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EXECUTIVE 
SUMMARY

In the era of digital transformation, digital twins are emerging as a 
revolutionary tool that promises to redefine how we interact and 
optimize our physical and digital environments.  

These accurate virtual models of objects, processes, or systems open up new 
possibilities for understanding and improving everything from complex infrastructures 
to everyday operations.

Digital twins are finding innovative applications in a wide range of industries. In 
manufacturing, they enable product design optimization, predictive machinery 
maintenance, and customized production. Healthcare will benefit from precise diagnostics, 
personalized treatments, and advanced surgical planning. In city planning, they support 
efficient urban design and complex situation management. Regarding energy, they 
promote the efficiency and sustainability of systems and infrastructure. Finally, in the 
agricultural sector, they improve crop management, resource use and animal welfare.

The successful implementation of digital twins relies on technologies such as IoT, AI, 
virtual reality, and cloud computing. These technologies enable real-time data collection, 
advanced analytics, immersive visualization, and scalable information management.

The benefits of digital twins are significant, including optimized design and development, 
improved decision-making, predictive maintenance, operational efficiency, safe 
experimentation, personalization, and product lifecycle management.

However, the implementation of digital twins also presents technical challenges, such as 
integration with existing systems, management of large volumes of data, and information 
security and privacy. In addition, there are ethical considerations related to privacy, 
autonomy, fairness, and employment impact.

Looking ahead, digital twins are an inevitable trend. Innovative companies are already 
recognizing them as a significant competitive advantage. AI is expected to simplify their 
implementation, and cloud migration will accelerate their adoption in Latin America and 
the Caribbean.
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INTRODUCTION
Digital twins are at the forefront of digital evolution, with the potential to reshape how 
we interact and enhance our physical surroundings. By bridging the real and virtual 
worlds, they open new doors for understanding and optimizing everything from complex 
infrastructures to everyday processes. 

This report aims to inform and educate a general audience with no prior knowledge of 
digital twins, covering basic definitions, practical applications, enabling technologies, 
benefits, and challenges to provide a comprehensive understanding of the topic.

Digital twins are exact virtual replicas of physical objects, processes, or systems. Their 
purpose is to simulate and predict the behavior of their real-world counterparts. A 
digital twin is configured by a computer system that processes the same variables as its 
physical counterpart and produces identical results. Unlike simulators, which typically 
focus on specific aspects or behaviors under specific conditions, digital twins provide a 
comprehensive and dynamic simulation. They are constantly updated with real-time data, 
allowing them to accurately reflect the current state of the physical object.

Digital twins have come a long way since they were first introduced, from simple conceptual 
models to sophisticated systems used in manufacturing, health, and urban planning. This 

DEFINITION
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The great potential of digital twins lies in their ability to incorporate and learn from real-time 
data, thereby improving decision-making and prediction. The successful implementation 
of digital twins typically relies on a number of advanced technologies, with IoT and AI being 
the most prominent. These technologies provide the basic infrastructure for developing 
and continuously updating digital twins, enabling comprehensive analysis and precise 
simulation of real-world behaviors.

ENABLING TECHNOLOGIES

1. Internet of Things (IoT): A network of physical objects (“things”) embedded with sensors, software, and other technologies that connect and exchange data 
with other devices and systems over the internet.
2. Artificial Intelligence (AI): A set of technologies and techniques that enable machines to perform tasks that typically require human intelligence, such as 
learning, adaptation, problem-solving, and decision-making.

progress has been made possible by the development of new technologies, including the 
Internet of Things (IoT)1, artificial intelligence (AI)2, and data analytics.

There are four main types of digital twins:

Component: Focuses on the individual parts of a product, modeling the 
behavior and conditions of a single component. For example, a digital twin 
of a gear in an engine allows analysis of its performance under various 
operating conditions, facilitating design optimization for greater durability 
and efficiency. This detailed analysis supports continuous improvement of 
critical product components.

Asset: Represents a specific physical object and all of its components, 
allowing the study of how they interact to predict overall performance. 
An example is the digital twin of an aircraft engine, which integrates 
all of its components to simulate and predict behavior in different 
operating situations, critical for predictive maintenance and asset lifecycle 
optimization.

System: Involves modeling multiple assets and their interactions within 
a larger system to understand how the sum of the parts affects overall 
functionality. For instance, a digital twin of a public transit system, including 
vehicles, signaling, and traffic control, can be used to analyze and improve 
system efficiency, reduce wait times, and optimize routes.

Process: The focus here is on modeling operational or business procedures 
to increase efficiency. This type concentrates on the sequence of operations, 
as opposed to the other types, which focus on the physical. An example 
would be the digital twin of an automotive assembly line, which allows 
each stage of production to be simulated and optimized, from the receipt 
of materials to the final assembly of the vehicle.
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3. Cloud Computing : A computing model that leverages remote computing resources, usually located in data centers, to store and process data. This model 
enables users to access services and applications via the internet.
4. Big data: A large and complex set of data that cannot be handled by traditional data processing applications. It involves the analysis, collection, search, 
sharing, storage, transmission, visualization, and protection of large volumes of data. Big data is used to uncover patterns, trends, and associations, especially 
those related to human behavior and interactions.

