjusting its operations and reallocating resources as
necessary. This flexibility often depends on a robust logistics
infrastructure, planning and effective communication systems
that shall be able to transmit critical information in real time,
enabling immediate and informed responses to emerging
challenges.



III — POTENTIAL IMPLEMENTATION OF DIGITAL TWINS IN
MILITARY LOGISTICS

The development and implementation of Digital Twins to
simulate, monitor and optimize the transport and distribution
of military supplies begins with the creation of a detailed
digital model that faithfully replicates the physical systems
involved. This includes not only transport vehicles and
equipment, but also infrastructure networks, distribution
centers, and logistics routes. Using data collected in real time
by sensors and other IoT (Internet of Things) sources, the
Digital Twin is capable of dynamically representing the
current state of all logistics elements (as shown in Fig.1). This
virtual model allows operators and military planners to
perform detailed simulations to predict outcomes in different
scenarios and conditions, helping with decision-making
processes and for preparing possible contingencies, as in Fig.3.

In addition to simulation, Digital Twins provide
continuous monitoring of logistics operations, which is crucial
for maintaining supply chain integrity and effectiveness in
hostile environments. Through predictive analysis, the system
can identify patterns that indicate possible failures or the need
for maintenance in vehicles and equipment before these
problems lead to significant disruptions. This proactive
monitoring contributes to greater operational availability and
reduced costs with repairs and unplanned downtime.
Additionally, the integration of advanced mapping systems
and meteorological data makes it possible to adjust routes in
real-time, avoiding risk or congestion areas and ensuring the
safe and timely arrival of supplies.

Finally, optimizing logistics operations through Digital
Twins involves using advanced algorithms and machine
learning to continually improve transportation and distribution
efficiency. These intelligent systems can automatically
recommend adjustments to the quantities of inputs to be
shipped, transportation modes and routes, and schedules,
based on a variety of factors, including forecasted demand,
operating conditions, and storage capacities, as can be seen in
Fig. 3. With the implementation of these technologies, the
armed forces can achieve logistics that are more agile, resilient
and adapted to the complexities of the modern combat
environment, thus maximizing responsiveness and efficiency
in all phases of military operations.

The integration of real-time information systems plays a
crucial role in optimizing logistics management, especially in
complex and dynamic environments such as military
operations. These systems continuously collect and analyze
data from diverse sources, including IoT sensors, GPS, and
communication systems, providing a comprehensive and up-
to-date view of the logistics situation. The ability to access
accurate and updated information allows managers to make
operational adjustments in real time, respond to unforeseen
events quickly and plan future actions with greater precision
(Fig.3). This practice results in a significant improvement in
operational efficiency, cost reduction and resource
optimization, fundamental elements for the success of military
operations in adverse conditions.

Furthermore, real-time information systems facilitate
coordination between different levels and units of the Armed
Forces. By providing a single point of access to crucial
information, these systems help align logistical actions with
the strategic and tactical objectives of operations. The effective
integration of operational and logistical data in a centralized
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environment improves communication between units in the
field and operational commands, allowing for more coherent
and synchronized management of operations. This is
particularly important in operations involving multiple Armed
Forces and agencies, where a lack of synchronization and
communication can lead to inefficiencies and operational
failures.
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Fig.3 Predictability and decision support model provided by Digital Twins
(6]

Finally, the implementation of real-time information
systems in logistics management allows a proactive approach
to maintenance and risk management. Using advanced data
analysis techniques, such as machine learning and predictive
analysis, managers can predict equipment failures, identify
resource consumption patterns, and anticipate replenishment
needs before they become critical. This capability not only
increases operational availability but also reduces
vulnerability to attacks or systemic failures that could
compromise mission integrity. The proactivity provided by
these systems transforms logistics management from a
reactive function to a strategic function, capable of supporting
critical decisions in high-pressure environments.

IV — USE CASES AND PRACTICAL APPLICATIONS

The application of Digital Twins extends far beyond the
military domain, covering a variety of sectors where the
simulation and optimization of complex processes are critical.
For instance, the manufacturing industry presents a relevant
example of DT. Leading companies in the automotive sector,
such as General Motors and Tesla, are using Digital Twins to
simulate production lines and assembly processes in their
factories [4]. This use allows the optimization of the factory
layout, the reduction of inefficiencies and the prediction of
equipment failures before they occur, ensuring more efficient
production and less prone to unexpected downtime. The
applicability of this example to the military context is
straightforward: just as in manufacturing, Digital Twins could
be used to simulate and optimize maintenance and repair bases
for military equipment, improving the efficiency and
availability of essential vehicles and weapons [7].

