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A FEW WORDS 

Emerging technologies such as IoT, AI and advanced modeling techniques are 

enabling an intelligent, connected and digitally empowered mesh of people, 

things and services which outline a definitive concept, Digital Twin, for today’s 

business. Digital Twin has moved beyond manufacturing sector, its traditional 

ecosystem, into all sorts of service and goods-based businesses ranging from 

automotive to healthcare. And, it is so imperative to business today, it has 

continuously named within Gartner’s top 10 Strategic Technology Trends for the 

past couple of years. In this white paper, we remove some myths spread about 

Digital Twin and answer your biggest questions: What is it? Why does it matter? 

What are the benefits and the challenges? Which are the building blocks? 

Upon reading this white paper, you will have a more clear and transparent 

understanding of Digital Twin and its applications, and will be able to better define 

your strategy for Digital Twin.
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We are conscious that the adoption of new digital technologies is 

transforming processes and business models in every industry, 

evolving the existing competitive scenarios or creating new ones. 

The best way to study the impact of new technologies is to employ 

simulation models that enable you to study their effects in complex 

contexts and monitor decisions over time. We are ready to face this 

challenge and, thanks to the power of the Digital Twin, we are ready to 

offer our customers a cost-effective virtual training environment where 

they can study and make decisions without putting their operations or 

business at risk.

 
Alfredo Belsito  
General Director Industry, Services and Infrastructures, Engineering
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Enterprises are becoming increasingly digital. Even though this 

process holds great promise for delivering value, many companies and 

organizations struggle to realize this potential at operational and strategic 

level.
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The concept of “Digital Twin” was originally 

formed in 2002 at the university of Michigan in 

the context of Product Lifecycle Management 

(PLM). Though the terminology has changed 

over time (e.g.  “3S” standing for Sensors, 

Software and Service), the concept remained 

fairly stable. It is based on the idea that a 

digital information construct about a physical 

system could be created as an entity on 

its own. This digital information would be a 

“twin” of the information that was embedded 

within the physical system. The two remain 

tightly coupled through the entire lifecycle and 

evolve together. Therefore, the definition of 

Digital Twin can be given as a set of virtual 

information constructs that fully describes a 

potential or actual physical product, system 

or process from the micro to the macro level. 

At its optimum, any information that could be 

obtained from inspecting a physical asset can 

be obtained from its Digital Twin. 

Digital Twins can be implemented at different 

scales: 

 ■ Micro or machine level: CNC machine, Gas 

turbine, Engine, etc.

 ■ Meso or factory level: Assembly line, Power 

plant, Tanker, etc.

 ■ Macro or organizational level: Supply chain, 

Electricity delivery network, Transport fleet, 

etc.

Though different implementation scales 

of Digital Twin indicate various levels of 

complexity, the main concepts, features 

and challenges remain almost unchanged.

In a nutshell, Digital Twin could be described 

as a near-real-time digital image of a 

physical system that helps in monitoring and 

optimization of business performance.
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The future development of industry and society exhibits strongly increasing 

complexity and at the same time ever-shorter innovation cycles. Managing 

uncertainty is also becoming a daily struggle of many industries. Given this 

context, companies started to rely on gathering as much information as 

possible about their business to preserve competitive advantage.

The recent wide-spreading of digitalization highly enhanced the data collection capabilities. This 

breakthrough, on the one hand has helped making up the deficit of information necessary to face 

these issues, but on the other hand has posed new challenges for mining data’s potential value.

Industry 4.0 embraces this digitalization and provides a vision of an interconnected factory where 

equipment is online, intelligent, and capable of collaborating in a vertically integrated fashion. 

Industry 4.0 broadly describes a digital environment that Collects and Combines data from different 

sources (business functions) to create an orchestrated enterprise that communicates, analyzes, 

and uses this information to drive further intelligent action back in the physical world. Digital Twin 

is the embodiment of this concept impacting the business ecosystem1 on different fronts: technical, 

information, business processes and business competitiveness.

 
 
 
 
1 Business ecosystem is the network of organizations including suppliers, distributors, customers, competitors, government 
agencies, and so on which are involved in the delivery of a specific product or service through both competition and 
cooperation. The idea is that each entity in the ecosystem affects and is affected by the others, creating a constantly evolving 
relationship in which each entity must be flexible and adaptable in order to survive. 
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Continuous improvement: 

implementation of Digital Twin concept 

encompasses many other digital technologies 

and innovations which in turn can lay the 

necessary foundation, whether know-

how or infrastructure, for future business 

improvements.

Predictive: using various modeling 

techniques (simulation-based, mathematics- or 

data-based modeling) the Digital Twin model 

can be used to predict the future state of the 

assets and the impact of disruptions.

What-if Analysis: through properly 

designed interfaces, it is easy to interact 

with the Digital Twin and simulate different 

scenarios to identify the best actions to be then 

applied on the physical twin. 

