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ABSTRACT 
The manufacturing sector is experiencing a technological 

paradigm shift, where new information technology (IT) concepts 

can help digitize product design, production systems, and 

manufacturing processes. One of such concepts is Digital Twin 

and researchers have made some advancement on both its 

conceptual development and technological implementations. 

However, in practice, there are many different definitions of the 

digital-twin concept. These different definitions have created a 

lot of confusion for practitioners, especially small- and medium-

sized enterprises (SMEs). Therefore, the adoption and 

implementation of the digital-twin concept in manufacturing 

have been difficult and slow. In this paper, we report our findings 

from a survey of companies (both large and small) regarding 

their understanding and acceptance of the digital-twin concept. 

Five supply-chain companies from discrete manufacturing and 

one trade organization representing suppliers in the automotive 

business were interviewed. Their operations have been studied 

to understand their current digital maturity levels and articulate 

their needs for digital solutions to stay competitive. This paper 

presents the results of the research including the viewpoints of 

these companies in terms of opportunities and challenges for 

implementing digital twins.  

Keywords: Digital Twin, Digitalization, Smart 

Manufacturing, Supply Chain 

 

1. INTRODUCTION 
The main focus and simultaneous challenge of 

manufacturing companies today is to produce products 

efficiently and deliver products on time. The major high-level 

challenges include (1) the dynamic requests for customized 

products and order changes and (2) the unpredictable status 

changes of processing equipment. Both challenges complicate 

the decision-making processes needed for manufacturing 

organizations to achieve their objectives [1].  
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A survey performed by the Supply Chain Management 

(SCM) World [2] provides a more detailed look at those 

challenges. Details include (1) shortening the response time to 

unforeseen events, (2) meeting the delivery time, (3) reducing 

the cycle time for introducing new products to market, and (4) 

enabling a flexible product mix. The survey clearly indicated that 

the current, rapid, IT-technology development has the 

opportunity to provide practitioners with more powerful and less 

costly technological tools to address these details. 

By using these tools, practitioners can connect production 

systems digitally using the data collected from processes and 

humans in those systems. Such digital connection will provide 

opportunities to learn, to control, and to predict the system’s 

future behavior. In this paper, we focus on one of the most 

promising of those technology tools, the digital twin [3]. Digital 

twin was listed as one of the Gartner Top 10 Strategic 

Technology Trends for 2019 [5].  The Gartner Top 10 Strategic 

Technology trends highlight changing or not yet widely 

recognized trends that will impact and transform industries by  

2023 [6-7].  

Currently, the digital-twin concept and its associated 

enabling technologies are not being implemented or embraced as 

rapidly and efficiently as expected [4], especially considering the 

hype and buzz about the concept. In our view, this situation is 

caused partly by the confusion about (1) what a digital twin 

actually is, (2) what it should include, and (3) where it should 

start to be implemented. Partly also by the need to collect, 

analyze, communicate, simulate, and integrate data in real-time.  

Most companies do not have the resources and expertise to 

address these needs. This is especially true for the small- and 

medium-sized enterprises (SMEs). They lack the definitions of 

the concept and associated challenges of digital twins. SMEs 

also need the information on enabling technologies and relevant 

standards, and systematic procedures for implementing digital 

twins. 
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At the 2019 Winter Simulation Conference, a panel of 

experts from government, industry, and academia gathered to 

discuss this issue of implementing digital twins from a 

simulation perspective [4]. The panel summarized its discussion 

in two parts. First, there are needs of the digital-twin concept that 

go beyond the capabilities of traditional, simulation methods and 

tools. Examples of those needs include the real-time model 

execution and real-time two-way communication. Second, and 

consequently, each digital twin is unique in both the resulting 

model itself and how it must be used in a real manufacturing 

environment. That is, a digital twin is context dependent.  

Because of its summary, the panel concluded that the 

perspectives of manufacturers and other practitioners are 

especially important for the research community to address those 

two needs.   

Practitioners are not the only ones enamored by the digital-

twin concept and its enabling technologies. Both have been 

discussed greatly by researchers, academics, technology and 

solution providers, and Standard Development Organizations 

(SDOs). Similarly, most of those discussion, and a plethora of 

publications, focus on (1) what a digital twin is and (2) what it 

should provide. Unfortunately, the perspective of practitioners, 

are usually not included in those technological discussion and 

research publications. Real manufacturing use cases are rarely 

parts of those discussions and publications.   

Consequently, answers to those two questions vary 

considerably across the communities. Interestingly, there is one 

place where all interested parties can convene, the International 

Organization for Standardization (ISO). ISO is developing a 

standard ISO 23247, “Digital Twin Framework for 

Manufacturing.” This standard will provide a generic guideline 

and a reference architecture for case-specific, digital twin 

implementations [8]. The findings of the study in this paper may 

be valuable for the development of that standard. In return, the 

completed standard will guide the implementations of digital 

twins in manufacturing.   