Another sector that largely benefits from Digital Twins is
healthcare. Hospitals and research institutions use this
technology to create digital models of human organs that
simulate specific medical conditions and test potential
treatments. For example, the Mayo Clinic healthcare system
employs Digital Twins to enhance personalized surgical
procedures and treatments, resulting in better diagnoses and
reduced risks associated with invasive interventions [8]. This
use has a clear parallel in military medical training, where
Digital Twins can simulate field conditions and battle trauma,
allowing medics and first responders to train in extremely



realistic scenarios without putting lives at risk, thus increasing
the effectiveness of medical treatment in emergency situations.

In the energy sector, Digital Twins are employed to
manage and optimize the operation of large infrastructures
such as power plants and distribution networks. GE Power and
other big companies, for example, are using Digital Twins to
monitor and adjust the performance of its gas turbines and
power plants in real time, maximizing energy efficiency and
reducing wear and tear on equipment [9]. This application is
particularly relevant for military operations in isolated bases
or on joint missions, where the efficient management of energy
resources is vital for the sustainability and autonomy of
operations. The use of Digital Twins could help optimize
energy generation and consumption, ensuring that bases
operate with maximum efficiency and minimum
environmental impact.

Finally, in the logistics and supply chain sector, companies
like Amazon and DHL are using Digital Twins to simulate
warehouse operations and optimize delivery routes [10]. These
simulations allow the identification of logistical bottlenecks
and the implementation of solutions before physical execution,
ensuring faster and more efficient distribution. The application
of this example to the military context is clear: using Digital
Twins, it is possible to simulate and improve the entire military
logistics chain, from storage to the delivery of supplies to the
front lines, ensuring that troops are supplied efficiently and
safely, even under adverse conditions.

V — OPERATIONAL AND STRATEGICAL ADVANTAGES

Digital Twins offer a range of significant strategic
advantages that can revolutionize the way operations are
conducted across multiple sectors, including the military. One
of the main advantages is the significant reduction in
operational errors. Through accurate simulation and modeling
of systems and processes, Digital Twins enable operators to
test and validate decisions in a controlled environment before
implementation in the real world. This aspect is crucial in the
military context, where operational errors can have fatal
consequences. For example, simulating vehicle and aircraft
operations in various weather and terrain conditions using
Digital Twins can predict and mitigate potential failures,
thereby reducing the incidence of accidents and increasing
mission safety.

In addition to reducing errors, Digital Twins facilitate more
robust and detailed mission planning. By providing a
comprehensive view of the theater of operations and enabling
the simulation of different conflict scenarios, these systems
enable military planners to evaluate various strategies and
determine the most effective course of action based on hard
data. This in-depth planning is essential for preparing
operations in complex environments and quickly adapting to
situational changes, ensuring that decisions made are informed
and strategically sound [11].

Operational security is another area significantly improved
by Digital Twins. The ability to continuously monitor the
status of equipment and systems in real time allows for the
implementation of predictive maintenance, reducing the
likelihood of unexpected failures. In the military context, this
means that vehicles, weapons and other equipment can be
maintained in optimal operating condition, with repairs and
maintenance carried out only when necessary and before
critical defects occur. This approach not only increases the
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useful life of equipment but also ensures that units are always
ready for combat, without unexpected interruptions due to
equipment failures [4].

Finally, Digital Twins offer an unparalleled ability to
quickly respond to emergencies. In military operations,
conditions can change quickly and the ability to adapt quickly
is crucial. With Digital Twins, commands can receive updated
data in real time and adjust their operational strategies
instantly. This includes reconfiguring logistics, reevaluating
combat tactics and reorganizing resources to face emerging
threats or take advantage of tactical opportunities, ensuring
greater operational effectiveness in a dynamic and often
unpredictable conflict environment [12]. Such Advantages can
be seen in a pictorial way in Fig.4.
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Fig. 4: Operational and strategic advantages of implementing Digital Twins
VI — BARRIERS AND SOLUTIONS TO IMPLEMENTATION

The implementation of Digital Twins in the military
environment faces a series of challenges that are technical,
organizational and security-related.

Technically, the main challenge lies in the integration and
harmonization of vast amounts of data coming from diverse
and heterogeneous sources. Military systems often operate
with equipment and technologies that vary in age and
functionality, and that may not initially be compatible with
modern Digital Twin platforms. Furthermore, modeling and
simulation require extremely advanced computational
capabilities and sophisticated algorithms to ensure accuracy
and operational relevance [13].

Organizationally, the implementation of Digital Twins
challenges traditional command and control structures. The
adoption of this technology requires significant changes in
decision-making processes, which must become more
dependent on data analysis and less intuitive. This might face
resistance among personnel who rely on traditional,
experienced methods of operation. Furthermore, coordination
between different units and services to implement and manage
an integrated Digital Twin system can be complicated due to
differences in operational priorities and organizational cultures
[14].



In terms of security, Digital Twins introduce significant
risks, especially in relation to cybersecurity. Critical data that
is transmitted and stored can become targets of cyberattacks,
which can compromise not only the integrity of Digital Twin
systems, but also the security of actual military operations.
Protecting this data and ensuring that the simulation cannot be
manipulated or disrupted by hostile actors are primary
concerns [15].

