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Abstract: This article sets out to examine how digital twins have been used in a multi-national corporation, 
what technologies have been used, what benefits delivered and the significance of people and process related 
issues in achieving successful implementation. A qualitative, inductive research method is used, based on 
interviews provided by key personnel involved in three digital twin projects. The article concludes that digital 
twin projects are likely to involve incremental rather than disruptive change, and that successful 
implementation is usually underpinned by ensuring technology, people and process change factors are 
progressed in a balanced and integrated fashion. Building upon existing frameworks, three “properties” are 
identified as being of particular value in digital twin projects - workforce adaptability, technology 
manageability and process agility – and a related set of steps and actions is put forward as a template and point 

of reference for future digital twin implementations. The findings are a contribution to the developing theory 
around digital twins and digitalization in general, and are also of relevance to professionals embarking on DT 
projects.

Keywords: digital twin; data analytics; digital thread; workforce adaptability; technology 
manageability; process agility; template; action list

1. Introduction

Recent discussion in the business and academic press on the Metaverse and what it may mean 

for different industries [1] has highlighted the current role and future potential of digital twin (DT), 

which is likely to feature as a main component in Metaverse environments in the future. The existing 

literature notes a range of potential benefits that DT projects can deliver, including efficiency gains 

[2], waste reduction [3] and improved decision-making [4], and DTs are also considered integral to 

smart manufacturing environments. De Giacomo et al. [5] (p.1), for example, referring to DTs, notes 

“they bridge the virtual and real world with the goal to model, understand, predict, and optimize 

their corresponding real assets. Such powerful features can be exploited in order to optimize the 

manufacturing process”. However, there are relatively few documented case studies of successful DT 

projects, and neither are there clear guidelines on how to approach and implement such projects. In 

this context, VanDerHorn and Mahadevan [6] (p.10) note “this has raised questions regarding the 

technology’s ability to provide tangible improvements over existing processes”. This paper attempts 

to contribute to filling this gap in the literature by studying how three DT projects were initiated, 

implemented and managed in a multi-national German enterprise. 

Understanding these dynamics is of increasing significance and value, as DT projects are likely 

to extend into new functional areas, even before the advent of the Metaverse on any significant scale 

in industry. This study uses an inductive, qualitative research method, and seeks to establish the role 

of human factors in delivering successful project outcomes, what technologies were used in these 

projects, and how they were deployed to deliver cost efficiencies and process improvements. Based 
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on research findings, three key properties and related actions are put forward as a template that can 

be used as a check-list in future DT projects. 

The paper consists of six sections. Following this brief introduction, relevant literature is 

reviewed and three research questions are set out. There follows a short section on the research 

methodology, providing an overview of the case study company and the interviewees. The results 

are reported in Section 4, in which the three research questions are addressed. Section 5 reflects upon 

some key issues emerging from the findings, and section 6 provides a conclusion, pointing out 

limitations of the study and possible areas for future research in this field. 

2. Relevant Literature 

2.1. Concept definition 

One of the first documented examples of a DT was as a Computer-Aided Design (CAD) object, 

which was an element in a Product Lifecycle Management (PLM) process and its support systems [7]. 

This illustrates the fact that DT is a concept and not a specific technology. Deloitte [8] (p.3) assert that 

“a digital twin can be defined, fundamentally, as an evolving digital profile of the historical and 

current behavior of a physical object or process that helps optimize business performance”, and 

Grieves and Vickers [7] (p. 92) suggest that a DT “is based on the idea that a digital informational 

construct about a physical system could be created as an entity on its own”. VanDerHorn and 

Mahadevan [6] reviewed 46 Digital Twin definitions evident in the extant literature, and suggested 

that DT can be defined as “a virtual representation of a physical system (and its associated 

environment and processes) that is updated through the exchange of information between the 

physical and virtual systems’’ (p.2). Johnson [9] (para. 2) observes “digital twinning is the process of 

creating a highly realistic model of a device, system, process or product to use for development, 

testing and validation”. 

The two-way exchange of information between the virtual and physical systems is a key aspect 

of a DT that differentiates it from most other technology concepts. A decade ago, Grieves [10] set out 

the three main components of a DT: products in the physical space, products in the virtual space, and 

the connections of data and information that unifies both spaces. More recently, Trauer et al. [11] 

(p.761) similarly noted that "a digital twin is a virtual dynamic representation of a physical system, 

which is connected to it over the entire lifecycle for bidirectional data exchange".  