IoT connects digital twins with their physical counterparts through sensors and 
smart devices, allowing for real-time data collection. This connection ensures that 
digital twins accurately reflect current states and operational conditions, essential 
for effective monitoring and dynamic updates.

IA plays a key role in managing and analyzing the vast amounts of data associated 
with digital twins. Machine learning and predictive analytics enhance decision-
making and anticipate future behaviors and needs, enabling digital twins to 
proactively adapt and optimize operations.

Other technologies can be integrated to further enhance the applicability and effectiveness 
of digital twins, depending on the objectives and circumstances. 

Below are a few examples:

Virtual Reality (VR) and Augmented Reality (AR): Estas tecnologías 
transforman la manera en que interactuamos con los gemelos digitales, 
proporcionando plataformas inmersivas para una visualización detallada 
de los datos. La VR y la AR permiten a los usuarios examinar modelos 
virtuales en un entorno seguro, mejorando la comprensión de interacciones 
complejas y evaluando modificaciones potenciales sin riesgos.

Cloud computing3 and Big Data4: The scalability offered by cloud 
computing is essential for storing and processing the vast amounts of data 
generated by digital twins. Big data analytics, on the other hand, facilitates 
the identification of valuable insights and ensures efficient management 
of digital twins. Together, these technologies enable advanced analysis 
and effective use of the collected information, promoting continuous 
improvement of the modeled processes and systems.

Digital twins offer a wide range of benefits that can transform the way organizations design, 
build, operate, and maintain their products, processes, and systems. 

BENEFITS OF  
DIGITAL TWINS
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Design and development optimization: Digital twins enable the simulation 
and analysis of a product or system’s behavior before physical construction 
or implementation, identifying and correcting potential issues. This results 
in a more efficient design process and higher-quality products.

Improved decision-making: By integrating real-time data and using 
advanced analytics, digital twins provide valuable insights that enhance 
decision-making at all organizational levels, from operational management 
to corporate strategy.

Predictive maintenance: Digital twins can predict wear and potential 
component failures, helping organizations shift from reactive to predictive 
maintenance, reducing unplanned downtime, and extending asset life.

Operational efficiency: Digital twins optimize operations by allowing 
the simulation and analysis of processes under different scenarios. This 
leads to better planning, more efficient resource allocation, and reduced 
operational costs. 

Safe innovation and experimentation: Digital twins provide a safe 
environment for experimentation, enabling companies to test new ideas 
and concepts without risking damage to physical systems or disrupting 
existing operations, fostering continuous innovation.

Customization and flexibility: Digital twins support the customization of 
products and services to meet specific customer needs and allow rapid 
adaptation to market changes or consumer preferences.

Product lifecycle management: Digital twins provide a complete view 
of a product’s lifecycle, from conception to retirement, enabling detailed 
tracking and continuous optimization at every stage.

Sustainability: By optimizing product and process design and improving 
operational efficiency, digital twins help reduce energy consumption and 
waste, supporting corporate sustainability initiatives.

Some of the most notable benefits include:
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APPLICATIONS 
AND USE CASES

Digital twins are transforming manufacturing processes by providing detailed simulations 
and predictive analyses, enabling companies to optimize operations, reduce costs, and 
improve product quality5. Here are some concrete examples of how digital twins are being 
used in manufacturing, highlighting their applications, the technologies involved, and the 
benefits achieved.

In the automotive sector, manufacturers use digital twins to conduct advanced simulations 
of vehicle behavior under various environmental and operational conditions before 
creating physical prototypes. This includes evaluating critical aspects such as durability, 
aerodynamics, and safety. AI analyzes data from these simulations to predict outcomes 
with high precision, while IoT collects information from operational vehicles to refine 
virtual models. The result is a significant reduction in costs and time during the design 
and development phases, allowing multiple design iterations without physical prototypes, 
thereby enhancing the quality and safety of produced vehicles.

MANUFACTURING PROCESSES

5. Digital Twins in Manufacturing: Optimization and Process Control. Article in Spanish posted in Metaverse Pro, no date specified
https://metaverso.pro/blog/gemelos-digitales-en-la-fabricacion-optimizacion-y-control-de-procesos/ 

https://metaverso.pro/blog/gemelos-digitales-en-la-fabricacion-optimizacion-y-control-de-procesos/
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6. Enterprise Resource Planning (ERP) Systems: Business software that manages and integrates essential organizational processes, including finance, supply 
chain, operations, commerce, reporting, manufacturing, and human resources. ERP systems enable companies to use integrated applications to manage 
the business and automate many back-office functions related to technology, services, and human resources.
7. Customer Relationship Management (CRM) Systems: A strategy for managing a company’s interactions with current and potential customers. CRM 
systems help companies connect with customers, streamline processes, and enhance profitability by using data on customer interactions to support sales, 
marketing, and customer service efforts.
8. The Future of Medicine: What Are Digital Twins, and What Are They For?. Article in Spanish posted in Week, 03/19/2019 https://www.semana.com/vida-
moderna/articulo/el-futuro-de-la-medicina-que-son-los-gemelos-digitales-y-para-que-sirven/606160/ 
9. Health: Digital Twins May Be The Future of Medicine. Article in Spanish posted in El Día, 04/16/2023 https://www.eldia.com/nota/2023-4-16-7-42-28-salud-
los-gemelos-digitales-pueden-ser-el-futuro-de-la-medicina-toda-la-semana

In industrial machinery maintenance, manufacturers implement digital twins to 
anticipate potential failures. By simulating the wear and tear of machines over time 
and detecting anomalies, these tools enable the prevention of issues before they affect 
production. Collecting real-time data through IoT and analyzing it using big data techniques 
is essential in this process, enabling predictive maintenance to minimize downtime and 
extend equipment life, ensuring greater operational efficiency.