In this paper, the digital-twin concept, from manufacturers’ 

perspective, is researched and investigated based on specific use 

cases from the participating organizations. The paper 

summarizes our multi-phased investigations into how those 

organizations view the digital-twin concept, its definitions, its 

applicability, and its implementations. The investigation was 

based on interviews of key persons in those organizations and 

visits to their plants to understand their current status on digital 

maturity level. In the first phase, we focused on their willingness 

and readiness to implement digital twins. In the second phase, 

we asked more detailed questions about their challenges with 

actually implementing digital twins. At the final stage, we 

focused on the interviewers’ understanding of the technologies 

and standards needed to create and integrate digital twins into 

their operations, and if they have any procedures to follow for 

implementing digital twins. This paper summarizes the findings 

and also discuss how the adoption and implementation of the 

digital-twin concept can be expedited.  

The remainder of this paper is organized as follows: Section 

2 provides some background information about digital twins. 

Section 3 introduces the research methods for this study. Section 

4 summarizes the findings regarding the current, digitalization 

level, and the interview results for each company. Section 5 

discusses the benefits and the limitation of digital twin 

implementations, and Section 6 concludes the paper and 

discusses the future work. 

 

2. BACKGROUND 
 

2.1 Digital Twin Definitions  
The term “digital twin” was first introduced in 2002 [9]. Dr. 

Grieves used it to explain how to create a “digital informational 

construct of a physical system as an entity on its own”. That 

digital construct is a “digital twin” that represents all the 

embedded information in that physical system. Furthermore, this 

digital twin should be connected with the physical system 

throughout its entire life. Figure 1 shows a graphical 

representation of the digital-twin concept that includes the two 

spaces and the flows that connect them. According to [9], those 

flows are the essential part of a digital twin. Those flows involve 

two-way connections to exchange data and information between 

the two spaces. The information flow from the virtual space to 

the real space may be indirectly through the involvement of 

human decision makers.  

 
FIGURE 1: THE DIGITAL TWIN CONCEPT [9] 

 
The real space may be a product, a process or a system. 

Depending on the context, associated digital twins should be able 

to fully describe the information embedded in either its potential 

or current physical instantiation to fulfil the objectives of the 

manufacturing problem. Therefore, a digital twin is a purpose-

driven, virtual, complete or a partial representation of the 

product’s, the process’s, or the system’s physical reality. For 

example, much of the information embedded in a physical 

product can be observed by physically inspecting it. Or, it should 

also be possible to predict that same information from the digital 

twin of it [9].  

In practice then, a digital twin is context-dependent, 

purpose-driven, often time, an incomplete representation of any 

physical reality, i.e., a product, a process, or a system. Because 

of this, a digital twin implementation only requires the data and 

the models associated with the intended purpose [10]. Usually, 

that purpose is to optimize one or more performance metric(s).  

Achieving that purpose requires the real-world data needed for 

tracking the behavior and predict the performance of the specific 

element in the real space. The tracking and analyzing are done 

using digital twin models in the virtual space. A basic, enabling 

technology for connecting these two spaces is the Internet of 

Things (IoT).  
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Other than requiring a relatively large amount of IoT input 

data, a digital twin model also needs the computing power for 

(1) processing and analyzing the data and (2) executing the 

digital twin model that uses the data to track and predict the 

chosen performance metrics. To gain the full potential of a 

digital twin, it should use the results of the model to make 

decisions and to take the actions autonomously. These decisions 

and actions will help improve the performance of the physical 

counterpart. For example, inspection data can be used with a 

digital twin model to optimize product metrics. In another 

example, operational data can be used with digital twin models 

to lay the groundwork for customized, mass production 

techniques [7].  

Another way to describe a digital twin is by its capabilities, 

including connectivity, visibility, granularity, and analyzability 

[4]. Connectivity is about the level of data exchange that exists 

between the digital twin and its physical counterpart. Visibility 

is about the ease with which a human being can understand the 

digital twin results. Granularity is about the level of detail in the 

digital twin. Analyzability is about the ability of the digital twin 

to support decision-making. 

As noted, the digital twin terminology has been used since 

2002. Long before that, however, there was an idea for digital 

representation of a production system. A representation with the 

ability to be updated with real-time information. Fisher [11] 

explained in 1986 that a virtual factory is an “electronic model” 

of the real system with ability to be updated. In the 

manufacturing domain, the idea of a virtual factory and digital 

twin do largely overlap. 

  

2.2 Challenges with Implementing Digital Twins  
Building a digital twin requires a homogenous perspective 

of the information that can persist across the organizational 

functional boarders. Implementing such a perspective, requires 

overcoming five, existing obstacles that are making it difficult 

for manufacturers to effectively implement a digital twin. First, 

the information associated with organizational functions (such as 

design, engineering, and manufacturing) is stored in silos. This 

significantly limits information sharing between functions. 