Some authors also distinguish different types of DT project. Essex [12] (para. 8), for example, 

identifies three types: first, pre-built twins that “come complete with products they represent or in 

generic form in business software”; second, commercial – off the shelf - twins, that can “be started 

from templates”; and third, “custom twins” that are “custom developed from scratch”. Essex notes 

“custom twins are the easiest to modify but take the most time and skill, whilst “pre-built twins are 

the opposite” and “templates occupy the middle ground, are widely available, but rarely match the 

completeness of product digital twins”. In similar vein, VanDerHorn and Mahadevan [6] (p.10) 

conclude “several approaches can be considered: build a Digital Twin using existing commercial tools, 

construct a Digital Twin from commercial components, or a hybrid approach”. 

There are many areas of business in which DTs are being applied, but it is in manufacturing, and 

particularly in product design and development, that DTs are in greatest evidence. A DT can connect 

with different data flows, thus reflecting how a product can be better designed, manufactured, 

operated, and maintained. The insights gained on how the product changes in different conditions, 

can contribute to innovation in any of the stages of product development [13]. De Giacomo et al. [5] 

(p.1) affirm that “the DT can evaluate the production decisions, access the product performance, 

command and reconfigure machines remotely, handle the troubleshoot equipment remotely and 

connect systems/processes to improve monitoring and optimize their control”, and that “DTs can also 

be applied for process control, process monitoring, predictive maintenance, operator training, 

product development, decision support, real-time analytics and behavior simulation”.  
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2.2. Technology and Data Aspects   

A DT can take several forms, and usually utilises a combination of existing technologies, which 

differ from project to project. These include the following: 

Corporate Information Systems: DTs will often use corporate data, particular that relating to 

manufacturing products, and this is usually located in some of the core business information systems. 

Typically, these may be an Enterprise Resource Planning (ERP) system such as Oracle or SAP, and 

other software packages with product related data - PLM and Manufacturing Execution System (MES) 

applications, for example. 

Digital Thread: The digital thread is particularly relevant to shop floor product development 

and manufacturing DTs. It provides the linkage and connectivity between systems and technologies 

that provide the data required by the DT. Dontha [14] (para.14) notes that the digital thread “provides 

a communication framework to help facilitate an integrated and connected data flow of the product’s 

data throughout its lifecycle. Digital thread enables accessing, transforming, integrating, and 

analyzing data from various different systems in the entirety of the product life cycle”.  

Internet of Things: Essex [12] (para. 9) says of DT: “its implementation is intertwined with 

another relatively new technology -- IoT” , which is now widely deployed across many aspects of 

business operations [15].  A DT will use IoT generated data via a range of devices, monitors and 

controllers for data collection within the physical and virtual environments. 

Edge processing: This refers to the processing of data near to its point of collection (on the “edge”) 

via IoT devices. This avoids delays and overheads that may be incurred by moving data to the cloud 

or elsewhere for onward processing. This also reduces possible network bottlenecks that have limited 

the viability of DT projects hitherto. 

Data Analytics/Artificial Intelligence: Many DT projects rely on data analytics to analyse and 

organise data to support DT operation and output. Advanced business intelligence tools like Power 

BI are often used for DT reporting and analysis purposes, and artificial intelligence (AI) applications 

may be developed to enhance system and product prediction, simulation, and visualization functions. 

Workflow/3-D Modelling: Many DTs use 2D or 3D computer-aided design images, although this 

is not always the case. 3-D modelling technologies create the virtual world images, products and 

other objects. Workflow products are often linked with, and/or contain, 3-D modelling capabilities. 

Extended Reality: Extended reality headsets and glasses provide users with virtual reality 

parallels of the physical world. Virtual Reality (VR), Augmented Reality (VR) and Mixed Reality (MR) 

technologies can be used individually or in combination with DTs.   

Most DT projects will involve implementing a combination of these technologies to construct 

the DT (Figure 1), and some data from corporate information systems will usually be required to 

provide the basis for developing the simulation. Effective data management underpins DT 

applications, and so data management technologies are of particular relevance. VanDerHorn and 

Mahadevan [6] (p.9) highlight the importance of “connecting data and models that existed in 

previously independent silos, with the aim of increasing the efficiency and speed at which asset 

information can be kept current and exchanged between these silos”. Baldwin [16] similarly 

emphasises the need for a digital thread in some DT projects to allow businesses to centralize their 

data into one standardized hub, providing all manufacturing elements with access to the same data.  
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Figure 1. Digital Twin technology components and application areas. 