Visibility: the Digital Twin enables visibility 

and transparency in the operations of the 

machines and assets as well as in the 

larger interconnected systems such as a 

manufacturing plant or an airport.

Insight: Digital Twin model can be used 

as a communication and documentation 

mechanism to understand as well as explain 

the behaviors of an individual machine or a 

collection thereof.

System Integration: if designed correctly, 

the Digital Twin model can be used to be 

connected with the backend business 

applications to achieve business outcomes 

in the context of supply chain operations 

including manufacturing, procurement, 

warehousing, transportation and logistics, field 

service, etc.

Disruptive business models: Digital Twin 

not only boosts the traditional business models 

and value chains but also expands them by 

developing new value creation mechanisms via 

data-driven or product-as-a-service business 

models. These are delivered into an ecosystem 

that attempts to reach new customers and 

other partners to exploit new revenue streams 

and opportunities.

The main benefits and values of Digital Twin lay within its own name: a 

digital copy of reality, where “seeing”, “thinking” and “acting” is totally risk-

free. The concept of the Digital Twin is a very powerful one; application of 

this concept typical brings a set of benefits.
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Connectivity: many Digital Twin candidate 

assets are not stationary applications. 

Providing real time connectivity to assets 

that might be constantly moving or in remote 

areas is challenging. In addition, constant 

connectivity demands a significant bandwidth 

and computation power to gain value that is 

not a trivial issue.

Hardware: a Digital Twin project would 

require a significant number of sensors. 

Additionally, managing the deployment of so 

many sensors is complex and time consuming. 

The maintenance of the sensor network is also 

a troubling issue.

Long access life: many Digital Twin 

candidate assets have long life cycles. These 

cycles generally extend well beyond the life 

spans of the formats for proprietary design, 

simulation or analytics software. This means 

that a cautious selection of the technologies to 

be used becomes a real key success factor in 

the long run.

Personnel: successful implementation of 

Digital Twin requires a set of skills for which 

a set of personnel must be properly trained. 

Besides, effective utilization of this technology 

alters the work paradigm in some business 

areas. This triggers the opportunity to empower 

the personnel, promoting them to be actors of 

the digital transformation.

Security: Digital Twins accumulate data 

and intellectual capital which become more 

valuable over time; it is important to ensure 

the security of the data management systems 

in order to avoid data loss or other possible 

damage.

Digital Twin concept offers many great opportunities; however, a number 

of challenges must be properly addressed to attain the benefits that such 

technology brings.
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Digital Twin is not meant to function relying on a single technology but 

requires many solutions to work hand-in-hand. Recent technological 

advances resulted in an increasing trend of Digital Twin development and 

adoption among enterprises. Indeed, Digital Twin is based on three main 

pillars, enabled by technology: Connectivity, Digitalization, Intelligence.
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Sensors: sensors distributed throughout the 

processes and operations create signals that 

enable Digital Twin to capture operational and 

environmental data pertaining to the physical 

process in the real world. One of 

breakthroughs in this field has been the 

emergence of Micro-Electro-Mechanical-

Systems (MEMS) technology which has 

substantially reduced the price of many 

standard sensors.

Big data: real-world operational and 

environmental data from the sensors are 

aggregated and combined with data from the 

enterprise, such as the bill of materials (BOM), 

enterprise systems, and design specifications. 

Data may also contain other items such as 

engineering drawings, connections to external 

data feeds, and customer complaint logs.  

The costs related to the storage and 

computation capacity required to manage 

large databases has been decreased over the 

past years making it affordable for small and 

medium-sized enterprises (SMEs).

IoT: sensors communicate the data to the 

digital world through integration technology 

(which includes edge, communication 

interfaces, and security) between the physical 

world and the digital world, and vice versa. 

Significant improvements have been achieved 

regarding the relevant technologies such as 

IoT which facilitates Digital Twin projects.

Connectivity



Simulation modeling: the “digital” side 

of Digital Twin itself is an application that 

combines the components above into a 

near-real time digital model of the physical 

world and processes. The technologies to 

realize the simulation depends on the physical 

asset; while a mechanical component can 

be simulated using physics-based and 

mathematics-based techniques such as CFD 

and FEM, a more complex system like an 

assembly line or complicated process can 

be modeled using other simulation modeling 

techniques such as agent-based-modeling or 

discrete event simulation.

Data-driven modeling: similar to 

simulation models, data-driven models (DDMs) 

provide the "digital" side of the Digital Twin. In 

contrast to Simulation models which consider 

explicit knowledge about the physical twin, 

DDMs borrow advance mathematical and 

statistical techniques to analyze the data that 

characterize a system to find relationships 

among inputs and outputs. In recent years, 

DDMs are also catching attention beside the 

simulation models due to the large amounts of 

data which are in turn become available thanks 

to the fast development of advanced sensors 

and data collection technologies.

