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Digital twin technology has emerged as a promising innova0on with vast poten0al in various 
industries. Moreover, the applica0on of digital twin technology has changed the game in various 
industries, with predic0ve maintenance and machine op0miza0on skills at the forefront of its 
applica0on. However, digital twins' product design and development poten0al has yet to be 
completely exploited. In this regard, this thesis aims to inves0gate the new value-crea0on 
opportuni0es for digital twins (DT) in product design and development (PD&D). 
 
To accomplish its objec0ve, the research u0lized a qualita0ve approach involving detailed interviews 
with eleven individuals from diverse backgrounds. According to the interviews, digital twins have 
tremendous poten0al for value crea0on beyond tradi0onal applica0ons. The significant themes 
from the interviews included greater stakeholder collabora0on and communica0on, faster design 
itera0on and prototyping, shorter 0me-to-market, higher product quality, and customer sa0sfac0on 
and trust.  
 
The thesis used Bain & Company's B2B value element framework to examine the value-crea0on 
prospects provided by digital twins for product design and development. This paradigm allows for 
the evalua0on and categoriza0on of recognized value possibili0es and a structured understanding 
of their relevance and ramifica0ons. 
 
The study's findings broaden our understanding of the poten0al benefits of digital twins beyond 
their well-known applica0ons in predic0ve maintenance and machine op0miza0on. The study 
stresses the importance for enterprises to inves0gate and capitalize on the full range of value-
crea0on poten0al digital twins provide in product design and development. By understanding and 
capitalizing on the immense poten0al of digital twins, firms can stay ahead of the compe00on. 
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1  Introduction 

1.1  Background 

The business context has changed tremendously with the emergence of digital technologies, which 

are changing how interac0ons in corporate partnerships are structured (Pagani & Pardo, 2017; Zaki, 

2019). Digital partnerships have become the primary means of value crea0on for B2B enterprises in 

markets and cultures characterized by constant connec0vity and new kinds of contact (Corsaro, 

Anzivino 2021). Resource integra0on and engagement are also redefined by digital technologies 

(Corsaro, Anzivino, 2021). Bharadwaj & Shipley (2020) argue that B2B buyers spend 27% of their 

0me independently searching for sources online, while 68% prefer conduc0ng business online 

(Salesforce, 2020). In addi0on, internet planorms are a more prac0cal tool for accessing product 

details and client tes0monials (Hoar, 2017; Corsaro, Anzivino, 2021). While digi0za0on has assisted 

the industrial sector in recent years, notably in processing and manufacturing, there is s0ll a 

tremendous amount of unrealized poten0al (Corsaro, Anzivino, 2021). Further developments in 

automa0on, big data analy0cs, and the Internet of Things increase the chances for significant gains 

throughout the en0re industry value chain (Korenhof et al,. 2021).  

 

 Companies are increasingly using the term "digital twin" to foster innova0on and with good reason. 

Businesses can use twins to op0mize product designs for par0cular demands, keep track of 

equipment condi0ons at distant loca0ons, and even simulate the en0re opera0on (Tung, Kass 2018). 

A digital twin (DT) is a virtual representa0on of a natural system or product that duplicates its 

behaviour, func0onality, and upkeep for its existence (Borangiu et al., 2021, p. 101). Digital Twin 

may be used to forecast how those components will react to specific inputs. In actuality, digital twins 

can aid firms in implemen0ng more flexible opera0ons, reducing poten0al risks, and maintaining 

compe00veness in a market that is becoming more complicated and unpredictable (Attaran and 

Celik, 2023). 

 

Nevertheless, Accenture Lab iden0fies three factors—data quality and quan0ty, enabling 

technology, and business applica0ons like enterprise resource planning (ERP) essen0al for 

successfully u0lizing Digital Twin (Sampat, 2022). Therefore, laying the proper opera0onal 

founda0ons before u0lizing digital twins to their full poten0al and improving corporate 

performance is crucial. However, wide-level acceptance of digital technologies and industrial 
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automa0on through Industry 4.0 technologies are making firms more digitally capable for 

acknowledgment of DT for significant improvements in opera0ons maturity (Sampat, 2022).  

 

As sustainability moves up the agenda, every business's product development life cycle changes 

drama0cally. Digital threads, data streams running across the whole product life cycle, could result 

in a significant step shiq when combined with digital twins focused on par0cular systems, processes, 

or func0ons. Nirav Sampat, Chief Technology Officer at Accenture Opera0ons, claims that by not 

u0lizing the full poten0al of digital twin investments, most organiza0ons lose out on anywhere from 

35% to 65% in value. Sampat (2022) argues that DT will be a crucial component of any enterprise's 

digital strategy if it wants to remain robust, current, and nimble. 

 

According to the report by MarketsandMarkets, the market for digital twins is being driven by the 

rise in Industry 4.0 adop0on & predic0ve maintenance and the need for improved asset 

performance. As a result, The digital twin market is projected to grow at a yearly rate of 58.9% from 

2020 to 2026, reaching USD 48.2 billion from USD 3.1 billion (MarketsandMarkets, 2022). Aerospace 

and defense, automo0ve, healthcare, and manufacturing sectors are an0cipated to profit from 

implemen0ng digital twin technology. For instance, designing and tes0ng aircraq engines using 

digital twin technology in the aerospace sector can help lower fuel consump0on, boost engine 

performance, and save maintenance costs. Therefore, according to a MarketsandMarket analysis, 

the aerospace industry will dominate the market for digital twins in product development. 

 

Furthermore, recent years have seen a significant uptake of the "digital twin" technology, 

par0cularly in product design and development (Fu et al., 2022). This technology can transform how 

goods are created, manufactured, and operated by enabling engineers and designers to test and 

refine their designs in a virtual environment before physical produc0on (Ernst & Young Global Ltd., 

2019). With a more precise and effec0ve way to design, test, and op0mize products, digital twin 

technology is predicted to transform product development. Furthermore, when designers and 

engineers spot possible issues before the product is created, it can also help lower the chance of 

product failure.  

 

The capabili0es of Digital Twin, however, go beyond only virtual prototyping for product crea0on. 

Beyond virtual prototyping, digital twin technology has several product design and development 

advantages. For example, in Mckinsey insight report on Digital Twin, Brossard et al. (2022) postulate 

that digital twins give designers and engineers access to real-0me data and insights from design 
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through end-of-life that enhances Product Lifecycle Management. As a result, beler decisions can 

be made, and the product development process can be op0mized (Chiabert et al,. 2018). 

Addi0onally, Real-0me monitoring and analysis of product performance data using digital twin 

technology make it possible to iden0fy poten0al quality problems earlier. This may result in higher-

quality products and lower quality control expenses. Finally, researchers argue that digital twin 

technology can also op0mize supply chain management by modelling and evalua0ng numerous 

situa0ons. This may result in increased produc0vity, lower costs, and a shorter 0me to market. 

 

Tung and Kass (2018) postulate that customers can enjoy dynamic and immersive environments 

using digital twin technology, enabling them to envision and customize things before purchasing. 

The underlying advantage that digital twin brings, to the fore, is increased consumer involvement 

and loyalty. Manufacturers may provide their customers with more specialized and individualized 

services and boost customer happiness and loyalty by tracking product usage and performance in 

real-0me (Son et al., 2022). With the help of digital twins (Semeraro et al., 2021), businesses may 

op0mize opera0ons, cut expenses, and develop new revenue sources by monitoring and analysing 

the data from these models in real 0me. 

 

Beyond virtual prototyping for product design and development, digital twin technology offers 

various advantages, such as improved product lifecycle management, increased quality control, 

streamlined supply chain management, and improved customer interac0on (Ajouz, 2022). In 

general, digital twin technology can help businesses develop new business models by offering real-

0me data and insights that can improve decision-making and opera0onal efficiency (Frąckiewicz, 

2023). As a result, new revenue streams may be generated, and customers may have more flexible 

and affordable access to goods and services. To understand how businesses may use this technology 

to generate new business models and maintain their compe00veness in the market, it is cri0cal to 

inves0gate the new value-crea0on op0ons presented by Digital Twin for product design and 

development. Therefore, this thesis will examine Digital Twin's poten0al and offer 0ps on how to 

use it effec0vely for product design and development. 

 

Several kinds of past research inves0gate the advantages of digital twins for product design and 

development. For instance, according to research by Accenture, using a digital twin can help 

businesses save development costs by up to 20%, design and engineering errors by up to 40%, and 

0me-to-market by up to 30% (Cranmer et al,. 2022). Another PwC study discovered that digital twins 
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could aid businesses in up to 19% increase efficiency, reduce 0me to market by 17% & produc0on 

cost by 13%  (Geissbauer et al., 2019). 

 

It is safe to state that Digital Twin offers significant new value-crea0on opportuni0es for product 

design and development that can revolu0onize the way products are developed, manufactured, and 

used (Hunt, 2019). With this technology, businesses can enhance their designs, cut down0me, and 

boost produc0vity, increasing customer happiness and loyalty. This thesis will examine the 

possibili0es of the digital twin and offer 0ps on how businesses may use it to their advantage to 

remain compe00ve. Even though digital twin technology has several advantages, it has yet to be 

widely used in product development (Grieves, Vickers 2017). Several circumstances cause this. First, 

there are no defined frameworks or tools for crea0ng digital twins because the technology is s0ll in 

its infancy (Lo, Chen, and Zhong, 2021). Companies may find it challenging to implement DT 

technology due to the lack of standards since they may need to know where to begin or how to 

create the technology efficiently (Barricelli, Casiraghi, and Fogli 2019). 

 

Second, using Digital Twin technology needs a sizable 0me and resource commitment. For example, 

data collec0on, integra0on, and modeling are necessary for crea0ng a digital twin, but these 

processes can be 0me- and money-consuming. Also, the upkeep of the Digital Twin necessitates a 

commiled staff of specialists, which might raise expenditures. As a result, businesses could be 

reluctant to invest in digital twin technologies, mainly if they are unsure of the poten0al ROI 

(Nguyen et al.,2021).  

 

Last, there can be cultural obstacles to using digital twin technologies. Changes in corporate culture 

and procedures are frequently necessary to adopt new technology, but these changes can take 0me. 

The deployment of Digital Twin technology may also be hampered by employee resistance to 

change and a lack of awareness of its advantages (Grieves, Vickers 2017). 

 

To summarise, Digital Twin technology presents a variety of poten0al for significant value crea0on 

in product design and development, including enhanced product quality, shortened design cycle 

0mes, and lower costs. However, several things, including a lack of standardiza0on, high investment 

costs, and cultural hurdles, can be blamed for the technology's delayed uptake. Nevertheless, many 

researchers and experts an0cipate that the use of DT technology will rise as it develops and matures, 

and more businesses will see its poten0al advantages. So, in addi0on to the value crea0on 
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opportuni0es for DT for PD&D, the thesis also indents to inves0gate the current challenges for the 

technology and likely futuris0c scope. 

1.2  Method 

In this exploratory inves0ga0on, the author uses a qualita0ve research methodology. At the onset, 

the author undertakes a thorough survey of the theore0cal literature to familiarize the reader and 

establish the theore0cal basis for the study. The literature review was conducted by analysing peer-

reviewed research papers, ar0cles, books, journals, and other scien0fic sources to iden0fy the 

research gap.  

 

Aqer the literature analysis, a few of the foremost authori0es/ researchers in the field of Digital 

Twin were interviewed to access academic perspec0ves on the research topic. Finally, to validate 

the observa0ons, the study inves0gates the topic further to seek a prac0cal viewpoint of Technology 

Proponents (Consultants) and technology users from iden0fied case companies.  

 

The research methodology will be further discussed and elaborated in a separate chapter. 

1.3  Research aim and questions 

According to marke0ng, engineering, and design researchers (Lee, 2022), the 0me has come to 

redefine tradi0onal Product Design and Development procedures to meet contemporary demands 

and commercial prospects in the digital era. Several kinds of past research inves0gate the 

advantages of digital twins for product design and development. Furthermore, many argue that the 

technology offers several advantages beyond just virtual prototyping for product design and 

development. 

 

 In general, digital twin technology can help businesses develop new business models by offering 

real-0me data and insights that can improve decision-making and opera0onal efficiency. As a result, 

new revenue streams may be generated, and customers may have more flexible and affordable 

access to goods and services. This thesis primarily inves0gates the new value-crea0on op0ons 

Digital Twin presents for PD&D.  
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The objec0ves of the study are  

• To understand exis0ng and emerging value crea0on opportuni0es/ value elements and 

role of digital twin-enable PD&D. 

• To iden0fy current limita0on, managerial issues in using DT for PD&D.  

The thesis aims, therefore, to inves0gate new value-crea0on opportuni0es for Digital Twin-enabled 

PD&D based on the concept of the B2B Value Pyramid by Bain & Company. And, the cri0cal research 

ques0ons that the study intends to answer are  

• RQ1: “How can the digital twin provide new opportuni0es for value co-crea0on 

through suppor0ng product design & development, and which managerial issues need 

to be solved for this?” 

• RQ2: What is the current status and level of applica0on of DT in PD&D?  

• RQ3: Published difficul0es and limita0ons of DT in PD&D. What are the reasons why DT 

is not being used? 

• RQ4: What are the benefits for the companies in u0lizing digital twins for Product 

Design and Development  

• RQ5: What does the future look like for value crea0on using Digital Twin-enabled 

Product Design & Development? 

1.4  Research structure 

This thesis has seven chapters, and an overview of the content covered in each chapter is as follows 

 

The first chapter provides an overview of Digital Twin, Product Design and Development, and Value 

Crea0on. We iden0fy a knowledge gap in Digital Twin-enabled PD&D from a value crea0on 

perspec0ve. The chapter also outlines this thesis's research goal, ques0ons, aim, objec0ves, and a 

study outline. 

CHAPTER 2 examines the literature to situate the research within the framework of organized 

theory and knowledge on value crea0on ac0vi0es, PD&D, and the role of design for value crea0on 

within an organiza0onal seyng and in the digital age. The chapter explores the B2B seyngs & how 

digital technologies enable new value genera0on. The talk concludes with an understanding of 

Value crea0on, why effec0ve product design and development are cri0cal components of value 

crea0on, and the new edge technologies like the IoT and digital twin (DT) technology enable new 

value crea0on opportuni0es.  
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Chapter 03: Despite the significant transforma0on brought about by digitaliza0on, understanding 

value crea0on in a B2B seyng has received less focus. Therefore, this thesis explores how digital 

twins create value during product design and development in today's digitally connected corporate 

environment. Chapter 03 begins the introduc0on of the Digital twin, Value-crea0on opportuni0es, 

and Challenges & limita0ons of DT related to PD&D. Next, this chapter examines popular defini0ons 

of the digital twin, re-iterates some of the known challenges with DT in the context of this thesis, 

and clarifies the research gap. Lastly, it summarises the sec0on and jus0fies the relevance and 

importance of DT for PD&D from the value crea0on perspec0ve. 
 

Chapter 04 elaborates on the B2B Value framework developed by Bain & Company to assess value 

elements. The chapter explains its theore0cal background and compares it with other value 

assessment frameworks while establishing its relevance in assessing value crea0on opportuni0es 

for DT for PD&D. Lastly, it summarises and jus0fies selec0ng B2B Value Framework as a tool for the 

assessment of value elements and how it could help us answer the proposed research ques0ons. 
 

CHAPTER 05 describes the research approach. First, the basis for a construc0vist, qualita0ve 

research approach and the induc0ve reasoning process is explained. It also explains the selec0on of 

the case studies, the sampling procedure, and the role of the researcher. This sec0on also considers 

research ethics, such as validity and reliability, that threaten the study and explains the researcher's 

various measures to counter these threats. The analy0cal strategy outlines the thema0c analysis 

method and within- and cross-case analysis. 
 

CHAPTER 06 covers the analysis and findings from each case perspec0ve (academic, Manufacturers, 

and Technology Consultants) to build narra0ves and compare examples. Findings ploled against 

the B2B Value Element Framework provide a visual representa0on of new value crea0on 

opportuni0es for ease of understanding and maximum prac0cal u0lity for the reader. It also draws 

upon the current challenges and limita0ons of the technology and the futuris0c scope for DT for 

value crea0on during Product Design and Development. The chapter also delves into and supports 

the findings. The findings are discussed in detail by comparing them to the body of exis0ng ideas, 

and the insights are expanded on. Exis0ng literature and emerging theories are augmented to 

understand the value crea0on of DT for PD&D.  
 

The masters' thesis is concluded in CHAPTER 07. It provides a final overview and summarizes how 

the research ques0ons are answered. Further, this chapter examines the significance of research 

followed by the discussion on the research limits and future research prospects. 
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2  Value Creation 

This theore0cal review sec0on gathers essen0al theories on value crea0on in connec0on to new 

product design and development. In addi0on, the sec0on outlines and clarifies the key concepts 

about value genera0on and associated concepts. 

For this sec0on, we will conduct a literature review on the concept of value crea0on and value 

capture. We will also assess the specific aspects of value crea0on while developing new products 

by defining their dimensions and processes in detail. 

2.1  Introduction 
Many scholars (Crous and Van Wyk, 2021; Śledzik, 2013; Gokten and Gokten, 2017; Freudenreich et 

al,. 2020) argue that the concept of "value" is not theore0cally precise or empirically verified. The 

central and conten0ous issue raised is which value approach for the enterprise best contributes to 

total (aggregate) welfare (Windsor, 2017), i.e., stakeholder or agency. Furthermore, with new 

technologies redefining the space dimension of business interac0ons and the 0me frame in which 

they occur, the context of B2B connec0ons has changed dras0cally in recent years. Despite the 

academic progress on this front, the literature only par0ally captures the effects of value crea0on 

in the B2B digital context, leaving the contextual nature of value to remain ambiguous and primarily 

ar0culated at an abstract level (Corsaro & Anzivino, 2021). Addi0onally, managing value crea0on is 

challenging as it needs a micro-founda0on in context.  

2.1.1  Understanding Value Creation 

In order to be able to monitor or track or report opportuni0es for value crea0on, it is crucial to 

comprehend value crea0on. The Interna0onal Federa0on of Accountants (2023) recommends 

iden0fying, genera0ng, delivering, and maintaining Value through a management process.  

As depicted in the figure below, Value is ul0mately:  

1. Defined by customers, investors, and other stakeholders;  

2. Created by the organiza0on's purpose, strategy, and business model, considering all 

resources, capital, and rela0onships in an integrated way. 

3. Delivered to stakeholders with increasing demands and sophis0ca0on through responsible 

products and services, through new channels, at a reasonable price. 

4. Sustained by maintaining and protec0ng Value internally, as well as by appropriate resource 

alloca0on.  
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Figure 1: Understanding Value ( The Interna6onal Federa6on of Accountants, 2023) 

 

Value crea0on and its varia0ons are fundamentally management theories for businesses or, more 

broadly, for any organiza0on (Nalebuff, Brandenburger 1997; Windsor, 2017). Value in the company 

theory is a surplus or increase in someone's well-being compared to a prior situa0on. Increased 

wealth (asset value), cash flow, income, or welfare could all be indicators of such Value. A surplus 

(gain) from commerce, another transac0on, an investment, or a rela0onship is the crea0on of Value. 

Producer and stakeholder surplus maximiza0on are the two conflic0ng opera0ng philosophies. 

Increasing producer surplus (or profit), the basis for shareholder wealth in a publicly traded firm, is 

one approach highlighted in the strategic management literature (McWilliams, Siegel 2011). Central 

to the literature on stakeholders, the alterna0ve strategy stresses increasing surpluses for several 

stakeholders (Crane et al., 2015; Windsor, 2017). The mul0ple-stakeholder school of thought argues 

that there are numerous contributors to and en0tled firm beneficiaries, including owners and 

managers. However, both these theories view Value produc0on as essen0al.  

 

Scholars claim that the concept of "value" is not theore0cally precise or empirically verified. Debate 

is whether "value" is objec0ve (i.e., determined by the market) or subjec0ve (i.e., produced by 

society). (Crane et., 2014) claim that the producer value method is cri0cized as it views Value as 

objec0ve. The cri0cal ques0on is which value method for the organiza0on adds the most to overall 

(aggregate) social well-being (Windsor, 2017; Jones et al., 2016). 



 18 

2.1.2  Organization as a source of Value creation.  

Defining the source, targets, and level of analysis is necessary to answer the ques0on of how Value 

is created (Lepak, Smith, and Taylor, 2007). When an individual is the unit of analysis, the focal 

process is the crea0ve acts performed by individuals and a specific set of individual alributes, such 

as ability, mo0va0on, intelligence, and interac0ons with the environment. On the other hand, 

innova0on, knowledge development, inven0on, and management take centre stage when the 

organiza0on is the source of value crea0on.  

 

According to Porter (2011), firms can gain a compe00ve advantage by crea0ng new value through 

the inven0on and innova0on of new methods and the use of new processes, technologies, and raw 

materials. Hence, when an organiza0on is the unit of analysis, innova0on, and inven0on ac0vi0es 

impact the value-crea0on process when the organiza0on is the unit of analysis (Lepak, Smith, and 

Taylor, 2007). In this sense, Amit & Zol (2001) refer to the en0re value chain comprising the 

business's suppliers, the focal firm itself, channels and distributors, and buyers as the value system. 

In addi0on, Damanpour & Aravind (2006) suggests that crea0ve firms introduce new products or 

services or new management methods rela0ng to the products or services. As a result, every ac0vity 

that provides target users or customers with new and acceptable benefits they are willing to pay for 

is considered part of the value-crea0on process. 

 

A second stream of thought on Organisa0on as a source of value crea0on in strategic management 

examines how organiza0ons create Value by concentra0ng on how it does business, popularly 

known as Resource Based View (RBV). RBV views the corpora0on as a group of assets rather than 

an effort to surpass other companies. These resources fall into three categories: physical, human, 

and organiza0onal resources, and they include the firm's assets, competencies, procedures, 

informa0on, and knowledge. Moreover, RBV assumes that firm resource heterogeneity (as opposed 

to only that across industries or strategic groups, as in the case of posi0oning) may result in a 

durable compe00ve advantage (Abdollahi, Sadeghvaziri, and Rejeb, 2023).  

 

Along with RBV, Scholars in the field of dynamic capabili0es emphasized knowledge genera0on, 

learning, and entrepreneurship as cri0cal components in developing new advantages (Adner, Helfat 

2003). However, cri0ques of dynamic capabili0es argue that it ignores the target users' significance, 

percep0ons, desires, and alterna0ves (Lepak, Smith, and Taylor, 2007). 
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A third body of organiza0onal-level literature focuses on the methods with which new 

organiza0onal knowledge, thus Value, is produced. For example, Smith et al. (2005) discovered that 

knowledge produc0on capability was an organiza0onal-level no0on posi0vely associated with 

business innova0on and that social networks of organiza0onal members were favorably related to 

this capability (Lepak, Smith, and Taylor, 2007). 

 

A final body of literature on the organiza0on as a source of value crea0on is Strategic HRM research. 

Researchers in strategic HRM have spent much 0me analyzing how management contributes to 

value genera0on. For instance, strategic HRM research has shown that using high-investment HRM 

systems that include prac0ces that develop employee skills, increase employee mo0va0on to work 

toward organiza0onal objec0ves, and give employees the discre0on needed to take appropriate 

ac0on to achieve organiza0onal goals quickly.To this point, our discussion suggests that the user of 

Value is either within or externally of the organiza0on. While the user is central to the value-crea0on 

process, numerous targets at the organiza0onal level exist. On the other hand, each stakeholder has 

specific exper0se, objec0ves, and context-specific factors that influence the novelty and 

appropriateness of the new Value. Each stakeholder has a dis0nct perspec0ve on what is valuable. 

This posi0on is crucial because it implies that users will have various, possibly opposing, 

perspec0ves on what is worthwhile. As a result, businesses must devote 0me and resources to 

iden0fying and, to some extent, resolving these discrepancies. 

 

In summary, the value crea1on process differs based on the point of view or perspec1ve of the study. 

Therefore, any discussion of value crea1on must explicitly state the Value's intended recipient and 

the party who creates it and stands to gain from it (Heinonen et al., 2010; Ellway and Dean, 2016)) 

2.2  Product Design & Development (PD&D) and Value Creation 

2.2.1  Understanding the PD&D Process 

The product design and development process is a collabora0ve, cross-func0onal, and typically 

challenging procedure (Welo, 2011; Mascitelli, 2007). The steps and techniques businesses employ 

to develop and promote new products are referred to as the product development process by Unger 

& Eppinger (2011). Reducing product 0me to market, improving product performance, discovering 

new business opportuni0es, mee0ng customer expecta0ons, and altering the compe00ve 
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landscape are all achievable outcomes for a company u0lizing an efficient product development 

process (Ovaska, 2019; Bassani et al., 2010). 