Whilst the data thread sets out the required links, application program interfaces (APIs) are often 

used to provide the physical connections between systems and technologies. Webhooks are another 

technology component that supports the digital thread. A key difference between the webhooks and 

APIs is that the latter need to be asked to pull or modify data, whereas the former automatically send 

data in response to a specific event, without any request from another software. Essex [17] (para.4) 

notes “the data link, often but not necessarily two-way, is what differentiates digital twins from 

similar concepts. This link makes it possible for users to investigate the state of the object or process 

by querying the data, and for actions communicated through the digital twin to take effect in its 

physical counterpart”.  

2.3. Relevant theory and models 

There are a number of implementation frameworks in the existing literature, some of which are 

specific to implementing certain types of DT, or DTs for specific purposes. For instance, Zhang et al. 

[18] and Guo et al. [19] proposed frameworks to optimize factory layout designs. Friederich et al. [20] 

focused on developing a framework to improve the simulation functionality of a DT using machine 

learning and process mining techniques. Loaiza et al. [21] (p.12) developed a “small-scale digital twin 

implementation framework”, in which they identified Resources (“labour, capital and materials”), 

Technology, and Digital Transformation (“enabling digital processes such as simulation, diagnostics, 

prognostics”) as the “high-level requirements” for DT projects. Schweigert-Recksiek et al. [22], in 

their case study of a DT in technical product development, suggest five key dimensions for DT 

projects, based on earlier work by Kreimeyer et al. [23]. These are: people, process, data, product, and 

tools. The International Organization for Standardization (ISO) detailed requirements for a DT 

framework [24] in which it partitions a DT into four layers defined by standards (Figure 2). The lowest 

layer describes the observable manufacturing elements – the items that need to be modeled in the DT. 

The second layer is the device communication entity which “collates all the state changes of the 

observable manufacturing elements, and sends control programs to those elements when 

adjustments become necessary” (para.2). The third layer is the digital twin entity, which reads the 

data collated by the device communication entity and uses the information to update its models. The 

fourth layer contains user entities. These are applications that use the digital twins to enhance 
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manufacturing efficiency. They are “legacy applications such as ERP and PLM, and new applications 

that make processes work more quickly” (para.3). The ISO 23247 framework is based on the Internet 

of Things, and also includes a “cross system entity”, linking shop floor devices, the digital twin and 

main applications in the fourth “user entity” layer. 

 

Figure 2. The ISO digital twin framework for manufacturing. Based on: [24] (Figure 1). . 

The three change dimensions of technology, process and people have been used as a framework 

to analyse IT projects [25,26] and develop IT strategy [27] in the digital era. This is somewhat similar 

to the approach adopted by Loaiza et al. [21 (p.12) and, in particular, the framework put forward by 

Schweigert-Recksiek et al. [22] for implementing DT projects. Their framework includes process and 

people change dimensions, plus data and tools (which can be viewed as part of the technology 

dimension), and the product itself - the focus of the DT simulation. The significance of the people 

change dimension is emphasized by Schweigert-Recksiek et al. [22] (p. 384), who note “current 

barriers between departments have to be considered as the usage of a twin also changes the 

significance of certain tasks or even departments of the product development process”. In terms of 

process change, the authors note “many of the processes in a company will change with the 

introduction of a twin, as for example some simulations will be conducted automatically instead of a 

simulation assignment being handed over from one department to the other”. They also note that 

“the generation and usage of data, especially from the use phase of products, has to be altered in 

many places to enable the implementation of a Digital Twin” (p.385).  

More recently, Trauer et al. [28] put forward a “business modelling approach” for digital twin 

projects, which is a 10-step guide to implementing a DT and transitioning to new processes (Figure 

3). In similar vein, VanDerHorn and Mahadevan [6], in their analysis of DT implementation, identify 

a number of key challenges, including terminology, standardization, organizational culture, 

technology maturity, and automation. As regards automation, the authors note “a prominent 

targeted outcome in many digital twin implementations is to reduce the manual effort through 

automation of data exchange and analysis”, but that “there is still a strong reliance on human-in-the-

loop as part of current solutions” (p. 9).  
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Figure 3. The Digital Twin Business Modelling Framework. Source: based on Trauer et al. [28], Figure 

2, p.125. 

In this context, Actor Network Theory (ANT) is of relevance. ANT is a social technical theory 

that has been employed in a number of studies of digital technology implementation [29,30]. It 

recognises both human and non-human actors in networks that aim to achieve a set goal with both 

contributing equally. The theory maintains that for any actor to act, others must act, highlighting their 

interdependence [31]. In the context of DT projects, De Giacomo et al [5] (p.1) concluded that “a single 

manufacturing process may include hundreds of different actors (humans, equipment, 

organizations), together with their digital twins”, and that “at any moment in time, in order to 

provide resilience, manufacturing process should be able to automatically adapt to new conditions, 

considering new actors (with lower cost and low probability of breaking) for the fulfilment of the 

manufacturing goals. This task cannot be performed manually when actors span multiple 

organizations possibly separated from both the geographical and organizational points of view”. 

