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Industry 4.0 and the accompanying digitalization have already changed and will continue to 

change the ways we do business almost everywhere in the world. The manufacturing industry, 

which has traditionally been considered very product-centric, is not escaping this: new data-

based solutions and technologies are constantly emerging in the industry among the growing 

need for services in addition to physical products. These changes make it necessary for 

manufacturing companies to estimate their operations outside their own organization and 

traditional value chains, i.e., from a network perspective. Networks such as business ecosystems 

enable joint, flexible value creation among all actors in the ecosystem. 

 

The purpose of this study was to explore the potential of digital twins in manufacturing business 

ecosystems. The aim was to form an overall understanding of the current situations and the 

maturity levels of companies in relation to the digital twins, while also addressing their data 

needs. The research was carried out at Lappeenranta-Lahti University of Technology as part of 

the “Towards Commercial Exploitation of the Digital Twins” project. The aim of the project is 

to find the best solutions for the utilization of the digital twins and the service business enabled 

by digital twins in the ecosystems of the manufacturing industry. 

 

Qualitative research was chosen as the method of conducting the study. The research process 

started by getting acquainted with the scientific theory and literature previously written on the 

topic to obtain sufficient basic information. The next stage of the research was eight virtual 

thematic interviews with a total on ten interviewees. These interviews sought companies’ views 

on digital twins and ecosystem-like activities. The interviews were followed by a three-round 

Delphi survey addressing the same themes, conducted on the Xleap platform. As a result, this 

study provided an understanding of companies’ views on digital twin utilization and ecosystem-

like activities in Finnish manufacturing industry. 
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Teollisuus 4.0 sekä sen mukana tullut digitalisaatio on jo muuttanut ja tulee yhä muuttamaan 

tapojamme toteuttaa liiketoimintaa lähes kaikkialla maailmassa. Perinteisesti hyvin 

tuotekeskeisenä pidetty valmistava teollisuuskaan ei ole tämän murroksen ulkopuolella: alalle 

syntyy jatkuvasti uusia datapohjaisia ratkaisuja ja teknologiaa sekä samalla kasvavaa tarvetta 

fyysisen tuotteen ohella myös palveluille. Nämä muutokset aiheuttavat valmistavan 

teollisuuden yrityksille tarpeen tarkastella toimintaansa oman organisaationsa sekä perinteisten 

arvoketjujen ulkopuolelta, tarkemmin verkostonäkökulmasta. Verkostot, kuten 

liiketoimintaekosysteemit mahdollistavat yhteisen, joustavan arvonluonnin ekosysteemin 

kaikkien toimijoiden kesken.  

 

Tämän tutkimuksen tarkoitus oli selvittää digitaalisten kaksosten mahdollisuuksia valmistavan 

teollisuuden liiketoimintaekosysteemeissä. Tavoitteena oli muodostaa kokonaiskuva 

nykytilanteesta ja yritysten kypsyysasteista digitaalisiin kaksosiin liittyen käsitellen samalla 

myös yritysten dataan kohdistuvia tarpeita. Tutkimus toteutettiin Lappeenrannan-Lahden 

teknillisessä yliopistossa osana “Towards Commercial Exploitation of the Digital Twins” -

projektia. Projektin tarkoitus on löytää toimivia ratkaisuja digitaalisen kaksosen käyttöön sekä 

sitä kautta palveluliiketoiminnan mahdollistamiseen valmistavan teollisuuden 

ekosysteemeissä. 

 

Tutkimuksen toteutustavaksi valikoitui laadullinen tutkimus. Tutkimusprosessi aloitettiin 

aiheesta aiemmin kirjoitettuun tieteelliseen teoriaan tutustumisella sekä kirjallisuuskatsauksella 

riittävien pohjatietojen saavuttamiseksi. Seuraavaksi vuorossa oli kahdeksan virtuaalisesti 

toteutettua teemahaastattelua, joissa haastateltiin yhteensä kymmentä henkilöä. Näissä 

haastatteluissa selvitettiin yritysten näkemyksiä digitaalisista kaksosista ja 

ekosysteemimäisestä toiminnasta. Haastatteluiden jälkeen seurasi vielä kolmikierroksinen 

samoja teemoja käsittelevä Delphi-kysely Xleap-alustalla. Lopputuloksena muodostui käsitys 

Suomen valmistavan teollisuuden näkemyksistä digitaalisten kaksosten hyödyntämisen ja 

ekosysteemimäisen toiminnan suhteen.