 

Organiza0ons use product development in a variety of ways. Some businesses develop and adhere 

to a specific, well-defined process, while others need help even to ar0culate the process. Every firm 

has a unique product development process, too. The length of the product development process is 

typically expressed in months or years (Reducing product 0me to market, improving product 

performance, discovering new business opportuni0es, mee0ng customer expecta0ons, and altering 

the compe00ve landscape are all achievable outcomes for a company u0lizing an efficient product 

development process (Ovaska, 2019; Welo, 2011). Using a clearly defined product development 

process, an organiza0on can address quality assurance, coordina0on, planning, management, and 

improvement challenges. Seyng process milestones to signal the end of each step, measuring 

quality, and planning the en0re development project are only a few examples (Ulrich & Eppinger, 

2015, pp. 12-14). 

 

The figure 02 below depicts the typical product design and development process adopted from 

Ulrich & Eppinger (2015) 

 

 

 

 

 

 

 

 

 

 

 

The PD&D process may change slightly in a B2B arrangement from a B2C setup. Although the 

procedure is comparable overall, a B2B setup has some crucial stages that are very crucial. The 

discussion here below on Ulrich & Eppinger (2015):  

1. Phase 0 - Planning: Planning is where the process begins. The project's mission statement 

is to be created during the planning phase and used as input during the following phase. 

Examples of the output include corporate objec0ves and target market criteria. 

Phase 0: Planning 
Phase 1: Concept 

Development  
Phase 2: System Level 

Design 

Phase 3: Detail Tes<ng Phase 4: Tes<ng and 
Refinement 

Phase 5: Produc<on and 
Ramp=up 

Figure 2: Typical PD&D  Process. Adopted from Ulrich & Eppinger,2015  p.14) 
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2. Phase 1 - Concept Development: Crea0ng a product concept that sa0sfies the unique 

requirements of the intended business customers is essen0al in a B2B seyng. 

Understanding the client's needs, problems, and business objec0ves is necessary. The 

product concept must align with the customers' strategic objec0ves and offer a compelling 

value proposi0on. 

3. Phase 2- System-Level Design: In a B2B environment, the product design must align with 

the client's current systems and procedures. Technical viability, scalability, and 

infrastructure compa0bility are requirements for the product design. 

4. Phase 3- Detailed design: Every part of the product's geometry and materials are defined, 

including produc0on tooling. 

5. Phase 4 - Tes=ng and refinement: In a business-to-business seyng, product tes0ng is 

crucial to ensuring that the final product sa0sfies customer needs and is compa0ble with 

their systems. The product must be carefully tested in real-world circumstances to find any 

problems or faults. Incorpora0ng customer feedback into the design process is cri0cal to 

ensure the product fits the customer's needs. 

6. Phase 5 - Produc=on: Produc0on must be coordinated with the customers' deployment 

plans and business opera0ons in a B2B seyng. The product must be supplied on schedule 

and with as lille interference in the customers' business as possible. Quality control 

measures must be implemented to ensure that the product sa0sfies the clients' quality 

criteria.  

Concept development, system-level design, tes0ng and refining, and produc0on are crucial in a B2B 

setup. To create a solu0on that sa0sfies their demands and adds value, close customer collabora0on 

and a thorough grasp of their requirements and opera0ons are essen0al. Depending on their 

comments, the product must be thoroughly tested and improved to guarantee that it sa0sfies their 

needs and is compa0ble with their systems. 

2.2.2  Importance of Product Design & development (PD&D) for Value Creation 

Product design and development are essen0al elements of value crea0on as it allows companies to 

build cuyng-edge products that sa0sfy consumer needs while differen0a0ng themselves from the 

compe00on. As a result, many research scholars in Product Design and Development and Value 

Crea0on advocate that an organiza0on's cri0cal success factor and a source of compe00ve 

advantage is product design and development (Tuli & Shankar, 2015). Furthermore, digital 

technologies have completely transformed how products and Services are consumed. Technology 
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is advancing so quickly that products are becoming obsolete at an accelerated rate. Lack of effort 

on the company's part in constantly assessing its product and feedback-based evolu0on may result 

in products that are no longer in demand, reducing sales. According to Ulrich & Eppinger (2015, p. 

12), most firms will succeed if they can promptly and cost-effec0vely iden0fy client demands and 

build solu0ons that address them. 

 

Schuh et al. (2017) found that understanding clients and quickly providing solu0ons that meet their 

needs can give businesses a compe00ve edge in the market. Improved capacity for crea0ng, 

developing, and manufacturing new products is significant for manufacturing enterprises who want 

to dominate their markets. As a result, doing so entails crea0ng appealing items that meet customer 

wants while entering the market before rivals (Welo, 2011). Further, the dynamics of product 

obsolesce brought about by digital technologies make the release of newer, sophis0cated products 

func0onally irrelevant. Because that technology advances considerably more quickly than for 

physical things, this can be par0cularly difficult for digital products.  

Problems might arise due to this never-ending cycle of product obsolescence for both consumers 

and manufacturers. Nevertheless, on the other hand, manufacturers can find it challenging to keep 

up with the rate of technological advancement. In order to address this problem, some 

manufacturers are switching to more environmentally friendly business models, like crea0ng 

products with longer lifespans and providing upgrade op0ons rather than pressuring customers to 

buy new products all the 0me. Also, buyers may consider buying refurbished or used digital items, 

which may be more economical and ecologically beneficial.  

 

The main components of product design and development are knowledge crea0on and problem 

solu0ons. The goal of the product development process and its associated ac0vi0es is to generate 

informa0on and convert it into customer value (Ovaska, 2019; Macitelli 2007; Welo 2011). Product 

development involves taking risks, dealing with uncertainty, figuring out problems, and learning 

from mistakes. The environment of product development constant changes and is unpredictable 

(Sorli et al., 2010). Product crea1on is a strategy businesses use to benefit their stakeholders, 

consumers, and themselves. Exis0ng and new clients seek value and successful outcomes. Mee0ng 

customer wants and objec0ves and giving advantages is the cornerstone of product development 

and value genera0on. p. 37; Rainey, 2005). Summarised here below are some jus0fica0ons for why 

product development and design are crucial for value crea0on:  

1. Customer sa=sfac=on: When products are designed and developed effec0vely, the finished 

product meets customers' wants and expecta0ons. Customers are more likely to remain 
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brand loyal when they are pleased with the product, which boosts sales and profitability 

(Štreimikienė, Navikaitė and Varanavičius, 2019).  

2. Compe==ve advantage: Businesses can gain a compe00ve edge in the marketplace by 

designing and developing products that are dis0nc0ve, ground-breaking, and superior to 

those of rivals. This benefit may result in a more significant market share and more 

profitability (Li et al,. 2021). 

3. Increased Revenue: By introducing new products or upgrading current ones, successful 

product design and development can assist firms in genera0ng new revenue streams. 

Profitability and sales may rise as a result (Li et al,. 2021). 

4. Cost savings: Businesses can save money by iden0fying and elimina0ng process 

inefficiencies by inves0ng in product design and development. This may increase 

profitability or enable businesses to charge lower pricing for their goods (van Weele, 2010).  

5. Brand Value: A company's brand value and reputa0on can be built through successful 

product design and development. More customer loyalty, higher perceived value, and more 

expansion poten0al can all be alributed to a successful brand (Chen et al., 2022).  

Product design and development, therefore, are crucial for genera1ng value in several ways, 

including excellent brand value, compe11ve advantage, increased revenue, and cost savings. 

2.2.3  Theories and frameworks related to value creation in PD&D 

Theories and frameworks linked to value crea0on in PD&D can provide valuable insights into how 

businesses can create products that sa0sfy customer needs and preferences while also achieving 

business goals such as profitability and market share. Among the main theories and frameworks in 

this field are the following: 

1. Value proposi=on design: Value proposi0on design is a framework for developing 

compelling value proposi0ons that resonate with consumers. The framework entails 

iden0fying customer needs and preferences, the company's unique capabili0es and 

resources, and crea0ng a value proposi0on that sa0sfies these needs. Value proposi0on 

design can assist businesses in developing products that provide unique customer benefits 

while dis0nguishing themselves from compe0tors (Osterwalder, 2014). 

2. Lean product development is a method that concentrates on maximizing customer value 

while minimizing waste. Rapid experimenta0on and itera0on and a thorough grasp of 

customer requirements and preferences are cri0cal components of the approach. Lean 
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product development can assist businesses in developing products that are faster, less 

expensive, and more responsive to customer requirements (Mynol, 2012). 

3. Design thinking is a problem-solving strategy that stresses empathy, experimenta0on, and 

itera0on. Understanding client needs and preferences, genera0ng a wide range of poten0al 

solu0ons, and prototyping and tes0ng those solu0ons to iden0fy the best ones are all part 

of the approach. Design thinking can assist businesses in developing goods that are more 

user-friendly, intui0ve, and sa0sfying to use (Luchs, Swan, and Griffin 2016). 

4. Customer co-crea=on is the process of involving customers in the planning and 

development of a product. Solici0ng consumer feedback, ideas, and preferences, and 

incorpora0ng those inputs into the product design and development process, is part of the 

process. Customer co-crea0on can assist businesses in developing products that beler 

sa0sfy the needs and preferences of their customers and, ins0lling a feeling of ownership 

and loyalty in them (Pee, 2016). 

These theories and frameworks add to value crea0on in product design and development in several 

ways. For example, value proposi0on design assists businesses in developing products that sa0sfy 

the needs and preferences of their customers while dis0nguishing themselves from compe0tors. 

Lean product development enables businesses to create faster, less expensive products and more 

responsive to customer requirements. Design thinking assists businesses in developing goods that 

are more user-friendly, intui0ve, and sa0sfying to use. Finally, customer co-crea0on assists 

businesses in developing products that beler meet the requirements and preferences of their 

customers, as well as ins0lling a feeling of ownership and loyalty in them. 

 

These theories and frameworks, despite their differences, share some similar elements. They all, for 

example, stress the importance of knowing customer requirements and preferences and the need 

for rapid experimenta1on and itera1on. In addi0on, they all stress the significance of developing 

products that provide customers with unique value while mee1ng business goals such as profitability 

and market share. Companies can create products more likely to thrive in the market by 

incorpora0ng these common themes into their product design and development processes. 

2.3  Factors influencing value creation in PD&D 

Various internal and external variables impact value crea0on in PD&D, including organiza0onal, 

market, and technological factors. These factors impact companies' ability to develop products that 
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sa0sfy customer needs and preferences while mee0ng business objec0ves like profitability and 

market share. 

1. Organiza=onal factors: Organiza0onal factors, such as organiza0onal culture, resources, 

and skills, can have a significant impact on value crea0on in product design and 

development. For example, a culture of innova0on and experimenta0on can enable the 

development of products that meet customer needs and preferences. In contrast, a culture 

of risk aversion and complacency can s0fle innova0on and result in product development 

that does not meet customer needs. Similarly, access to resources such as funding, talent, 

and technology can allow businesses to invest in product design and development ac0vi0es 

that add value to customers and the business. In contrast, a lack of resources can limit a 

company's ability to do so (Niu, Jiang, Geng and Jiang, 2021). 

2. Market factors such as compe00on, customer requirements, and trends can all affect value 

crea0on in product design and development. For example, intense compe00on in a specific 

market can drive businesses to develop products that dis0nguish them from compe0tors 

and provide unique value to customers. Similarly, understanding customer needs and 

preferences allows companies to develop products that sa0sfy those needs and 

preferences, whereas failing to understand customer needs can result in developing 

products that fail in the marketplace (Niu, Jiang, Geng and Jiang, 2021). 

3. Technological Factors: Technological variables such as the tools and technologies used in 

product design and development can also influence value crea0on. For example, advanced 

technologies such as virtual reality and 3D prin0ng can enable companies to create more 

innova0ve, efficient, and cost-effec0ve products. In contrast, lacking access to such 

technologies can limit a company's ability to create value in product design and 

development (Mu, Wang and Song, 2022). 

Finally, value crea0on in product design and development is affected by various internal and 

external factors that interact in complicated ways. Companies can create products that meet 

consumer needs and preferences while achieving business goals such as profitability and market 

share by understanding these factors and how they interact (Niu, Jiang, Geng and Jiang, 2021). 

2.4  Value Creation & Digital technologies 
In the B2B seyng, digitaliza0on has sped up the interac0ons between prospects and clients. For 

example, business clients expect delivery of product offerings much quicker than in the past, oqen 

establishing communica0on with suppliers through real-0me social media. As a result, the 

tradi0onal approach to seeing suppliers in person is almost reduced to null or undertaken only 
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during the laler stages of the sales funnel (Corsaro, 2019). The sharp growth in adop0ng digital 

technologies in the B2B sector affects the business interac0ons between customers and suppliers, 

the broader ecosystem, and the value crea0on process. Companies must choose how to use 

resources in such a complex set of business interac0ons because they can have direct or indirect 

effects on all business 0es (Ostendorf et al., 2014).  

 

New value crea0on in B2B is enabled by a range of  digital technologies (Rindfleisch et al., 2017). 

Digital technologies are assets used for co-crea0on in B2B, allowing suppliers and customers to 

share the uncertainty of their interdependent commercial rela0onships, according to Ehret and 

Wirtz (2017). Furthermore, according to Bolton et al. (2018), changes in the physical, social, and 

digital spheres caused by digital transforma0on increased demand for value crea0on through 

customized customer experiences, including B2B, resul0ng in the design, delivery, and development 

of new integrated value proposi0ons that would promote good firm performance and support 

tradi0onal ac0vi0es (Corsaro & Anzivino, 2021). 

 

Some literary studies about digital technologies and value crea0on in the B2B setup are summarised 

hereaqer. The effect of virtual reality on B2B buyers' percep0ons of value-in-use is discussed by 

Boyd and Koles (2019). Virtual reality altered value-in-use percep0ons, which affected several 

dimensions of value crea0on in buyer-supplier rela0onships, including knowledge complexity, social 

complexity, and job complexity (Corsaro & Anzivino, 2021). According to Singh et al. (2019), B2B 

organiza0ons are increasingly using AI technology to support value crea0on from the viewpoint of 

salespeople. Big data generates value by u0lizing the informa0on produced by upstream, 

downstream, and horizontal trading partners to iden0fy opportuni0es (Barbosa et al., 2018). In 

addi0on, big data enables mutually beneficial decisions with analy0cs (Wieland et al., 2016) and 

provides insight into customers' purchasing inten0ons by tracking their online browsing behaviors. 

As a result, they can have numerous advantages in B2B, including raising profit margins, promo0ng 

evidence-based management, simplifying bureaucra0c hassles, and spoyng new company 

prospects (Jarvinen & Karjaluoto, 2015; Wang & Hajli, 2017; Corsaro & Anzivino, 2021). 

 

Digital exchanges impact the intricate connec0ons between suppliers, purchasers, and 

intermediaries in today's B2B seyngs, as claimed by the scholarly work of Turkle (2017) and Yadav 

& Pavlou (2014). According to this ecosystem perspec0ve, third par0es, such as business user 

communi0es, can contribute significantly to value crea0on (Kohtamaki & Rajala, 2016); 

nevertheless, they also raise the coordina0on problem. For example, Pagani and Pardo (2017) 
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discussed coordina0on in the context of digital B2B, focusing on how digital technology influences 

value crea0on in the interac0ons among actors and emphasizing resource integra0on between B2B 

and B2C rather than dis0nct and separate value co-crea0on contexts (Corsaro & Anzivino, 2021). 

 

Several authors Brodie et al., 2019; Vargo & Lusch, 2016; Pathak, Ashok and Leng Tan, 2022 have 

inves0gated the conceptualiza0on of value crea0on; however, understanding value crea0on has 

received less focus considering the significant transforma0on of the B2B context due to 

digitaliza0on. Digital innova0on in B2B involves the focus organiza0on and the en0re ecosystem, 

demanding improved coordina0on and synchroniza0on with all stakeholders (Bharadwaj & Shipley, 

2020). Further, newer technologies like Digital Twin have received even lesser alen0on from the 

value crea0on perspec0ve in a B2B seyng. Therefore, the thesis aims to understand how digital 

twins create value in today's digitally connected corporate environment during product design and 

development.   

2.5  Summary of the chapter 
The process of genera0ng value for stakeholders through developing and delivering goods, services, 

and processes is value crea0on. The goal of value crea0on is to generate revenue and profit for the 

company while also providing value to customers, employees, and other stakeholders. From the 

customer's perspec0ve, value crea0on is about mee0ng their needs and desires as effec0vely and 

efficiently as feasible.  

Product design and development are essen0al from the standpoint of value crea0on because they 

are cri0cal components in delivering value to customers. Iden0fying consumer needs, crea0ng 

product specifica0ons, developing prototypes, and tes0ng the product to ensure it fulfils customer 

requirements are all part of product design and development. This procedure ensures that the 

product is designed and developed to meet the requirements and desires of the consumer while 

also being efficient and cost-effec0ve to manufacture. Furthermore, Product design and 

development that is effec0ve can also assist organiza0ons in differen0a0ng themselves from rivals, 

resul0ng in a compe00ve advantage that can lead to increased market share and revenue. It can 

also assist organiza0ons in lowering costs by finding and removing inefficiencies in the design and 

development process. 

Value crea0on theories and frameworks in product design and development are closely related and 

seek to provide a structured approach to crea0ng customer value. Some crucial models are design 

thinking, Lean Start-up, and Value Proposi0on Canvas. Understanding customer requirements, 
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itera0ng on design and development, and delivering value through customer-centric solu0ons are 

all emphasized in these frameworks. All these frameworks essen0ally highlight the importance of 

crea0ng products that sa0sfy customer requirements and desires cost-effec0vely and efficiently.  

The sharp growth in adop0ng digital technologies in the B2B sector affects the business interac0ons 

between customers and suppliers, the broader ecosystem, and the value crea0on process. From the 

value crea0on perspec0ve, digital technologies primarily enable new value genera0on in B2B 

(Rindfleisch et al., 2017). By enabling businesses to create a virtual replica of their physical assets, 

products, and processes, digital twin technology transforms value crea0on. In addi0on, this 

technology allows for real-0me monitoring and analysis, which improves product design, increases 

efficiency, improves user experience, and allows for predic0ve maintenance. As a result, digital twin 

technology is changing how businesses generate value by op0mizing their assets, products, and 

processes. 

Several authors have inves0gated the conceptualiza0on of value crea0on; however, understanding 

value crea0on has received less focus considering the significant transforma0on of the B2B context 

due to digitaliza0on. Digital innova0on in B2B involves the focus organiza0on and the en0re 

ecosystem, demanding improved coordina0on and synchroniza0on with all stakeholders 

(Bharadwaj & Shipley, 2020). Further, newer technologies like Digital Twin have received even lesser 

alen0on from the value crea0on perspec0ve in a B2B seyng. Therefore, the thesis aims to 

understand how digital twins create value in today's digitally connected corporate environment 

during product design and development.   

In the subsequent chapter, we shall discuss the concept of digital twin and related aspects for 

product design and development.   



 29 

3  Digital Twin (DT) 

This chapter presents the concept of Digital twins (DT) & background, the Conceptual defini0on of 

DT, Value-crea0on opportuni0es, and Challenges & limita0ons of DT related to PD&D. 

3.1  Introduction 
The idea of a "digital twin" emerged in 2002 during a University of Michigan presenta0on to the 

industry for establishing a product lifecycle management (PLM) centre (Kruger et al., 2021). 

However, the idea was only fully realized in 2017 (Grieves, 2016). A digital twin's core idea is a 

dynamic digital representa0on of a physical system that includes the system's past and present 

ac0vi0es and aids performance op0miza0on (Vohra, 2022). The digital twin can establish a 

connec0on between the physical world (Fait and Mašek, 2023) and the virtual world. It is based on 

extensive, collec0ve real-0me measurements taken across various dimensions, allowing changes to 

the system's produc0on design or manufacturing process (Pyne, 2021). For example, a product's 

digital twin can give it a complete digital footprint, allowing for earlier physical issue iden0fica0on, 

more precise behaviour forecasts, and improved product quality. (Parrol, Warshaw 2017). As seen 

in Figure 3, the primary components of a digital twin are real space, virtual space, the link for 

informa0on flow from real to virtual, the link for informa0on flow from virtual to real, and virtual 

sub-spaces. In other words, a system can be referred to as a digital twin if it possesses all of the 

aforemen0oned characteris0cs. The convergence of systems between physical and digital spaces 

has resulted in the emergence of two dis0nct spaces - the actual and the virtual. The actual space 

refers to the pre-exis0ng physical system. In contrast, the virtual space is the new digital system that 

houses all the behavioral and informa0onal data of the physical system (Pyne, 2021). 

 

 

 

 

 

 

Popularly acknowledged in the academic world, Digital twins are virtual representa0ons of actual 

systems, processes, or products that imitate how they operate in the real world. The significance of 

digital twins for product design and development can be understood from the fact that the concept 

Real Space Virtual Space 

Figure 3: Concept of DT 
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has emerged from the requirement to combine diverse data in real 0me to comprehend how various 

environmental and performance variables interact (Vohra, 2022). The ability to an0cipate how 

products would perform in specific scenarios becomes possible with the digital twin. Addi0onally, 

digital twins filled the knowledge gap leq by sensor systems regarding how various parameters 

interact to affect performance. With all the data centralized and 0me-synchronized, finding 

rela0onships between the data was no longer complicated; instead, computa0onal resources were 

simply directed toward the issue. As a result, design teams that use digital twins trade insights rather 

than data more frequently. In this manner, the connec0ons between product concepts and their 

commercial success immediately become evident. In addi0on, once the digital twins are 

constructed, data con0nuously flows into one system from several sources. This enables design & 

development teams to work together on the same project and comprehend how design 

modifica0ons may affect variables outside their exper0se. 

In the subsequent discussion, the author intends to present the background, history of the digital 

twin, how digital works (technological underpinnings) and finally the benefits of digital twin for 

PD&D. 

3.2  History of Digital Twin (DT) 
As stated above, Michael Grieves first presented the idea of a digital twin in 2003 (Agrawal, Fischer 

and Singh, 2022). Grieves described a conceptual model that included the data flow between a 

virtual system that simulated a physical system. The idea was to use technology to enable 

sophis0cated analysis while preserving physical resources throughout product development 

procedures. Many researchers claim this whitepaper on the subject, which served as the basis for 

addi0onal research, was a significant turning point in developing the digital twin. The use of digital 

twins has steadily expanded outside of the military and aerospace industries, to almost every scale 

from atoms to planets (Falk, Sandén 2020).  

Important milestones in the history of digitaliza0on and the digital twin have been visualized in 

Figure 4 below (Qi and Tao, 2018). 

 
Figure 4: History of DT, adopted from Qi et al. (2019) 
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3.3  Definition of Digital Twin (DT) 
 

Trauer et al. (2020) argue that the concept of a digital twin is interpreted differently in industry and 

academia. As per some defini0ons, it refers to a virtual representa0on or model that interacts with 

the physical system throughout its life cycle. This defini0on is supported by various experts in the 

field (Grieves & Vickers, 2017; Glaessgen & Stargel, 2012; Semeraro et al., 2021). Alterna0vely, other 

defini0ons require the exchange of informa0on, such as data, sensors, and models, between the 

virtual model and physical system (Lee et al., 2013; Negri et al., 2017; Semeraro et al., 2021).  

 

Due to the diverse ways that the term "Digital Twin" is used across fields, Fuller et al., (2020) 

proposed classifying the Digital twins based on the flow of informa0on as follows: 

 

• Digital model: Manual data transfer between physical and digital objects and between 

digital and physical objects (Fuller et al., 2020; Sandtveit, 2020). 

 

 

 

 

 

 

 

 

 

• Digital shadow: Direct data transfer from a physical object to a digital object and manual 

data transfer from a digital en0ty to a physical object are examples of digital shadow (Fuller 

et al., 2020; Sandtveit, 2020). 

 

 

 

 

 

 

 

 

Physical System 
Virtual System 

Manual informa<on flow.     -------------- Automated informa<on flow.      