In the wider context of digitalisation, Bonnet and Westerman [32] identified five main key 

change factors: the digital platform, customer experience, operations, employee experience and the 

business model. Other authors have tried to identify key success factors or “pillars” for successful 

digital transformation. Lang [33], for example, suggests four internal pillars for successful 

transformation: empower employees, transform products, optimise operations, and engage 

customers. Furr et al. [34] similarly identified four pillars: IT uplift, digitising operations, digital 

marketing and initiating new ventures, whilst Newman [35] pointed to six pillars that underpin 

successful digital transformation: experiences, people, change, innovation, leadership, and culture.  

This research builds on these theoretical foundations and practical guidelines, focusing on the 

interplay of technology, process and people dimensions. The overall aim is to get a picture of the key 

issues relating to these three dimensions of change that underpin successful DT project outcomes . 

More specifically, the following research questions (RQs) are addressed: 

RQ1. What was the significance of people factors in the digital twin projects?  

RQ2. What technologies were deployed in the digital twin projects and have there been technology integration 

issues? 

RQ3. What have been the impacts of digital twin projects in terms of process change and benefits delivery?  
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3. Research Method   

The overall aim of this research is to examine the nature of DT projects in manufacturing 

industry, focusing on technologies deployed, benefits delivery and the significance of people related 

factors. The study adopts a qualitative, inductive approach using a literature review, and interviews 

with three industry professionals with relevant knowledge and experience.The literature review 

provided “a means of gaining an initial impression” [36] (p.97) of pertinent issues. Relevant 

publications and web sources were reviewed to establish the depth and breadth of current literature 

relating to the subject area. Internet surveys were conducted using Google as the search engine with 

appropriate search strings in May to July 2023. This allowed the identification of a set of key issues 

and the development of research questions. 

A case study was the main applied methodology “to develop sharper and more insightful 

questions about the topic” [37] (p. 13). The validity of generalizing from case studies has been much 

discussed in the literature with differing views [38,39]. Here, the features of the three projects studied 

in the case study company are examined and assessed to develop a template for DT project 

implementation, which builds upon concepts and models in the recent literature. As this framework 

is grounded in empirical inquiries in a manufacturing environment, it is put forward as a valid 

framework – for subsequent development and amendment - for DT projects in similar business 

contexts.  

The literature review provided the basis for setting out the initial research questions, and these 

were used as the basis for the interview questionnaire which comprised 12 open questions in three 

main sections concerning technology deployed; people and processes; and strategy. These were 

followed by 13 summary statements with which the respondents to the questionnaire were asked to 

agree or disagree on a five-point Likert scale. The final section invited further comment or 

information of relevance. The questionnaire was emailed to the 3 respondents, with whom follow-up 

interviews were held within a three-week period. The completed questionnaires were used as the 

basis for discussion in the interviews, when additional annotated notes were added to the returned 

questionnaires. 

This research is based on a multi-project case study analysis of three DT projects in three separate 

subsidiaries within a large multinational group. The industry group manufactures a variety of 

products, including transmission parts and drive axles for passenger and commercial vehicles, 

suspension equipment for heavy trucks, as well as gearboxes for wind turbines. The group operates 

in over 30 countries around the globe, with total sales of more than €25 billion, and with over 100,000 

employees in year 2022. The group has its headquarters in Germany and the USA. The company as a 

whole has embarked on in excess of 10 DT projects in the last 5 years, which were briefly reviewed. 

Of these, three projects were selected as representative of the projects being undertaken across the 

company in the manufacturing subsidiaries. One aimed at providing the basic data platform and 

linkages for DT projects; another aimed to retrospectively recreate production runs from the past to 

help answer customer enquiries; and the third was a forward-looking simulation of production prior 

to product launch. 

Selection of interviewees (Table 1) was done through the professional networks within the 

company of the authors. The interviewees “are chosen because they have particular features or 

characteristics which will enable detailed exploration and understanding of the central themes and 

puzzles which the researcher wishes to study”[40] (p.78), and specific knowledge and experience of 

the three projects under study. Interviews can be structured, semi-structured or unstructured [41]. 

Semi-structured interviews were seen as the best way of eliciting qualitative data with the highest 

possible level of knowledge being acquired in a flexible manner. Interviewees were able to give their 

perspectives on specific DT projects, including less obvious factors giving interviewees a “voice” in 

the study [42]. The subsequent data analysis entailed the summarizing and structuring of the data to 

address the research questions, develop discussion points and build the template for DT project 

operation. Framework analysis [43] was used to classify selected literature quotations, questionnaire 

responses, and interview transcript material against each of the three research questions and to 

surface additional points for discussion. The interviews lasted in excess of one hour and quotations 
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in the Results and Discussion sections are taken from the questionnaire responses, notes added in the 

interviews, or from the interview recordings. 