Mass customization is another area where digital twins are having a significant impact. They 
enable consumer goods companies to adapt their production lines to offer personalized 
products with the efficiency of mass production. This is achieved by integrating enterprise 
resource planning (ERP)6 and customer relationship management (CRM)7 systems 
with digital models, to automatically adjust production based on individual customer 
preferences. This capability meets the demand for customization without sacrificing 
efficiency or significantly increasing costs.

In healthcare and biotechnology, digital twins are transforming diagnostics, treatments, 
and surgical planning8. These digital replicas of human organs or biological systems open 
the door to simulation and analysis of how the human body might respond to different 
conditions or treatments, without exposing the patient to any risk.

A notable advance in this field is the development of software that can predict how 
a patient will respond to certain treatments weeks or months in advance9. Such 
innovations highlight the potential of digital twins to optimize medical care by enabling 
highly personalized treatments tailored to each patient’s specific needs.

Academic institutions like Stanford University are at the forefront of implementing digital 
twins with projects such as creating exact replicas of human organs like the heart. These 
tools not only simulate real-time functioning, but also provide valuable resources for 
studying and managing complex conditions, offering medical professionals unprecedented 
precision in surgical planning.

The impact of digital twins extends beyond predictive medicine to the personalization of 
medical care. By integrating patient-specific data with advanced computational models, it 
is possible to design specialized therapies that significantly improve health outcomes and 
reduce side effects. The future promises rapid diagnostics, personalized treatments, and 
precise surgical planning. With the continued development and integration of digital twins 
into healthcare, there is tremendous potential to improve the quality of life for patients.

HEALTHCARE AND BIOTECHNOLOGY

https://www.semana.com/vida-moderna/articulo/el-futuro-de-la-medicina-que-son-los-gemelos-digitales-y-para-que-sirven/606160/
https://www.semana.com/vida-moderna/articulo/el-futuro-de-la-medicina-que-son-los-gemelos-digitales-y-para-que-sirven/606160/
https://www.eldia.com/nota/2023-4-16-7-42-28-salud-los-gemelos-digitales-pueden-ser-el-futuro-de-la-medicina-toda-la-semana
https://www.eldia.com/nota/2023-4-16-7-42-28-salud-los-gemelos-digitales-pueden-ser-el-futuro-de-la-medicina-toda-la-semana
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10. Smart Cities - Generating Digital Twins of Cities. Article in Spanish posted in ArcGIS Hub, no date specified https://gemelo-digital-en-arcgis-gemelodigital.
hub.arcgis.com/pages/smart-city 
11. What Is a Smart City? 2024 Trends. Article in Spanish posted by IEBS Business School, 01/10/2024 https://www.iebschool.com/blog/smart-cities-ciudades-
inteligentes-innovacion/ 
12. Barcelona Develops a Digital Twin to Find Out If It Is a “15-Minute City”. Article in Spanish posted in El Español, 04/11/2023 https://www.elespanol.com/
invertia/disruptores-innovadores/autonomias/cataluna/20230411/barcelona-desarrolla-gemelo-digital-saber-ciudad-minutos/753924837_0.html

In the field of urban planning and management, digital twins are driving a technological 
revolution, opening up a myriad of possibilities for more adaptive, sustainable and inclusive 
urban management. These virtual replicas of cities or their components allow for efficient 
management of resources10 11. This approach allows optimizing mobility, public services, and 
green space planning. They also enhance emergency response capabilities, demonstrating 
their versatility and transformative impact in managing complex urban situations. From 
infrastructure optimization to emergency preparedness, digital twins help improve long-
term planning and address immediate challenges, contributing to the development of 
smarter, more livable, and future-ready cities.

One notable approach is the development of models to evaluate concepts such as 
“15-minute cities”, where all essential services are within a fifteen-minute walk or bike ride12. 
This is made possible by the ability of digital twins to simulate different urban conditions 
and scenarios using advanced technologies such as IoT, AI, and machine learning. These 
tools enable detailed analysis of large amounts of real-time data, facilitating urban planning 
that improves accessibility and urban efficiency.

Digital twins also play a critical role in managing and responding to complex situations 
such as natural disasters, traffic congestion, or public safety issues. They enable authorities 
to simulate and evaluate the impact of different response strategies, enhancing urban 
preparedness and resilience. This predictive and preventive approach optimizes responses 
in critical situations, protecting the population and ensuring greater safety and well-being 
for city inhabitants.