Second, there is a lack of detailed knowledge about the physical 

world. That knowledge is needed to understand and simulate the 

natural phenomena as it becomes virtually represented. Third, 

there is uncertainty about the possible states that a system can 

take and the time it will be in that state [9]. Fourth, it is difficult 

to include human involvement, which happens in most 

manufacturing and logistics decisions, in the digital twin. And, 

fifth, the needed digital data to represent the actual physical 

system is largely unavailable in SMEs [4]. 

SMEs normally specialize in one specific market sector and 

its specific supply chains. Because of this, there is a risk an SME 

may limit its competitiveness and be more exposed to the 

market’s volatility. An alternative is to adapt a “plug and play” 

approach, where SMEs can be a part of various supply chains 

across multiple sectors. This allows them to take advantage of 

any available capacity and identify new business opportunities. 

To market their services to Original Equipment Manufacturers 

(OEM), SMEs must have the ability to describe their 

manufacturing capabilities effectively and efficiently [12].  

Digital twins can provide that ability.    

 

3. RESEARCH METHODS 
This multi-case study involved visiting, and interviewing 

key personnel from, five companies in two supply chains: 

automotive and heavy vehicle.  Because of this setup, the study 

focused on issues related to building digital twins for each 

company individually and on issues related to building each 

digital twin within the supply chains. The five companies are 

geographically spread and represent both OEMs and SMEs. A 

trade organization has also been interviewed to gain an extra 

perspective to this topic.  

Figure 2 shows the research methods. Our approach to the 

study involved qualitative data collection from our observations 

of each company’s current operations and our interviews with 

the people running those operations. The agenda was the same 

for each visit. First, tour the production or logistics facility by 

following the product flow. Second, conduct a question-and-

answer session between plant engineers, academic researchers, 

and technology providers to discuss the formal process flow. 

Third, conduct one-on-one, semi-structured interviews with the 

key personnel from each company to explain their current 

understanding and status of digital twin implementations.  

FIGURE 2: THE RESEARCH METHODS 

 

The semi-structured interviews were planned for 30 min and 

the survey questionnaire mainly covered five topics (1) their  

definitions of a digital twin, (2) their prerequisites and needs for 

digital twins, (3) the key technologies for digital twin 

implementations, (4) which lifecycle problems are best suited 

digital twin solutions, (5) challenges involved and their future 

directions for building digital twins. The interviews were 

performed by one researcher interviewing one company 

representative.  

The interviews were recorded and transcribed. The 

transcribed interviews together with notes taken during 

interviews were the basis for our analysis. All interviewees 

possessed great knowledge about their production processes and 

their organizational structures. For the analysis, the categories 

identified from literature as of importance to the digital twin 

concept were used for scoping the interviews. The transcribed 
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interviewees’ answers were analyzed by two researchers to 

categories them and identified the common denominators and 

differences in the answers.  

 

4. THE PRACTITIONER’S PERSPECTIVE 
This section first introduces the participating case 

companies and the two involved supply chains. The section 

describes each company including (1) the products it makes, (2) 

the processes it uses to make the products, (3) the way it 

currently communicates shared information, and, (4) the 

challenges and problems it faces as a single partner in a more 

complex supply chain. Then, the section summarizes the results 

of the interviews and, finally, explores those results from both 

perspectives: an individual one and a supply chain one. 

 

4.1 Who are the Case Companies?  
As noted, the case companies come from two different 

industries: automotive vehicles and heavy vehicles. The 

companies vary in size, ranging from 30 employees to thousands 

of employees. They vary in production-related capabilities, 

starting from mechanical workshop where one-off products can 

be manufactured; to the logistics, raw material, and components 

providers needed to assemble forklift trucks and part for the 

automotive industry; and, a highly automated plant with robot-

welding. 

The core competencies of the case companies also vary 

depending on their end-customers. For the automotive sector, 

logistics expertise and streamlined processes are keys. For the 

heavy-vehicle sector, the level of flexibility required to meet the 

end-customers’ needs is key. The descriptions of the five case 

companies and their two supply chains are summarized in Table 

1, where CC stands for case company and SC stands for supply 

chain. Industry indicates their sectors, and the size covers large 

(L) or medium (M) or small (S) enterprise. One additional 

organization is Company F, which is a trade organization 

representing the interest of hundred suppliers to the automotive 

industry. Many of Company F’s members are SMEs and case 

companies involved in the project are member of Company G.  