  

 

 

ACKNOWLEDGEMENTS 

 

This thesis would not have happened without the experts involved in the research process 

through interviews and Delphi survey: I would like to thank them for their time and effort. A 

significant role in this study was played also by my advisor team, associate professor Kalle 

Elfvengren, post-doctoral researcher Kirsi Kokkonen and associate professor Lea Hannola, to 

whom I am grateful for their guidance and great conversations along the project.  

 

I would also like to thank my family, especially my mother who has showed significant support 

during my studies, along this thesis project and throughout my whole life, as well as my father 

who has believed in me and my willpower. Special thanks are deserved also by my boyfriend 

Miko who has made it possible for me to focus on my studies during the years. 

 

And lastly, thanks to my former teacher Ville of those short but encouraging words from which 

I have gained great strength in the most challenging moments: “To the end. Go girl!” 

 

 

Hamina 6.9.2021 

 

Mira Timperi 

 

 

 

 



5 

  

   

 

TABLE OF CONTENTS 

 

1 INTRODUCTION ..................................................................................................... 8 

1.1 Research objective and questions .............................................................................. 9 

1.2 Research strategy ..................................................................................................... 11 

1.3 Scope and structure of thesis .................................................................................... 12 

2 BUSINESS ECOSYSTEMS IN MANUFACTURING INDUSTRY ..................... 14 

2.1 Service business in manufacturing industry ............................................................. 15 

2.1.1 Service in general ........................................................................................ 15 

2.1.2 Product service system ................................................................................ 18 

2.2 Business models ....................................................................................................... 19 

2.3 Business ecosystems ................................................................................................ 22 

2.3.1 Formation .................................................................................................... 25 

2.4 Roles of actors in ecosystem .................................................................................... 27 

2.5 Prospects of business ecosystems and servitization ................................................. 33 

3 DIGITAL TWINS IN THE MANUFACTURING CONTEXT .............................. 36 

3.1 Developments prior to digital twins ......................................................................... 36 

3.2 Definitions ................................................................................................................ 37 

3.3 Features .................................................................................................................... 39 

3.4 Previous research of simulation and digital twins in manufacturing context .......... 42 

4 RESEARCH METHODOLOGY ............................................................................. 50 

4.1 Interviews ................................................................................................................. 50 

4.2 Delphi method .......................................................................................................... 51 

5 FINDINGS ............................................................................................................... 53 

5.1 Current state analysis ............................................................................................... 53 

5.1.1 Perceptions of digital twins ......................................................................... 53 

5.1.2 Data value for companies and other actors ................................................. 56 

5.1.3 How companies utilize the data-based solutions......................................... 59 

5.2 Opportunities of data sharing and digital twins ....................................................... 60 

5.3 Prospects of data-based solutions ............................................................................ 62 

5.4 Challenges in utilizing digital twins......................................................................... 65 

5.5 The effects of digital twins on business models ...................................................... 68 

5.6 State of ecosystem thinking and ecosystem actor roles from the perspective of digital 

twin utilization ...................................................................................................................... 69 

5.7 Delphi survey on digital twins ................................................................................. 73 



6 

  

   

 

5.7.1 First round: new business opportunities ...................................................... 74 

5.7.2 Second round: impacts on other actors ....................................................... 78 

5.7.3 Third round: future visions .......................................................................... 80 

5.8 Main results of the study .......................................................................................... 82 

6 DISCUSSION AND CONCLUSIONS ................................................................... 84 

6.1 Reliability of the study ............................................................................................. 87 

6.2 Possible future research ........................................................................................... 87 

7 SUMMARY ............................................................................................................. 89 

References 

 

  



7 

  

   

 

LIST OF FIGURES 

 

Figure 1. Data collection methods ............................................................................................ 11 

Figure 2. Used research terms .................................................................................................. 12 

Figure 3. The value creating and delivery process. (Lovelock & Patterson 2015, 8.) ............. 17 

Figure 4. Illustration of business model process (Adapted from Osterwalder et al. 2005, 15.)