Table 1. Interviewee job roles and experience. 

CODE Job/Role Experience/Background 

P0 Global IT Verification & 

Validation Manager 

25 years IT, software and configuration management 

experience; responsible of Digital Thread project 

implementation  

P1 Chief Engineering 

Manager/Manufacturing 

Digital Twin Champion 

30 years experience in global advanced manufacturing 

engineering, vehicle design engineering and value 

management.    

P2 Data Analytics Director 30 years management experience in the marine division; 

holds a PhD in engineering. 

The profiles of the three cases are set out below: 

Project 0: Digital thread development: the main objective of Project 0 was to create a “platform 

for the management of digital twin simulations”. It was essentially an infrastructure project to 

provide the data connectivity that is required by digital twin projects in the manufacturing divisions 

of the company. It centred on the development of a “digital thread”, a data-driven architecture that 

links together information generated from across the product lifecycle. This project thus provided the 

technology platform and data connectivity for other digital twin projects, including the two noted 

below. 

Project 1: Post-event production simulation and replication: as part of the Industrial Technology 

Division’s strategy to “be a digital company by 2022”, one of the first projects, implemented with the 

support of third-party consultants in 2018-20, focused on using DT technologies as part of a quality 

analysis platform, allowing simulations of past manufacturing runs of transmission systems. The 

system, which went “live” in 2019, has been used to support claims management and answer quality 

enquiries from customers, allowing rapid retrieval of simulation data, indicating what was done to 

produce specific parts. Within 5 working days of receiving a claim, data from a simulated run of the 

produced part can be presented to the customer for analysis and discussion. 

Project 2: Pre-production simulation prior to product launch: the digital twin is “the basis for the 

planning, simulation and validation of manufacturing processes from an early planning phase to the 

virtual commissioning of the production line”. This project objective was to allow for the simulation 

of production equipment use before the new product is launched. The system indicates capacity and 

output potential from existing equipment, depending on production load, human resource 

availability and other variables. It supports the future optimisation of machines and equipment usage.  

4. Results   

4.1. RQ1. What was the significance of people factors in the digital twin projects?  

The main people related factors that emerge from the three projects are: the value of a committed 

senior level sponsor; the benefit of cross-departmental involvement; and the need for multi-skilled 

implementation teams. Project 0 was run by a steering committee comprising “corporate R&D 

together with all divisions”, reporting directly to the CEO, reflecting the cross-departmental 

significance of getting the digital thread infrastructure in place. In Project 1, the project was managed 

by the head of Data Analytics, who played a key role in instigating and driving through the project. 

In 2018, a new Data Analytics group had been created, and this was seen as their flagship project. P1 

noted that the support from his line manager, the chief financial officer (CFO), was also critical to the 

success of the project “it was easier with a convinced CFO… who provided the budget”. P1 noted 

that “people [are] more important – not new technology,  [we] used existing technology which the 

company can offer – it is more difficult to win people”. P1 noted that there was a “lot of interaction 

between Research & Development and corporate Information Systems (IT)”. In Project 2, “project 
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initiation was within the division - the VP operations was the sponsor”, however “it is part of the 

overall corporate digital initiative”. P2 indicated the significance of people related factors, 

underscoring the importance of a network of actors and a strong and committed project sponsor. 

All three projects used third-party expertise. In Project 0, “several third party and externals” 

were required “to cope with the required know how”. The project was “ a pilot for one division” and 

a “top down approach” was pursued. In Project 1, “the development of a quality analysis platform” 

was undertaken “together with external consultants”. P1 highlighted the required skillsets for the 

project: data scientist/analyst, machine learning engineer, solution architect, data engineer, devops 

engineer and software developer. In project 2 “the vendor DELMIA provided their experts who 

teamed up with the process experts of the company”. P2 added that “at the beginning several 

contractors were engaged until the team acquired the required know how. The project started as a 

use case or proof of concept”. 

4.2. RQ2. What technologies were deployed in digital twin projects and have there been technology 

integration issues? 

The technologies used in the three digital twin projects were built around existing systems and 

applications (Table 2). Project 0 linked various data sources together but central to this was a 

configuration management tool (PDTec) which combines a simulation capability with data 

management and workflow. This allowed the development of the data thread for configuration 

management. PDTec had previously been used in production as a computer-aided engineering (CAE) 

tool, and is now being evaluated for wider deployment in other subsidiaries. Because of the nature 

of the project, no core information systems were used as a consistent data feed, but the project had to 

follow corporate policy for granting access, and security rules for encryption and other data aspects.  