 

TABLE 1:  SUMMARY OF PARTICIPATING CASE COMPANIES  

 

CC SC Industry Size 

A 

1 

Heavy vehicles L 

B Forging of steel M 

C Mechanical workshop  S 

D 
2 

Automotive  M 

E Customizing steel products  S 

F  Trade organization for suppliers in the 

automotive industry  

 

 

• Supply Chain 1 

Companies A, B, and C belong to the heavy-vehicle supply 

chain. These companies range in size from large (Company A) 

to medium (Company B) and small (Company C). Company A 

designs and manufactures forklift trucks for customers who 

handles shipping containers at harbors. Forks are the most 

customized parts because they must be designed based on their 

application and intended use. Parameters include weight to be 

handled, reach of forks, and area to be operated in. Since the 

demand on customization is high and is one of the company’s 

competitive advantages, their suppliers of forks are required to 

provide a high flexibility for the kind of fork to be manufactured. 

The supplier of the forks in this chain is Company B. 

Company B must purchase the required materials well in 

advance because the material has a long lead time. The 

production system is highly flexible with the capability to forge 

almost any kind of fork structure. The production system has a 

functional layout where the same functions are organized to be 

in the same area. The layout is also organized in a way to support 

the product flow through the production site.  

Company C is a mechanical workshop that manufacturers 

fork components for Company B. The company can supply one-

off products based on customers’ needs. Company C also has a 

functional layout of the production system where the same 

functions (e.g., computer numerical control (CNC) machining) 

are organized in the same area.  

Each company in this supply chain still has its own internal, 

information silos. The companies do have Enterprise Resource 

Planning (ERP) systems to manage their internal information. 

However, communicating and sharing downstream, order-

related information among them is done semi-automated or by 

emails. Company A can send its ERP related order information 

directly and electronically to Company B who receives it as an 

email; and the electronic communication downstream to 

Company C is also handled indirectly by e-mail.  

Currently, there are no direct, automated ways to 

communicate and share upstream information. That happens 

using phone, fax, or email. This competitive disadvantage is far 

outweighed by a significant, competitive advantage in this chain, 

its flexibility. The OEM is able to deliver the right product, at the 

right time, and based on customer specifications. This implies 

that the current, technologically limited, flow of information can 

effectively handle the dynamic, specification changes that 

customers make to their products. Changes that will require new 

product, new design, and new production information to flow 

through the supply chain. 

 

• Supply Chain 2 

Supply chain 2 comprises two companies: D and E. 

Company D mostly supplies to OEMs, with a large market share 

in the automotive industry. Company E supplies to Company D, 

but it also has a broader customer base that crosses industry 

sectors. In this supply chain, Company E supplies customized 

steel products that are created from the steel coils that are 

received from steel producers. Company E can (1) secure a 

delivery precision that the steel manufactures do not do, (2) 

customize the coils based on specification, and (3) supply 

material from numerous steel manufactures globally. Its 

production facility contains a warehouse area to store coils and 

several machines that make steel rolls and sheet metals.  

As noted, Company D delivers manufactured parts to the 

automotive sector. These parts are used for supporting other 
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components to cabs. Their production layout is based on the 

product flow and operations include pressing, welding, painting, 

and assembly. Since many operations have become more 

automated, the role of the operator has changed from operating 

the equipment to more supervising the process, handling the 

material flow, and ensuring the quality of the products.  

The information exchanged in this supply chain is done 

using the Electronic Data Interchange (EDI) standard. EDI is a 

commonly used standard in automotive supply chains. It is 

enforced by OEMs. This in turn encourages at least, the top two 

tiers of the supply chain to use EDI to communicate and share 

information.  

The two supply-chain strategies are similar. The OEM 

places an order based on a product prognosis that use historical 

data from their various customers. If that order includes 

customized products, there will be a long lead time for the 

customer. If the order includes only standardized products, then 

the first option is to take the products from stock. If no stock, 

then place orders to the first-tier suppliers using EDI. Both 

companies, D and E, are using Monitor as an ERP system. So, 

they can easily exchange order information. 

Company D has a high degree of automation in all its 

production processes; Company E has implemented an 

automation solution for material handling. From the perspective 

of the typical, ISA 95, plant hierarchy, there is an information-

processing gap between the ERP level at the top and the low 

levels close to the real production. In the ISA-95 view, that 

information processing is done in a Manufacturing Execution 

System (MES) level. In both companies, that level is missing. 

Therefore, production equipment and personnel are still not 

connected to provide data to support decision-making.  

 

• Trade organization for suppliers in the automotive industry  

Company F, a trade organization in the automotive industry, 

is also another entity in this study. Many of its member 

companies are SMEs; therefore, Company F can represent the 

views and needs of a large group of companies regarding 

digitalization. Because of their special position of representing 

the interest of hundreds of companies, trade organizations are 

actively involved in research programs, projects, and initiatives. 

Two big trends that they currently emphasize are the 

electrification of vehicles and digitalization related to products 

and production. 