 .................................................................................................................................................. 20 

Figure 5. Approaches affecting business models (Ibarra et al. 2018) ...................................... 21 

Figure 6. The path of ecosystem thinking (Pilinkienė & Mačiulis, 2014) ............................... 23 

Figure 7. The four stages of business ecosystems (Moore 1993) ............................................. 25 

Figure 8. Ecosystem actors and prerequisites of IP multimedia subsystems (Pellinen et al. 2012)

 .................................................................................................................................................. 28 

Figure 9. Types of ecosystem strategies (Paulus-Rohmer et al. 2016)..................................... 30 

Figure 10. Actors and roles in innovation ecosystem (Dedehayir et al. 2018) ......................... 31 

Figure 11. Simplified interaction between ecosystem, strategy and business model (Paulus-

Rohmer et al. 2016) .................................................................................................................. 33 

Figure 12. Basic features of digital twin (Tao et al. 2018) ....................................................... 39 

Figure 13. Digital model, shadow and twin. (Fuller et al. 2020).............................................. 41 

Figure 14. Digital twin and real-time simulation -based sustainable value creation (Saunila et 

al. 2021) .................................................................................................................................... 46 

Figure 15. Categorization methods of Kritzinger et al. (2018) research .................................. 47 

Figure 16. Roles in emerging ecosystem around a digital twin................................................ 72 

Figure 17. The steps of Delphi survey ...................................................................................... 73 

Figure 18. Possible uses for digital twins ................................................................................. 74 

Figure 19. Needs the digital twins will cause ........................................................................... 77 

Figure 20. Digital twins’ positive impacts in future ................................................................. 81 

 

 
LIST OF TABLES 

 
Table 1. Structure of the thesis ................................................................................................. 13 

Table 2. Definitions of the digital twin..................................................................................... 38 

Table 3. Implementation obstacles of digital twins in literature .............................................. 43 

Table 4. Different uses for digital twin in manufacturing (Cimino et al. 2019) ....................... 44 

Table 5. Potential ways of measuring the impacts of simulation (Elfvengren et al. 2021) ...... 45 

Table 6. Interviewees ................................................................................................................ 50 

Table 7. Perceptions of the digital twin .................................................................................... 54 

Table 8. Companies' own data needs ........................................................................................ 56 

Table 9. Data value for other actors ......................................................................................... 57 

Table 10. Companies’ current solutions for data utilization .................................................... 59 

Table 11. Benefits of sharing, selling and buying data. ........................................................... 61 

Table 12. Possible future solutions for productization and management of data. .................... 62 

Table 13. Challenges of data sharing........................................................................................ 65 

Table 14. Examples of new service business opportunities enabled by the digital twins ........ 76 

Table 15. Main results of the study .......................................................................................... 82 



8 

  

   

 

 

1 INTRODUCTION  

 

Even Heraclitus from ancient Greek knew that nothing is more permanent than constant change. 

We are living at the age of Fourth Industrial Revolution (Industry 4.0 wave), where the present 

manufacturing technologies coalesce with modern communication and information 

technologies (Haag & Anderl 2018). At the center of this revolution is digitalization: it is 

changing businesses and industries rapidly all over the world as it affects the whole supply 

chains from producers to end users and in every step between. As a result, there is more data 

and information available than ever before, more up to date than ever before. In this vast flood 

of data utilizing the information takes an important role. To maintain and manage all the data 

from different sources, we need technology. How efficiently information and data can be 

utilized depends a lot on the used techniques; new technologies such as internet of things and 

digital twins (later also DT) are tools in making the data useful. According to Negri et al. (2017) 

one of the main concepts associated with the Industry 4.0 wave is the digital twin.  