Table 2. Technologies used in the 3 DT projects. 

Technology/Project Project 0 Project 1 Project 2 

Extended Reality NO NO NO 

Workflow/3-D Modelling YES (PDTec) YES (Knime/AAP) YES  

Data Analytics/Big Data YES YES (Power BI) YES (Power BI) 

Edge Processing NO YES NO 

Internet of Things YES YES YES 

Data Thread/APIs/Webhooks YES YES YES 

Corporate Information 

Systems 

NO YES (SAP/ 

Axalant PLM) 

YES (Delmia/Siemens PTC/ 

Axalant PLM) 

In Project 1, a data analytics tool (Power BI), workflow visualization software (Knime), a process 

management application (AAP) and an SQL database running on premise were used to bring 

together data from various existing sources (Figure 4) to facilitate simulations of past production runs. 

These simulations - the digital twin - take past data relating to component manufacturing, product 

assembly and product usage from the SAP ERP system. The DT combines this with test bench data 

to develop simulations of the manufacturing processes, and allows end-user access to develop and 

configure different simulation scenarios. The system is located largely on-premises with some use of 

cloud technologies, but the entire system may be moved to the cloud in the near future. The data 

from the SAP system is retrieved every 15 minutes. As regards integration, P1 highlighted the use of 

APIs, but also “quite a lot own development” to create “hybrid API access”. 
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Figure 4. Project 1: Data sources and architecture layers (based on in-company project 

documentation). 

In Project 2, the DT is based around the Delmia digital manufacturing software package, a 

capacity planning tool, which monitors and controls the “Advanced Manufacturing Execution Assets” 

of the company. It is linked with the Siemens PTC which is an open source platform for monitoring 

and storing data from IoT and other devices. This allows the simulation of production processes prior 

to the launch of a product. Integration has been problematic, P2 noting that “there is not much 

integration with other systems yet”, and there is "no data or interface to other systems but [we are] 

using data from the PLM system” and “the interface with PLM is manual, there is no interface 

available to see the release of product variation”. There are 9 databases feeding the system – but the 

“number of databases will be reduced”. The data from the digital twin “is stored in regional databases 

and it is accessed via Power BI”.  P2 indicated, however, that technology integration issues, although 

evident, were not a significant problem. This was in contrast to the other two interviewees, who 

viewed technology integration as a significant issue as yet unresolved (Table 3, Statement 7). 

Nevertheless, P2 noted that the “next step will be integration with the PLM system”. 

Table 3. Questionnaire statements: interviewee responses. 

Statement Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1. Human and non-human factors are of equal 

importance in determining the success of digital 

twin projects. 

 P1 P0  P2 

2. Digital twin projects rely on a network of 

different actors from different functions acting 

together towards a common goal. 

   P0 P1 P2 

 

3. Digital twin projects require a strong sponsor 

and champion to enroll an appropriate network 

to move the project forward. 

    P1 P2 P0 

4. It is important for the digital twin project 

sponsor to clearly outline the project benefits and 

justify the costs. 

   P2 P1 P0 
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5. The project sponsor played a key role in 

enrolling the support and participation of other 

team members. 

   P2 P1 P0 

6. Team members played out their different roles 

effectively to successfully deliver digital twin 

project(s). 

   P2 P0 P1 

7. Integration of digital twins with other systems 

was a significant issue that has not been fully 

resolved.   

P2   P1 P0  

8. IT Strategy has played a key role in the 

selection and implementation of digital twin 

projects. 

P2  P0 P1  

9. Our company has the necessary skills and 

competencies to successfully implement digital 

twin projects. 

  P0 P1 P2  

10. Digital twin projects have delivered 

significant benefits for our company. 

  P2 P0 P1 

11. Digital twin projects have changed our 

processes and ways of working significantly. 

  P0 P2 P1 

12. Digital twin projects have ushered in a 

significant change in the culture of our company. 

 P2 P0  P1 

13. Digital twin projects have improved the 

quality of information in the functional areas 

where implemented. 

   P2 P0 P1 

4.3. RQ3. What have been the impacts of digital twin projects in terms of process change and benefits 

delivery? 

The three respondents gave somewhat differing perspectives on process change resulting from 

the DT projects and associated benefits delivery. Project 0 was more of an infrastructure project to 

facilitate the launch of other DT projects. It started as a pilot “small scope to test the data for 

calibration and simulation”, and P0 conceded that the purpose of the project was “not clear to 

everyone at the beginning – it was a Development and Innovation (R&D) project”. However, P0 noted 

that the DT now provided the platform “for simulation of reals assets – life cycle prediction, and 

estimation of rest of life and product reliability”.  