 

4.2 What are their Viewpoints on Digital Twins? 
The interview results are summarized in Tables 2, 3, and 4. 

They are grouped based on various topics. Table 2 includes the 

answers from the case companies regarding the terms, enabling 

technologies, prerequisites, possible life-cycle stages, relevant 

standards, and procedures for building digital twins. Table 3 

focuses on opportunities and challenges involved for developing 

and implementing digital twins. Table 4 is about a general, 

digitalization strategy, smart manufacturing technologies, and 

acceptance for new ideas on digitalization. Each table is 

organized by responses from the six case companies, i.e., each 

question is followed with the answers for all the companies.   

Somewhat surprisingly, most companies were aware of the 

term “Digital Twin” before the interviews. The main reason was 

that they were introduced to the term in late 2018, when the 

companies first participated in a related research project 

(Digitala Stambanan, i.e., the National Digital Highway). Two 

interviewees reported that they were new to the concept. 

 Regarding what is a digital twin, the common view of the 

companies is that a digital twin is a digital and virtual 

representation of a factory or a product. Two synonyms for a 

digital twin - a “digital copy” and a “simulation” were also 

emphasized. Companies listed several technologies needed to 

develop and implement digital twins. Those technologies are (1) 

software applications to build digital-twin models, (2) sensors 

and actuators for collecting data and controlling physical 

elements, (3) 3D laser scanning for generating a virtual 

representation, and (4) computing power for handling large 

datasets.  

Most interviewees agreed that standards could be helpful for 

implementing these technologies. Relevant standards would also 

give each company a common ground upon which it can (1) start 

its own implementation efforts and (2) share “best practices” 

with other companies attempting to do the same.  

As for the potential, digital twin application life-cycle 

stages, production and maintenance are the most mentioned. 

This is not surprising since simulations are commonly used to 

analyze the performance impacts of different production flows 

prior to implementing one in real world. Additionally, 

simulations are often used for preventive maintenance by 

predicting when machines will fail. One interviewee expressed 

the view that there would be a digital twin potential in the design 

stage as well, i.e., the company may implement digital twins in 

all three stages. Interviewees said that their next steps would be 

a detailed research into the digital-twin concept and its enabling 

technologies. Companies would then use their research results to 

acquire the resources and technologies needed to build and 

implement digital twins. One interviewee mentioned that they 

already had ongoing work on digital twin development.  

As to the potential benefits of implementing digital twins, 

the general opportunities that digitalization brings were 

mentioned, for example, the capability of representing and 

documenting the reality. Also, capabilities of performing 

predictive maintenance, simulating and testing different 

scenarios, and enabling changes to the product prior to 

production are listed. In addition, enabling different functions to 

work more closely, digitally, and removing barriers of 

geographical distances allows a holistic view for the enterprise 

or supply chain.  

Challenges associated with implementing digital twins 

involve the right competencies; capable resources; cost and time; 

and also gaining interest and acceptance within the company, 

especially the support of management. Overall, interviewees 

emphasized more on the costs than the other challenges. Two 

interviewees said that because automotive suppliers have small 

profit margin, they would not quickly make new and larger 

investments on digital-twin development. There were several 

discussions regarding the possibility that other industries would 
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adopt this concept earlier than automotive industry. One 

interviewee did not see any challenges and expressed: “there are 

only opportunities.”  

Lastly, general digitalization areas were investigated. One 

of the questions focuses on the case companies’ general plan and 

strategy for digitalization. Many of the interviewees expressed 

that they do not have a strategy in place; however, they did try to 

follow and adopt the latest technologies. Some of them also 

mentioned that they, as a SME, can make decisions quick and 

easy (the hierarchy is not a hinder) and that they have Chief 

Executive Officers (CEOs) involved in the loop to keep them to 

stay relevant. The trade organization, Company F, expressed that 

their members typically have no strategy for making the changes 

needed for digitalization.  

To get management to accept a change is normally by (1) 

showing examples and demonstrating the opportunity, (2) 

explaining Return on Investment (ROI), (3) stimulating a 

genuine interest for the area, and (4) involving management in 

the entire process. Customers can easily get management to 

accept a change by demanding a change in order to preserve a 

continued, or to create a new, business partnership. A common 

demand customers make involving the use of a particular set of 

standards, in particular, quality standards. The last question 

focused on the two digital-twin required technologies that 

members are not using. First, most members have no smart 

sensors in their plants. They normally store any data collected in 

their plants locally on a server. Second, their only models are 

mostly CAD representations of a machine or equipment. 

 

5. DISCUSSION 
This Section is divided into five main areas (1) definition of 

a digital twin, (2) potential benefits of implementing a digital 

twin, (3) challenges involved with digital twin development, (4) 

future directions of digital twins in manufacturing, and (5) 

quality of the research method.  

 

5.1 Definition of a Digital Twin  
A digital twin has been defined as digital representation that 

is created in a virtual space as a “twin” that represents the 

embedded information of a physical-space element throughout 

its entire lifecycle. The information is communicated to its 

associated digital twin, where it is analyzed in the virtual space. 