URBAN PLANNING  
AND CITY MANAGEMENT

In the energy and resources sector, digital twins enhance efficiency, sustainability, and the 
management of critical infrastructures. They simulate energy processes and systems in a 
virtual environment, allowing for real-time analysis and optimization without disrupting 
physical operations.

Digital twins are used for individual components, like wind turbines, and entire energy 
production and distribution systems. They contribute to better planning and operation by 
providing detailed information on performance, maintenance, and resource management.

ENERGY AND RESOURCES

https://gemelo-digital-en-arcgis-gemelodigital.hub.arcgis.com/pages/smart-city
https://gemelo-digital-en-arcgis-gemelodigital.hub.arcgis.com/pages/smart-city
https://www.iebschool.com/blog/smart-cities-ciudades-inteligentes-innovacion/
https://www.iebschool.com/blog/smart-cities-ciudades-inteligentes-innovacion/
https://www.elespanol.com/invertia/disruptores-innovadores/autonomias/cataluna/20230411/barcelona-desarrolla-gemelo-digital-saber-ciudad-minutos/753924837_0.html
https://www.elespanol.com/invertia/disruptores-innovadores/autonomias/cataluna/20230411/barcelona-desarrolla-gemelo-digital-saber-ciudad-minutos/753924837_0.html
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13. NVIDIA Announces Earth Climate Digital Twin, Posted by NVIDIA. 18/03/2024, https://nvidianews.nvidia.com/news/nvidia-announces-earth-climate-
digital-twin
14. How IoT, AI, and Digital Twins Help Meet Sustainability Goals. Article in Spanish posted in Microsoft News Center Latin America, 11/30/2022
https://news.microsoft.com/es-xl/como-iot-ai-y-gemelos-digitales-ayudan-a-alcanzar-los-objetivos-de-sustentabilidad/ 
15. Digital Twins in the Supply Chain. Article in Spanish posted by OBS Business School, 08/20/2020
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros 
16. What are Digital Twins and How Can They Help in the Supply Chain. Article in Spanish posted in Decide Soluciones, 02/16/2021
https://decidesoluciones.es/gemelos-digitales-cadena-de-suministro/ 
17. Digital Twin in Logistics and Supply Chain. Article in Spanish posted by Technology for Industry, 11/23/2023
https://tecnologiaparalaindustria.com/gemelos-digitales-en-logistica-y-cadena-de-suministro/ 

A key application area is energy production and distribution, where digital solutions can 
help power plants operate more efficiently and cleanly. Utility companies are using IoT to 
monitor power distribution and transmission networks to improve efficiency and manage 
demand fluctuations. They also help with remote control of renewable energy installations, 
such as wind farms, enhancing management and contributing to sustainability.

A good example of digital twins in resource and energy management is the development 
of a digital model of the Earth’s climate13. This project uses digital twins to simulate and 
predict global weather patterns with high accuracy. The resulting digital twin enables 
researchers, planners, and natural resource managers to better evaluate disaster mitigation 
and resource optimization strategies by providing a detailed and dynamic representation 
of atmospheric and climate change. Furthermore, this approach improves planning for 
extreme weather events and helps foresee and mitigate adverse environmental impacts, 
contributing to sustainability and efficiency in energy resource management.

Digital twins also support the transition to smarter, carbon-neutral buildings. For example, 
a building’s carbon footprint can be reduced by automating lighting and climate control 
systems using IoT technology and digital twin modeling for building management. This 
not only improves energy efficiency, but also significantly reduces energy-related carbon 
dioxide emissions14.

Finally, these applications in the sector also help companies to generate value by reducing 
operating and material costs and improving operational efficiency. As such, digital twins 
are an essential tool for addressing the challenges of climate change and promoting more 
sustainable use of energy resources.

In the supply chain arena, the introduction of digital twins marks a significant technological 
evolution, transforming the way complex logistics and distribution systems are modeled, 
analyzed, and optimized. They create detailed virtual models that enhance supply chain 
management, from planning to product delivery, improving the efficiency and resilience 
of these networks15 16 17. Below, we explore how digital twins are applied to various aspects of 
the supply chain, highlighting their uses, complementary technologies, and the benefits 
they provide.

In supply chain optimization, digital twins simulate and improve workflows and distribution 
logistics. By integrating IoT and applying AI and machine learning, companies can predict 
behavior and optimize delivery routes and resource allocation. This reduces disruptions 

SUPPLY CHAIN

https://nvidianews.nvidia.com/news/nvidia-announces-earth-climate-digital-twin
https://nvidianews.nvidia.com/news/nvidia-announces-earth-climate-digital-twin
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
https://www.obsbusiness.school/blog/gemelos-digitales-en-la-cadena-de-suministros
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Digital twins are revolutionizing agriculture by reshaping how crops, livestock, and natural 
resources are managed. By integrating data from soil conditions, plant health, environmental 
sensors, weather forecasts, and high-resolution images from UAVs and satellites, precise 
virtual models of farms and ecosystems can be created. These models can be used to 
simulate, analyze, and optimize agricultural practices from planting to harvest. Below, we 
will examine how digital twins are being used in various areas of agriculture, highlighting 
their implementations, the technologies involved, and the benefits they provide.