P1 strongly agreed that clear benefits had been delivered and cited the example of how the DT 

simulation data has been made available for evaluation and discussion with customers. Prior to this, 

it was “a massive effort for our quality department to analyse the existing data”, using the process 

monitoring tools at their disposal, which were “missing information from other strategic systems like 

MES [manufacturing execution system] and SAP”. More specifically, P1 highlighted “quality savings” 

from the use of Power BI, the data analytics tool, for analyzing the DT simulated data. As regards 

process change and ways of working, P1 noted that “in many departments and areas, based on the 

digital twin, decisions are taken differently”, and that “cross-divisional solutions are now 

commonplace”.  

Project 2 objectives included “improvement of productivity and quality by faster planning of 

complex products” and “enabling a high transparency of planning status” by “visualization of 

process steps, layouts and key figures” and “enabling a traceability of changes”. P2 noted that the DT 

project had been successful “in the sense that the accuracy [of machine and equipment capacity 

predictions] started with 75% and is currently at 90%”, and “there is a full business case and the 

project has a high ROI”. Indeed, one of the perceived benefits in all three projects, even if difficult to 

quantify, was an improvement in the quality of data in the functional areas impacted by the DT 

projects, all three respondents agreeing with this statement (Statement 13). 

As regards the systems development and project management processes, these projects were 

based on an agile approach. P1 reported that Kanban (an agile methodology) was used in the project, 
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whilst in Project 0 “scaled agile framework (SAFE) workstreams” were used. In project 2, P2 noted 

an “agile methodology was used – the entire approach is lean management and the project 

management approach is agile using agile-oriented tools such as JIRA to support project management 

and team progress”. 

5. Discussion 

The results outlined above raise some issues worthy of further discussion. Firstly, DT projects 

require consistent and accurate data, upon which simulations can be developed and operationalised. 

For this reason, DT projects will often go hand –in– hand with data analytics initiatives. The 

development of a digital thread and the use of webhooks and APIs to provide the necessary 

connectivity has parallels with the development of the data warehouse, data marts and corporate 

data models in the 1990s [44]. For example, Dontha [14] (para. 15) notes “digital thread enables 

accessing, transforming, integrating, and analyzing data from various different systems [and] helps 

in delivering the right information at the right time and at the right place”, which resonates with the 

objectives of data warehouse projects of the past. Similarly, Dontha [14] (para. 12) adds “the very first 

step in digital thread as it relates to data management is identifying data sources, accessing the data, 

and organizing it in a way that various functions can harness that data”, which again is very similar 

to the objectives set out for developing corporate data models in a previous era. This highlights the 

lack of integration of core information systems, which bedevils many businesses. Perhaps this is 

inevitable in an advanced manufacturing environment when the main suppliers of company ERP 

systems do not contain the functionality for shop floor and MES requirements, and thus a series of 

add-on, supplementary systems and technologies are acquired. The vision of having one integrated 

package for everything, as put forward by the ERP vendors since the 1990s, has been put aside for a 

“best of breed” approach, using APIs, webhooks, and other technologies to create a data thread as a 

means of locating and extracting the data from various systems required for the DT. In this context, 

Essex [12] (para. 11) notes that “deriving value from digital twin technology …… requires mature 

data management processes and sophisticated systems integration, making digital twin development 

a complex, multi-year effort”. 

Secondly, the nature of innovation introduced by the DT projects constitutes incremental rather 

than disruptive change. As noted in Project 1, which focused in the main on advanced use of data 

analytics “we are not reinventing the wheel, but connecting the dots”. Project 2 could be viewed as 

an advanced planning tool, applied in product development, having its origins in MRP, MRP2, and 

the load planning and forecasting modules evident in many ERP systems. The research findings 

provide some perspectives on existing frameworks and guidelines, but perhaps the most significant 

factor is that DT projects have very little that is new in terms of technology or business change. There 

were a number of key issues for project success that emerged from the project studies – a committed 

high level project sponsor, cross-functional teams, use of outside expertise, appropriate technology 

mix, the need for a sound data platform, the use of agile methodologies, and the value of a process 

change expert – but all these factors are of similar relevance in many other IT projects, big and small, 

digital era and pre-digital era. These projects harness and combine technologies to produce virtual 

simulations of physical reality, but project management issues and methodological considerations 

remain as in many other IT projects.  