The result of analysis, typically information about a decision, is 

then communicated back to its associated physical element. 

Therefore, different types of information are being exchanged 

continuously and bi-directionally between the virtual and real 

spaces. 

For most of the interviewees, the concept “Digital Twin” 

was relatively new. Many acknowledged that before their 

involvement in the Digitala Stambanan project, they had not 

heard the term. A few of them only learned the term during this 

survey and believed not so many others in their organizations are 

familiar with it either. Those who did have prior knowledge 

about digital twins, intuitively believed that a digital twin 

somehow, involved a digital copy and a virtual representation of 

their physical systems. Additionally, they believed that a digital 

twin could help them simulate their systems and predict future 

events. Also, they suggested a digital twin could support them in 

understanding the performance impacts of the increasing 

granularity of their products, processes, and systems. 

From the study, it is further proven that a digital twin is 

context-dependent and use case specific. Each company has its 

own domain and specialty where the manufacturing problems, 

although related, will not be exactly the same. The digital twin 

implementation, therefore, will be specific for its intended use, 

performance objectives, and modeled parameters. However, the 

general approach should be the same. Moreover, some of the 

common modules, enabling technologies, and standards may be 

reused. In addition, it is not necessary to develop a digital twin 

of an entire plant. Rather, a digital twin should focus on the 

specific physical-space problem, e.g., a material-flow problem. 

In this way, individual digital twins or their modules can be 

reused for similar, even larger, future projects.  

 

5.2 Potential Benefits of a Digital Twin Implementation 
The potential values of having a digital twin were 

acknowledged by all interviewees. They view digital twins as 

something that could help them develop and analyze their system 

better. Adopting the digital-twin concept can (1) revolutionize 

the way they are currently doing their business, (2) become a 

driver for a complete digitalization of their operations, and (3) 

contribute the advancement of manufacturing industry. It has 

these three benefits, because a digital twin provides a common 

environment with tools to support better decision-making, across 

the plant, the enterprise, and even the supply chain.  

Currently, commercial digital twin solution providers such 

as SAP, Visual Components, and AnyLogic are helping their 

customers to implement case-specific digital twins [13-15]. In 

high level, the results promised by these solution providers align 

well with the digital twin implementation benefits expected by 

our case companies. However, developing digital twins using 

these specific solutions involves many challenges.  

 

5.3 Challenges involved with Digital Twin Development 
Organizational, information silos and lack of knowledge of 

the physical world are obstacles for digital-twin development. In 

the case companies, such information silos exist and there is also 

limited use of advanced technologies, IT, and process 

technologies. This implies, as noted above, that the types of 

digital data for representing the physical world are limited. Other 

limitations stressed by the interviewees include their knowledge 

about digital-twin concept and their abilities to sell the concept 

internally. Many of the case companies are SMEs without their 

own IT departments. Therefore, to proceed with this digital-twin 

concept, they would need to learn more about it and understand 

the resources (including IT resources) required to implement that 

concept. Finally, all agreed that the time and cost are the major 

stumbling blocks to a successful implementation of digital twins. 

Both must be offset by the potential for significant improvement 

in performance, quality, and ROI. And, those improvements 

must be demonstrated before acceptance from management will 

be achieved. 
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TABLE 2: THE DIGITAL TWIN CONCEPT  

1. Have you heard about digital twin? 

A Yes, at the beginning of the research project.  

B Yes, but not before the research project.   

C Yes, this topic could go beyond the manufacturing applications, e.g., it could be applied in the building sector.  

D No.  

E No, and there are not many people who are familiar with it within the company.  

F Yes.  

2. In your opinion, what is a digital twin? 

A Building the factory digitally, which creates a digital copy that describes the organization and can be used for simulations.  

B A computerized 3D copy of a product or a production system or equipment.  

C A digital copy of a machine for simulating tool wear for when it occurs and how it occurs.  

D A CAD model that can be shared.  

E To build your factory virtually that will allow you to plan well before implementing it.  

F It is a digital copy of something that exists in reality, it could be a production system or a product.  

3. What do you think of the key technologies required for the digital twin implementations? 

A Sensors and actuators for sensing the reality and copying it to the digital world.  

B 3D laser scanning to create a virtual representation, software to handle data from equipment and an analysis tool. 

C Do not know.  

D CAD and tools for building a virtual representation of a production system.  

E Software to handle the digital twin.  

F Computing power, since it will be required to handle massive amount of data. Good quality of the data that will be input to the 

digital twin. 

4. What do you think of the standards that could support the digital twin implementations? 

A It can support, since it can give insights of what is already known and existing solutions. The alternative is that everyone works 

on their own solution. Standards can make it more aligned and increase integration between organizations.   

B Yes, it will give a starting point. 