Digital twins are transforming crop management by allowing farmers to simulate different 
planting, irrigation, and fertilization strategies to maximize yields while minimizing 
environmental impact. These models predict how different practices will affect crop health 
and productivity using IoT data from soil moisture sensors and monitoring drones, along 
with AI and machine learning. This leads to more precise and efficient farming, with the 
ability to adapt to changing climatic conditions and specific plot needs.

In water-scarce areas, digital twins offer solutions for sustainable water management. By 
modeling the water cycle within an agricultural ecosystem, farmers can optimize water 
usage, ensuring crops receive the right amount at the right time. This improves water 
use efficiency and reduces dependence on excessive irrigation, conserving vital water 
resources.

In livestock management, digital twins improve animal health and welfare by simulating 
and monitoring living conditions. Detailed virtual models of farms allow producers to 
evaluate the impact of different management practices and environmental conditions 
on animal welfare. This facilitates strategies that promote better animal health, leading to 
more ethical and sustainable production21.

The ability to predict pest and disease outbreaks is another major benefit that digital 
twins bring to agriculture. By integrating historical and current data on climatic conditions, 

AGRICULTURE

18. How To Use Digital Twins in Supply Chains. Article in Spanish posted in MIT Sloan Review Mexico, 08/19/2022
 https://mitsloanreview.mx/data-ia-machine-learning/como-usar-los-gemelos-digitales-en-las-cadenas-de-suministro/ 
19. The Complete Guide To Supply Chain Digital Twins. Posted by Coupa, 07/19/2022
 https://www.coupa.com/blog/supply-chain/complete-guide-supply-chain-digital-twins 
20. How To Use Digital Twins in Supply Chains. Article in Spanish posted in MIT Sloan Review Mexico, 08/19/2022
 https://mitsloanreview.mx/data-ia-machine-learning/como-usar-los-gemelos-digitales-en-las-cadenas-de-suministro/ 
21. Enhancing Smart Agriculture by Implementing Digital Twins: A Comprehensive Review. Posted by MDPI in Sensors, 08/11/2023
https://www.mdpi.com/1424-8220/23/16/7128 

and enhances customer service, resulting in more efficient and adaptive distribution and 
logistics networks18 19.

Inventory management benefits significantly from digital twins, enabling real-time 
tracking of stock changes and effective management of item locations. This technology 
improves accuracy in predicting customer demand, optimizing inventory levels, and 
reducing excess or stock shortages20.

https://mitsloanreview.mx/data-ia-machine-learning/como-usar-los-gemelos-digitales-en-las-cadenas-de-suministro/
https://www.coupa.com/blog/supply-chain/complete-guide-supply-chain-digital-twins
https://mitsloanreview.mx/data-ia-machine-learning/como-usar-los-gemelos-digitales-en-las-cadenas-de-suministro/
https://www.mdpi.com/1424-8220/23/16/7128
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22. Enhancing Smart Agriculture by Implementing Digital Twins: A Comprehensive Review. Posted by MDPI in Sensors, 08/11/2023 https://www.mdpi.
com/1424-8220/23/16/7128 
23. Digital twin in transportation infrastructure management: a systematic review. Posted by Intelligent Transportation Infrastructure — Oxford Academic, 
11/06/2023 https://academic.oup.com/iti/article/doi/10.1093/iti/liad024/7370943 
24. Exploring the Future of Learning: How Digital Twins are Revolutionizing Education. Posted by Muvi, 09/04/2023
https://www.muvi.com/blogs/digital-twins-education/

agricultural practices, and pest presence, these models can identify patterns that indicate 
the risk of future outbreaks. This allows farmers to take preventative measures, reducing 
the need for pesticides and improving overall crop health22.

Digital twins are transforming transportation by improving infrastructure and vehicle 
planning, operation, and maintenance. They create accurate virtual models of transportation 
networks, from roads and railways to airports and ports, facilitating effective and sustainable 
management of the movement of people and goods23.

TRANSPORTATION

In education, digital twins are beginning to play a game-changing role, by enabling 
personalized teaching, improved institutional management, and innovative learning 
environments24. Virtual models of educational settings allow for the simulation and 
optimization of teaching and learning processes, infrastructure, and resources, improving 
both student experience and staff efficiency.

Digital twins offer unprecedented opportunities to personalize education, by adapting 
content and teaching methods to individual student needs. By analyzing real-time data 
on student performance and behavior, these models identify specific learning styles and 
educational goals, allowing teachers to adjust their strategies to maximize learning.

Digital twins create virtual and immersive learning environments that replicate real or 
historical situations, providing rich educational experiences. These environments can be 
particularly valuable in fields such as medicine, engineering, and science, where students 
can experiment and practice with complex situations without the real-world risks.

EDUCATION AND TRAINING

https://www.mdpi.com/1424-8220/23/16/7128
https://www.mdpi.com/1424-8220/23/16/7128
https://academic.oup.com/iti/article/doi/10.1093/iti/liad024/7370943
https://www.muvi.com/blogs/digital-twins-education/


TECH REPORT: DIGITAL TWINS 16

In Latin America and the Caribbean (LAC), digital twins are being innovatively applied 
across various sectors, significantly enhancing port logistics and fostering an inclusive 
digital economy.