Thirdly, the cases highlight the absence of any common approach to DT projects, which limits the 

potential for developing models and frameworks that are applicable to a range of DT projects. Tonder 

et al. [45] (p. 112) recently concluded that “there is no universally accepted, robust conceptual 

framework that can assist businesses, practitioners and academics to understand the constructs of 

digitalisation, digital transformation and business model innovation”, and this would seem to apply 

to DT projects as much as to other digital technology implementations. The project management team 

in Project 1, for example, adopted a bottom up perspective in developing the retrospective DT 

application (Figure 4). Data was collected from a range of corporate information systems, linking and 

aggregating it via digital thread and data warehouse technologies, which was then made available 

for the DT simulation. The output data from the DT was then used for further analysis using a range 
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of analytics tools, including Power BI. The ISO model (Figure 2), however, takes a different approach, 

focusing on shop floor production processes (level one), collecting data from them (level 2), building 

the simulation (level three), the outputs from which are then used in a range of existing corporate 

systems (level four). The business modelling approach of Trauer et al. (Figure 3) takes a different 

approach again, but is essentially a progression of technology, process and people factors (steps 5-8, 

10 in Figure 3) with added actions to establish and verify a business case for the project (steps 1-4, 9). 

It reinforces conventional wisdom about the significance and interdependency of technology, people 

and process issues in IT projects. In this context, the findings highlight the value of three 

interdependent digital “properties” - required for digitalization projects in general - which are of 

particular relevance to DT projects: workforce adaptability, technology manageability, and process 

agility. More specifically, the projects studied here suggest a series of related smaller steps or actions 

that are needed to progress DT projects successfully (Figure 5).  

 

Figure 5. A template for digital twin project implementation. 

There are several aspects to workforce adaptability that impact DT projects. All three projects 

evidenced the value of strong sponsorship and leadership from an appropriate senior manager – the 

CFO, the CEO and the Vice-President of Operations in these projects. Co-ordinated cross-

departmental involvement is also necessary, either as a project team or working party or via a more 

informal arrangement based around the use-case testing. Either way, committed and coordinated 

input from a range of functions will be required. A range of skillsets, some of them possibly new to 

the company (particularly in the IT area) will also be required, which may involve using third-party 

contract support in the short-term.   

Technology manageability implies that IT issues are adequately managed by the resources 

available and there is a sound and stable technology platform upon which to build. If the IT 

department is continually fire-fighting maintenance and other problems, it is unlikely to be successful 

in building a DT. Technology integration issues need to be addressed to provide the linkages and 

interfaces for sound and consistent data to populate the DT. This may involve the use of APIs and 

webhooks, the development of a digital thread and the use of a data warehouse as a staging post 

between feeder systems and the DT itself. The IT function, albeit possibly with third-party support, 

also need the capabilities for use-case testing of the technology combinations involved in the DT 

project, and then to provide on-going support and maintenance. 
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Process agility assumes the use of agile, flexible project management methods in the conduct of 

the use-cases, which will probably involve a multi-functional team drawn from several departments 

(IT and users). The company must have the agility and political will to embed process change in 

existing working practices, in which the commitment of the project sponsor will be a key influencing 

factor. Process change will be a major contributor to driving through overall project benefits, typically 

from overheads reduction, better information and improved customer service (internal or external).  

6. Conclusion 

This article has examined three DT projects implemented in a multi-national manufacturing 

company and identified some of the key issues underpinning successful project outcomes. This has 

allowed the development of a simple framework that can usefully act as a template for future DT 

projects, which will grow in number and areas of application, probably as a function of Metaverse 

developments in business environments within the coming decade.  

There are clearly limitations to this study. It is based on just three interviews with the project 

leaders in three DT implementations. Their perspectives are inevitably subjective, although the 

interview findings have been verified informally with other staff members. The validity of 

generalizing about DT projects from such a small sample is also limited. The template, therefore, is 

put forward as a work-in-progress that can be tested and developed through the study of other DT 

projects. Further research could also progress the concept of digital “properties” required for 

successful digitalization, involving not only DT projects, but other digital technologies as well. This 

contrasts somewhat with the concept of “pillars” for success put forward in some of the literature, 

and benefits from being organic in the sense that properties can evolve and develop with 

organizational and technological change.   

VanDerHorn and Mahadevan [6] (p.10) have observed that “the digital twin concept is clearly 

still evolving, as seen in the diversity of new industries and use cases that digital twins are being 

applied to. This continued concept evolution is also apparent in the lack of concrete examples 

demonstrating the clear benefits of digital twins in practice.” This article has attempted to help 

address this gap in the literature by providing some insights into an area that is only now starting to 

be researched in depth.  
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