C Standards are mainly used when it is required by a customer, e.g., for quality control.  

D Yes, but normally standards are requirements that we need to comply with based on customers’ needs. 

E Not easy to answer and we will need to make a unique implementation of it. Standards are mainly used for quality today.  

F Yes, standards could be used much more.  

5. If applied, which of the lifecycle stage (i.e., product design, production, maintenance, etc.) you care the most? 

A Production, to simulate flows and specially to simulate it in advance. To utilize how we are already working today to come up 

with how we will do it in the future. We are currently working a lot on design and material flows. Solutions in one factory 

could be transferred to other factories as well.  

B Production, to simulate different scenarios; maintenance, to some extent, and design, to modify products.   

C Maintenance, including both production equipment and infrastructure such as ventilation.  

D Product, in pre-production stage.  

E Production and maintenance, an important aspect is the production flows and how that can become more efficient. 

Maintenance does not have a more strategic plan.  

F It has potential to be important for all three stages and it should probably be investigated more. But maintenance will probably 

be the most important stage and artificial intelligence (AI) is more important for production.  

6. What would be the further steps to take for you to build a digital twin? 

A This is already being investigated, both for products and production.  

B (1) Investigate resources, currently we do not have our own IT department and (2) investigate technology required.  

C Do not know, need to research more to understand it better.  

D Focus on the digital representations of our own products.  

E To get more insights of how it works, how you would proceed with the software needed, or if a service would be used. Also, 

getting more people within the company to involve in this.  

F Competence about it, it is very important, also that it can be afforded by the organization. Need to decide the timeframe to 

implement it.  
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TABLE 3: BENEFITS AND CHALLENGES INVOLVED WITH DIGITAL TWINS 

7. What benefits do you see with digital twins – for your company? 

A The digital world makes it possible to simulate, improve, and change in a positive manner. It is a way of documenting that can 

be utilized in new projects. In this way, the need of physical prototypes can be decreased. 

B For modifying a product in the pre-production phase. 

C Predictive maintenance, but there is much more.  

D It is always good to have a digital representation because it is precise and easily accessible.   

E Simulate and plan flows in order to see new opportunities. The better our flows become, the more effective we become. Also, 

it is useful for planning maintenance.  

F The benefit is that you can simulate and test things out without interrupting in the real production system. However, it will 

require a business model for it. 

8. What benefits do you see with digital twins – in general for manufacturing industry? 

A An opportunity is for different functions in an organization that might spread geographically can meet digitally. Also, to try 

out new ideas before implementing it in reality.  

B Simulate and test different scenarios of both product and production digitally before going live, it is useful for multiple 

industries and companies.  

C Simulate different scenarios that can improve your production settings. It will help save time and cost. 

D For product information and in the context of cost optimization, you can evaluate the design in advance and give suggestions 

to the customer easier and earlier. Better repetitive in processes and material efficiency.  

E You can see more and view it with a holistic view. You will receive a good overview.  

F Same as for question 7, but the automotive industry has small marginal, which means that they might be hesitant for new 

investments. Also, they are big and do not embrace new changes easily.  

9. What challenges or obstacles do you see for digital twin implementations – for your company? 

A Competence, we do not really have it internally. It may be more costly if we would use a service to develop a digital twin.  

B Resources and general IT related knowledge.  

C Costs involved.   

D No challenges or obstacles.  

E To sell the idea internally, but if it can be demonstrated how it can impact profit, it will be normally positive.  

F Competence, time, and money.  

10. What challenges or obstacles do you see for digital twin implementations – in general for manufacturing industry? 

A Same as for our company and organizations, you have to be willing to learn and gain new knowledge.  

B Cost and other practical matters.  

C Cost.   

D No challenges or obstacles, there are only opportunities.  

E Cost, the automotive industry has low marginal and can therefore not easily commit big investments and changes, and the 

same as for question 9, i.e., to sell the idea internally.  

F Same as question 9 and the technical prerequisites exist. However, the rollout of 5G is going slow in Europe.   
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TABLE 4: DIGITALIZATION STRATEGY AND SMART MANUFACTURING TECHNOLOGIES 

11. What is your plan for digitalization? 

A It is one of our four focus areas and customers have come to us requesting this.  

B No stated strategy since our IT is from external, but is now more controlled by the company consortium. A current plan is to 

introduce barcodes for tracking material and software updates.  

C No stated strategy, but need to follow the development. The ERP system is the single source of truth that is updated and CNC 

programs are updated when needed. Computer Aided Manufacturing (CAM) programs are still too costly for us.  

D No stated strategy, but try to follow the development in the subject. It is important for the quality assurance of the complete 

chain and it is also important for attracting the future work force.  

E We are privately owned and always need to be updated on what happens regarding digitalization to keep the competitive 

strength and stay flexible. Digitalization can support that.  

F There is none.  