Digitalization
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Artificial Intelligence (AI): AI makes 

it possible for machines to learn from 

experience, adjust to new inputs and 

perform human-like tasks. Due to the recent 

technological advances such as availability of 

huge datasets, capability to processing large 

amounts of data and reinforcement learning, 

AI can effectively perceive the environment, 

analyze the situation and identify the best 

decision to reach the predefined goal. AI can 

be successfully employed in different levels of 

a Digital Twin to guarantee the best business 

performance under uncertainty.

Analytics: Analytics techniques are used 

to analyze the data through algorithmic and 

visualization routines applied on the collected 

information by sensors in time. These 

techniques help to discover, interpret and 

communicate meaningful patterns in the data 

so that effective decision can be made. Due to 

the recent advances in the machine learning 

techniques, numerous successful applications 

of analytics have emerged which in turn allow 

to conveniently gain quantitative and qualitative 

insight into the factors affecting the business.

Actuators: should an action be warranted 

in the real world, the AI behind the Digital 

Twin produces the action by using actuators, 

subject to human intervention, which triggers 

the physical process. The necessary action 

usually regards the operative decision such 

as those needed in a dynamic control system; 

nevertheless, the necessary actions can be 

more strategic like business decisions that 

change the course of a process or how some 

part of business is carried out.

Intelligence
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The pioneers of application of Digital Twin concept are the well-

known digital leaders (Amazon, Alibaba, Facebook and Google) 

which create “digital personas” (a human versus asset-based 

variation of Digital Twins) of their customers, and even some of their 

business partners. They curate, analyze and continuously update 

these digital entities and effectively exploit this asset by providing 

gated access to selected portions of the data to their ecosystem 

partners, who must “pay a toll” to access the derived data. 
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Instead, considering the more general definition of Digital Twin, other 

enterprises (e.g. Tesla, Ford, Airbus, Caterpillar, GE, Siemens, ABB and 

Bosch) have embraced this concept to transcend their traditional value 

chains and enhance their industry leadership. The application of this 

technology can be found in many industries: 

Manufacturing: Digital Twin is poised to 

change the current face of manufacturing 

sector. Digital Twins have a significant 

impact on the way products are designed 

manufactured and maintained. It makes 

manufacturing more efficient and optimized 

while reducing the throughput times.

Automobile: Digital Twins can be used in 

the automobile sector for creating the virtual 

model of a connected vehicle. It captures the 

behavioral and operational data of the vehicle 

and helps in analyzing the overall vehicle 

performance as well as the connected features. 

It also helps in delivering a truly personalized/ 

customized service for the customers.

Retail: appealing customer experience is key 

in the retail sector. Digital Twin implementation 

can play a key role in augmenting the retail 

customer experience by creating virtual twins 

for customers and modeling fashions for them 

on it. Digital Twins also help in better in-store 

planning, security implementation and energy 

management in an optimized manner.
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Healthcare: Digital Twins along with data 

from IoT can play a key role in the health care 

sector from cost savings to patient monitoring, 

preventative intervention and providing 

personalized health care.

Smart Cities: the smart city planning and 

implementation with Digital Twins and IoT 

data helps enhancing economic development, 

efficient management of resources, reduction 

of ecological foot print and improving the 

overall quality of a citizen’s life. The Digital Twin 

model can help city planners and policymakers 

in the smart city planning by gaining the 

insights from various sensor networks and 

intelligent systems. The data from the Digital 

Twins help them in arriving at informed 

decisions regarding the future as well.

Industrial IoT: industrial firms with Digital 

Twin implementation can now monitor, track 

and control industrial systems digitally. Apart 

from the operational data, the Digital Twins 

capture environmental data such as location, 

configuration, financial models etc. which 

helps in predicting the future operations and 

anomalies.
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The idea of a Digital Twin, at first, seemed to be a notional idea.  

As we have moved forward and through our digital journey at Emerson, we 

have recognized the importance of Model-Based-Enterprise (MBE) and have 

had several initiatives that address this...We are continuing to invest in tools that 

support re-use of data, planning process, and simulations ultimately allowing 

us to leverage our data across the business bringing value by reducing costs 

and maximizing returns on investments. There are many ways to address 

and implement the Digital Twin all the way from product engineering, to 

manufacturing process development to shop floor data acquisition, reporting, 

and consumption. We have made investments in people and software because 

we believe in this strategy and desire digital threads throughout the organization 

to eliminate redundant and provide quality information that can be trusted.

 
Douglas Hill 
Manager, Teamcenter Manufacturing, Emerson Electric

The Emerson Electric Co. is an American 

multinational corporation headquartered 

in Ferguson, Missouri. This Fortune 500 

company manufactures products and provides 

engineering services for a wide range of 

industrial, commercial, and consumer markets. 