Figure 5: Informa6on flow in a digital model; Adopted from (Fuller, Fan, Day and Barlow, 2020) 

Physical System 
Virtual System 

Manual informa<on flow.     -------------- Automated informa<on flow.      

Figure 6: Informa6on flow in Digital Shadow; Adopted from (Fuller, Fan, Day and Barlow, 2020) 
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• Digital twin: Direct data transfer from the physical object to the digital object and from the 

digital object to the physical object is known as a digital twin (Fuller et al., 2020; Sandtveit, 

2020). 

 

 

 

 

 

 

 

 

 

 

This thesis examines DT enabled PD&D from the perspec0ve of value crea0on, and therefore there 

is a need to contextualize the defini0on applicable to the research. Leading researchers in the field 

of digital twins argue that there are three literary approaches, namely the tradi0onal method and 

the applica0onal and conven0onal approach, that produce various defini0ons, with influences from 

informa0on science, produc0on engineering, data science, and computer science.  

 

Some of the widely acknowledged defini0ons of the digital twin, the strategic emphasis of the 

author, and applicability from the thesis perspec0ve is summarised and placed in Appendix A. 

Indeed, the diverse use cases connected with the Digital Twin field & the underlining research 

interest or emphasis of the study have resulted in a wide range of defini0ons. It will be correct to 

posit that such a diverse range of defini0ons will confuse researchers and risk weakening the 

concept while limi0ng its capacity to realize its intended benefits. In view of the same and from the 

perspec0ve of this thesis, a generalized categoriza0on of the concept is proposed by the author as 

below.  

1. Func=on-based approach: In this method, a digital twin is defined as a tool that performs 

a specific func0on or collec0on of func0ons, such as real-0me monitoring, modelling, or 

predic0ve maintenance. This approach frequently focuses on the benefits of digital twins 

for specific use cases or sectors (Broo and Schooling, 2021). 

2. Replica=on-based approach: A digital twin is a virtual clone of a physical asset or system, 

emphasizing the necessity of precision and consistency between the digital twin and its 

Physical System 
Virtual System 

Manual informa<on flow.     -------------- Automated informa<on flow.      

Figure 7: Informa6on flow in Digital Twin; Adopted from (Fuller, Fan, Day and Barlow, 2020) 
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physical counterpart. This approach to defini0on frequently emphasizes the poten0al for 

digital twins to improve product design and eliminate the requirement for physical 

prototyping (Wagg et al., 2020). 

3. Integra=on-based approach: A digital twin is a mix of many technologies, such as IoT 

sensors, data analy0cs soqware, and cloud compu0ng, that work together to produce a 

virtual model of a physical system. This defini0on method frequently emphasizes the 

significance of integra0on and interoperability across different components of a digital twin 

(Wagg et al., 2020). 

4. Approach-based on evolu=on: In this approach, a digital twin is defined as a tool that 

changes through 0me, incorpora0ng new data and learning from experience to enhance 

accuracy and performance. This approach's defini0ons frequently emphasize the poten0al 

for digital twins to enable con0nual development and op0miza0on of products and 

processes (Wagg et al., 2020) 

This categoriza0on will be further evaluated from the perspec0ve of product design and value 

crea0on to arrive at a conceptual defini0on of the digital twin applica0on of this study. 

3.4  How Digital Twin works: Technological Underpinning 
Researchers and industry have constructed and employed mathema0cal models of real-world 

objects for many years (Dohrmann et al., 2019; Falk, Sandén, 2020). However, these models have 

become increasingly complicated, and the advancement of intelligent technology has connected 

real offline things to virtual models. Since Grieves first proposed the concept of a digital twin, 

intelligent technology has advanced drama0cally, making digital twin solu0ons far more realis0c 

(Tao et al., 2019). IoT, AI, big data analy0cs, ML, CPS, and cloud compu0ng have been cited as 

significant technological concept advancements for intelligent technology. Genera0ng a virtual 

counterpart of a physical product or system is known as digital twin technology. It can be used in 

product development to mimic and op0mize a product's behaviour in the virtual world before it is 

constructed in the physical world. The following intelligent technologies are employed in digital twin 

for product design and development: 

1. Internet of Things (IoT): IoT sensors can be integrated into physical products to collect real-

0me data on their performance and behaviour. This informa0on can then be u0lized to build 

an exact digital twin. 

2. Ar=ficial Intelligence (AI): AI algorithms can be used to analyse data collected by IoT sensors 

and generate a model that accurately depicts the physical product's behaviour. 
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3. Cloud compu=ng systems can store and handle the massive amounts of data required to 

construct and maintain a digital twin. 

4. Augmented Reality (AR): AR technology can be u0lized to visualize the digital twin in the 

physical world, allowing designers and engineers to engage more intui0vely with the virtual 

product. 

5. 3D Prin=ng: Prototypes based on the digital twin may be created Using 3D prin0ng 

technology, allowing for faster itera0on and tes0ng. 

6. Simula=on socware can be used to generate accurate simula0ons of actual products and 

test their behavior under various scenarios. 

Digital twin technology can give a vital tool for product design and development by harnessing these 

intelligent technologies, allowing for speedier prototyping, tes0ng, and op0miza0on of items before 

they are manufactured in the actual world. Figure 08, adapted from the study undertaken by Lo, 

Chen, and Zhong (2021), depicts the element of product design and enabling intelligent 

technologies. 

 

 
Figure 8: Elements of Product Design using DT and Enabling technologies (Adopted from Lo, Chen, and Zhong (2021) 
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A digital twin has various dimensions in terms of product design, including geometric, material, 

func0onal, and behavioural elements. Geometric dimension refers to the product's 3D geometry 

and topology, which can be captured using computer-aided design (CAD) soqware and u0lized to 

generate a virtual model. The physical quali0es of the materials used in the product, which may be 

represented using finite element analysis (FEA) and other simula0on techniques, are referred to as 

material dimension. The func0onal dimension refers to the product's expected func0onali0es and 

interdependencies, which can be described using func0onal analysis and system engineering tools 

(Kholopov, Antonov, Kurnasov and Kashirskaya 2019). Finally, the behavioural dimension of a 

product refers to its dynamic behavior under various opera0ng situa0ons, which can be represented 

using physics-based modeling, data analy0cs, and machine learning. 

3.5  Digital Twin enabled PD&D 

In this sec0on, we intend to examine various PD&D stages using DT. At the onset, the crea0on of DT 

for product design seeks to offer details on crea0ng DT for products. 

 

Conceptual Design 

Regarding product design, the ini0al stage is the conceptual design, considered the most cri0cal 

step (Q. et al., 2018). In order to create a strong design concept, designers must consider a wide 

range of data, informa0on, and knowledge from different sources, such as the market, customers, 

manufacturing, and internal par0es. This includes virtual factors, such as model building, historical 

data, customer reviews, and feedback, and physical factors, such as func0on defini0on, aesthe0c 

design, market compe00on, and investment strategy. These factors provide various data for concept 

genera0on and improved communica0on between the client and the designers through DT (Tao et 

al., 2018). Moreover, designers can u0lize the product's Middle of Life (MOL) data and informa0on, 

such as customer feedback and product performance, to develop fresh design ideas (Schleich et al., 

2019). 

 

Zheng et al. (2019) proposed a value co-crea0on idea that encourages users to par0cipate in the 

prototype tes0ng stage. DT is used to develop virtual models that can be examined for poten0al 

product innova0ons by incorpora0ng user informa0on (Zheng et al., 2019). Ma et al. (2019) 

suggested a framework for DT-enhanced human-machine interac0on during the product lifecycle. 

This framework concentrates on the product-designer interac0on during the conceptual design 
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phase. With the help of AR/VR technology, designers can visualize, interact and manipulate the 

virtual model in a simulated environment (Ma et al., 2019; Lo et al., 2021). Illmer et al. (2019) 

created a virtual design method to provide a geometric query between virtual process twins. This 

enables users to create virtual processes with resource references during the ini0al stages of 

produc0on engineering design without extensive knowledge of the product structures (Lo, Chen 

and Zhong, 2021). 

 

Detailed Design 

The detailed design phase of product development involves considering various elements, including 

product func0on, performance, material quali0es, and manufacturing processes, with the 

involvement of mul0ple par0es. Cheng et al. (2020) proposed a mechanism enabled by DT that 

gathers market requirements and user reviews to enhance product draqs. Huang, Wang, Yan, and 

Fang (2020) argued in favor of u0lizing a blockchain-based data management strategy to enhance 

data exchange and monitoring during the product lifecycle for product DT. Designers can improve 

the detailed design by using the method proposed by Huang et al. (2020) based on the current state 

of the product lifecycle. 

 

Gusev et al. (2018) presented an op0miza0on strategy using DT to simulate and op0mize parameter 

selec0on at the system, func0on, and structural levels, using Unmanned Aerial Vehicle (UAV) 

development as a case study. Xiang et al. (2019) developed a DT-driven green material op0mal 

selec0on (GMOS) approach for choosing the best material for design. The proposed DT model can 

simulate, op0mize, and itera0vely compare an0cipated and expected alributes for candidate 

materials. Involving users in product development is a crucial component. Crea0ng a physical 

prototype or reference model is necessary to establish a DT for tes0ng and gathering essen0al 

design data (Lo et al., 2021).  

 

Design Verifica=on 

Designers put much effort into catching any poten0al issues early in the development process. It is 

no easy task, but there is a recommended method that can help make it easier - Digital Twin 

technology. According to Detzner and Eigner (2018), this technology allows for root cause analysis 

and quality monitoring, which can help detect and prevent issues before they become significant 

problems. Groen et al. (2018) also studied using Digital Twin technology for product design. Their 

flexible material model demonstrated how internal stress could affect product shape, and the 

results were accurate and helpful. This technology can also save 0me by allowing simula0ons to be 
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launched in a virtual space, as Patrikeev et al. (2017) demonstrated. Digital Twin as a digital 

prototype can enhance collabora0on and help visualize the final product. Digital Twin technology is 

a valuable tool for designers, making their work more accessible and efficient. 

Redesign 

DT presently offers an excellent opportunity for developing new concepts and valuable data for 

enhancing and redesigning products. To create product-level DT, Zheng and Sivabalan (2020) 

proposed a digital model to imitate real-world events using digital, computa0onal, and graph-based 

models. The study u0lized a computa0onal model for real-0me data for the system condi0ons; a 

graph-based model provided details about the rela0onship between the environment and the 

system. Furthermore, the digital model simulated the real-0me world experience. Put together; 

these models enabled the design & redesign of the products. 

Tao et al. (2018) introduced a product design framework to facilitate redesigning exis0ng products. 

The framework involves con0nuously collec0ng, analysing, and storing physical data in a virtual 

environment. This data can then be used to op0mize the design process or improve exis0ng 

procedures (Lo et al., 2021). 

3.6  Benefits of using Digital Twin (DT) in PD&D  

Armstrong (2020) argues that digital twins aid in the product design and development (PD&D) by 

helping to increase their effec0veness, quality, and safety. Some factors that illustrate the 

significance of digital twins in product design & development are summarised below. 

 

1. Predic=ve Maintenance: Using digital twins, designers may monitor a product's 

performance in real 0me and foresee when maintenance or repairs would be necessary. By 

doing this, they can lessen down0me and the chance of malfunc0ons or breakdowns 

(McMahon, 2022). 

2. Cost Savings: Digital twins may lead designers to test and improve products in virtual 

seyngs without building physical prototypes., thus allowing the designers to spot design 

defects at an early stage of development, lowering the likelihood of expensive redesigns or 

product recalls (Kowalski, 2021). 

3. Beeer Quality: By replica0ng a product's performance in real-world scenarios, digital twins 

can assist designers in seeing possible problems and perfec0ng designs for higher quality 

and dependability (White, 2021).  



 38 

4. Enhanced Safety: Digital twins allow designers to test items in perilous or extreme 

circumstances without jeopardizing workers' lives or causing equipment damage 

(McMahon, 2022). 

5. Design efficiency: By simula0ng many design possibili0es and analysing their performance 

using digital twins, designers may speed up the design process and decrease 0me-to-market 

(Armstrong, 2020). 

Overall, digital twins give designers a potent tool to increase product effec0veness, effec0veness, 

and safety while cuyng costs and 0me to market.  

3.7  Literature review on the use of DT in PD&D 

From the perspec0ve of the thesis research aim, the researcher divides the literature survey into 

two major sub-themes. They contribute significantly to the subsequent research process by 

suppor0ng the research ques0ons, ensuring a beler grasp of the research area, and providing a 

solid background on Digital Twin and Product Design and Development. These are the subthemes: 

 

• Digital Twin 

• Product Design and Development 

 

Before delving deeper into the literature in this field, it is necessary to define the strategy used to 

choose suitable sources to use as references for the research. Keywords such as digital twin, digital 

twin product design, and digital twin product development are used to search for ar0cles. The digital 

twin technology is a novel concept that has witnessed mul0-fold interest in the past decade, and 

the researcher placed a period between 2017 and 2023 to access the most recent literature on the 

topic. The papers come from Scopus and Web of Science. Peer-reviewed journal ar0cles and 

conference papers published in English are considered for the study.  

 

The leading businesses' industrial cases and white papers are also collected and reviewed for 

prac0cal insight. This literature evalua0on intends to find Digital Twin trends in product design & 

Development, figure 9 below summaries the steps  followed in the review of literature 
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The number of papers on product design and Development with digital twins is uncommon. 

However, with the search string ("digital twin" OR "digital twin product design" OR "digital twin 

product development" (Abstract) and "product design" OR "product development" (All Fields)) in 

the Web of Science, the criteria for the ar0cle and the publica0on excluding open access ar0cles, 

the search resulted in the collec0on of 56 papers which were taken for further screening & analysis.  

 

 

Aim of Lit Review 

Sources 

Search Terms 

Document Types 

Screening  

  

Classifica3on 

  

• Summarise the current research on DT for PD&D. 
• Evaluate limita3ons of DT for PD&D 

• Academic Databases 
o Web of Science 
o Scopus 

• Internet Search - Google 

• Keywords: “digital twin”, “digital twin product 
design”, and “digital twin product development” 

• Scope: Title & Abstract 
• Language: English 
• Search Period: 2017 to 2023 

• Peer-viewed Journal Ar3cles 
• Conference Papers 
• Industrial cases & white papers 

•  Review of the ar3cle 3tle and abstract and 
retained ar3cle pertaining only to PD&D. 
Excluded other ar3cles focusing on rest of 
product life, Open access 

•  The literature are classified by  
o Research area 
o Stages of PD&D 

Figure 9: Summary of Lit. review 
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The pie chart (figure 10) below depicts break-up of the ar0cles based on the field of study 

 

 
Figure 10: Distribu6on of the ar6cles 

 

Further, the collec0on of 56 ar0cles was screened for the papers that address the Digital Twin in 

product design & manufacturing. This resulted in the narrowing of the collec0on to 28 ar0cles.  

 

The table place below in appendices (Appendix B) list these ar0cles that were taken for further 

studies based on the final classifica0on based on the research area & PD&D stages, key insights from 

the ar0cle and assessment from value crea0on perspec0ve.  

3.8  Findings on the effectiveness of DT in PD&D 
 

Though the number of ar0cles explicitly inves0ga0ng Digital twin technology for product design & 

development is minuscule in comparison to other aspects of Product Life, almost all researchers 

studied in this literature review argue that Digital twin has emerged as a powerful tool for product 
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design and development, providing a variety of advantages such as increased efficiency, lower costs, 

and increased innova0on. Several ar0cles (discussed in the table above) have examined the 

poten0al of digital twin technology for product design and development, each providing dis0nct 

insights into its applica0ons and limita0ons. 

 

One important takeaway from these ar0cles is the poten0al for digital twin technology to allow 

more efficient and effec0ve product design and development. According to Van Der Auweraer et al. 

(2020), digital twin technology can enable simula0on and tes0ng, allowing for more accurate and 

effec0ve product design. In addi0on, Dong et al. (2021) contend that digital twin technology can 

facilitate root cause analysis and solu0on discovery, resul0ng in more effec0ve product redesign. 

 

However, these ar0cles highlight several study gaps in value-crea0on opportuni0es for digital twin 

technology in product design and development. One such gap is the possibility for digital twin 

technology to allow new business models or revenue streams. For example, according to Fukawa et 

al. (2021), digital twin technology can enable more advanced services and customized solu0ons, 

leading to new possibili0es for value crea0on. The papers reviewed here, however, do not provide 

specific examples of how these novel business models or revenue streams might be realized. 

Another study gap is the need for a more in-depth examina0on of the challenges associated with 

adop0ng digital twin technology in product design and development. For example, Lin et al. (2021) 

emphasize the importance of data security, privacy concerns, and advanced analy0cs capabili0es. 

Again, however, the papers reviewed here do not detail these implementa0on issues. 

 

To summarize, while the ar0cles discussed here provide valuable insights into the poten0al of digital 

twin technology for product design and development, more study is required to explore its value-

crea0on opportuni0es thoroughly. This includes a more thorough examina0on of the poten0al for 

new business models and income sources and a more in-depth examina0on of the challenges 

associated with puyng digital twin technology into prac0ce. Finally, digital twin technology is 

promising to improve product design and development, but more study is required to realize its 

poten0al fully.  
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3.9  Comparison of DT with other digital design tools 

Digital design tools have grown in popularity in various sectors in recent years. From the perspec0ve 

of value crea0on opportuni0es for Digital Twin in Product Design and Development, it is crucial to 

benchmark it with other established digital design tools. This sec0on will contrast Digital Twin 

technology with other digital design tools such as CAD soqware, simula0on soqware, virtual reality 

(VR), and augmented reality (AR).  

 

For decades, CAD soqware has been used to make 2D and 3D models of products and systems. It 

enables designers to create accurate and detailed designs and evaluate their func0onality before 

the physical product is built. However, while CAD soqware allows designers to visualize designs in 

3D, it does not allow for the simula0on of real-0me interac0ons between the object and its 

surroundings. On the other hand, Digital Twin technology produces a virtual replica of a physical 

product that can be linked to real-world data to simulate its behavior and performance. As a result, 

prac00oners of Digital Twin technology advocate that digital twin technology offers a more accurate 

representa0on of the object than CAD soqware. 

 

Another digital design tool that has been used for years to evaluate the performance of products 

and systems is simula0on soqware. It enables designers to try their designs in a virtual seyng before 

construc0ng them physically. Unfortunately, although simula0on soqware can provide valuable 

insights into the behavior and performance of products under various circumstances, it is limited in 

its ability to replicate real-world scenarios accurately.  

 

Tools for virtual reality (VR) and augmented reality (AR) are rela0vely recent addi0ons to the digital 

design toolbox. They enable designers to visualize and engage with products and systems in a virtual 

world. However, while VR and AR tools offer a more immersive and interac0ve experience than 

other digital design tools, their ability to accurately replicate real-world situa0ons is limited. On the 

other hand, Digital Twin technology can simulate the behavior of goods and systems in real-0me 

using data from sensors and other sources, thus offering an advantage over VR & AR and simula0on-

based design.  

 

While CAD soqware, simula0on soqware, virtual reality (VR), and augmented reality (AR) tools have 

been helpful in the past, their ability to accurately represent the product and its performance in the 

real world is limited. Digital Twin technology offers a more accurate and realis0c representa0on of 
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the product, allowing designers to op0mize its performance while reducing product development 

0me and cost. 

 

Digital Twin technology also poses some challenges for product design and development compared 

to these digital design tools (Abhijeet & Sunil, 2021). For example, data availability and accuracy are 

among Digital Twin technology's most significant obstacles (Li et al., 2020). To correctly simulate the 

behavior and performance of a physical product, Digital Twins require real-0me data from sensors 

and other sources. This data, however, may not always be accessible or may be inaccurate, resul0ng 

in inaccurate simula0ons and subop0mal product design. 

 

The complexity of the models needed to simulate the behavior and performance of a physical 

product correctly is another challenge for Digital Twin technology (Lee et al., 2015). Crea0ng models 

can be 0me-consuming and resource-intensive, necessita0ng specialist knowledge and tools. Firms 

can overcome this issue by inves0ng in training and development of their design and engineering 

teams to work with Digital Twin technology and advanced simula0on and modeling tools to 

automate and streamline the modeling process. 

 

Integra0ng Digital Twin technology with current design and development workflows is another 

challenge (Abhijeet & Sunil, 2021). Many businesses have established design and development 

methods that may make using Digital Twin technology difficult. As a result, data and processes may 

become siloed, limi0ng the efficacy of Digital Twins in op0mizing product design and development. 

Therefore, businesses must create strategies for incorpora0ng Digital Twins into current design and 

development workflows, such as incorpora0ng Digital Twin models into CAD and simula0on 

soqware or crea0ng custom applica0ons u0lizing Digital Twin data to address this issue. 

 

Finally, firms can overcome the challenges that Digital Twin technology presents by inves0ng in 

beler data collec0on and analysis systems (Li et al., 2020), training and developing their design and 

engineering teams (Lee et al., 2015), and developing strategies for integra0ng Digital Twins into 

exis0ng design and development workflows (Abhijeet & Sunil, 2021).  



 44 

3.10  Managerial issues and challenges in using Digital Twin for product 

design and development 

Digital Twin technology in product design and development allows firms to op0mize design, 

performance, and maintenance through real-0me simula0ons of physical goods. However, adop0ng 

Digital Twin technology raises several managerial issues and challenges that businesses must handle 

to reap the benefits. 

 

One of the most significant managerial challenges businesses face is the need to develop new skills 

and capabili0es to successfully work with Digital Twin technology (Scharf et al., 2021). Digital Twin 

technology necessitates knowledge of several fields, including data analy0cs, simula0on and 

modeling, and soqware development. As a result, firms may need to invest in training and 

development programs to ensure that their teams have the necessary skills and knowledge to work 

successfully with Digital Twin technology. 

 

Another managerial challenge is integra0ng Digital Twin technology into current design and 

development workflows (Huq et al., 2020). This may necessitate changes to exis0ng processes and 

systems to support the use of Digital Twins and the development of new tools and planorms for 

data management and analysis. Firms must also devise strategies for collabora0ng and sharing data 

across different teams and departments to effec0vely incorporate Digital Twins into product design 

and development. 

 

Another challenge is managing the intricacy of Digital Twin models (Liu et al., 2019). Digital Twin 

models can be complex, requiring substan0al computa0onal power and exper0se to develop and 

manage. As a result, businesses may need to invest in specialized soqware and hardware 

infrastructure and create processes for maintaining and upda0ng these models over 0me to support 

the PD&D using Digital Twins. 

 

Finally, when using Digital Twin technology, businesses must consider data protec0on and security 

(Müller et al., 2020). Digital Twins require real-0me data from sensors and other sources to simulate 

physical goods correctly. This data may contain sensi0ve details about a device's design, 

performance, and maintenance. To avoid unauthorized access or use, businesses must create 

strategies for securing and protec0ng this data. 
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Finally, the acquisi0on of new skills and capabili0es, the incorpora0on of Digital Twin technology 

into current workflows, the management of the complexity of Digital Twin models, and the 

protec0on of data privacy and security are the managerial challenges faced by firms. However, firms 

can effec0vely use Digital Twin technology to op0mize product design and development, reduce 

0me to market, and improve product performance and customer sa0sfac0on by tackling these 

challenges. 

 

From the value crea0on perspec0ve, while Digital Twin can benefit companies in many ways, it's 

necessary to consider the economic evalua0on of the value produced by this technology. These are 

some cri0cisms of the argument men0oned above:  

 

1. Limited Empirical Data: Despite the numerous poten0al advantages of digital twins, the 

arguments presented in the thesis have no empirical backing. It can challenging to 

accurately assess the value that Digital Twin creates in many situa0ons, which makes it 

tough to perform a thorough economic analysis.  

2. Costly implementa=on: Digital Twin technology might be expensive, especially for SMEs 

with limited funding. The technology involves the high cost of building a virtual 

representa0on of physical systems and needs a skilled workforce. 

3. Integra=on difficul=es: Especially for bigger enterprises with legacy systems, integra0ng 

Digital Twin technology with exis0ng systems can take 0me and effort. Determining the 

economic value that Digital Twin generates may lead to addi0onal expenses and difficul0es.  