 

Manufacturing companies have woken to realize the need of shift in thinking from selling 

products to selling solutions and initiated processes of change in their business models: 

nowadays focusing on the product is not enough, customers are seeking solutions and buying 

results instead of just means of production. As a result, service business has gained quite a 

significant role in a traditional manufacturing field. This development has been boosted by the 

fast progress of digital technologies, such as digital twins (Kokkonen et al. 2020), and with 

these hybrid solutions, mix of product and service business, the digital part is always a service 

(Ibarra et al. 2018). Among with new technologies, new business models also require new, more 

open forms of cooperation, such as ecosystem: a term of ecosystem can reflect for different 

processes, values and interactions between a wide variety of actors and stakeholders. In other 

words, ecosystem brings actors together in a flexible way and helps them to find connections 

between each other, as they find links with their individual interests. (Pickett & Cadenasso 

2002) Thus, a company should shift its thinking from its own value chains towards the 

ecosystem and the position it fills in that (Paulus-Rohmer et al. 2016). 
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Considering these matters, it is safe to say that research about the opportunities of digital twins 

for business ecosystems is relevant and topical. This thesis about the digital twins is conducted 

as a part of the multidisciplinary “Towards Commercial Exploitation of the Digital Twins” or 

in short “DigiBuzz” project led by LUT University. Among LUT, the project involves VTT 

Technical Research Centre of Finland Ltd and multiple companies from different fields of 

manufacturing business. The aim of the DigiBuzz project is to find the best solutions for the 

utilization of digital twin modelling in the ecosystems of the manufacturing industry through 

research and development. The purpose is to find out and concretize how digital twins and 

visualization can be used to enable the service business. To achieve this, it is necessary to 

identify the functionalities which should be integrated into digital twins in different operating 

environments to generate new business. The project explores how the digital twins generate 

new service business and streamline existing operations at both, the corporate and ecosystem 

levels, with a focus on generating new business: the project investigates business model options 

based on the digital twins of individual companies. In addition to individual companies, the 

project also examines business impacts and opportunities at the ecosystem level in multi-

company networks. DigiBuzz project also explores the importance of visualization related to 

digital twin in developing existing business processes and creating an entirely new business 

from the perspective of an individual company: some of the applications of the digital twins 

generate new business whilst some are focusing to streamline existing operations.  

 

1.1 Research objective and questions 

 

The study focuses on finding answers to four research questions related to the research 

objective, which is to explore the potential and impacts of digital twins on business ecosystems. 

As a result, there will be an overview of the state and maturity of DTs in the manufacturing 

business. The study also examines what kind of needs manufacturing companies have for DTs 

today and how they see the future of the DTs. 

 

The main research question of the thesis is: 

 

What are the effects of digital twins for companies’ current business models and 

ecosystems? 
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The goal of this question is to find out how digital twins change the current business models of 

companies involved in this research. It dives in ecosystem-level to estimate the effects of DT 

to other actors in addition to company itself.  This main question is answered with the help of 

following three sub-questions: 

 

What are the concrete features for digital twins which companies want or need?  

 

Digital twins can be tailored to meet the users’ requirements. This research question is used to 

assess those different needs: meaning of the term “digital twin” depends a lot on the viewpoint 

and the application it is used for.   

 

What features and functions should digital twins include to enable service 

business? 

 

The above presented question is important since this thesis aims to explore the new business 

models enabled by DTs with a special interest in the field of service business. Nowadays 

focusing on the product is not enough, customers are seeking solutions and buying results 

instead of just means of production. 

 

What are the opportunities and challenges of digital twins for manufacturing 

ecosystem? 

 

This last research question sums up the other questions. It seeks to find out how the companies 

involved in the study see the future of the digital twin and what factors may promote or slow 

down the development of the digital twin. All above presented research questions are answered 

through literature review and analyzes with data collection methods being iterative survey and 

interviews. More specific description of the research method of the empirical part is given in 

the section 4. 
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1.2 Research strategy 

 

This thesis consists of three sections: background and theory, literature review and the research 

part. The empirical part was carried out as a case-study in DigiBuzz project ecosystem. Used 

data collection methods were literature review, Delphi method and interviews (Figure 1). More 

detailed explanations of the Delphi method and interviews are given in section 4 under the 

headline of research methodology.  

 

 

Figure 1. Data collection methods 

 

The research strategy of this thesis’ literature section followed Saunders, Lewis and Thornhill 

method. The method starts by forming a theoretical understanding about the subject through 

literature search: whilst literature search is mostly an early-stage activity, it continues often 

through the whole research process. First step of theory gathering was defining the parameters 

of the whole research and review. Next came term generation and conduction of first searches 

resulting a list of authors with published subject related reference: the references were evaluated 

and provided ideas recorded. After a thorough evaluation followed the start of drafting. 