Emerson has approximately 76,500 employees 

and 205 manufacturing locations worldwide. 

In a continuously expanding partnership, 

Engineering USA’s leading Digital Industry 

plant simulation team is helping Emerson 

create living Digital Twins for both the HVAC 

and Automation & Control manufacturing 

divisions in North America.

https://www.eng.it/en/case-studies/emerson-

modello-globale-automazione-controllo
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Simulation modelling is an approach to problem solving, which aims at reproducing in a virtual 

environment the behavior of a non-linear dynamic system. It serves as a digital testbed where 

one can assess ex-ante different strategies over a simulated time-horizon.

Given this definition, it is easy to find a link with the brand new concept of Digital Twin. Simulation 

models together with mathematics and data-based models are one of the enablers of Digital Twin 

technology. With no simulation incorporated, an important component of this digital concept will 

be disrupted and Digital Twin fails to fully deliver its promises.
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To-Be vs As-Is: Simulation modeling 

enables the decision makers to evaluate if the 

outcome of their decisions and actions is as 

they intend. In addition to that the objective 

of a Digital Twin is to identify intolerable 

deviations from optimal conditions along any 

of the various dimensions. Such a deviation 

is a signal for business optimization and 

opportunity for saving costs, improving quality, 

or achieving greater efficiencies. The resulting 

opportunity may result in an action back in the 

physical world. 

 

 

 

 

 

One-time built vs continuous 

evolution: Simulation modeling is generally 

carried out once for a system or process 

improvement and would be extended if new 

functionality is required or the system is 

changed. Digital Twin on the other hand has a 

more holistic approach and its implementation 

and deployment is a continuous project which 

evolves in time.

Single vs multiple focus: Simulation 

modeling is designed to answer a set of 

specific questions relevant to the owner of the 

system or process. Digital Twins have different 

users at different roles and therefore cover 

wider points of view such those relevant to 

maintenance, operation, strategy or sales.  



Offline vs Online: Simulation modeling is 

generally carried out in an offline fashion such 

that the necessary logistics and data are once 

collected, and the model is constructed. On 

the contrary, Digital Twin is realized to collect 

the sistem or process data in a continous and 

online mode in order to enable the user to gain 

access to the current state and update the 

predictions and analyses.

Analysis vs action: Simulation modeling 

addresses the analytical and decision support 

requirements by proving detailed and accurate 

replication of the system or process state 

in imaginary scenario being either in past 

or future. Digital Twin not only provides this 

functionality but also can suggest possible 

courses of action and execute them depending 

on the nature of the necessary steps. 

Logic based vs data intensiveness: 

Simulation Modeling is generally realized on 

top of the logics behind how a system or a 

process is behaving. Digital Twin accounts not 

only for those logics governing the behavior 

of systems or processes, but also for the huge 

amountof data they generate while operating. 

Stand-alone vs connectivity: Simulation 

models are usually on each user's system and 

its computation platform does not require other 

systems and application. On the contrary, 

technologies like cloud, edge and IoT are 

indispensable for realizing Digital Twins. 

References:  
Industry 4.0 and the New Simulation Modelling Paradigm
source: Faculty of Information Studies, Slovenia 
 
Digital Twins for Blue Denmark 
source: Danish Maritime Authority
 
Digital Twin: Mitigating Unpredictable, Undesirable Emergent Behavior in Complex Systems 
source: Florida Institute of Technologies and NASA 

Integrating the Digital Twin of the manufacturing system into a decision support system 
source: Procedia CIRP - Science Direct Journal&Books
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Engineering is one of the main players in the field of digital transformation of public 

and private companies and organizations, offering an innovative range of platforms 

for the main market segments. 

ENGINEERING

With around 11,000 professionals in 65 locations (Italy, Belgium, Germany, Norway, 

Republic of Serbia, Spain, Sweden, Switzerland, Argentina, Brazil and the USA), the 

Engineering Group designs, develops and manages innovative solutions for the business 

areas where digitalization is having the biggest impact, including Digital Finance, Smart 

Government & E-Health, Augmented City, Digital Industry, Smart Energy & Utilities, Digital 

Telco & Multimedia. 

Through its activities, the Group contributes to modernizing the world in which we live and 

work, combining specialist competences in next-generation technologies, technological 

infrastructures organized in a single hybrid multicloud and the capability to interpret new 

business models. 

With significant investments in R&D, Engineering plays a leading role in research, by 

coordinating national and international projects thanks to its team of 420 researchers and 

data scientists and a network of academic partners and universities throughout Europe. 

One of the group’s key strategic assets is its employees’ know-how, to whose training it 

has dedicated a multidisciplinary School which has provided more than 21,000 days of 

training during the last year.

www.eng.it/en 
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