25. Making retail smarter with digital twins. Posted by BCS, The Chartered Institute for IT, 04/03/2023 https://www.bcs.org/articles-opinion-and-research/
making-retail-smarter-with-digital-twins/ 
26. Revolutionizing the retail supply chain with digital twins. Posted by Microsoft Industry Blogs, 01/26/2021 https://www.microsoft.com/en-us/industry/blog/
retail/2021/01/26/revolutionizing-the-retail-supply-chain-with-digital-twins/ 
27. How Digital Twin Technology Is Disrupting The Retail Industry. Posted by Challenge Advisory, October 2018 https://www.challenge.org/insights/digital-
twins-in-retail/ 

In the dynamic retail sector, digital twins are driving profound transformation by 
optimizing supply chains, customer experiences, and in-store operations25. These virtual 
replicas enable more effective management and improved shopping experiences through 
advanced integration of real-time data from sensors and enterprise systems. 

Personalized design of the shopping experience is one of the different use cases for digital 
twins in retail26 27.Using virtual customer models, retailers can optimize in-store security, 
energy management, and customized service by recommending products that match 
consumer preferences and needs. Data collection through digital avatars enables a deeper 
understanding of consumer behavior patterns, improving market segmentation and 
marketing strategies.

RETAIL

DIGITAL TWINS   
IN LAC

https://www.bcs.org/articles-opinion-and-research/making-retail-smarter-with-digital-twins/
https://www.bcs.org/articles-opinion-and-research/making-retail-smarter-with-digital-twins/
https://www.microsoft.com/en-us/industry/blog/retail/2021/01/26/revolutionizing-the-retail-supply-chain-with-digital-twins/
https://www.microsoft.com/en-us/industry/blog/retail/2021/01/26/revolutionizing-the-retail-supply-chain-with-digital-twins/
https://www.challenge.org/insights/digital-twins-in-retail/
https://www.challenge.org/insights/digital-twins-in-retail/
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28. Digital Twinning the Panama Canal: A model to enhance project delivery and performanc. Posted by Santec, https://www.stantec.com/en/markets/
energy/panama-canal-digital-twin 
29. Digitization in ports: Application of digital twins to complex logistics. Posted by ECLAC in 12/2022, https://www.cepal.org/en/publications/48528-
digitization-ports-application-digital-twins-complex-logistics 

A key example of digital twin technology’s transformative potential is its use in the Panama 
Canal expansion, a $5.25 billion project. This project utilized Building Information Modeling 
(BIM)28 to create a digital twin, allowing teams to simulate future scenarios. This approach 
greatly improved the design quality, constructability, and operation and maintenance 
(O&M) of the new locks. Located on both the Atlantic and Pacific sides, each lock features 
three chambers that raise and lower vessels over 85 feet while using less water than the 
existing locks, accommodating modern “Post-Panamax” ships.

The digital twin of the Panama Canal not only boosted productivity and enhanced 
communication among designers, builders, and operators but also set a new standard for 
integrating advanced digital technologies in large-scale infrastructure projects. The ability 
to replicate mechanical and electrical systems and run numerous scenarios enabled local 
operators to efficiently manage all aspects of operations, from routine tasks to maintenance 
and emergency situations. This innovative approach highlights how digital twins can 
enhance the entire lifecycle of a project, allowing for quicker, more informed decisions that 
improve the safety and efficiency of critical infrastructures worldwide.

The digitalization of ports through digital twins is transforming port and logistics operations 
in the LAC region. This technological advancement, highlighted in ECLAC’s FAL Bulletin29, 
addresses challenges such as optimizing physical space and adapting to extreme weather 
events. Digital twins offer an innovative solution to improve the efficiency and sustainability 
of port services. They enable risk-free scenario simulations, facilitating strategic and 
operational decision-making, and promising to reduce costs and harmful emissions while 
improving reliability and competitiveness. This secures ports’ crucial role in international 
trade and global value chains.

As digitalization progresses, ports are evolving into smart nodes within the supply chain, 
capable of dynamically responding to global trade demands. The use of digital twins 
enables more agile and adaptive port management, where planning and emergency 
response are based on predictive analytics and resource optimization. This approach aligns 
regional ports with the Sustainable Development Goals of the 2030 Agenda and paves 
the way for deeper integration into the global digital economy. It marks a significant step 
forward in the modernization and logistical efficiency of Latin America and the Caribbean.

https://www.stantec.com/en/markets/energy/panama-canal-digital-twin
https://www.stantec.com/en/markets/energy/panama-canal-digital-twin
https://www.cepal.org/en/publications/48528-digitization-ports-application-digital-twins-complex-logistics
https://www.cepal.org/en/publications/48528-digitization-ports-application-digital-twins-complex-logistics
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CHALLENGES AND  
CONSIDERATIONS

Implementing and managing digital twins involves multifaceted technical and operational 
challenges due to the complexity of replicating physical systems in the digital world30 31.