4. The impact may be limited to par=cular systems or processes, even though Digital Twin 

can add value across numerous industries. For instance, Digital Twin might be more useful 

during a product's design and development phase. S0ll, it might have lille impact during 

the later stages of the product lifecycle (West, 2021). 

 

Summary of the chapter 
 

To summarise, the process of providing extra value or benefits for clients, stakeholders, or 

shareholders through the crea0on and provision of goods, services, or solu0ons is referred to as 

value crea0on. Value crea0on in a business-to-business (B2B) environment oqen entails 

understanding and addressing the unique demands and challenges of the client, frequently through 

specialized goods or services. Digital twins allow for in-the-moment performance and behaviour 

monitoring, modelling, and analysis. A digital twin of a physical object can offer informa0on about 
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how it func0ons, iden0fy poten0al problems, and improve its performance. By offering new 

methods to enhance the crea0on, use, and maintenance of complex systems, digital twins are 

altering the value genera0on prospects in B2B contexts. A Digital Twin of a manufacturing facility, 

for instance, can aid in streamlining produc0on procedures, cuyng down on down0me, and raising 

product quality. A Digital Twin of a pa0ent's body can help in the crea0on of individualized 

treatment regimens in the healthcare industry. Value crea0on is made possible by digital twins in 

several ways, such as Predic0ve maintenance, enhanced efficiency, beler product design, 

Opera0onal op0miza0on, and improved consumer experience.  

 

Yet, there are also certain chances and obstacles for the Digital Twin to create value, such as Data 

quality and integra0on, & Scalability. To enable seamless integra0on and coopera0on, Digital Twins 

must be interoperable with other systems and gadgets. Making sure Digital Twins can cooperate 

and communicate efficiently is the difficulty. Digital twins are suscep0ble to online dangers because 

they produce and preserve sensi0ve data. Making sure Digital Twins are safe and adhere to privacy 

laws is a difficulty. Ul0mately, by enabling improved product and service design, op0miza0on, and 

customisa0on, digital twins can alter value genera0on in B2B seyngs. But, for enterprises to reach 

their full poten0al, they must overcome the obstacles and take advantage of the chances that Digital 

Twins bring. 

 

In the upcoming chapter, we shall delve into the B2B value elements framework craqed by M/s Bain 

& Company. By scru0nizing DT technology and its value crea0on, we will assess the poten0al impact 

of Digital Twin technology in B2B contexts. We aim to furnish a structured approach that bridges 

the gap between theore0cal underpinnings and prac0cal value assessment. 
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4  B2B Value Elements  

This chapter introduces the B2B value element framework developed by Bain & Company from the 

perspec0ve of inves0ga0ng value crea0on opportuni0es in using digital twin for product design and 

development.  

4.1  Introduction 

A study undertaken by Bain Company iden0fies 40 fundamental "value elements" to enable B2B 

suppliers to understand customer priori0es (Almquist, Cleghorn, and Sherer 2018 p. 1). The 

framework first appeared in the late 1990s, when B2B organiza0ons began to grasp the need to 

recognize and serve their client's par0cular demands. Since then, it has developed to match shiqing 

business circumstances and technology improvements. 

 

The framework segments these components into five categories: table stakes, func0onal, ease of 

doing business, individual, and inspira0onal, which are structured into Pyramid levels. Those that 

offer more objec0ve value are situated at the bolom, while those that offer more subjec0ve value 

are located higher up (Almquist et al., 2018). The characteris0cs and benefits of a product or service 

that directly meet the consumer's needs are referred to as func0onal value. The financial gains that 

the client receives from using the product or service are referred to as economic value. The 

intangible benefits that the customer obtains, such as brand reputa0on or customer experience, are 

referred to as emo0onal value. Finally, the long-term benefits that the client obtains from employing 

the product or service, such as increasing compe00veness or market share, are referred to as 

strategic value (Almquist et al., 2018). 

 

Businesses can use the framework to review their product design and development projects to 

sa0sfy the most cri0cal value drivers for their B2B clients. As a result, businesses may improve their 

offers and develop closer rela0onships with their customers by recognizing and priori0zing these 

drivers. 
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4.2  Understanding the five elements of the B2B Value Pyramid  

Bain & Company's B2B Value Pyramid is a framework that helps businesses understand and 

priori0ze the key drivers of value that their customers care about the most. The pyramid comprises 

five elements, each of which is described below:  

 

1. Value elements towards mee0ng specifica0ons at an acceptable price while adhering to the 

regula0ons and ethical standards fall in the category of the table stakes placed at the 

bolom of the pyramid.  

2. Func0onal elements, known as stakes, are mounted above the table to address businesses' 

economic or product performance needs. These elements have been a top priority in 

tradi0onal industries like manufacturing, where cost reduc0on and scalability are crucial. In 

the B2B domain, stakeholders emphasize these func0onal elements as buyers and sellers 

(Almquist et al., 2018). 

3. The third level elements aim to simplify business transac0ons and provide objec0ve value 

by enhancing customer produc0vity and opera0onal performance. However, these 

elements involve subjec0ve judgments of buyers and consider interpersonal rela0onships, 

such as cultural fit and the seller's commitment to the customer organiza0on (Almquist et 

al., 2018). 

4. The elements at the next level provide addi0onal types of subjec0ve value 

termed Individual Value Elements address individual buyers' priori0es, whether they are 

personal or professional.  

5. At the pinnacle of the pyramid lies the elements of inspira0onal value, which aid firms in 

predic0ng changes in the market, ins0ll hope for the organiza0on's future or individual 

buyers' future, and bolster a company's social responsibility (Almquist et al., 2018). 

 

Figure 11 below is adapted from the study undertaken by Bain & Company (Almquist et al.,2018). 
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Figure 11: B2B Value Element (Copyright: Bain & Company) 

The authors argue that measuring and compe0ng with elements at the bolom of the pyramid is 

easy. However, the emo0onal elements at the middle and upper levels of the pyramid have 

tradi0onally been challenging to isolate and quan0fy, making implementa0on more difficult. 

However, transac0onal aspects are no longer seen as differen0a0on factors; mastering the 

intangible elements of customer experience is finding prominence. Wrapping up the intangibles 

around an offering is far more complex than making an offering faster, cheaper, or more durable 

(Almquist et al., 2018). Ability to learn what customers truly value and which aspects of an offering 

merit investment are cri0cal.  
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4.3  Value creation & Using B2B Value elements framework 

4.3.1  Comparison of B2B Value elements with other frameworks  

Several addi0onal frameworks and techniques to value crea0on have been suggested and 

implemented in other industries. Here are a few of the most famous, as well as a comparison to the 

B2B Value Pyramid: 

1. Value Proposi=on Canvas: Strategyzer (2015) created this framework to assist businesses 

understand and explain the value they produce for their consumers. It is divided into two 

sec0ons: the client profile and the value map. The B2B Value Pyramid focuses on the value 

parts of product design and development, whereas the Value Proposi0on Canvas focuses 

on understanding and communica0ng the value a firm generates for its customers 

(Osterwalder et al., 2015). 

2. Lean Startup: Popularized by Eric Ries, this method emphasizes the significance of swiqly 

designing and tes0ng products and itera0ng depending on consumer feedback. The B2B 

Value Pyramid provides a framework for evalua0ng the value parts of product design and 

development. In contrast, the Lean Startup strategy focuses on building and tes0ng new 

products (Ries, 2011). 

3. Design Thinking: Popularized by IDEO and Stanford's School, this approach to design 

stresses empathy for the user and a human-centered approach to design. The B2B Value 

Pyramid provides a framework for examining the value parts of product design and 

development, whereas Design Thinking focuses on the design process and the user 

experience (Malhews and Wrigley, 2017). 

4. Business Model Canvas: Developed by Strategyzer, this framework assists businesses in 

understanding and communica0ng the essen0al components of their business model, such 

as their value proposi0on, client groups, income streams, and more. The Business Model 

Canvas provides a more comprehensive framework for analysing and building a company's 

business model. In contrast, the B2B Value Pyramid concentrates on the value elements of 

product design and development (Fritscher and Pigneur, 2014). 

In summary, the B2B Value Pyramid is a valuable framework for assessing product design and 

development value elements in B2B contexts. While other frameworks and approaches may have 

broader or more specific focuses, the B2B Value Pyramid provides a valuable and comprehensive 

framework for assessing the value a company's products create for its customers. 



 51 

4.3.2  Value creation through PD&D and how it relates to B2B Value elements.  

The B2B Value Pyramid framework can be applied to product design and development, as each 

element is relevant to crea0ng value in this context. Each factor can be related to the genera0on of 

value in product design and development in the following ways (Sornsri, 2018): 

• Product development should priori0ze func0onality, quality, dependability, usability, and 

ease of maintenance to sa0sfy specific demands and differen0ate from compe0tors.  

• Ease of doing business can simplify integra0on and increase adop0on rates. In addi0on, 

outstanding customer assistance can reduce the 0me and resources required for 

implementa0on, driving revenue growth. 

• Companies can differen0ate themselves and create a sa0sfying customer experience by 

focusing on Individual Values, such as network expansion, marketability, and growth & 

development.  

• Inspira0onal Value, including vision, hope, and social responsibility, allows companies to tap 

into their customers' higher-order values and aspira0ons, building las0ng rela0onships 

beyond func0onal benefits 

4.4  Summary of the chapter.  

The B2B Value Framework helps assess the value elements essen0al for product design and 

development. On the other hand, Digital Twin technology has unique capabili0es to create value 

across the five B2B Value Pyramid elements. For example, the func0onal value of Digital Twin 

technology can enable companies to design and develop highly op0mized products that meet 

specific use cases. Digital Twin technology can enhance the ease of doing business value, which can 

streamline the implementa0on and adop0on process for new products. The emo0onal value of 

products can also be improved with Digital Twin technology, which can create immersive and 

engaging product experiences for customers. The lifecycle value of products can be op0mized with 

Digital Twin technology, which can monitor and op0mize the performance of products over 0me. 

Lastly, Digital Twin technology can create strategic value by enabling companies to develop new 

business models and revenue streams. 

 

Therefore, the B2B Value Framework can be a valuable tool for assessing the value elements of 

companies u0lizing Digital Twin technology for product design and development. By u0lizing the 
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framework, companies can ensure that they are crea0ng products that not only meet the needs of 

their customers but also provide value across the different stages of the product lifecycle. 

 

In conclusion, u0lizing the B2B Value Pyramid framework can enable firms to inves0gate and 

unearth new value-crea0on opportuni0es during Digital Twin-enabled product design and 

development. The Digital Twin technology, in par0cular, provides unique opportuni0es to create 

value in each element. By leveraging Digital Twin's capabili0es to improve func0onal value, enhance 

ease of doing business, create emo0onal value, increase strategic value, and manage the product 

lifecycle, firms can uncover new ways to create value for their customers and ul0mately drive 

growth and profitability. Furthermore, by using the B2B Value Pyramid as a guide for assessing value 

crea0on, firms can ensure that their Digital Twin-enabled product designs are innova0ve and 

efficient and maximize value across all stages of the product lifecycle. 

 

Using the five elements of the B2B Value Pyramid, the thesis alempts to iden0fy areas where digital 

twins can create addi0onal value for their customers and enable companies to differen0ate 

themselves from their compe0tors.  

 

In the subsequent chapter, the author explains the research methodology to inves0gate new value-

crea0on opportuni0es for digital twin technology for product design and development. 
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5  Research Methodology 

In the first chapter, a research purpose and ques0ons were determined based on the study 

background. The literature on value crea0on, Product Design & Development, Value Elements, and 

Concepts of Digital Twins were reviewed cri0cally in the subsequent chapters to understand the 

underlying concepts beler. This chapter discusses the research philosophy, approach, and strategy 

used to study the research ques0ons are outlined below. 

Table 1: Tabulated details on Research Problem, Research Aim, and Research Ques6ons 

Research 

Topic 

New value crea2on opportuni2es with the support of Digital Twin during Product 

Design and development. 

Research 

Ques2on 

“How can the digital twin provide new opportuni0es for value crea0on through 

suppor0ng product design & development and which managerial issues need 

to be solved for this?” 

Research Aim This research inves0gates new value-crea0on opportuni0es for Digital Twin-

enabled PD&D based on the concept of the B2B Value Pyramid by Bain & 

Company. 

Research 

Ques2ons 

• RQ1: “How can the digital twin provide new opportuni0es for value co-

crea0on through suppor0ng product design & development and which 

managerial issues need to be solved for this?” 

• RQ2: What is the current status and level of applica0on of DT in Product 

Design & Development?  

• RQ3: Published difficul0es and limita0on of DT in PD , what are the 

reasons why DT is not being used? 

• RQ4: What are the benefits for the companies in u0lizing digital twins for 

Product Design and Development  

• RQ5: What does the future look like value crea0on using Digital Twin-

enabled Product Design & Development. 

Research 

Objec2ves 

• To understand exis0ng and emerging value crea0on opportuni0es/ value 

elements and role of digital twin-enable PD&D 

• To iden0fy current limita0on, managerial issues in using DT for PD&D   
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To effec0vely address research issues, it's essen0al to comprehend how to structure the research in 

terms of philosophical assump0ons, methodologies, and techniques. "A logical plan for geyng from 

here to there, where here may be regarded as the star0ng collec0on of ques0ons to be answered, 

and there is some set of conclusions (answers) about these ques0ons" is how the study design is 

described (Yin, Yin 2018, p.26). In a nutshell, it refers to choices made regarding carrying out 

research objec0ves and connec0ng theories, ques0ons, and objec0ves with suitable methodologies 

and resources (Flick, 2011). The analysis and selec0on of the research methodologies should be 

priori0zed in the study design process because they serve as the fundamental building blocks of 

knowledge produc0on (Arbnor, Bjerke 2009). It is impera0ve to evaluate Michael Croly's (1998) 

four essen0al issues when crea0ng a research design to develop a comprehensive strategy for 

selec0ng the overall study design (Croly, 1998). The following are the primary considera0ons for 

research design:  

What epistemology, ontology, and philosophical viewpoint will serve as the founda0on for this 

thesis research? Addi0onally, which research approaches will be u0lized to support this thesis 

study? Also, what research methods and methodologies will be used in this study? Lastly, what 

specific research approaches will be implemented?  

 

This chapter presents a comprehensive strategy for tackling research ques0ons by me0culously 

evalua0ng the advantages and disadvantages of various research paradigms, procedures, and 

methods. The subsec0ons delve into research philosophies, approaches (deduc0ve and induc0ve), 

strategies, and techniques per0nent to the thesis. The subsequent sec0on scru0nizes the research 

design and data collec0on, elucida0ng the rigorous approaches employed in the chosen study 

techniques. Lastly, the final component focuses on data analysis, research reliability, and validity. 

5.1  Rationale of Research Approach 

5.1.1  Research Philosophy 

To conduct research, one must have a philosophical perspec0ve on ontology and epistemology. 

"Epistemology is the study of the nature of knowledge" (Carter, Lille 2007, pp 07), whereas 

ontology is the study of the nature of social reality (Creswell, 1998). Schwandt (2001) 

defines Research philosophy as a shared point of view that encapsulates a discipline's convic0ons 
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and guides how issues are resolved. Knowing the philosophical posi0on is an important strategic 

decision since it serves as the founda0on for the study design, suppor0ng researchers in defining it 

and determining which designs will and will not work (Lee, 2022). Regardless of terminology, 

posi0vism, and interpre0vism/construc0vism (which are frequently used synonymously) are 

regarded as the two primary schools of thought in research philosophy (Wisker, 2017) 

Table 2: Posi6vism and Interpre6vism in Compara6ve (Construc6vism). Adopted from studies by Lee, 2022 

 Posi-vism Interpre-vism 

Ontology:  

What cons-tutes 

reality 

Realism: There is only one single truth Rela4vism: Reality is subjec4ve and 

differs from person to person 

Epistemology: 

What cons-tutes 

acceptable 

Knowledge 

Objec4vist: Finding truth. 

The world is external and objec4ve; thus, 

truth is a maDer of the authen4city of an 

experiment and its factual results.  

Subjec4vist: Crea4ng truths 

The world is subjec4ve; truth is 

maDer of the authen4city of 

interpreta4on and its reconstruc4on.  

Research Approach:  Deduc4ve approach 

• Iden4fying phenomena 

• Construc4ng and tes4ng the 

explana4ons for the phenomena 

• Describing the genera4ve 

mechanisms 

Induc4ve approach 

• Understanding previous theories 

• Collec4ng and analysing prac4ces 

and real-world phenomena 

• Developing new theory or model.  

 

This research u0lizes construc0vism to examine the perspec0ves of different individuals, such as 

academics, technology experts, and technology users, to comprehend how Digital Twin technology 

is u0lized in product design and development to generate value. The author emphasizes that there 

is no singular objec0ve "truth" regarding product design and development. The intricate and 

complex process makes it challenging to condense into a set of observable "rules." Consequently, 

the implementa0on of Digital Twin technology and the role of product design and development in 

the value crea0on process is socially constructed based on the knowledge and experiences of the 

diverse individuals being studied. This thesis seeks "thick descrip0ons" by gathering qualita0ve 

informa0on. 

5.1.2  Research Approach  

Induc0ve discovery (induc0on) and deduc0ve evidence (deduc0on) are two general paradigms of 

inquiry that support the scien0fic process (Lee, 2022). In contrast to the induc0ve technique, which 



 56 

advances from incomplete details to a linked situa0on perspec0ve, the deduc0ve approach starts 

with a general understanding of a situa0on and works backward to the specifics. Deduc0on entails 

the crea0on of a hypothesis (or hypotheses) and tests the theory via a research technique. Unlike 

the deduc0ve technique, which puts theory before inves0ga0on, the induc0ve approach allows for 

the emergence of new issues or phenomena from the prac0cal study (Lee, 2022). Deduc0ve 

reasoning is supported by posi0vism, and induc0ve reasoning is supported by interpre0vism.  

This master's thesis shall examine the related topics of Digital twin and Product Design & 

Development and value crea0on opportuni0es; it tends to an induc0ve method. The table below 

will analyse the merits and weaknesses of each research strategy. For quick reference of the readers 

the key aspects of the approach are as summarised below. The deduc0ve approach is rooted in what 

we oqen call scien0fic study (Saunders et al., 2006). The first stage in deduc0ve reasoning examines 

an exis0ng theory or an abstract link between concepts. Contras0ng hypotheses then progress to 

concrete empirical proof (Lee, 2022). Finally, when the hypothesis is inferred by being verified or 

rejected by study data, the theory is revised in light of facts (Lee, 2022). 

Table 3: Comparison between Deduc6ve and Induc6ve Research Approaches. Adopted from Lee, (2022) 

 Deduc=ve Induc=ve 

Goal Explana0on: Descrip0on, 

confirma0on, hypothesis tes0ng, 

generalisa0on 

Understanding: discovery, 

meaning, Hypothesis genera0ng, 

interpreta0on, reconstruc0on and 

descrip0on 

Strategies Verifica0on of Hypothesis, Chiefly 

quan0ta0ve methods 

Grounded theory, Chiefly 

qualita0ve methods. 

Research Design  Predetermined, structured Evolving, emergent 

Type of Data Mainly quan0ta0ve data Mainly qualita0ve data 

Mode of analysis Sta0s0cal techniques Descrip0ve, text analysis by 

interpreta0on of data.  

 

On the other hand, the induc0ve approach is regarded as an appropriate method of theory 

construc0on. It is also called a grounded theory (Lee, 2022). In this seyng, researchers create a 

theory from scratch based on a thorough itera0ve analysis of the facts (Bryman & Bell, 2011; 

Bernard, Bernard 2013). The method involves four stages: gathering current theories per0nent to 

the research's objec0ves and concerns; understanding the events or phenomena while gathering 

qualita0ve data; analysing, comparing, and categorizing the facts to find palerns; and developing 

new theories (Poler et al., 2006). 
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Following a thorough examina0on of both research methodologies, the author believes that the 

nature of this research favours an induc0ve approach. The relevant texts and data are acquired and 

synthesized during the reasoning process to propose a theory in the form of concepts, hypotheses, 

or proposi0ons. The methodology used for product design and development using Digital Twin 

focuses more on the nature of value genera0on and development ac0vi0es than on its numerical 

components. Instead of using controlled sta0s0cal studies, induc0ve reasoning and qualita0ve field 

research into actual Digital Twin-enabled product design and development ini0a0ves can achieve 

the study goal. Also, gathering qualita0ve data is appropriate for comprehending the characteris0cs 

of the digital twin, which will be done through the collec0on of voices of Academic experts of the 

Digital Twin, Digital Twin Technology proponents/ consultants, and real-world company 

representa0ves or users of the technology for product design and development. 

 

5.1.3  Research Strategies and Methodologies 

The two basic approaches to gathering and analysing data are qualita0ve and quan0ta0ve. When 

gathering and analysing data, qualita0ve approaches, as research techniques, strongly emphasize 

texts rather than quan0fica0on (Bryman, 2004). Qualita0ve approaches help explore the more 

profound implica0ons of discoveries and fully comprehend a par0cular social event. People's 

ac0ons and words reflect their understanding of it based on how they perceive the complexity of 

their environment (Creswell, 2003). In order to demonstrate poten0al linkages, causes, 

consequences, and dynamic processes in design development (Lee, 2022), these kinds of 

methodologies are essen0al (Brannen, 1992). Interviews, observa0on, case studies and focus 

groups, are the fundamental qualita0ve methods argued by Yin (2009). Since quan0ta0ve 

approaches strongly emphasize precise measurements and numerical data analysis, researchers 

typically work with factual data in numbers to test theories. When sta0s0cs of significant cases are 

involved, quan0ta0ve approaches excel at supplying decision-relevant informa0on. However, 

effec0vely comprehending the process or the importance of actors is restricted.  

 

The qualita0ve approach, also known as construc0vism, is subjec0ve. On the other hand, the 

quan0ta0ve approach, also known as posi0vism, is usually an objec0ve research strategy. 

Quan0ta0ve methodologies cover all possible scenarios, which allows for a broader study. 

Qualita0ve methods, on the other hand, aim to reach study depth through a few cases (Blaxter et 

al., 2010). Qualita0ve approaches usually follow the induc0ve approach, while quan0ta0ve 

methods oqen use the deduc0ve route. 
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This thesis research is best suited for qualita0ve research because it focuses on "how people 

interpret their experiences, how they construct their worlds, and what meaning they alribute to 

their experiences" (Merriam, 2009, p.5; Bu0na et al., 2015). Furthermore, qualita0ve 

methodologies may provide a more comprehensive understanding of Digital twin prac0ce during 

PD&D by focusing on the procedure (how) and condi0ons (when) (Murphy et al., 1998; Lee, 2022). 

 

From the philosophical standpoint of construc0vism, this study seeks to comprehend the prac0ce 

of Digital twins during PD&D for value crea0on based on interpre0ng diverse par0cipants' 

perspec0ves on digital twin projects. Seeking insights for case study research is par0cularly suitable 

if exis0ng viewpoints appear insufficient, which is consistent with the issue. However, from the 

perspec0ve of this thesis work, seeking insights from real-world case company execu0ves facilitates 

the examina0on of the par0cularity and complexity of Digital twin-based PD&D for value crea0on 

opportuni0es. 

5.1.4  Qualitative Methods 

Research techniques encompass the en0re inves0ga0on process, from philosophical assump0ons 

to research design and data collec0on. The methodology employed in a study has a significant 

impact on data gathering and involves various research methods, abili0es, and assump0ons. When 

it comes to qualita0ve research, there are numerous research methodology approaches, as 

discussed by Merriam (2009) and Stake (1995). This sec0on specifically focuses on data collec0on 

methods for qualita0ve research, which include observa0on, interviews, and document review. 

 

Interviews 

In a research project, a researcher and par0cipant interview is held to discuss concerns (Demarrais, 

2004, p.55). The interpre0ve construc0onist researcher firmly believes that interviews are crucial in 

understanding how people perceive an event or object and the significance they alach to it (Lee, 

2022). Interviews prove par0cularly useful when the researcher cannot observe how people 

comprehend their environment or when researching non-repeatable events (Merriam, 2009). 

Depending on the study's focus, interviews can be employed to achieve in-depth case studies with 

carefully selected par0cipants or to gather diverse perspec0ves. Interviews are classified based on 

their level of structure (Merriam, 2009; Myers, 2009).Highly structured interview: A highly 

structured interview sets ques0ons & answers in a specific order. One demerit of this format is that 

it may not lead the qualita0ve researcher to reach par0cipants' perspec0ves and worldviews.  
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1. Interview (Semi-structured): This format is Open-ended rather than structured ques0ons. 