12. What is the best way to help your management accept a new idea? 

A Difficult question, but we do have groups working on future development. We also have a drive to develop new solutions. We 

can get help from other companies that are more advanced on this.  

B Show examples and demonstrate how it works and also provide ROI calculation to identify the potential wins and benefits.  

C We are a small organization; this means that decisions do not need to go through many roles in the company. The CEO is 

engaged in finding new opportunities, which makes it easier for new ideas. But everything is connected to a possible payback 

and monetary benefit. 

D To have a genuine interest for something and help push the development is a part of every employee’s responsibility. To 

involve externally in forums and fairs to learn the latest trends and developments.  

E The economy is mandating a lot and the best way is to demonstrate the monetary benefits. That is always positive. 

F Unfortunately, it is often that the customers’ demand is a number one reason to make the move. Secondly, it is about going 

through the motivation phase, where you understand the need for change. For all the current big changes, a general problem is 

the low level of awareness. We are working actively to change this.  

13. Do you have smart sensors, databases, and models? 

A Smart sensors: not for production but used for products. Databases: in the cloud. Models: yes, a model is used, for example, 

when moving the production from one site to another.     

B Smart sensors: no. Databases: local server and external IT support. Models: no, most of the time, the customer provides the 

product information and there is only paper-based information of the product.    

C Smart sensors: no. Databases: local server and external IT support. Models: no, but drawings are digital.   

D Smart sensors: no. Databases: local server, not in the cloud. Models: yes, CAD models of more or less everything related to 

production and products.    

E Smart sensors: no. Databases: locally. Models: yes, a CAD model of the newest machine.   

F Smart sensors: no. Databases: if the member companies save data it is mostly done locally. Models: no.  

 
To demonstrate and exemplify how a new technology can 

be used is very important. The research project developed a 

testbed environment where new digital technologies can 

demonstrate how it can be used in the manufacturing context. 

The research community in general needs to publish more 

relevant research to help expedite the acceptance of digital twins. 

SDOs also need to speed up their effort on relevant standards that 

can guide manufacturing industry in its use of digital twins. Of 

course, if their budget allows and management approves, they 

can hire the commercial solution providers to customize their 

digital twin implementation for them. 

 
5.4 Future Directions of Digital Twins in Manufacturing   

The interviewees acknowledged both a potential future use 

of digital twins and that standards can guide companies and 

provide a starting point. As one of the interviewees indicated 

“instead of inventing how to do it independently, it could better 

be spread and shared what the best practice is.”  Many of them 

stated that the future steps for them are to study more about 

digital twins and get more people engaged in it. They also stated, 

however, that the cost constraints of automotive industry may 

prevent the industry from taking the lead on this effort.  

In our view, even though the case companies are from 

specific sectors and in specific markets, the findings are typical 

representations of the current state of the manufacturing sector 

in general. Therefore, future efforts will include (1) developing 

relevant standards to facilitate the implementation process, (2) 

advancing enabling technologies to make them cheaper and 

better, and (3) educating decision makers and implementers to 

promote the acceptance of the digital-twin concept.  

 

5.5 Quality of the Research Methods 
A qualitative approach was used in this study, including 

observations and interviews. The goal was to investigate how 

much practitioners and potential users understand the digital-

twin concept and its potential uses in manufacturing. Even 

though the number of interviewees is relatively small, they come 

from typical industries and their companies range in size from 
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large to medium and small. Therefore, their views are 

representative, generalizable, and relevant to all manufacturing 

industries globally. In the future, we plan to perform more 

studies with more data, more practitioners, and more industry 

sectors.  

 

6. CONCLUSION 
This paper reports the results of a study that investigated the 

practitioner’s perspective on digital twins. The practitioner’s 

perspective has not been previously investigated or documented. 

Nevertheless, it is crucial for (1) the evaluation of the current 

state of the digital twin implementations and (2) the acceptance 

of the concept by the manufacturing sector. A digital twin was 

described as a digital copy of products, processes, or systems that 

can be used for understanding and predicting future events. 

There are potential benefits of digital twins for gaining better 

understanding of product designs, production operations, and 

system performance to support decision-making. But challenges 

involve the availability of resources and cost involved for getting 

acceptance by the management within the organization for 

building a digital twin. The study also revealed that different 

manufacturers have different needs, therefore, their digital twin 

implementations will be use-case dependent and purpose driven. 

While the execution of the study started with the participating 

case companies in specific sectors and specific markets, the 

findings and implications are more broadly relevant and valuable 

to all industries. The result of the study can serve as useful inputs 

for subsequent standards and technology development. 

To help speed up the acceptance and adoption of the digital- 

twin concept by manufactures, global research communities 

should continue developing definitions, frameworks, and case 

studies. SDOs should also make efforts on developing guidelines 

and procedures to help industry, especially SMEs to start the 

implementation process.   
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