TECHNICAL AND OPERATIONAL 
CHALLENGES

30. Integration Challenges for Digital Twin Systems-of-Systems. Posted by IEEE/ACM International Workshop on Software Engineering for Systems-of-Systems and 
Software Ecosystems, May 2022 https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems 
31. Digital twins: needs, challenges and understanding. Posted by The ODI, 10/22/2019 https://theodi.org/news-and-events/blog/digital-twins-user-research/ 

The following is a more specific and practical description of these challenges:

Integration with existing systems: Integrating digital twins with 
existing systems is a critical challenge given the variety of technologies, 
protocols, and standards present in an organization’s IT environment. 
Digital twins must be able to communicate and operate seamlessly with 
legacy systems, often requiring the development of custom application 

https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems
https://theodi.org/news-and-events/blog/digital-twins-user-research/
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32. Application Programming Interfaces (APIs): A set of protocols, routines, and tools for building software and applications. APIs simplify software development 
by providing pre-built blocks, enabling developers to integrate third-party functionalities without writing code from scratch.
33. Middleware: Software that acts as an intermediary between applications, tools, or databases to facilitate data communication and management. Middleware 
simplifies application development by allowing developers to make input/output requests without having to need to write specific procedures for each device 
or database type.
34. Integration Challenges for Digital Twin Systems-of-Systems. Publicado por IEEE/ACM International Workshop on Software Engineering for Systems-of-
Systems and Software Ecosystems, mayo de 2022
https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems 
35. Integration Challenges for Digital Twin Systems-of-Systems. Publicado por IEEE/ACM International Workshop on Software Engineering for Systems-of-
Systems and Software Ecosystems, mayo de 2022
https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems 
36. Integration Challenges for Digital Twin Systems-of-Systems. Posted by IEEE/ACM International Workshop on Software Engineering for Systems-of-Systems and 
Software Ecosystems, May 2022 https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems
37. Digital Twins: Ethical and Societal Impacts. Posted by IEEE, 04/19/2022 https://cmte.ieee.org/futuredirections/2022/04/19/cognitive-digital-twins-ethical-
and-societal-impacts/ 
38. Digital Twins: Potentials, Ethical Issues, and Limitations. Posted by arXiv, 07/20/2022 https://arxiv.org/abs/2208.04289

programming interfaces (APIs)32 or the use of middleware33 to facilitate 
interoperability. Ensuring that integration does not disrupt existing 
operations requires careful planning and thorough testing34.

Managing large volumes of data: Digital twins generate, collect, and 
process vast amounts of data to accurately replicate and predict the 
behavior of their physical counterparts. Effective data management is 
essential for digital twins to function accurately35. This includes challenges 
such as secure data storage, real-time processing, extracting useful 
insights, and ensuring data quality and consistency. As data volumes 
continue to grow, data management solutions must be scalable and 
flexible to meet increasing storage and processing demands.

Data security and privacy: Protecting information is a priority, as digital 
twins often handle sensitive and confidential data36. Robust security 
measures are necessary to safeguard data against unauthorized access, 
cyberattacks, and other threats. Recommended practices include data 
encryption (both at rest and in transit), strong authentication, and access 
control mechanisms to ensure data integrity and confidentiality.

Maintaining user trust: For digital twins to be effective, maintaining 
user trust in their accuracy and security is crucial. This involves ensuring 
data protection and guaranteeing that digital twins accurately reflect the 
conditions and behaviors of their physical counterparts. Transparency 
regarding data collection, processing, and usage helps build user trust. In 
addition, it is important to establish and adhere to strict ethical standards 
in the development and operation of digital twins.

These challenges highlight the need for a multidisciplinary approach in designing and 
implementing digital twins, combining expertise in IT, engineering, data security, and ethics. 
Overcoming these barriers is critical to realizing the full potential of digital twins as tools for 
process optimization, product and service innovation, and making data-driven decisions.

https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems
https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems
https://www.researchgate.net/publication/359618724_Integration_Challenges_for_Digital_Twin_Systems-of-Systems
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Privacy and transparency: Managing privacy and consent is paramount, 
as digital twins involve the collection and analysis of large amounts of 
data, including personal or sensitive information. Ensuring the ethical 
handling of this data is vital, which includes protecting privacy through 
informed consent and securing information against unauthorized access. 
Maintaining transparency in the treatment of data and providing clear 
explanations of the decisions made by the digital twins is essential to build 
and keep the trust of users39.

Autonomy and control: As digital twins become capable of performing 
tasks autonomously, concerns about autonomy and control arise. How 
far intelligent systems should go in decision-making is a key question. 
Balancing the efficiency provided by automation with necessary human 
oversight ensures responsible and ethical decision-making, preventing 
potential misuse or unintended consequences40.

Fairness and equity: The design and implementation of digital twins 
must not perpetuate or exacerbate existing inequalities. This includes 
conscious efforts to avoid bias in data collection and analysis, and to 
ensure that the impact of these technologies is equitable and beneficial 
to all sectors of society.

Impact on employment and society: The impact of digital twins on 
employment and society at large also warrants careful consideration41. The 
automation and optimization they enable could profoundly impact the 
labor market, underscoring the need to assess how these technologies 
could reshape employment opportunities and the skills needed.