Qualita0ve researchers can use the format on various relevant topics to beler understand 

how each respondent defines the world. With this method, the researcher can capture the 

respondents' changing views and fresh insights into the subject.  

2. Unstructured interview: This format does not follow any pre-formulated ques0ons, thus 

allowing the qualita0ve researcher to inves0gate a phenomenon. 

 

Reviews of Documents  

To thoroughly understand a problem, researchers should use a method that includes addi0onal 

ques0ons, context, data, and cross-checking (Bowen, 2009). By examining various materials, 

researchers can gain deeper insights. A study suggests that using Digital Twin tech in product design 

can create value by considering different perspec0ves. To inves0gate, the author used field research 

methods like interviews and document reviews, which were appropriate for the complex and 

ongoing nature of the process. Interviews provide valuable insights into digital twin crea0on, 

building on exis0ng knowledge. Each par0cipant brings a unique experience. Relevant documents 

are also reviewed to make sure to get all cri0cal informa0on (Bowen, 2009).  

 

5.1.5  Role of researcher 

In quan0ta0ve studies, researchers are typically not involved with the research subject, and their 

par0cipa0on does not impact the study (Lee, 2022). On the other hand, in qualita0ve research, the 

researcher is an essen0al tool in molding the results based on their background and experiences 

(Creswell, 1998). This approach requires the researcher to use their skills and intui0on and take an 

interpre0ve lens. Depending on the researcher's viewpoint, construc0vism allows for varying levels 

of involvement in the research issue, from an impar0al observer to ac0ve engagement (Simon, 

2011).  

 

This master thesis, based on construc0vism, aims to understand the opportuni0es for value crea0on 

in Digital Twin technology for PD&D through semi-structured interviews with field experts. In this 

inves0ga0on, the researcher's posi0on is that of an outsider to comprehend beler par0cipants' 

perspec0ves on Digital Twin technology and value genera0on. Therefore, objec0vity is crucial in this 

study. 
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5.2  Research Design 
One of the essen0al advantages of case study methodology is that the research design is adaptable, 

allowing various methods for data gathering and analysis (Yin, 2008; Lee, 2022). Two qualita0ve 

methods are used in the case study methodology to support the study's epistemological stances: 

semi-structured interviews and a wide range of document reviews, including reviews of industry 

reports, business papers, and websites.  

 

The case is constrained by defini0on and context because this study aims to inves0gate value-

crea0on opportuni0es for Digital Twin during PD&D. Digital twin-enabled products are developed 

organically by interac0ons between designers, compe0tors, and clients. As a result, rather than a 

business, the "Digital Twin enabled PD&D projects" serve as the analy0cal unit for the case studies. 

Furthermore, data collec0on is focused mainly on prominent organiza0ons par0cipa0ng in the DT 

projects at LUT University due to the complex nature of development with value crea0on.  

Figure 12 below depicts the methodological structure of the masters thesis. 
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Figure 12: Methodological Structure of the thesis 
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5.2.1  Case Selection 

Sampling Method 

Regarding sampling techniques, there are two categories: probabilis0c and non-probabilis0c. If a 

researcher is conduc0ng quan0ta0ve research, it is essen0al to use probabilis0c sampling strategies 

to ensure that the results are generalizable. On the other hand, non-probability approaches work 

well for qualita0ve research. Regardless of the research approach, it is crucial to choose a specific 

sample strategy to maximize effec0veness and validity, as stated by Morse and Niehaus in 2009. 

 

The author used non-probabilis0c sampling techniques for the "purposeful" main case study. The 

author intended to use maximum varia0on sampling and criterion-based case sampling as 

inten0onal sampling procedures (Palon, 2014). In quality assurance ini0a0ves, the criterion 

sampling technique is frequently used, which involves evalua0ng and analyzing all cases that match 

the set criterion of relevance (Palon, 2014). Three dis0nct methods were used to determine the 

candidate cases:  

1. Listed or associated with LUT University on MORE SIM planorm for DT-based research.  

2. Top-0er Digital Twin business white papers & Market reports.  

Essen0al requirements considered for the par0cipants of the study are as follows: 

1. Must be experts in Digital Twin, Product Design & Development, or Value crea0on, either 

as an academician or professional technology expert.   

2. Thorough understanding of the en0re process of Product design and development enabled 

by digital twin technologies.  

3. Due to the breadth of value crea0on, users were not considered for this study's interview 

par0cipants.  

4. Further, the study did not focus on how the products and services were u0lized or viewed 

because it inves0gates new value-crea0on opportuni0es for their clients during the design 

and development process. 

Semi-structured Interview 

Ini0al interview ques0ons were created based on a literature review to gather data for analysis and 

improve research ques0ons for the main study. Par0cipants could express their ideas on value 

crea0on and the digital twin-enabled PD&D process using a semi-structured technique. The 

researcher also used qualita0ve criteria to frame ques0ons on cri0cal research topics. The following 

guidelines were followed: 
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- Ques0ons should be clear, relevant, brief, easy to understand, and s0mulate thorough 

responses (Lee, 2022). 

- A limited number of open-ended, flexible queries are preferred over closed-ended ones. 

Having some order in the topic areas is helpful for a good interview flow (Lee, 2022). 

- Ques0ons should be posed with specific responses in mind. 

The interview protocol included five categories: General, background assessment, main ques0ons 

(assessing value based on the value pyramid), challenges and limita0ons, and concluding comments. 

Please see Appendix C for the ini0al ques0onnaire used during the pilot interviews. 

5.2.2  Recommendations of the pilot study 

 

The findings of the pilot interview study enabled further refinement of the interview ques0ons. To 

gain a comprehensive understanding of how Digital twin technology is u0lized for the development 

of product design and what values they create across the en0re PD&D process, the interview 

ques0ons were rephrased/ restructured to enable the collec0on of varied viewpoints and opinions. 

For the researcher to take advantage of a flexible data-gathering opportunity, data analysis was 

conducted simultaneously with data collec0on. Therefore, some changes were made to the 

interview ques0ons while early interviews were being analysed in prepara0on for the next round of 

data gathering. For two reasons, the ques0on was redraqed to suit the specific par0cipant 

background, i.e., Academic, designers involved in the PD&D process, or technology 

consultants. Please refer the appendices D, E, & F for ques0onnaires finalised.  

 

The study's intent and the interview request were sent by email. Appendix A gave Par0cipants 

informa0on on ethical considera0ons and the interview's background. In a follow-up email, the 

author provided addi0onal details on the study background aqer par0cipants agreed to par0cipate. 

Before beginning the interview, the researcher outlined the study's background and goal and 

discussed important issues such as confiden0ality, anonymity, voluntary par0cipa0on, the right to 

withdraw, and the study's objec0ve. Microsoq Teams was used to conduct the interviews, which 

allowed for transcript genera0on and interview recording. The researcher then analyzed the data 

by coding the transcripts for interpreta0on. 
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5.3  Data Analysis 
Qualita0ve research u0lizes various analy0c data methodologies, such as ground theory, narra0ve 

analysis, interpre0ve phenomenological analysis, discourse analysis, theme analysis, and qualita0ve 

content analysis (Vaismoradi et al., 2013; Lee, 2022). Researchers suggest that thema0c and 

qualita0ve content analysis work well when used at a low interpreta0on level. This study focuses on 

understanding the phenomenon through the par0cipants' "real-world experience." As the 

researcher is an outsider in the inves0ga0on, using a low degree of interpreta0on is most 

appropriate and widely accepted. 

 

5.3.1  Thematic Analysis of Interview Research Data (Qualitative) 

Instead of content analysis (Braun & Clarke, 2006), which takes a descrip0ve approach to data 

coding and interpreta0on of quan0ta0ve counts of the codes (Lee, 2022), theme analysis allows for 

a purely qualita0ve, rich, detailed, yet tricky explana0on of the data. Because it is superior at 

uncovering and iden0fying common threads spread throughout a single interview or collec0on of 

interviews, thema0c analysis was u0lized in this mul0ple-perspec0ve study (Desan0s & Ugarriza, 

2000). Finally, the codes and themes of each case are contrasted and cri0cally inves0gated u0lizing 

a cross-case analysis. 
 

The six-stage process for thema0c analysis u0lized by the researcher was Braun and Clarke's (2006), 

which involved becoming acquainted with the data, crea0ng preliminary codes, iden0fying themes, 

examining themes, defining and labelling themes, and producing the report, as outlined in Table 4. 

Table 4: Phases Descrip6on of the process. Braun and Clarke (2006). 

Phases  Descrip0on of Process 

Familiarising yourself with your 

data  

Transcribe, read, and review the data, no0ng ini0al thoughts. 

Genera=ng ini=al codes  Systema0cally code interes0ng data features across the en0re 
set, collec0ng all relevant data for each code. 

Searching for themes  Group the codes into poten0al themes and gather all relevant 
data for each theme. 

Reviewing poten=al themes  Check to ensure the themes work about the coded extracts and 
the en0re data set, crea0ng a thema0c "map" of the analysis. 

Defining and naming themes  Con0nuously analyze to refine each theme and the overall 
story the analysis tells, defining and naming each theme. 

Producing the report  Select vivid and compelling examples and perform a final 
analysis of the chosen extracts, rela0ng the analysis of the 
research ques0on and literature and crea0ng a scholarly report 
of the analysis. 
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The researcher might use limited interview data effec0vely and be versa0le while conduc0ng text 

analysis with NVivo 12 by following Braun and Clarke's (2006) process and employing Thema0c 

Analysis.  

 

The researcher used Lincoln and Guba's (1985) trustworthiness criteria to establish a trustworthy 

Thema0c Analysis, shown in table 5 below. 

Table 5: Criteria for evalua6ng trustworthiness 

Credibility  
When reviewing research, it is crucial to assess the accuracy of the results 

based on the research techniques, par0cipants, and condi0ons. 

Transferability  It is essen0al to determine if the findings can be applied to other situa0ons. 

Dependability  
It is essen0al to consider the stability and reproducibility of the results, 

whether with the same par0cipants or in a similar environment. 

Confirmability  

It is necessary to evaluate the impar0ality of the findings and to what degree 

they may have been affected by respondent bias instead of researcher bias or 

inten0ons. 

 

5.3.2  Analysis of specific perspectives - Academic, technology consultant, manufacturer 

For analysis purposes, the interview transcript serves as the basis. These transcripts are wrilen 

versions of conversa0ons or interviews recorded in audio or video format. They thoroughly describe 

the conversa0on and can be consulted for analysis, research, or other uses. Interviews were 

conducted using Microsoq teams which has an inbuilt facility for the audio recording of the 

discussion along with the transcript genera0on. The author followed thema0c analysis, which 

involves finding and examining palerns, themes, and categories in interview transcripts for the 

qualita0ve data analysis. The established soqware tool for qualita0ve analysis, "NVivo," was used 

to organize the interview transcripts. Researchers created nodes represen0ng themes, and the 

soqware enabled a quick genera0on of the coded data for the study. The basic codes for the digital 

twin-enabled PD&D prac0ce, value crea0on ac0vi0es segmented as the B2B value element Pyramid, 

and interviewers' backgrounds were created in line with the study/ research ques0ons and 

interview protocol. Focused coding was u0lized to inves0gate emerging core categories in the raw 

data aqer the open-coding technique. NVIVO allowed the researcher to iden0fy and categorize key 
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themes and palerns in the data. This step enabled improving the ini0al codes and the crea0on of 

a new core category for obstacles, difficul0es, and limita0ons for digital twins in the PD&D value 

crea0on process. Data explora0on and analysis, including visualiza0ons and matrices, were 

completed through NVivo. This led the researcher to find data links and palerns and produce 

insights. 

5.3.3  Theorising from the case perspectives. 

Cri0cs such as Gerring and McDermol (2007) argue that the conclusions drawn from case studies 

cannot be applied universally because there is a lack of randomiza0on and small sample size. 

However, some experts, like Creswell (1998, p.195), believe that case studies can contribute to 

theory by providing a range of descrip0ve cases or analy0cal comparisons of different cases. Chely 

(1996) also suggests that case studies can help alter established theore0cal frameworks. By serving 

as hypotheses or proposi0ons for further research, case studies can help expand the body of 

knowledge. Merriam (2015) and Lee (2022) also support this idea. 

 

To develop theories from case studies, one must first understand the process of theoriza0on (Tsang, 

2013; Ridder, 2017). Ridder (2017) outlines three stages of theory development in case studies: 

establishing, developing, and tes0ng theories. This approach assumes that theory is a con0nuum. 

Welch et al. (2011) iden0fy four approaches to theorizing in case studies: induc0ve theory building, 

natural experimenta0on, interpre0ve sensemaking, and contextualized explana0on. Tsang (2013) 

offers an alterna0ve categoriza0on based on contextualiza0on and theory building, which is 

depicted in Figure 13. 

 

 

 

 

 

 

 

 

 

 

 

Interpreta8ve Sensemaking 
 

Understanding new phenomena & 
building concrete, context-dependant 
knowledge than developing theory.  

Iden8fica8on of empirical evidences  
 

Iden8fying widespread phenomena 
with prac8cal significance whether the 

outcome may or may not lead to 
theory  

Theory building & tes8ng 
 

Building a new theory or tes8ng an 
exis8ng one to explain the 

mechanisms of the phenomenon not 
confined to the context  

Contextualised explana8on  
 

Defining causal mechanisms and the 
contexts in which they operate (strong 

form of causality) 

W
ea

k 
St

ro
ng

 

Em
ph

as
is

 o
n 

co
nt

ex
tu

al
is

a8
on

 

Weak Strong 

Emphasis on Theory development 

Figure 13: Theorizing case studies: Adopted from Tsang (2013) 
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Understanding the singularity of the phenomenon is the goal of interpre0ve sensemaking, which 

also helps theory or concept forma0on. Without compromising context, the contextualized 

explana0on has legi0macy and significance in theory building. The researcher uses exis0ng ideas to 

jus0fy specific examples (Tsang, 2013; Welch et al., 2011). Though only par0ally, iden0fying 

empirical regulari0es from case study data is a technique to learn about those regulari0es. 

Genera0ng a hypothesis or tes0ng an exis0ng one is known as theory development and tes0ng. 

 

This thesis adopts the iden0fica0on of empirical regulari0es for building a theory. Adop0ng this 

theorizing is more jus0fiable for the study to establish a conceptual process to iden0fy new value-

crea0on opportuni0es for Digital Twin. Therefore, rather than emphasizing the uniqueness of case 

perspec0ves, the theorizing approach focused on uncovering the commonali0es of value crea0on 

opportuni0es for Digital Twin for PD&D, prac0ces, and limita0ons. The numerous cases proved that 

various value-crea0on opportuni0es exist based on the type of digital twin applica0on. However, 

par0al regulari0es of the process were also iden0fied and constructed as a conceptual model. As a 

result, the study findings, conclusions and components can be observed and experimented with to 

form a theory. 

5.4  Validity and reliability  

Jaakkola (2020) argues that, in general, research should be planned and carried out to present 

reliable responses to the ques0on convincingly and jus0fiably. Qualita0ve and quan0ta0ve studies 

use various techniques to improve the quality of their research, depending on the research 

methodology. For qualita0ve research, convincing the reader of the author's conclusion requires a 

detailed descrip0on (Lee, 2022). Scholars employ several perspec0ves and no0ons on the quality of 

research, regardless of the sort of research. However, among other terms, dependability and validity 

are frequently used.  

 

Reliability is defined in the literature on methodology as the repe00on of the outcomes, whereas 

validity is the veracity of the results. Methodologists who conduct qualita0ve research have created 

various criteria to increase the en0re study's quality or reliability. Depending on the methodologists' 

epistemological viewpoint, a degree of validity is viewed differently. Yin (2003) believes that using 

logic and rigor is crucial in research since generaliza0ons are based on a small number of cases. 
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However, construc0onist researchers like Stake (2005) and Siggelkow (2007) need to be more 

lenient about the quality of their inves0ga0ons. Merriam (2009, p. 229) suggests several ways to 

enhance validity and reliability. 

 

When comparing research findings to reality, external validity pertains to the transferability of the 

findings to other contexts, while internal reliability pertains to how well the findings fit reality 

(Merriam, 2009). Creswell (1998) advises that qualita0ve researchers use at least two 

methodologies in each study. This study u0lized the triangula0on approach to enhance internal 

validity or credibility and an expert audit review to improve external validity. Addi0onally, to address 

the interviewer's subjec0ve bias, the researcher collaborated with a domain expert to ensure 

objec0vity throughout the analysis by confirming the cases and their outcomes. 
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6  Findings and Analysis 

6.1  Introduction  

This chapter summarizes the findings from the theme analysis of the semi-structured interviews. 

The main goal of this master thesis is to uncover new value-crea0on opportuni0es for Digital Twin-

enabled PD&D based on the concept of the B2B Value Pyramid by Bain & Company. To provide a 

narra0ve and to highlight the themes and sub-themes that developed from this study, quota0ons 

from research par0cipants have been incorporated. As indicated, the researcher has u0lized Nvivo, 

a qualita0ve data analysis soqware, to examine data, organize themes, and create visualiza0ons. 

6.2  Findings (NVivo) 

NVivo 12 played a vitally cri0cal role in discovering themes and sub-themes and resulted in crea0ng 

concept maps. The following sec0on summarizes the findings by coding stage. 

6.2.1  Stage 01 – Data Familiarisation (Pre-coding) 

According to Braun and Clarke (2006), the researcher first transcribed and examined the interview 

data extensively. Then, during the pre-coding stage, the researcher u0lized NVivo to run a word 

frequency query to see which words were used the most. This informa0on can be visually 

represented through a word cloud, as shown in figure 14. This approach provides insight into the 

text and can lead to new avenues of inquiry and discovery.  

 

The researchers in the word frequency applied a query to stop key theme words of this thesis 

research, namely "Digital," "Twin," "Product," "Design," "Development," and "Value," along with 

other common words like "and," "Like." The inten0on was to obtain a word cloud with a list of words 

that would play an essen0al role in theme genera0on for DT for PD&D. 
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Figure 14: Word Cloud 

6.2.2  Stage 02: Initial Coding 

This stage involved rereading each transcript and categorizing emerging themes. Again, the 

researcher used the bolom-up strategy for the ini0al analysis, and a dozen straighnorward codes 

was formed and eventually grouped. The exercise led to finding palerns and inferring a higher 

degree of meaning from subsequent readings. This stage includes Braun and Clarke's (2006) theme 

analysis technique phases 2, 3, 4, and 5. Braun and Clarke's (2006) final phase, "producing the 

report," corresponds to NVivo's subsequent post-coding stage (Tamara, 2018) 

6.2.3  Stage 3: Post-code reporting 

Six emergent themes emerged from the induc0ve thema0c analysis, presented, summarized, and 

ordered in order of importance. However, before presen0ng these data, it is crucial to men0on the 

primary characteris0cs of the interview par0cipants under considera0on. 
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6.2.4  Attributes of Interview Participants 

For this thesis research, a total of fiqeen individuals who work in Digital Twin Technology were 

iden0fied based on their backgrounds and exper0se. Out of these fiqeen, eleven par0cipants 

agreed to be interviewed. To protect their anonymity, all par0cipants have been given designa0ons 

P1 through P11. Due to the 0ght 0melines for comple0ng the thesis, no addi0onal volunteers were 

recruited or reminded to par0cipate in the study. Satura0on of codes was reached with the eleven 

interviews, which was another reason for not recrui0ng further par0cipants. It is important to note 

that P1 and P6 are highly experienced academic experts in Digital Twin Technology, while P7 and P8 

are technology proponents and advocates of DT. P9 to P11 are real-world users of DT for product 

and process design and development. 

 

Table 6: A_ributes of Interview Par6cipants 

Sr no Nomenclature Reference Perspec=ve Loca0on 

1 P1 Aca_Expert_01 Academic Lappeenranta 

2 P2 Aca_Expert_02 Academic Lappeenranta 

3 P3 Aca_Expert_03 Academic Lappeenranta 

4 P4 Aca_Expert_04 Academic Lappeenranta 

5 P5 Aca_Expert_05 Academic Lappeenranta 

6 P6 Aca_Expert_06 Academic Lappeenranta 

7 P7 Con_02 Consultant Lappeenranta 

8 P8 Con_03 Consultant Espoo, Finland 

9 P9 Manu_Perspec0ve_01 Manufacturer Helsinki, Finland 

10 P10 Manu_Perspec0ve_02 Manufacturer Helsinki, Finland 

11 P11 Manu_Perspec0ve_05 Manufacturer Helsinki, Finland 

 

The following sec0on includes extracts from their transcripts and emergent themes captured in 

NVivo. 
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6.2.5  Emergent Themes  

Using Braun and Clarke's (2006) six steps of thema0c analysis, six main themes were developed. 

The six themes are based on the study's research ques0ons and represent the main focus areas for 

the analysis. The table below summarises the themes generated and followed by a  brief descrip0on 

of each theme. 

Table 7: Emergent Themes 

Theme Ini0al Codes 

Value Co-crea0on 1. Enhanced Collabora0on and Communica0on with Customer 

2. Understanding Needs and Requirements of Customer 
 

Digital Twin 

Technology 

1. Benefits and limita0on of Digital Twins (General) 

2. Integra0on with exis0ng technologies and Systems 

3. Understanding, defini0on and explana0on of Digital Twin 

Technology 
 

Current Status of 

Digital Twin in 

Product Design and 

Development 

1. Challenges and Obstacles to implementa0on and adop0on of DT 

2. Current usage and applica0on of DT 

3. Successful implementa0on or adop0on of DT 

Managerial Issues 1. Communica0on and Collabora0on among teams and departments. 

2. Organisa0onal culture, structure, Change Management 

3. Resource alloca0on and Investments 
 

Benefits of Digital 

Twin for Product 

Design and 

Development 

1. Collabora0on with Stakeholders. 

2. Customer sa0sfac0on and trust. 

3. Improved Product Quality and Performance. 

4. Time to market & Development Cost 
 

Future of Value 

Crea=on with Digital 

Twin enabled 

Product Design and 

Development 

1. Challenges and Opportuni0es for Manufacturers & Customers 

2. Emerging trends 

3. Implica0ons to Business Models and strategies 

4. Poten0al of New product and service offering (Innova0on) 

 

• Value Co-crea=on: The primary research ques0ons explored the concept of value co-

crea0on in product design and development using digital twin technology. Through 
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interviews, it became clear that manufacturer-customer collabora0on shared 

understanding of consumer wants and requirements and co-development of new goods 

and services are all crucial aspects of this process. These ini0al codes provide valuable 

insights into how companies can leverage digital twin technology to create products that 

meet the needs and expecta0ons of their customers. 

• Digital Twin Technology: This theme focuses on incorpora0ng digital twin technology into 

product design and development. The ini0al codes for this theme were gathered from 

discussions that delved into the concept of digital twin technology (background 

assessment), its benefits and drawbacks, and its current level of implementa0on in the 

industry. 

• Current Status of Digital Twin in Product Design and Development: This theme is related 

to the second research ques0on and focuses on the present level of implementa0on of 

digital twin technology in product design and development. The ini0al codes for this theme 

were developed from replies that explored the obstacles and opportuni0es related with the 

industry's implementa0on of digital twin technology. 

• Managerial Issues: This theme is crucially linked to the primary research ques0on of value 

co-crea0on and centres on the essen0al managerial hurdles that must be overcome to 

successfully leverage digital twin technology. The ini0al codes for this theme were 

me0culously extracted from insighnul comments that emphasized the paramount 

importance of leadership, clear communica0on, and seamless alignment across different 

departments within a corpora0on. 

• Benefits of Digital Twin for Product Design and Development: The theme at hand is 

undeniably linked to your fourth research ques0on and confidently highlights the numerous 

advantages that businesses can reap from harnessing the power of digital twin technology 

in product design and development. The ini0al coding for this theme was me0culously 

curated from submissions that unequivocally endorsed the ability of digital twin technology 

to propel product quality to new heights, expedite 0me to market, and foster seamless 

collabora0on among mul0ple stakeholders. 