(Saunders et al. 2015) 

 

According to Hirsjärvi et al. (1997, 115) literature review is often involved in research projects, 

since its role is to find out in what context the subject has been studied before and how the 

planned research links to these previous studies (Tuomi & Sarajärvi 2002, 119-120). Hence, 

the literature review of this thesis was approached by studying previous research of digital twins 

in manufacturing ecosystem in general, as well as studying previous research of the DTs done 

earlier in the DigiBuzz project. Used search terms can be seen in Figure 2.  
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Figure 2. Used research terms 

 

As Figure 2 illustrates, the research terms of theoretical part were mostly about digital twins 

and their features, business ecosystems in general, service business with product service 

systems, business models and the factors affecting those, roles and actors related to business 

ecosystems, Industry 4.0 with its applications and predecessors, data utilization and data-based 

solutions and manufacturing industry in general. 

 

1.3 Scope and structure of thesis 

 

Previous studies have shown that digital twins can hold a great potential but wider utilization 

and creating of new business based on DT requires still more research. Views and experiences 

of DTs by consumers or B2C companies are not studied in context of this thesis, as the study 

focuses mainly on B2B companies and manufacturing industry. As Table 1 illustrates, after the 

introduction this thesis proceeds to the presentation of the theoretical background, which is 

divided into two main chapters: first comes theory about service business in manufacturing 

industry, business models, business ecosystems, the roles of business ecosystem actors and 

prospects of business ecosystems. This is followed by theory chapter about the digital twins 

with its history, definitions and common features. The aim of these two theoretical main 

chapters is to provide basic knowledge and comprehensive understanding on subjects dealt later 

within the thesis. In summary, the theoretical background of this thesis is a cross-section about 
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the basic terms, concepts and definitions related to service business, business ecosystems and a 

digital twin in general. After the theoretical part comes the actual literature review. It focuses 

on forming a perception of previously done general research about the digital twins in 

manufacturing industry and in DigiBuzz project. After a thorough initialization follows thesis’ 

empirical part. It starts with current state analysis and is then followed by analyzes on the 

opportunities and challenges of digital twins for business ecosystem in manufacturing industry. 

After analyzes comes discussion with cohesion of previous chapters and lastly the conclusions 

of the study with future research opportunities.  

 

Table 1. Structure of the thesis 

Section Part of thesis Contents 

Introduction to thesis Chapter 1 

INTRODUCTION 

Background, aims, research strategy, scope 

and structure 

Theory on service business, 

business models, business 

ecosystems, ecosystem actor 

roles, prospects of business 

ecosystems and servitization 

Chapter 2 

BUSINESS 

ECOSYSTEMS IN 

MANUFACTURING 

INDUSTRY 

Service business in manufacturing industry, 

characteristics and challenges of business 

models and ecosystems, ecosystem actors 

and their tasks, future views 

Theory and literature review of 

digital twins 

Chapter 3 

DIGITAL TWIN 

Definitions, levels and applications of digital 

twins, literature review with previous 

research of DT in manufacturing industry 

Used research methods Chapter 4 

RESEARCH 

METHODOLOGY 

Interviews, Delphi survey 

Analyzes based on data from 

interviews and Delphi survey 

Chapter 5 

FINDINGS 

 

Current state analysis, opportunities of 

digital twin, prospects of data-based 

solutions, challenges in utilizing digital 

twins, effects of digital twins on business 

models, state of ecosystem thinking and 

ecosystem actor roles, Delphi survey, main 

results of the study 

Cohesion of previous chapters 

and conclusions of the study 

Chapter 6 

DISCUSSION AND 

CONCLUSIONS 

Discussion between theory and new 

observations, conclusions based on the 

discussion, future research opportunities and 

reliability of the study 

The final section of the thesis Chapter 7 

SUMMARY 

A summary of the findings and results of the 

thesis with future prospects 
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2 BUSINESS ECOSYSTEMS IN MANUFACTURING INDUSTRY 

 