39. Digital Twins: Potentials, Ethical Issues, and Limitations. Posted by arXiv, 07/20/2022. https://arxiv.org/abs/2208.04289 
40. Digital Twins: Potentials, Ethical Issues, and Limitations. Posted by arXiv, 07/20/2022. https://arxiv.org/abs/2208.04289 
41. Digital Twins: What Are They, What Are They For and What Are The Benefits and Problems of Digital Twins.Article in Spanish posted in Xataka, 05/26/2021. 
https://www.xataka.com/pro/digital-twins-que-sirven-cuales-beneficios-problemas-gemelos-digitales 

Digital twins, as detailed virtual representations of real-world processes, systems, or 
entities, have the potential to transform industries by increasing efficiency, productivity, 
and predictive capabilities. However, their implementation requires careful consideration 
of several crucial ethical aspects37 38.

ETHICAL CONSIDERATIONS

https://arxiv.org/abs/2208.04289
https://arxiv.org/abs/2208.04289
https://www.xataka.com/pro/digital-twins-que-sirven-cuales-beneficios-problemas-gemelos-digitales
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THE FUTURE OF 
DIGITAL TWINS

At the early stages of digital transformation, digital twins are emerging as not only a promising 
trend, but an inevitable one. Being early adopters of this technology offers significant added 
value, akin to the initial impact of email. The most innovative organizations, those that 
constantly strive to lead by investing in new technologies, already recognize digital twins as 
a significant competitive advantage. This proactive approach allows them to take calculated 
risks and make more informed and accurate decisions. In the future, digital twins are expected 
to become standard tools, making it difficult to imagine running a business without them.

Artificial Intelligence (AI) plays a critical role in this evolving landscape. Implementing digital 
twins requires a thorough understanding of available data and the creation of models that 
incorporate all relevant variables. This is where AI acts as a catalyst, simplifying and accelerating 
the implementation and configuration of these models. AI’s involvement is anticipated to 
facilitate these initial processes and reduce the costs associated with deploying digital twins, 
making them more accessible.

In Latin America and the Caribbean, transitioning to the cloud is seen as critical for the future 
of digital twins. Currently, many organizations in the region still rely on on-premises server 
infrastructures that limit their scalability and flexibility. However, as more companies adopt 
cloud solutions, they will experience improved scalability, facilitating the rapid deployment 
of digital twins. This migration to the cloud promises to accelerate the deployment of digital 
twins, optimize their performance, and ensure that businesses in LAC keep pace with global 
digital innovation.



TECH REPORT: DIGITAL TWINS 22

ADDITIONAL 
REFERENCES

What is a Digital Twin?
Posted by IBM
https://www.ibm.com/topics/what-is-a-digital-twin

Digital Twin | What it is, How it Works, Advantages, and Applications
Article in Spanish posted in Futuro Eléctrico
https://futuroelectrico.com/gemelo-digital/

Examples of Digital Twins
Article in Spanish posted in Digi International, 05/12/2023
https://es.digi.com/blog/post/digital-twin-examples

Digital Twins: What They Are, Types, and Examples
Article in Spanish posted in Repsol, no date specified
https://www.repsol.com/es/energia-futuro/tecnologia-innovacion/gemelos-
digitales/index.cshtml

https://www.ibm.com/topics/what-is-a-digital-twin
https://futuroelectrico.com/gemelo-digital/
https://es.digi.com/blog/post/digital-twin-examples 
https://www.repsol.com/es/energia-futuro/tecnologia-innovacion/gemelos-digitales/index.cshtml 
https://www.repsol.com/es/energia-futuro/tecnologia-innovacion/gemelos-digitales/index.cshtml 
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GLOSSARY
OF TERMS

A large and complex set of data that cannot be handled by traditional data 
processing applications. It involves the analysis, collection, search, sharing, 
storage, transmission, visualization, and protection of large volumes of 
data. Big data is used to reveal patterns, trends, and associations, especially 
those related to human behavior and interactions.

A computing model that leverages remote computing resources, usually 
located in data centers, to store and process data. This model enables 
users to access services and applications via the internet.

A set of technologies and techniques that enable machines to perform tasks 
that typically require human intelligence, such as learning, adaptation, 
problem-solving, and decision-making.

A network of physical objects (“things”) embedded with sensors, software, 
and other technologies that connect and exchange data with other 
devices and systems over the internet.

Software that acts as an bridge between applications, tools, or databases 
to facilitate data communication and management. Middleware simplifies 
application development by allowing developers to make input/output 
requests without having to need to write specific procedures for each 
device or database type.

A set of protocols, routines, and tools for building software and applications. 
APIs simplify software development by providing pre-built blocks, enabling 
developers to integrate third-party functionalities without writing code 
from scratch.

A strategy for managing a company’s interactions with current and 
potential customers. CRM systems help companies connect with 
customers, streamline processes, and enhance profitability by using data 
on customer interactions to support sales, marketing, and customer 
service efforts.

Business software that manages and integrates essential organizational 
processes, including finance, supply chain, operations, commerce, 
reporting, manufacturing, and human resources. ERP systems enable 
companies to use integrated applications to manage the business and 
automate many back-office functions related to technology, services, and 
human resources.
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