• Future of Value Crea=on with Digital Twin enabled Product Design and Development: This 

theme is relevant to fiqh research ques0on of the study and is concerned with the future 

of value genera0on via digital twin-enabled product design and development. The first 

codes for this theme were developed from replies that examined the poten0al influence of 

digital twin technology on the industry and the problems that must be overcome in order 

for it to be widely adopted. 
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It is important to have a coding system that can accurately capture important observa0ons by 

iden0fying themes and sub-themes. To achieve this, the researcher used the sunburst visual 

representa0on feature in NVivo, which shows a clear hierarchy of the codes and their rela0onships. 

The codes were also examined and improved to ensure they reflect the essen0al themes and 

palerns. The sunburst visual representa0on below (Figure 16) accurately reflects the main themes 

and sub-themes used in the study, indica0ng that the codes captured the content and context of 

the responses effec0vely. 

 

 

Figure 15: Sunburst Visual Representa6on (Ini6al Codes and themes) 
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6.3  Discussion of Findings 

The following sec0on discusses the research findings, the researcher's reflec0on on the findings 

based on the literature review, and the research ques0ons. 

6.3.1  Theme 01: Value Co-creation 

The results of the interviews unequivocally revealed that incorpora0ng a digital twin is a cri0cal 

component in op0mizing coopera0on and communica0on between designers and customers during 

product design and development. This cuyng-edge instrument offers never-before-seen prospects 

for value co-crea0on. All study par0cipants unanimously advocated that with op0on to virtually 

represent the physical product or system, a digital twin allows designers to simulate and test 

mul0ple scenarios in a virtual environment. One of the s0cking quotes comes from P11, a 

professional engineer with a leading manufacturing company in Finland.  

"By simula0ng different scenarios using a digital twin, we can incorporate customer insights and 

iden0fy poten0al issues to ensure that the end product is func0onal and meets the needs of 

stakeholders." – P11 

In the interview, par0cipants expressed their belief that DT technology allows for visualizing a 

product, conduc0ng various tests virtually, and predic0ng its real-life behaviour. Designers can 

involve customers in the design process and beler understand their needs and expecta0ons using 

digital twin technology. Par0cipant P8, a DT technology consultant, confirmed these insights. 

"The ability to simulate scenarios and incorporate customer insights is absolutely crucial in 

crea0ng value for stakeholders and ensuring the success of a project." – P8 

The interview findings reveal that understanding customer needs is crucial for success. An 

interes0ng point that almost all par0cipants emphasized was the digital twin's significance as a tool 

for designers to gather customer feedback and insights directly. By considering customer input 

during the design process, designers can beler understand their desires, preferences, and pain 

points. This valuable insight helps develop products that closely align with client expecta0ons, 

increasing customer sa0sfac0on and loyalty. Several notable quotes from the interviews further 
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highlight this theme. Par0cipant P4, an academic researcher in the field of simula0on based digital 

twin argues for value co-crea0on as follows. 

"When customers can par0cipate in the design process and affect decision-making from the 

beginning, it leads to products that beler serve their needs and requirements. This could be a 

win-win situa0on for product development and cell twin solu0ons." – P4 

Par0cipant P8, a digital twin technology proponent believes that  

"involving customers in the product development phase, where they can test the product and 

provide feedback, is possible with DT. This approach can help increase customer sa0sfac0on and 

ensure that their opinions are considered." – P8 

Par0cipant P7, representa0ve of another leading consul0ng firm focusing on simula0on based 

digital twin solu0ons from Finland, men0ons  

"It depends on what kind of data/ informa0on the client is trying to select a perfect solu0on for. 

The digital twin should be able to simulate the behaviour of the system accurately. Involving 

customers in the product development phase, where they can test the product and provide 

feedback, is possible with DT. This approach can help increase customer sa0sfac0on and ensure 

that their opinions are considered" – P7 

6.3.2  Theme 02: Managerial Issues  

Several par0cipants  men0oned that digital twin for product design and development is challenged 

by several administra0ve difficul0es that must be solved before their full poten0al can be realized. 

Data Standardiza=on & Data Security  

 Some argue that the digital twin entails exchanging data and informa0on between designers and 

customers, underlining the need to ensure data security and customer privacy. Some of the notable 

quotes of the interview respondents are as follows –  

"Data security is also vital, as companies are wary of sharing data with compe0tors." – P4 

"Data management is a significant challenge. Digital twin technology requires huge data/ 

informa0on transfer, collec0on, and storage. This brings about scalability issues, as maintaining 

mul0ple digital twins and their corresponding data can be challenging, especially for many 

products." – P8 
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"The best idea is to get models from our partners and compile them to build the new data, but it's 

not easy. We may have to build some component models ourselves" – P11 

 

A close evalua0on of the comments would underline the apprehension amongst the minds of 

par0cipants regarding data security, data formats, handling and scalability.  

 

Resource Alloca=on and Investment – Skilled Work forces 

Most interview par0cipants expressed concern about the requirement for specific skills and 

knowledge to develop and use the digital twin. Most advocated a need for high-level technical 

exper0se to deal with digital design tools for u0lizing DT technology. This skill need is a hurdle and 

emphasizes the importance of proper training and proficiency in efficiently harnessing the 

possibili0es of the digital twin. Par0cipant P1, a renowned name in the academic field, argues that 

the digital twin in Product Design & Development requires  

 

"a new level of knowledge and understanding from individuals in the product development team, 

and extra training and understanding." – P1 

While par0cipant P5, another academic expert and strong proponent of new age reality-driven DT, 

is very resource-intensive compared to the tradi0onal form of DT, especially for product design and 

development. This academic perspec0ve is consolidated further by all par0cipants from the 

manufacturing background who observe a need for more skilled resources for the tradi0onal form 

of product design and development, i.e., simula0ons-based DT.  

 

Resource Alloca=on & Investment – Monetary obliga=ons 

 

Another cri0cal observa0on from the interviews is the alloca0on of resources for digital twin 

technology adop0on in product design and development. The interview findings show that proper 

resource alloca0on is essen0al to realize the poten0al benefits of digital twin technology and ensure 

its successful adop0on in enterprises. Academic expert in the field of digi0za0on & Innova0on and 

interview par0cipant P2 argues that  

"building a digital twin requires an investment in capabili0es, skills, and technology. The high cost 

and need for reskilling and upskilling personnel are the primary hindrances to the widespread 

adop0on of digital twin technology." – P2 
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Inves0ng in digital twin technology can be costly, and enterprises must decide whether the 

investment is worthwhile. Par0cipant P2 further states that investment decisions towards digital 

transforma0ons like digital twin investment do not directly link to the usual way in which revenues 

and value are created from processes.  

Based on a thorough analysis of the interview responses, it is evident that there is a need to assess 

the possible benefits of digital twin technology during product design and development. 

 

Organiza=onal Structure and Culture 

It is clear from the interviews that implemen0ng digital twin technology demands significant 

organiza0onal structure and culture changes. Several par0cipants highlighted the need to train the 

engineering team to leverage digital twin technology efficiently. Moreover, it was observed that 

u0lizing this technology could pose hurdles to exis0ng organiza0onal structures. Academic expert 

(par0cipant P1), based on his research effort in the field of Digital twins, posited  

"some individuals may be resistant to this change." – P1 

On the other hand, par0cipant 2 men0ons  

"It is essen0al to add more resources to product development or cut back on the current workload 

of people to make room for retraining and re-skilling." – P2 

A closer evalua0on of the above comments made the researcher believe that organiza0ons must 

willingly adopt and accept the change to take complete advantage of the DT technologies.  

 

Change Management and Adop=on: 

During the interviews, it became evident that incorpora0ng digital twin technology into a company's 

product development process requires a significant shiq in its approach. Therefore, it is crucial to 

have a well-planned change management strategy to ensure a successful transi0on. To achieve this, 

it is essen0al to prepare and communicate the deployment of digital twin technology to all 

stakeholders clearly and concisely to facilitate a smooth transi0on. Insights from the manufacturer 

(P10),  who believes that change and adop0on of the technology is one of the significant challenges.  

"Our product design & development process is based on customer requirements, both technical 

and commercial, and we have been using tradi0onal approaches like CAD and simula0on for years. 

As a result, we see lille need for digital twin technology during product design and development. 

Our equipment is rela0vely simple, and there are few mechanical movements to worry about. We 

perform FEMA analysis on the forces and slurry flows, but beyond that, we do not see much value 

in using digital twin technology in manufacturing." – P10 
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The par0cipant finds his team comfortable working on tradi0onal or established product design and 

development processes. In a way, the argument may be agreeable if evaluated from the perspec0ve 

of resource alloca0on and complexi0es involved in the product. However, the response also signifies 

resistance to change or adop0ng new technology. Some of the other responses men0oning change 

and adop0on as a challenge are as follows  

"changing the development process can be difficult." – P8 

"changing the aytude and work process is probably more difficult." – P8 

"the mentality of "if it has not broken, why fix it" is prevalent" – P6 

"Even if there are people who know what digital twin is, the problem is with the mindset." – P5 

6.3.3  Theme 03:  Digital Twin Technology  

As part of the interview process, the par0cipants were asked about their background to reveal their 

origins and thoughts on digital twins in a series of informa0ve ques0ons, allowing the iden0fica0on 

of numerous prevalent themes. This theme explores the defini0on and relevance of digital twins, 

their use in product design and development, their benefits, limita0ons, and their integra0on with 

other technologies and systems. 

Defini=on and explana=on of  Digital Twin 

The responses from the par0cipants show that digital twin technology meant and is u0lised in 

different ways. For example, some consider it a virtual replica, a real-0me monitoring tool, a 

simula0on tool, or a tool for analysing physical items and processes. Some of these responses are 

as follows  

"data-driven models" – P1 

“Enhanced Simula0on” – P1 

"bidirec0onal link to the physical twin, which is the real machine they represent" – P2 

"virtual representa0on of a machine, object, factory, city, or even a person" – P3 

"physics-based computer simula0on of real machines" – P5 

"reality-driven simula0on" – P5 

"physics-based representa0on of a real system" – P7 

"in terms of the defini0on, we have been considering the physical product and its virtual 

representa0on, and the data flow between the two" – P8 

"Digital twin technology is essen0ally process simula0on" – P9 
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"My understanding is that a digital twin must be connected to real machines, making virtual 

prototyping possible. But, because it is impossible to create a perfect digital twin, I prefer to use 

the term digital systems or the digital family." – P11 

Upon closer examina0on of the par0cipants' backgrounds and understanding, they all agree that it 

serves as a bridge or connec0on between the physical and digital worlds. It provides a digital replica 

that reflects the physical object's behaviour, characteris0cs, and performance. 

 

Benefits and Limita=ons 

Through interviews with experts from varied backgrounds (academic, Technology Consultant, and 

Manufacturers in the field of DT), various benefits were discovered regarding digital twin 

technology. One of the most significant advantages noted was its ability to  generate new ideas, 

accelerate learning, produc0vity, conduct predic0ve maintenance, allowing for the early 

iden0fica0on of necessary repairs and minimizing costly down0mes.  

“Simula0on models can introduce novel ideas by allowing customers to try and check the product, 

produc0vity, and consump0on of the new machine in real-0me.” – P1 

“Digital Twin simula0on models allow for easy tes0ng of even the wildest ideas without the need 

to worry about how difficult it is to physically produce them.” – P1 

“process efficiencies related to maintenance, end-of-life, customer rela0onship, and other areas.” 

– P2 

“lot of digital twin applica0ons in terms of troubleshoo0ng, fault diagnosis, and condi0on 

monitoring” – P6 

“digital twin technology can help reduce costs, improve top-line performance, and influence 

product quality.” – P7 

“op0miza0ons, predic0ve maintenance, inventory management, and more” – P8 

“reducing maintenance needs, shutdowns, and other costly events for a plant” – P9 

In addi0on, the digital twin also provides valuable insights into product performance, aiding in data-

driven decision-making and con0nuous improvement throughout the product's lifespan.  

“support decision-making by predic0ng what is going to happen or making beler decisions based 

on data” – P3 

Integra=on with other technologies and systems: 

Interview par0cipants observe the revolu0onary power of combining digital twins with other 

cuyng-edge technology.  
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“ability to interface with different systems and soqware to provide simula0on capabili0es and 

combine simulated data with real sensor data” – P2 

“With data from sensors, designers can see all the forces and other factors affec0ng the product 

and create a beler end product.” – P4 

“For larger, more data-intensive applica0ons that u0lize machine learning or other AI-based 

solu0ons, significant data storage and processing equipment may be required.” – P6 

A closer assessment of the interview response underlined the complementary nature of digital 

twins, ar0ficial intelligence, machine learning, and the Internet of Things (IoT).  

6.3.4  Theme 04 – Current status of DT in PD&D.  

 

In this sec0on of the discussion on findings, the researcher focuses on themes such as awareness 

and understanding, current usage and applica0ons, successful implementa0ons, and challenges 

encountered when implemen0ng and adop0ng digital twin technology in product design and 

development. 

 

Level of Awareness and Understanding:  

As men0oned in the prior discussion about the defini0on of the Digital Twin, the researcher 

observes that the par0cipants' level of awareness and understanding of Digital Twin technology 

varied. For example, some responders were thoroughly aware of Digital Twin concepts, recognizing 

the poten0al for real-0me simula0ons and predic0ve analyses to improve product design and 

development.  

"Digital twin and computer simula0on are quite similar, with the main difference being that digital 

twin offers a more realis0c representa0on of the machine, which is achieved through a variety of 

methods, such as using a computa0onal model that accurately represents the machine's 

environment or by synchronizing the model's behaviour with the real machine using reality-

different simula0on approaches." - P1 

"Unless we have digital twins of our products, we will not be able to apply analy0cs, machine 

learning, or ar0ficial intelligence effec0vely, and they will not be connected to the rest of the 

digital realm surrounding the economy." - P2 

On the other hand, others demonstrated a limited understanding, viewing Digital Twin as solely a 

visualiza0on tool or having only a hazy understanding of its capabili0es. 
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"... use this tradi0onal digital twin only for product demonstra0ons and marke0ng purposes. They 

cannot use it for other purposes, such as product design." - P3 

"We use it mostly during the design phase to create 3D models." - P10 

 

Examples of Successful Digital Twin Implementa=ons and Adop=ons:  

Examples of successful Digital Twin implementa0ons were presented throughout the interviews, 

showing the technology's prac0cal benefits. One respondent (P2) described 

"Using a simula0on-based digital twins that operate on the basis of mul0body dynamics". 

"studying the behaviour and dynamics of machines, such as excavators" - P5 

"We are working with big companies in Europe, not only in Finland but across different business 

sectors like forestry, construc0on machines, cranes, etc." - P8 

Another par0cipant (from Manufacturing Industry) (P9) shared an example of how Digital Twin 

models were used to monitor and analyse the plant processes, allowing for prompt maintenance 

interven0ons and reducing process hazards, and breakdowns. 

"We con0nuously adjust our models through machine learning algorithms that approach both the 

real plant data and the model data, making the difference between the predic0on and what 

actually happens in the plant as small as possible. This allows us to have a beler understanding of 

what will happen in the plant, and ul0mately, ensure its success - P9" 

Challenges and Obstacles.  

The interviews also revealed various issues and obstacles that firms experience while implemen0ng 

and u0lizing Digital Twin technology in product design and development.  

The need for significant investments in infrastructure, soqware, and knowledge was a recurring 

issue in the responses. 

"building a digital twin requires an investment in capabili0es, skills, and technology." - P2 

"Companies are generally short of digital capabili0es, star0ng from the people, which is hindering 

the integra0on of digital twin technology into product design and development." - P2 

In addi0on, many respondents raised worries about data privacy and security and the difficulty of 

integra0ng Digital Twin systems with conven0onal product lifecycle management (PLM) solu0ons.  

"data format is cri0cal as it establishes a common language with different devices and sensors." 

"For larger, more data-intensive applica0ons that u0lize machine learning or other AI-based 

solu0ons, significant data storage and the processing equipment may be required." - P6 

"IT solu0ons developed to maintain the digital twins can be difficult and expensive to maintain, 

par0cularly for long-life cycle products." – P7 
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"Another challenge is making sure that you have access to all the necessary data, which can come 

from various sources and be in different formats. You also need to make sure that you have the 

right infrastructure to support the digital twin, such as sensors and connec0vity." - P9 

Another barrier cited by several par0cipants was the need for standardized protocols and 

interoperability between different Digital Twin planorms. 

"there will be a greater need for standardiza0on and interoperability between different digital 

twin systems." - P8 

The interview responses provides valuable insights into the current state of Digital Twin technology 

in product design and development. While some par0cipants displayed a high level of awareness 

and comprehension, others demonstrated knowledge gaps, indica0ng the need for further 

demonstra0on of  its usages, and training in this area. In addi0on, the interviews highlighted various 

uses for Digital Twin technology, emphasizing its poten0al to improve processes and maximize 

product performance. However, impediments to more comprehensive applica0ons include 

infrastructure investments, data security concerns, and integra0on constraints.  

 

6.3.5  Theme 05: Future of Value Creation with DT enabled PD&D. 

Based on the insights collected from interviewees, this report digs into the future of value 

genera0on through Digital Twin-enabled product design and development. The thema0c analysis 

revealed several major topics, including the poten0al for new product and service offerings, 

emerging trends and technologies, implica0ons for business models and strategies, and challenges 

and opportuni0es for manufacturers and customers.  

Poten=al for New Product and Service Offerings:  

 

All respondents emphasized Digital Twins' capacity to improve customiza0on and personalisa0on, 

allowing manufacturers to adapt to par0cular client needs with more precision. Furthermore, Digital 

Twins make it possible to create virtual marketplaces where customers can digitally explore and test 

things, allowing for more informed purchasing decisions, innova0ons and new product 

development. Some of the notable insights received during the interac0ons are as follows : 

"it helps to build a big picture of the product." - P1 

"Digital twin can enable innova0ons by providing a virtual planorm for tes0ng and 

experimenta0on." - P2 

Companies can offer predic0ve maintenance services proac0vely by employing real-0me data from 

Digital Twins, saving down0me and maximizing product longevity.  
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"The use of digital twin technology also increases innova0on" - P8 

"real-0me monitoring and control of physical assets, which can lead to improved maintenance, 

increased efficiency, and reduced down0me." - P11 

 

Emerging Trends and Technologies 

The interviews provide light on numerous new themes and technologies expected to affect the 

future of Digital Twin-enabled product design and development. Interview par0cipant (P2) posits 

that the digital twin technology can be seen key element for firms on their quest for digi0za0on.  

 

"Digital twins are a keystone technology, and they are necessary components that we need to 

apply any subsequent advances in digi0za0on." - P2 

Policies undertaken by European Union with a top-down approach are expected to facilitate such 

ini0a0ves. 

 

"European Commission and top-down policies are doing the right thing to facilitate this. They 

consistently and coherently combine the green and digital transi0ons as the twin transi0ons. They 

u0lize this pairing of these two in all communica0on and policy seyngs. This trickles down from 

the European level to the na0onal policies, from there to the regional policies, and from there to 

the company strategies and so on. I think this is a key issue that is moving companies in that 

direc0on currently." - P2 

 

Furthermore, improvements in Internet of Things (IoT) devices and sensors contribute to the 

increasing availability of real-0me data, which improves the accuracy and u0lity of Digital Twins. 

Par0cipant P5 claims a futuris0c evolu0on of the DT into a reality-driven simula0on based on the 

digital twin. The par0cipant posits that many conceptual developments would be possible using this 

new category as it allows designers to be informed on all the machine details to the core while 

enabling them to play, unplug, and try different varia0ons. 

 

"new categoriza0on of digital twins called reality-driven simula0on-based digital twins."  

"By using the reality-driven part, we can do much conceptual development because we will know 

the details of the machine to the core. Then, we can play, unplug, and try different varia0ons." 

 

Another par0cipant (P6) believes that the evolu0on of enabling technologies of Digital Twin, namely 

AR, VR, and Machine Learning, will pave the way for DT in varied industries beyond its current realm.  
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"machine learning technology become more sophis0cated, accurate, and versa0le in the coming 

years, with new applica0ons and use cases emerging in fields ranging from healthcare to finance 

to manufacturing." - P6 

 

On the other hand, par0cipant P10 believes that the accuracy of the digital twin and relevant data 

infrastructure is crucial to the technology's future growth.  

 

"advancements in the accuracy of digital twin models, as well as improvements in the accessibility 

of data and infrastructure needed to support it." - P10 

 

Implica=ons for Business Models and Strategies 

Par0cipants stressed Digital Twins also enable beler coopera0on among stakeholders like as 

designers, engineers, and customers, resul0ng in increased cross-func0onal integra0on and more 

efficient decision-making processes. Par0cipant (P10) argued that establishing a common 

understanding about the digital twin technology for individual, en0re plant or process as essen0al 

for op0mised performance.  

 

"It's essen0al to establish a common understanding of the technology for individual equipment 

and the en0re plant or processing line to link them together and op0mize performance between 

different equipment in a process flow to maximize value for the customer. Forecas0ng and 

scenario building will be crucial for this op0miza0on." 

 

Naturally, such swiping change across the current establishment would mean changes to the 

business model and exis0ng business strategies. The above inference is consolidated further by 

insights shared by par0cipant P4, who argues 

 

"crea0on of new business models by providing real-0me feedback and data on the products' 

performance, which can be used to develop new services or products." - P4 

 

Digital Twins' revolu0onary impact on company structures and strategy. Integra0ng Digital Twins 

with exis0ng product lifecycle management systems allows for a more itera0ve and flexible 

approach to product development, lowering 0me-to-market and encouraging innova0on. 
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"Exis0ng business models can also be transformed by improving the efficiency and effec0veness of 

the business opera0ons through cost savings, more efficient designing, and elimina0on of 

bollenecks in the produc0on or designing phase." - P4 

 

Challenges and Opportuni=es for Manufacturers and Customers:  

Given the reliance on sensi0ve product informa0on and customer data, ensuring data security and 

privacy arose as a significant challenge. Manufacturers confront addi0onal hurdles when adop0ng 

and implemen0ng Digital Twins, such as infrastructure upgrades and personnel upskilling. Some of 

the key insights from the perspec0ve futuris0c scope of Digital Twin for Product Design and 

Development are as follows –  

 

"The technology will become more pragma0c and focus on specific purposes. There will be a 

greater need for standardiza0on and interoperability between different digital twin systems." - P8 

"The best idea is to get all the models from our partners and compile them to build the new data, 

but it is not easy. We may have to build some component models ourselves." - P11 

"It is crucial that the company selling this technology has enough naturality to communicate in the 

same language as their clients." - P11 

 

6.3.6  Theme 06: Benefits of DT for PD&D 

The interview insights about the benefits of Digital Twin Technology for Product Design and 

Development led to sub-themes, namely Improved Product Quality & Performance, Reduced Time-

to-Market and Development Costs, Increased Customer Sa0sfac0on and Loyalty, and Enhanced 

Collabora0on and Communica0on with Customers. 

 
Improved Product Quality and Performance:  

Respondents to this research study consistently emphasized the favourable influence of Digital Twin 

technology on product quality and performance. Engineers and designers can simulate numerous 

scenarios and find poten0al problems or improvements early in development by genera0ng a virtual 

version of the physical product.  

"By using digital twins, companies can quickly iden0fy design flaws, op0mize performance, and 

reduce the risk of errors in produc0on." - P2 

"save 0me and resources by iden0fying poten0al issues early on and allowing for virtual tes0ng of 

different scenarios." - P8 
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This capability results in improved design correctness, fewer errors, and, ul0mately, higher product 

quality.  

“in quality control, a digital twin can help businesses iden0fy and resolve issues in a product or 

system before they occur in the physical world.” – P8 

“digital twin technology can help reduce costs, improve top-line performance, and influence 

product quality.” – P7 

 

Digital Twins offer rapid prototyping and itera0ve tes0ng during the idea development and system-

level design stages, ensuring op0mal design choices that result in higher-performing solu0ons. 

 

"With the help of the digital twin, we can monitor the plant's performance in real-0me and detect 

any anomalies in the data. By analysing this data, we can iden0fy the root cause of the problem 

and take correc0ve ac0on before a breakdown occurs." - P9 

 
Reduced =me-to-market and development cost: 

Based on the interviews, it is no0ced that  Digital twin technology can reduce product development 

0melines and costs, speed up the process, and expedite cri0cal stages such as tes0ng and 

simula0on, resul0ng in cost savings.  