To overcome these challenges, it is essential to invest in
comprehensive training. Military personnel must be trained
not only in the technical use of Digital Twins, but also in
understanding the strategic implications of their application.
Training programs should address both the technical skills
required to operate and maintain Digital Twin systems and the
changes in doctrine and operational procedures that their
adoption entails. This includes familiarizing operators with
real-time data analysis and decision making based on dynamic
simulations [16].

Additionally, establishing technological partnerships with
universities, technology companies and other sectors can
provide access to innovations and specialized knowledge that
accelerate the integration and optimization of Digital Twins in
the military environment. Such partnerships can also facilitate
knowledge transfer and continuous innovation, in addition to
helping to standardize technological solutions and ensure their
security and reliability [17].

Finally, the development of internal skills for managing
systems based on Digital Twins is crucial. This can be
achieved through the creation of centers of excellence within
the military that not only manage the implementation of these
systems but also conduct ongoing research into their
applications and improvements. These centers would serve as
focal-points for innovation and technical and operational
problem-solving, ensuring that the benefits of Digital Twins
are maximized while risks are mitigated [18].

VII - IMPACT ON SUSTAINNABILITY AND MILITARY
RESILIENCE

Digital Twins offer a powerful tool to promote
sustainability and resilience in complex operations through
more effective and efficient management of resources and an
improved ability to quickly respond to adverse conditions. In
the context of operational sustainability, Digital Twins enable
the optimization of resource use by allowing managers to
simulate and test various resource use and allocation strategies
before applying them in the real world. This model allows us
to identify the most efficient strategies that minimize waste
and maximize return on investment, which is crucial in sectors
such as the military, where resources can be extremely limited
and expensive [13].

Additionally, Digital Twins contribute to operational
resilience by providing a robust real-time monitoring and
response system. In situations of rapid change or adversity,
such as extreme weather conditions or mechanical failures,
Digital Twins can provide immediate insights into the impact
of these events on operations. Through predictive modeling,
these systems help predict potential failures and quickly adapt
operational plans, minimizing disruptions and maintaining
continuity of operations, which is especially valuable in
critical missions where failure can have disastrous
consequences [11].
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The advanced simulation capacity of Digital Twins also
allows virtual trials to implement sustainable practices, such as
the use of alternative energy or carbon emission reduction
techniques, without risking physical resources. This not only
ensures that best practices can be refined and optimized before
they are implemented, but also helps organizations meet
environmental regulations and sustainability objectives
without compromising operational effectiveness [4].

Finally, the integration of Digital Twins with other
emerging technologies, such as artificial intelligence and big
data analytics, can further increase their effectiveness in
promoting sustainable and resilient operations. Combining
these technologies can provide even deeper understanding and
more sophisticated analysis of collected data, enabling more
informed and proactive decision-making.

In this way, Digital Twins are not only tools for reacting
to events, but also act as facilitators of strategic management
that anticipates and better prepares for future adversities,
ensuring more sustainable and resilient operations over time
[16].

VIII — CONCLUSION AND FUTURE PERSPECTIVES

The adoption of Digital Twins in military logistics presents
potential and substantial benefits that can revolutionize the
way operations are planned, executed and monitored. Firstly,
the ability to simulate complex supply chains and logistics
operations in a virtual environment offers significant
advantages in terms of planning and testing strategies without
the risk of compromising real resources. This enables a
detailed analysis of possible scenarios, helping to identify and
mitigate risks before they manifest on the battlefield.
Furthermore, implementing predictive maintenance through
Digital Twins reduces critical equipment downtime, ensuring
that units maintain maximum operational readiness [4].

Digital Twins also improve the efficiency and safety of
logistics operations by providing accurate, real-time data on
the condition of vehicles, weapons and other equipment. This
information enables rapid responses to changes in operating
conditions and can help prevent catastrophic failures that could
result in loss of life and material. Furthermore, the integration
of these systems with artificial intelligence and machine
learning technologies can lead to continuous optimization of
logistics processes, through automatic adjustments that adapt
to the dynamic conditions of the theater of operations [11].

Despite these clear benefits, the adoption of Digital Twins
in military logistics also requires careful consideration of
associated limitations and challenges, such as cybersecurity
issues and the need for large investments in technology and
training. Therefore, it is recommended that the Armed Forces
develop strategic partnerships with academic and industrial
entities to facilitate the transfer of knowledge, innovation and
technological development. These partnerships can help
mitigate risks, reduce costs, and accelerate the effective
implementation of Digital Twins in your operations [13].

As future areas of research and development, we suggest
that researchers explore the potential of Digital Twins in
simulation and training operations, where they can be used to
better prepare troops for a variety of operational scenarios.
Furthermore, the exploration of Digital Twins in conjunction
with emerging technologies such as autonomous vehicles and
drones for logistics offers a promising field to further increase
the efficiency and safety of military operations.
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