 

"Without this tool, learning is done through experimental devices, which is slow and costly." -P1 

"businesses to develop prototypes faster, giving them an advantage in the market and increasing 

their profit margins." - P3 

 

Companies may uncover and correct design faults before building the physical prototypes by 

leveraging virtual simula0ons and predic0ve analy0cs, significantly decreasing costly itera0ons.  

 

" improve the product's performance, to reduce its maintenance costs, or to increase its lifespan. 

For example, if the objec0ve is to improve performance, the digital twin should be able to collect 

and analyse data in real-0me, iden0fy issues and provide recommenda0ons for improvement." - 

P7 

"if you create a digital twin of the prototype, you can know how it will behave in reality and make 

changes quickly and inexpensively." - P3 
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Stakeholders can use Digital Twins to expedite the design and development process, removing 

bollenecks and maximizing resource alloca0on.  

 

"if the objec0ve is to reduce maintenance costs, the digital twin should be able to provide a 

detailed analysis of the product's condi0on and iden0fy any poten0al issues before hand. On the 

other hand, if the objec0ve is to increase the product's lifespan, the digital twin should be able to 

accurately simulate the product's behaviour over 0me and provide recommenda0ons for 

maintenance and upgrades." - P8 

"By simula0ng different scenarios using a digital twin, we can incorporate customer insights and 

iden0fy poten0al issues to ensure that the end product is func0onal and meets the needs of 

stakeholders" - P11 

 

Furthermore, the ability to conduct virtual tes0ng and verifica0on alongside physical tes0ng reduces 

overall 0me-to-market, giving businesses a compe00ve advantage. 

"significant savings in prototyping, material cost, opera0onal cost, and wastage reduc0on." - P6 

"digital twin technology can help reduce costs, improve top-line performance, and influence 

product quality. - P7" 

 

Increased Customer Sa=sfac=on and Loyalty 

Insights of par0cipants argue that the Product design and development enabled by the Digital Twin 

offers a number of advantages that immediately lead to increased consumer Trust and loyalty.  

 

"By simula0ng various scenarios using a digital twin, companies can incorporate customer insights 

and iden0fy poten0al issues, ul0mately crea0ng value for stakeholders and ensuring the success 

of the project." - P11 

"By showing the differences and benefits through digital twin technology, we can inspire 

confidence in our customers and differen0ate ourselves from our compe0tors." - P8 

 

Based on the interviews, organiza0ons can u0lize Digital Twins to create customized product designs 

and enhance the overall product experience and performance. Most interviewees believe that this 

aspect of Digital Twin in Product Design and Development can poten0ally increase customer loyalty 

and improve brand percep0on. 
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Enhanced Collabora=on and Communica=on with Stakeholders.  
 

While respondents to the survey stressed the revolu0onary influence of Digital Twin technologies 

on teamwork and customer communica0on, several par0cipants argued that it also avails 

openness/transparency and par0cipa0on of all other stakeholders throughout the design and 

development.  

 

"Digital Twin technology allows for engineers from different disciplines to work together more 

efficiently." - P1 

"digital twin technology can facilitate collabora0on and communica0on between different teams 

and stakeholders." - P2 

"Digital twins make decision-making easier and improve connec0ons and discussions between 

different actors in the business ecosystem by providing and receiving informa0on." - P4 

"Whether it is a simula0on, product design, or development process, it is crucial to priori0ze 

crea0ng value for stakeholders." - P11 

 

It can be inferred from the insights above, Digital Twins enable seamless collabora0on and 

knowledge exchange between engineers, designers, and customers, leading to more inven0ve and 

customer-centric solu0ons. 

 

The following sec0on concludes this disserta0on by connec0ng exis0ng literature, inferences from 

the above findings, and theories with the study issues. 
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7  Conclusions 
In this sec0on, we evaluate the research topic outcomes and restate the research ques0ons the 

study answered. Finally, we discuss the study's theore0cal and managerial implica0ons, limita0ons, 

and future study opportuni0es. 

7.1  Defining DT from the product design and development standpoint 

At the onset from the standpoint of PD&D and specific insights from interview par0cipants, the 

author advocates for the following aspects as essen0al in a Digital Twin for product design and 

development: 

1. Efficient adjustments and redesigns during product development can be achieved through 

simula0on, which involves crea0ng a digital model of the physical system (Saunila et al., 

2021). Saunila et al (2021) argue that previous studies have demonstrated this approach as 

effec0ve. Therefore, based on current literature and insights from interview par0cipants, it 

is essen0al for Digital Twin (DT) in Product Development and Design (PD&D) to include a 

virtual representa=on of the physical product that can be u=lized for simula=on and 

analysis. 

2. The author suggests that the DT should offer real-=me data on physical product 

performance and behaviour to iden=fy issues and improve the product. This 

recommenda0on is supported by several studies in the literature that demonstrate the 

benefits of DT collabora0on in the cyber-physical integra0on of intelligent industrial 

manufacturing. Furthermore, DTs have been used to monitor and improve en0re 

produc0on lines at the system level, as evidenced by research conducted by Fersman and 

Lv (2022) and Vathoopan et al. (2018). 

3. A DT should be linked to a physical product for two-way communica=on and feedback. 

4. Finally, the author believes that the capability of a Digital Twin (DT) to analyse and 

comprehend data to gain insights and make informed decisions is crucial. 

Based on these characteris0cs, the generalized defini0on of DT for PD&D would be: 

 

" It is a virtual replica of a physical product linked to the physical object, allowing for real-

*me data and insights for monitoring, simula*on, and op*miza*on. A DT for product design 

and development contains analy*cal skills that enable data processing and interpreta*on to 

improve the physical object or system's performance, efficiency, and overall quality." 
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7.2  Revisiting the research questions 

To begin, business prac00oners should iden0fy poten0al sources of value crea0on (the opportunity) 

in their specific context based on their posi0on in the value system. Then, they can put the proposed 

poten0al value drivers to use or develop them further. For example, this opportunity could address 

and resolve a shortcoming or difficulty seen by the manager (e.g., with significant cost implica0ons), 

s0mulate innova0on, and address client needs. The researcher strongly advocates the u0liza0on of 

the B2B Value Element Framework for assessing value elements or poten0al sources for value 

crea0on, as it provides a thorough and systema0c method to understand and quan0fy the value a 

firm contributes to its customers.  

The research findings indicate that Digital twin technology provides numerous op0ons for value 

crea0on in product design and development, including excellent product quality, lower costs, and 

beler decision-making. The thesis aim was to inves0gate new value-crea0on opportuni0es for 

Digital Twin-enabled PD&D based on the concept of the B2B Value Pyramid by Bain & Company. The 

research ques0ons were derived from the literature and the main ques0on the study alempt to 

address was –  

7.2.1  Main Research Question 

“RQ1: “How can the digital twin provide new opportuni1es for value co-crea1on through suppor1ng 

product design & development, and which managerial issues need to be solved for this?” 

 

The study findings highlight that digital twin opens up several opportuni0es for value co-crea0on in 

product design and development. At the onset, collabora0on among stakeholders involved in 

product design and development is essen0al, which the Digital twin technology can promote. 

Designers, engineers, manufacturers, and customers can benefit from exchanging ideas, co-crea0ng 

value, and leveraging their exper0se. By integra0ng sensors and data streams from physical 

prototypes/ systems, digital twins enable real-0me monitoring and analysis, leading to faster 

itera0ons and improved product quality. They also simulate product behaviour and performance 

under different scenarios, enabling designers to experiment with design op0ons, run simula0ons, 

and op0mize product features without needing physical prototypes. Early employment of digital 

twins in the design phase ensures customer engagement and feedback, ensuring that the final 

product meets customer expecta0ons and preferences. The study finds that such a co-crea0on 
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approach using digital twins for product design and development promotes crea0vity, reduces costs, 

and produces more robust and efficient products. 

 

Study par0cipants brought out managerial issues for digital twin for product design and 

development. To create effec0ve digital twins for product design, quality data needs to be gathered 

from various sources and maintained with integrity. Privacy and security concerns must be 

addressed when genera0ng large amounts of data. Implemen0ng digital twins requires changes in 

workflows, processes, organiza0onal culture, and proper training and support. Ownership, 

intellectual property, and data rights must be clarified. Finally, digital twins must integrate smoothly 

with exis0ng systems. Addressing these managerial issues unlocks the poten0al of digital twins for 

value co-crea0on in product design. 

7.2.2  Sub-research question (RQ2) 

“RQ2: What is the current status and level of applica1on of DT in Product Design & Development?” 

 

Digital twin technology has emerged as a poten0al and transforma0ve product design and 

development tool. There has been a tremendous increase in digital twin technology knowledge and 

understanding in recent years. The study par0cipant, academic researchers, engineers/ 

representa0ves from the manufacturing industry, and technology Consultants have all no0ced the 

poten0al benefits that digital twins might provide while acknowledging their futuris0c poten0al in 

the rapidly transforming digital world.  

Second, present digital twin technology usage and applica0ons in product design and development 

are numerous and expanding. While the literary study posits that Digital twins are used in various 

industries, including manufacturing, aerospace, automo0ve, and healthcare, the study par0cipant 

primarily advocated its u0liza0on in heavy machinery. The study finds that the digital twin allows 

engineers to simulate and evaluate various design scenarios, op0mize product/ process 

performance, and forecast maintenance requirements.  

 

Based on the study findings, the author concludes that companies adop0ng digital twins have 

observed higher product quality and reduced produc0on and development costs. In addi0on, the 

study also no0ced that the process plant used digital twins to monitor equipment performance, 

spot anomalies, and schedule predic0ve maintenance, reducing down0me and beler 
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manufacturing processes. Such success stories increase the interest in and implemen0ng digital 

twin technologies in product design and development. 

 

Establishing and deploying digital twin technology is challenging despite its poten0al and favourable 

consequences. Data integra0on and interoperability are two major roadblocks. Bringing data from 

many sources and ensuring interoperability across different systems can be difficult and 0me-

consuming. Furthermore, firms must invest in advanced analy0cal capabili0es and qualified staff to 

fully realize the poten0al of digital twins, which might be a barrier for some businesses. 

7.2.3  Sub-research question (RQ3) 

“RQ3: Published difficul1es and limita1ons of DT in PD&D. What are the reasons why DT is not being 

used?” 

Digital Twin (DT) technology presents challenges and opportuni0es for product design and 

development. However, the adop0on of this technology faces challenges such as the newness of 

the technology, a need for more awareness of its usefulness, and the need for infrastructure and 

accompanying applica0ons. In addi0on, the labour-intensive nature of the work and the costly 

investments required can also be 0me-consuming and expensive. Furthermore, the need for 

standards and legisla0on and privacy and interoperability issues with data are also challenges. 

Despite these challenges, DT can foster collabora0on by encouraging informa0on sharing and co-

crea0on, providing opportuni0es for genera0ng value. However, businesses must improve their 

awareness of the value of DT to take advantage of these opportuni0es. One way to assess the value 

of DT is to use the value element framework developed by Bain & Company. However, exploring 

other value assessment methods can also enable firms to assess the value opportuni0es. This study, 

though, has considered value assessment (Cost-benefit analysis) beyond its scope of study. 

The study also highlights that emerging technologies such as high-performance compu0ng and 

machine learning can improve infrastructure through research and development. Coupled with the 

European Union's legisla0ve push toward the manufacturing industry's digital transforma0on, the 

adop0on of digital twins will likely get a more significant boost. But, data security and 

interoperability will remain the key impediments for adop0on of DT. However, the study also finds 
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that data governance can address these privacy concerns while allowing data sharing within and 

across businesses. 

The study finds that the ever-changing landscape of product design and development in the digitally 

transforming manufacturing industry demands businesses to navigate these challenges carefully 

and seize the value opportuni0es digital twins offer to stay ahead. 

7.2.4  Sub-research question (RQ4) 

“RQ4: What are the benefits for the companies in u1lizing digital twins for Product Design and 

Development” 

 

As more and more firms transform digitally, the usage of digital twins is also expected to increase. 

Digital twins can improve product quality by allowing companies to analyze data and improve 

product designs. In addi0on, they are versa0le tools that can be used throughout a product's 

lifecycle, from design to disposal, produc0on, and construc0on. The industry has already realized 

some of the benefits of digital twins, such as remote monitoring and maintenance. For example, GE 

saved USD 1.5 billion by using digital twins' real-0me monitoring capabili0es, which decreased 

opera0ng and maintenance expenses (Lukens, 2022). The study iden0fies numerous benefits of DT 

for Product design and development, which include beler product design, improved performance, 

cost and 0me savings, predic0ve maintenance, itera0ve op0miza0on, remote collabora0on, and 

training. As a result, leveraging DTs can speed up product development, drive innova0on, and 

significantly improve the efficiency of delivering high-quality products.  

As mapped against the B2B Elements of Value categories proposed by Bain & Company, the study's 

findings are as follows.   

 

Func=onal Value Element Category: 

Our research findings conclude that Digital Twin technology is essen0al for businesses as it delivers 

func0onal value elements to customers in two crucial categories: economic and performance. The 

economic category op0mizes product designs for efficiency, resul0ng in cost reduc0on and 

increased income. The performance category focuses on ensuring top-notch product quality, 

scalability, and innova0on by providing a planorm for tes0ng new product features and designs 

without physical prototyping.  
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Ease of Doing Business Category: 

The 'Ease of doing business" category is divided into five subcategories: produc0vity-related, 

opera0onal-related, access-related, rela0onship-related, and strategic. 

 

Our study in the produc0vity-related subcategory agrees with the widely held belief that Digital 

Twin technology significantly improves produc0vity. Our findings indicate that during PD&D's tes0ng 

and produc0on revamp stages, Digital Twin technology allows companies to streamline design 

processes, minimize errors, and boost efficiency through simula0ons.  

 

The opera0ons subcategory simplifies organiza0onal processes, improves connec0vity and 

integra0on, and op0mizes resources. The study has revealed that Digital Twin technology is the key 

to iden0fying and addressing opera0onal inefficiencies, streamlining processes, and op0mizing 

resource u0liza0on. As a result, the study concludes that DT is a game-changer in crea0ng seamless 

and efficient interac0ons between firms and organiza0ons. 

 

To provide customers with the best experience, firms should leverage access-related elements of 

value. This includes offering a wide range of op0ons, personalized products, and guaranteed 

availability. By u0lizing Digital Twin technology, businesses can create highly detailed simula0ons 

that allow customers to explore various design op0ons and customize products to their exact 

specifica0ons. With Digital Twin technology, customers can take complete control of their 

experience and easily tailor products to their liking. 

Companies must priori0ze responsiveness, commitment, stability, exper0se, and cultural fit within 

the rela0onships subcategory to enhance customer rela0onships. U0lizing Digital Twin technology 

is impera0ve in exhibi0ng exper0se, responsiveness, and unwavering dedica0on to providing 

excep0onal quality and service. As such, companies can deliver a personalized and outstanding 

experience, leaving a las0ng impression on their valued customers. 

 

The strategic subcategory involves minimizing risks, improving component quality, and increasing 

flexibility and reach to provide value. Using Digital Twin technology, businesses can detect and 

prevent poten0al risks, enhance product quality, and expand their market reach and flexibility. As a 

result, companies that use digital twin technology for product design and development can offer 

their valued customers a more comprehensive range of trustworthy and diverse products and 

services. 
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Individual values category  

Understanding customers' prac0cal and personal needs and desires is essen0al for any business. 

The individual Value element category covers important subcategories such as network expansion, 

marketability, reputa0onal assurance, design and aesthe0cs, growth and development, reduced 

anxiety, and fun and perks related to the personal needs and desires of the buyers. Incorpora0ng 

DT technology into product design and development can provide significant benefits by addressing 

these elements of value. Addi0onally, businesses can thrive by empathizing with their customers 

and considering their personal needs. For example, simula0ons can be used to refine and test 

products before launch, giving customers a compe00ve edge and building stronger rela0onships 

with stakeholders. In addi0on, this approach benefits businesses by helping them expand their 

professional network and connec0ons. 

 

Crea0ng highly appealing products for the target market to succeed is crucial. Digital Twin 

technology offers a valuable solu0on by enabling firms to develop detailed simula0ons that refine 

product designs to meet customers' preferences and needs. Thus, the digital twin deepens a firm's 

understanding of customers and facilitates the crea0on of products that they truly desire. 

 

Maintaining a good reputa0on is paramount for any brand, and ensuring that products meet high 

standards of quality and reliability is cri0cal. Firms can avoid costly errors and safeguard their 

reputa0on by u0lizing virtual tes0ng and valida0on methods. This underscores the firm's 

commitment to providing its customers with top-quality products. 

 

DT technology is crucial for refining product Design & crea0ng visually stunning products that 

capture customers' alen0on. It enables employees to acquire new skills and reduce customer 

anxiety by simula0ng poten0al scenarios and outcomes. Addi0onally, businesses can use it to create 

engaging simula0ons that make the PD&D process enjoyable for customers, building brand loyalty. 

 

Inspira=onal category 

The inspira0onal value element category advocates the customers' deeper values and aspira0ons. 

Companies that succeed in this category can help customers see themselves as part of something 

larger, ins0l a sense of hope and possibility, and create a sense of purpose beyond just the func0onal 

benefits of their products or services. By u0lizing digital twin technology for product design and 

development, companies can build meaningful customer rela0onships and create loyalty beyond 

just the transac0onal. 
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7.2.5  Sub-research question (RQ5) 

“What does the future look like for value crea1on using Digital Twin-enabled Product Design & 

Development?” 

The study concludes that Digital Twins is a cuyng-edge technology that has the poten0al to alter 

corporate opera0ons and create intriguing new opportuni0es. According to industry analysts and 

also deduced by this research study, Digital Twin will transform how products and services are 

designed and delivered by enabling customiza0on, predic0ve maintenance, and the forma0on of 

virtual marketplaces. In addi0on, Digital Twins enable innova0on and an agile approach to problem-

solving by integra0ng with product lifecycle management systems. The study recommends 

manufacturers invest in Digital Twins to acquire significant insights into product design and 

development processes. However, successfully integra0ng this technology necessitates informed 

and skilled personnel. However, the policy framework by European Union for digital transforma0on 

is likely to ease the skill shortage. Companies that do not adopt this robust technology are likely to 

risk slipping behind their compe00on. Companies must embrace DT and transform their opera0ons 

to maintain a compe00ve edge. 

 

By integra0ng DT with other technologies like AR/VR, mixed reality, and 3D prin0ng, new 

opportuni0es for innova0on can be discovered. Although DT has challenges, such as a lack of 

agreement on its defini0on and value, standards and regula0ons, and concerns around data security 

and ownership, the advantages outweigh the obstacles. Since DT is s0ll in its early stages, addressing 

the challenges to unlock its full poten0al is essen0al. Therefore, it is crucial to thoroughly 

understand what qualifies as DT, its benefits, implementa0on, and challenges to unleash this 

technology's capabili0es fully. 

7.3  Theoretical and Managerial Implications  

Incorpora0ng digital twins into organiza0onal processes is cri0cal to staying relevant today. By 

u0lizing this technology, businesses can offer personalized and innova0ve products that cater to the 

unique needs of their customers. This research delves into the benefits of digital twins for product 

design and development beyond tradi0onally acknowledged predic0ve maintenance and machine 

op0miza0on. The following sec0on will cover the study's theore0cal contribu0ons and impact on 

management. 
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• Theore=cal Implica=ons: 

1. This study contributes to our understanding of digital twins by iden0fying new prospects 

for Value crea0on. Furthermore, it demonstrates that digital twins can be more than only 

predict maintenance and op0mize machines. Digital twin can poten0ally revolu0onize the 

way firms design and develop products. These findings imply that we should con0nue 

inves0ga0ng how digital twins can be implemented and impact diverse businesses. 

2. This study includes perspec0ves from academics, technology consultancy, and 

manufacturing to gain a thorough understanding of digital twins. The theme analysis covers 

a wide range of thoughts, providing valuable insights into prospects for value genera0on. 

This integra0on expands our understanding of digital twins and their impact on product 

design and development & its stakeholders. 

3. This research expands on the B2B value element paradigm by examining how digital twins 

can create value opportuni0es outside tradi0onal domains. In addi0on, the study 

demonstrates explicitly how incorpora0ng digital twins into product design and 

development can result in extra-value features. By adding these factors to the framework, 

we acquire a more thorough knowledge of the value-crea0on poten0al of digital twin 

technologies. 

 

• Managerial Implica=ons: 

1. The study finds that incorpora0ng digital twins into product design and development 

processes is essen0al to remain compe00ve. With real-0me data and simula0on 

capabili0es, digital twins improve prototyping accuracy, accelerate itera0ons, and aid 

decision-making. Managers must understand the advantages of digital twins and integrate 

them into their opera0ons to succeed in today's fast-paced business environment. 

2. Digital twins can help to build collabora0ve ecosystems that promote collabora0on and 

informa0on sharing among product design and development stakeholders. Managers can 

take this opportunity to bring together manufacturers, designers, suppliers, and customers, 

resul0ng in increased innova0on, shorter 0me to market, and more customer sa0sfac0on 

by fostering communica0on and knowledge exchange. 

3. Managers must emphasize data privacy and security when dealing with digital twins that 

rely on real-0me data and connec0vity. This can be accomplished by building strong data 

governance structures, employing encryp0on mechanisms, and maintaining regulatory 

compliance. It is also recommended to have con0ngency plans to reduce the risks 

connected with poten0al data breaches or cyberalacks. 
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7.4  Limitations of the Study 

It is crucial to acknowledge the limita0ons of this research study. Firstly, the sample size was small, 

leading to an inadequate representa0on of views from academics, manufacturers, or technology 

proponents in digital twin technology. Secondly, the researchers' personal accounts were the basis 

for the conclusions, raising concerns about poten0al bias. Thirdly, the study solely focused on digital 

technology leaders in Finland associated with LUT, implying that the findings may significantly differ 

in alterna0ve perspec0ves or contexts. Lastly, since this disserta0on only captures a single point in 

0me, it is impossible to track progress and development. 

7.5  Suggestions for future studies.  

The thesis suggests several areas for future research. Practical testing can determine the thesis's 

effectiveness while identifying solutions to address its limits. 

 

The thesis would benefit from future research in the following directions. 

1. The effect of digital twin technology on product performance, particularly how it might 

improve quality, dependability, and customer happiness. Such research entails looking into 

how digital twin technology can detect and handle potential difficulties during the design 

and development stages. 

2. Investigate the obstacles & challenges businesses face when implementing digital twin 

technology for PD&D and developing best practices for successful adoption for 

standardization. 

3. Research into the security and privacy implications of digital twin technologies. 

4. Investigating the collaborative elements of digital twin ecosystems, especially in 

complicated product development environments with various stakeholders. 

5. Research the effects of digital twin technologies on user experience and human aspects in 

product design and development processes. 
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Appendix A : Defini0on of Digital Twin & Assessment of emphasis from the perspec0ve of Product Design and Development.  

Author Year Defini=on Emphasis from the perspec=ve of Product Design & Development 

Grieves 2014 

“a virtual representa0on of a 
physical product or system that is 
updated con0nuously with data 
from the physical counterpart.” 
(Grieves, 2014) 

The author emphasizes the significance of building a virtual version of a physical 
system or product that is updated regularly with informa0on from the actual 
equivalent.Regarding product design and development, Grieves  (2014) 
emphasizes the poten0al of digital twins to give designers and engineers the 
ability to maximize the performance of goods and systems, save development 
costs, and enhance the en0re customer experience. 

 
Edward Glaessgen,  
& David Stargel 

2012 

“Digital twin is a physics-based 
virtual replica of a physical system 
that includes both geometry and 
material proper0es as well as 
sensors and control systems”  
(Glaessgen, Stargel 2012) 

Glaessgen and Stargel stress the significance of the digital twin's real-0me 
component and data integra0on from many sources to present a complete and 
accurate image of the behaviour of the physical system.  They offer a helpful 
framework for comprehending the digital twin no0on and its possible uses in 
product design and value crea0on. 

Jay Lee, Edzel Lapira,  
Shanhu Yang, Ann Kao.  

2013 

“Digital twin is a dynamic and 
evolving digital model that 
represents a physical system and 
can simulate its behaviour and 
performance.” (Lee, Lapira, Yang 
and Kao 2013) 

The authors focus on u0lizing a digital twin for mul0ple purposes throughout 
the product lifecycle from the perspec0ve of product design and development. 
The digital twin enables designers to test and improve alterna0ve designs 
before selling on a physical prototype by simula0ng and seeing the product 
before it is ever produced. As a result, costs can be reduced, and product 
development is made quicker and more effec0ve. 

José Ríos, Juan 
Carlos Hernandez,  
Manuel Oliva,  
Fernando Mas 

2015 

"A digital twin is a virtual 
representa0on that mirrors the 
real-0me behaviour of an asset, 
process, or system" (Ríos, 
Hernandez, Oliva and Mas 2015) 

 
From the product design and development standpoint, the authors emphasize 
the asset, process, or system's real-0me behaviour. With the help of the digital 
twin, the authors argue that it is possible to model and test the product design 
in real 0me while also learning how the product will func0on in various 
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scenarios. As a result, the product design can be improved in this way while 
mee0ng the demands and expecta0ons of the customer.  
 
For product development, the digital twin can track a product's performance in 
real 0me aqer it is put on the market, gathering informa0on from sensors and 
other sources to spot poten0al problems and possibili0es for development. 
 

Roland Rosen,  
Georg von Wichert,  
George Lo, Kurt D. 
Beeenhausen 
 

2015 

“Digital twin is a digital replica of 
a physical asset that is updated 
with real-0me data to enable 
predic0ve maintenance and 
op0mize performance” (Rosen, 
von Wichert, Lo and 
Belenhausen 2015) 

The development of a virtual representa0on of a physical system or product that 
is con0nuously updated based on real-0me data from the physical equivalent is 
emphasized by Rosen et al. (2015). The digital twin, as the authors point out, 
enables beler comprehension, simula0on, and predic0on of the behaviour and 
performance of the physical system or product. The digital twin can speed up and 
improve prototyping, tes0ng, and op0miza0on of the physical product from the 
product design and development standpoint since modifica0ons can be made 
and tested in the digital twin before being applied to the physical product. Saving 
money and 0me can result from this in the product development process. 
From the value crea0on perspec0ve, the author argues that the digital twin can 
also help with predic0ve maintenance, enabling proac0ve maintenance and 
repair, saving down0me, and lengthening the product's lifespan. 

Kazi Masudul Alam, 
Abdulmotaleb El Saddik, 

2017 

"Digital twin is a model of a 
physical system that includes its 
physical and cyber components 
and can be used to predict its 
behaviour and op0mize its 
performance". (Alam, El Saddik 
2017) 

 
The authors' primary focus is the ability of a digital twin to imitate the behavior 
and proper0es of a physical object or system in real-0me. The authors see a 
digital twin as a dynamic representa0on rather than merely a sta0c model that 
may respond to real-0me environmental or input changes. 
 
From the product design and development perspec0ve, the authors argue that 
the digital twin can be a valuable tool for prototyping and tes0ng new products. 
By building a digital twin, designers, and engineers can replicate a product's 
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behaviour and performance under various seyngs without using physical 
prototypes. In the process of developing a product, this can save 0me and 
resources. 
 

The authors advocate that the digital twin can be used to track a product's 
performance in the field, enabling predic0ve maintenance and minimizing 
down0me. Furthermore, based on performance data from actual use cases, it 
can also be u0lized to op0mize the design of the following products. 
 

 
Zheng, Yu; Yang, Sen and 
Cheng, Huanchong 

 
 
2019 

 
"A digital twin is a cyber-physical 
system replica0ng physical assets, 
processes, and systems in the 
digital world and allows seamless 
interac0on between the physical 
and digital worlds for enhanced 
design, op0miza0on, control, and 
monitoring of physical assets." 
(Zheng, Yang and Cheng 2019) 

The authors strongly emphasize the seamless integra0on of the physical and 
digital worlds and the use of digital twins to improve physical asset design, 
op0miza0on, control, and monitoring. This means that a digital twin is a way to 
integrate the physical and digital worlds for beler performance and a virtual 
version of a physical asset or system. 
 
A digital twin can be an effec0ve tool for developing and op0mizing product 
designs from the product design and development standpoint. Designers can 
find and fix possible problems before actual prototypes are constructed by 
simula0ng and tes0ng a product in a virtual environment, cuyng down on 
development 0me and expenses. 

Elisa Negri, Luca Fumagalli, 
and Marco Macchi 

2017 

"A digital twin is a virtual 
representa0on of a physical 
object or system across its 
lifecycle, using real-0me and 
historical data to enable 
understanding, learning, and 
reasoning." (Negri, Fumagalli and 
Macchi 2017) 

Negri et al. emphasize the necessity of using historical and real-0me data when 
building a virtual representa0on of a physical system or item. The authors, 
therefore, advocate DT as a dynamic model that can be used to simulate and 
predict its behaviour.  Negri et al. (2017) make the case that digital twin 
technology can assist designers and engineers in simula0ng and op0mizing the 
performance of products in a virtual environment before their physical 
produc0on. Furthermore, elimina0ng the need for prototypes and tes0ng can 
save 0me and money.  
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Addi0onally, the authors advocate that digital twins can offer insights about 
how items are u0lized, allowing businesses to enhance both product design and 
consumer experience. 

Michael Schluse,   
Linus Atorf, 
Juergen Rossmann, 

2017 

“a one-to-one virtual replica of a 
“technical asset”. A digital twin 
contains models of its data, its 
func0onality, and its 
communica0on interfaces.” 
(Schluse, Atorf and Rossmann 
2017; Semeraro, Lezoche, Panelo 
and Dassis0, 2021) 

According to Schluse, Atorf, and Rossmann (2017), a digital twin is a virtual replica 
or model of a real object, system, or process.  The defini0on strongly emphasizes 
integra0ng the physical and digital worlds, allowing simula0on, predic0on, and 
improvement of the physical system's performance. 
Schluse et al.'s defini0on of a digital twin emphasizes the poten0al benefits of 
integra0ng the physical and digital worlds by crea0ng digital replicas, including 
faster and more informed decision-making, reduced down0me, op0mized 
maintenance and repair schedules, and improved product quality and 
innova0on. 

Lee H, 
Tim T. 

2018 

“a near real-0me digital image of 
a physical object or process that 
helps op0mize business 
performance. Concepts of  
Internet of things and Internet of 
Service are combined to realise 
the smart factory based on a 
digital twin.” (Lee, Kim Sep 18); 
Semeraro, Lezoche, Panelo and 
Dassis0 (2021) 

According to the authors, a digital twin is a virtual representa0on of a physical 
object or process that mimics its real-world behavior. They underline that a 
digital twin is a comprehensive virtual depic0on of the physical object or process, 
including real-0me data and input from sensors, controllers, and other devices. 
 
The writers do not par0cularly debate the concept of the digital twin from the 
product design and development standpoint. Instead, they concentrate on 
using digital twins in intelligent factories to improve the efficiency of 
manufacturing processes. However, the concept of digital twins might also be 
used for product design and development. 
 

Sebas=an Haag, Reiner 
Anderl, 

2018 

“a comprehensive digital 
representa0on of an individual 
product. It includes the 
proper0es, condi0ons, and 
behaviour of the real-life object 

According to Sebas0an Haag and Reiner Anderl (2018), a digital twin is a thorough 
digital depic0on of a product that incorporates the real-life object's features, 
circumstances, and behavior via models and data. They argue that a digital twin 
is a collec0on of realis0c models that can simulate its behavior in the deployed 
environment. The term also emphasizes that the digital twin is created alongside 
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through models and data. The 
digital twin is a set of realis0c 
models that can simulate its 
actual behaviour in the deployed 
environment. The digital twin is 
developed alongside its physical 
twin and remains its virtual 
counterpart across the en0re 
product life cycle.” (Haag, Anderl 
2018) 

its physical counterpart and retains its virtual counterpart throughout the 
product's life cycle.  
 
Sebas0an Haag and Reiner Anderl (2018) emphasize the poten0al advantages of 
adop0ng a digital twin in product design and development and genera0ng value 
throughout the product life cycle. 

Cunbo Zhuang, 
Jianhua Liu, and 
 Hui Xiong, 

2018 

"a dynamic virtual model that is 
fully consistent with its 
corresponding physical en0ty in 
the real world and can accurately 
simulate its physical counterpart's 
characteris0cs, behavior, life, and 
performance." (Zhuang, Liu, and 
Xiong, 2018) 

The idea of a virtual model that is "fully consistent" with its counterpart physical 
en0ty in the actual world is emphasized in Zhuang, Liu, and Xiong's defini0on of 
a digital twin. This indicates that the digital twin is a perfect clone of the real 
thing, capable of simula0ng its traits, behavior, life, and performance. 
 
The defini0on of a digital twin is significant from the standpoint of product design 
and value crea0on since it allows for producing a virtual product prototype. This 
can be used to simulate and test various design ideas and configura0ons, making 
product development more efficient and minimizing the need for actual 
prototypes. A digital twin can also monitor and analyze a product's performance 
in real-0me, allowing for predic0ve maintenance and refining product design for 
future itera0ons. 

 
Ciavoea, Michele;  
Alge, Marino;  
Menato, Silvia;  
Rovere, Diego and 
Pedrazzoli, Paolo 

 
 
2017 

"Digital twin is a virtual replica of 
a physical object (Adgaonkar, 
2020) that includes its geometry, 
materials, and behaviour and can 
be used to op0mize its 

The primary focus of the authors is on the dynamic model of digital twin that may 
adapt and alter based on real-0me data inputs rather than a sta0c depic0on. 
 

The authors argue that a digital twin can be a useful tool for op0mizing a 
product's design from the standpoint of product design and development. 
Designers and engineers can simulate and test various design configura0ons by 
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performance and predict its 
behaviour." (Ciavola et al., 2017). 

building a digital twin of a product, enabling them to make beler design 
decisions. 
In terms of value crea0on the authors argue that a digital twin can be useful 
throughout a product's life cycle. For instance, it can be used to track a 
product's performance in the field, enabling predic0ve maintenance and 
minimizing down0me. Addi0onally, by replica0ng the manufacturing process 
and finding poten0al areas for improvement, it can be u0lized to op0mize the 
produc0on process. 

Jinsong Bao,  
Dongsheng Guo, 
Jie Li, and  
Jie Zhang, 

2019 

“a virtual model in the virtual 
space, and it is used to simulate 
the behaviour and characteris0cs 
of the corresponding physical 
object in real 0me.” (Bao, Guo, Li 
and Zhang 2019) 

According to the authors, good digital twin modelling necessitates a thorough 
understanding of the physical system, including its components, behaviours, 
and interac0ons. They also emphasize the significance of data collec0on and 
analysis in ensuring that the digital twin appropriately represents the physical 
system. 
According to the authors, digital twin technology can play an essen0al role in 
value crea0on and product design by allowing manufacturers to op0mize product 
performance, improve quality, and increase customer happiness. 

Kung-Jeng Wang, 
Ying-Hao Lee, and  
Sep=anda Angelica, 

2021 

"a virtual replica of a physical 
asset or process that allows for 
real-0me simula0on, monitoring, 
and control." (Wang, Lee, and 
Angelica 2021) 

The authors underline the need to adopt digital twin technology for real-0me 
monitoring of produc0on processes, which allows for early detec0on and 
preven0on of errors that could result in down0me or quality difficul0es. 
 
The digital twin approach presented in this ar0cle is helpful in product design 
since it allows for more efficient and effec0ve monitoring of produc0on 
processes. Manufacturers can discover and address faults before they hinder 
produc0on by construc0ng a virtual model of a machine and connec0ng it with 
real-0me monitoring soqware. This can result in higher product quality, less 
down0me, and more efficient manufacturing processes. 
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Appendix B - :  Overview of the research on the use of Digital Twin in product design and development, research Gap and limita?ons from perspec?ve of Value Crea?on 

Author/(s) Title Main Insights Research Gaps & limita=ons from the perspec=ve of Value 
crea=on. 

Tao,Fei; 
Sui,Fangyuan; 
Liu,Ang; Qi,Qinglin; 
Zhang,Meng; 
Song,Boyang; 
Guo,Zirong; 
Lu,Stephen C.-Y. and 
Nee,A.Y.C. 

Digital twin-driven 
product design 
framework 
 

The paper suggests a product design 
framework based on digital twins that 
integrate virtual product development 
with physical product tes0ng and 
evalua0on. The authors contend that 
by enabling real-0me monitoring, 
feedback, and op0miza0on, this 
framework can improve product 
design and Development. 

This ar0cle suggests using digital twin technology to combine virtual 
product development with physical tes0ng and evalua0on. This 
framework can reduce design 0me and costs, improve product 
quality, and enhance customer sa0sfac0on, but its effec0veness 
depends on factors such as industry and product type. In addi0on, 
implemen0ng this framework may require significant investments, 
so a cost-benefit analysis is necessary to determine its applicability 
to businesses. 

Babiceanu, Radu F; 
Seker, Remzi 

Cloud-enabled 
product design 
selec0on and 
manufacturing as a 
service 
 

The ar0cle suggests a cloud-enabled 
product design selec0on and 
manufacturing-as-a-service planorm 
that integrates cloud-based design 
tools, digital twins, and addi0ve 
manufacturing to improve product 
design and manufacturing. 

The ar0cle offers a helpful framework for integra0ng cloud-based 
design tools, digital twins, and addi0ve manufacturing to improve 
product design and manufacturing from the value crea0on 
perspec0ve using digital twin technology for product design and 
Development. The planorm can reduce design 0me and costs, 
improve product quality, and increase customer sa0sfac0on by 
giving access to various design and manufacturing resources and 
exper0se.  
However, various factors would determine the effec0veness, 
including the industry, product type, and par0cular use cases. 
Furthermore, the planorm may necessitate substan0al investments 
in technology and exper0se, limi0ng its applicability to specific 
businesses. 
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Tao,Fei; 
Cheng,Jiangfeng; 
Qi,Qinglin; 
Zhang,Meng; 
Zhang,He and 
Sui,Fangyuan 

Digital twin-driven 
product design, 
manufacturing and 
service with big data 

The ar0cle's significant takeaways 
include the poten0al advantages of 
digital twin technology for product 
design and Development, such as 
reducing design errors and improving 
product quality. Furthermore, the 
paper emphasizes the significance of 
big data in crea0ng accurate digital 
twins and the poten0al for machine 
learning algorithms to op0mize 
manufacturing processes. 
 

Overall, the paper provides an informa0ve overview of the poten0al 
advantages of digital twin technology for product design and 
Development.  
However, more research is required to address implementa0on 
challenges, provide specific examples of successful 
implementa0ons, and explore the poten0al for coopera0on and 
new business models to evaluate digital twin technology's value 
crea0on poten0al fully. 

 
Lin,Ting Yu; 
Jia,Zhengxuan; 
Yang,Chen; 
Xiao,Yingying; 
Lan,Shulin; 
Shi,Guoqiang; 
Zeng,Bi and Li,Heyu 

 
Evolu0onary digital 
twin: A new approach 
for intelligent 
industrial product 
development. 

 
Lin et al. suggest a novel method for 
incorpora0ng digital twin technology 
into industrial product development. 
Tradi0onal digital twin technology, the 
authors argue, focuses on replica0ng 
physical systems in a virtual 
environment. In contrast, their 
proposed evolu0onary digital twin 
approach focuses on improving and 
op0mizing product design via a 
con0nuous feedback loop of real-0me 
data analysis and evolu0onary 
algorithms. 
 
 

 
The ar0cle discusses how the evolu0onary digital twin method can 
improve product design by refining the digital twin model with real-
0me data. This can reduce errors and enhance the quality of the 
product. However, data analy0cs and privacy concerns need to be 
addressed. More examples of successful implementa0on are also 
required. The approach has the poten0al for more efficient product 
development, but more research is necessary to address challenges 
and explore new business models. 
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Van Der Auweraer, 
Herman; Donders, 
S=jn; Hartmann, 
Dirk and Desmet, 
Wim 

 
Simula0on and digital 
twin for 
mechatronic product 
design 
 

 
Van Der Auweraer et al. discusses the 
use of simula0on and digital twin 
technology in mechatronic product 
design. The authors argue that 
simula0on and digital twin technology 
can enable more efficient and effec0ve 
product design by enabling early-stage 
prototyping, reducing design errors, 
and improving product performance. 

Simula0on and digital twin technology can benefit mechatronic 
product design by reducing costs and 0me-to-market, improving 
product performance, and allowing virtual tes0ng. However, 
effec0ve use requires data management and integra0on among 
stakeholders. Challenges include the need for advanced analy0cs 
and data privacy concerns. Concrete examples of successful 
implementa0ons would enhance the ar0cle. 
 
From the value crea0on perspec0ve, using digital twin technology 
for product design and Development, simula0on, and digital twin 
technology can enable more efficient and effec0ve product design 
processes, reduce costs, and improve product performance. 
 

 
Fukawa,Nobuyuki; 
Rindfleisch,Aric 

 
Enhancing innova0on 
via the digital twin 

 
Fukawa and Rindfleisch argue that 
digital twin technology can improve 
product design and development 
crea0vity. In addi0on, the authors 
argue that digital twin technology can 
allow more efficient and effec0ve 
product development by enabling real-
0me monitoring and analysis of 
product performance, predic0ve 
maintenance, and more accurate 
simula0ons and predic0ons. 
 
 
 

 
Digital twin technology can improve product design and innova0on 
by enabling efficient, data-driven decision-making. It can also break 
down silos between stakeholders. However, challenges like 
advanced analy0cs, data privacy, and resistance to change must be 
addressed. In addi0on, more research is needed to evaluate its 
poten0al fully. 
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Dong,Yafan; 
Tan,Runhua; 
Zhang,Peng; 
Peng,Qingjin and 
Shao,Peng 

 
Product redesign using 
func0onal backtrack 
with digital twin 

 
Dong et al. suggest an approach to 
product redesign based on func0onal 
backtracking and digital twin 
technology. The authors argue that by 
iden0fying the root cause of design 
problems and proposing more 
effec0ve solu0ons, this method can 
allow more efficient and effec0ve 
product redesign. 

 
The ar0cle's main takeaway is that the func0onal backtrack method 
combined with digital twin technology can be a powerful tool for 
product redesign by allowing more efficient and effec0ve root cause 
analysis and solu0on iden0fica0on. According to the authors, this 
strategy can help reduce costs and improve product performance.  
 
The lack of discussion of the challenges associated with 
implemen0ng the func0onal backtrack approach and digital twin 
technology, such as the need for advanced analy0cs capabili0es, the 
poten0al for data privacy concerns, and the poten0al for resistance 
to change from tradi0onal product development processes, is one 
limita0on of the ar0cle.  
 
The func0onal backtrack approach with digital twin technology can 
allow more efficient and effec0ve product redesign, lowering costs 
and improving product performance from the value crea0on 
standpoint using digital twin technology for product design and 
development. However, more study is required to address 
implementa0on issues and to inves0gate the poten0al for 
collabora0on and new business models. 
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Appendix C: Ethical considera=ons & interview background 

 

Dear Par=cipant 

I invite you to par0cipate in my master's thesis research project. With this interview guide, I wish to 

describe my research objec0ves briefly. Please spare a bit of your valuable 0me to read this 

informa0on carefully before deciding whether or not to par0cipate in the study. 

 

Research aims 

Digital Twin offers significant value-crea0on opportuni0es for product design and development that 

can revolu0onize how products are developed, manufactured, and used. Researchers argue that 

with this technology, businesses can enhance the design of their products, cut down0me, and boost 

produc0vity, increasing customer sa0sfac0on and loyalty. The research, therefore, primarily 

inves0gates new value-crea0on opportuni0es for Digital Twin-enabled PD&D based on the concept 

of the B2B Value Pyramid by Bain & Company. 

 

Even though digital twin technology has several advantages, it has yet to be widely used in product 

design and development. So, in addi0on to the value crea0on opportuni0es for Digital Twin for 

Product Design and Development, the thesis also indents to inves0gate the current challenges for 

the technology and likely futuris0c scope. 

 

Why do I insist on your par=cipa=on?  

Given your exper0se as a prac00oner or academician in new product development and value 

crea0on using digital twin technology, your opinion and insights in this research have profound 

implica0ons. 

 

It is per0nent to state that the thesis shall classify its par0cipants as Prac00oners 1, 2,... or 

Consultant 1, 2,... or Academician 1, 2. And, in no situa0on shall it reveal the par0cipant's iden0ty.  

 

It is, therefore, up to you whether or not to par0cipate in this study. S0ll, it would be highly beneficial 

for me to develop an insighnul thesis report that may add some value in the field of value crea0on 

using this future technology.  

 

What do I need from you? 
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Should you agree to par0cipate in the research, you will be required to spare 30 mins of your 

valuable 0me for an interview to discuss your observa0ons or opinions around the topics men0oned 

here below: 

1. Your assessment of Digital Twin Technology for product design and development, value 

crea0on opportuni0es & benefits 

• How do organiza0ons create value using digital twin-enabled products? Here I shall be 

assessing your insights against the B2B value pyramid.  

• Challenges and Limita0ons, if any, for the Digital Twin Technology for product design and 

development.  

 

What do I do with your insights? 

Primarily it will be used as part of my master's thesis and may be used in an academic paper. 

 

Who do you contact for clarifica=on? 

Please feel free to ask the undersigned any further ques0ons related to this research. Furthermore, 

you can contact Prof. Lea Hannola, the 1st thesis supervisor, or Ilkka Donoghue (2nd supervisor) for 

any concerns or other detailed informa0on. 

 

Kedar Kulkarni 

GMIT Student (IEM Department) 

(+358) 41-4717137  

Kedar.Kulkarni@Student.lut.fi 

 

Lea Hannola  

1st Thesis Supervisor 

Lea.Hannola@lut.fi 

 

Ilkka Donoghue 

2nd Thesis Supervisor 

Ilkka.Donoghue@lut.fi 
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Appendix D – Interview Protocol for Pilot  

 
    

Category Ques8on 

General  Please briefly introduce yourself and provide informa3on on your 

exper3se and current posi3on in digital twin technology. 

Please describe your company, its posi3on in the sector, and any 

noteworthy projects or achievements involving digital twin 

technology. 

Assessment of Process 

Background & Technology 

know-how 

How can businesses ensure they generate value for all stakeholders in 

product design and development?  

Could you elaborate on the advantages of digital twin technology for 

product design & development?  

What benefits do you an3cipate from incorpora3ng digital twin 

technology into your product design and development process? 

What characteris3cs or features do you believe are necessary for 

Digital Twin technology to be successful in your product development 

process?  

Func8onal Values  How well does your solu3on or products designed and 

developed using Digital Twin technology sa3sfy the needs and 

requirements of your business?  

How do the features and func3onali3es of your product, which uses 

digital twin technology, compare to those of alterna3ves? 

Business Values How does your product, which uses Digital Twin technology, fit into 

your customer's broader goals and objec3ves?  

Could you share a significant experience from u3lizing a product 

designed and developed using Digital Twin technology to have helped 

cut expenses or boosted profits? 

How can the Digital Twin technology in your product assist you or your 

customer in increasing opera3onal effec3veness or produc3vity? 

Experien8al Values In your opinion, does using digital twin technology during product 

design and development impact the customer experience or make 

your product user-friendly?  

How can the Digital Twin technology enhance your capacity to 

evaluate, foresee, and react to the real-3me physical system or 

product changes? 
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How can using the Digital Twin technology facilitate making decisions 

more quickly and accurately? 

Inspira8onal Values How does using Digital Twin during Product design and development 

help you match the client's brand mission and values?  

How does using your product with Digital Twin technology affect how 

end customers view your client's company?  

How can the Digital Twin technology aid in building credibility and 

trust with clients or business associates?  

What social or environmental goals can you accomplish with digital 

twin technology? 

Challenges and Limita8ons What type of assistance or resources are needed for you to integrate 

Digital Twin technology into your product development and design 

process?  

What poten3al drawbacks do you an3cipate from implemen3ng 

Digital Twin technology for product development, and how do you 

intend to address them? 

What factors, in your opinion, prevent the widespread adop3on of 

digital twin technology in product development?  

How do you envision the future of digital twin technology developing? 

What poten3al opportuni3es or difficul3es do you foresee?  

Concluding Comments Do you have any more comments regarding the Digital Twin 

technology and how it affects product design & development, and 

how can businesses ensure they generate value for all stakeholders 
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Appendix E : Interview Ques=onnaire (Academic Perspec=ve) 
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Appendix F: Technology Consultant Perspec=ve 
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Appendix G: Manufacturer Perspec=ve  

 

 

 