Increasing demand of services has driven manufacturing companies to rethink their business 

models and forms of cooperation with their stakeholders: they are now selling performance 

instead of just physical goods. The change is not a newly invented thing, although on a larger 

scale it has only begun to receive attention in recent years: Stahel (1998) presented over 20 

years ago some basic principles and stated that it requests for a consistent business strategy built 

on the principles of the service economy. This increasing demand for services is also putting 

pressure on old business models and thus companies should not get themselves stuck in once-

decided business strategy: the strategy needs to be reformed every now and then to remain 

flexible and competitive in volatile markets. In this context, Rajesh (2020) has stated that 

“flexibility should be provided as per the level of complexities of the supply chain to 

immediately tackle major vulnerabilities.” 

 

According to Ranjith (2016) the basic principle of markets includes identifying customer needs 

and finding innovative solutions to meet those needs successfully. As a summary, to survive in 

changing markets, ecosystems need companies with viable business models. Berman’s (2012) 

study revealed that companies with a unified integration plan of physical and digital 

components can often effectively transform their business models. When it comes to business 

model innovation, exploiting the digitalization plays an essential role. Parida et al. (2019) have 

stated that the digitalization means the “use of digital technologies to innovate a business model 

and provide new revenue streams and value-producing opportunities in industrial ecosystems.” 

 

When talking about ecosystems, many people probably think about the rainforest of Amazon 

and the billions of species it sustains for, or the coral reefs. However, among nature, business 

and economy have their own interacting ecosystems as well. A tentative awakening to 

ecosystem thinking in business happened roughly few decades ago for a good reason. Li (2009) 

has indicated that companies understanding the benefits of ecosystem thinking and making 

strategic choices based on it can achieve a lot of added value in their businesses; fundamentally 

it is about competing between the ecosystems, not only between companies. Thus, when it 

comes to ecosystem concept in a technical sense, for example in relation to manufacturing 

industry ecosystems, precision is valuable (Pickett & Cadenasso 2002). 
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2.1 Service business in manufacturing industry  

 

Business in manufacturing field is changing. Recognizing the customer needs is more important 

than ever as the competition is getting harder. There should be no assuming of the needs but 

knowledge; preferably even before the customers themselves are aware of those needs. The 

boundaries between products and services are blurring, product only is often not enough as the 

customers are expecting solutions instead. Taking these matters into account, it is no wonder 

industrial companies are shifting their focus towards service business, implementing digital 

strategies, and finding new ways for thriving and growth while maintaining sustainable 

business.  

 

This is supported by Brady and Cronin (2001) who have stated that “customer-oriented firms 

outperform competitors by anticipating the developing needs of consumers (i.e., by learning) 

and responding with goods and services to which superior value and greater satisfaction are 

consistently attributed.” They also continued “That is, being customer-oriented allows firms to 

acquire and assimilate the information necessary to design and execute marketing strategies 

that result in more favorable customer outcomes” Brady and Cronin (2001). Lerch and Gotsch 

(2015) found digitalization and servitization holding a great potential for manufacturing 

companies. Servitization was also highlighted by Kokkonen et al. (2021), who stated that due 

to strategic value transition to service-based business, companies now need to enhance 

collaboration between each other to overcome feasible shortages in their servitization 

capabilities.  

 

2.1.1 Service in general 

 

Service is a complex phenomenon. When thinking about the term “service”, it may at first bring 

in mind a visit at the hairdresser or a table service in a restaurant, but the truth is service goes 

beyond those general and common events. Service can have multiple meanings from personal 

service to service as a product or selection and so on; almost any product can be turned into 

service some way. (Grönroos & Tillman 2015) 
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Services have three common features: 

• Services are processes consisted of functions or a group of functions.  

• Services are produced and consumed usually at the same time. 

• Customer is usually involved in producing the service. 

(Grönroos & Tillman 2015) 

 

It has traditionally been challenging to define services due to their diversity. Lovelock and 

Patterson (2015) have captured the meaning of service in two following definitions: 

 

1. “A service is any act, performance or experience that one party can offer to another and that 

is essentially intangible and does not result in the ownership of anything, but nonetheless 

creates a value for recipient. Its production may or may not be tied to a physical product.” 

2. “Services are processes (economic activities) that provide time, place, form, problem solving 

or experiential value to the receiver.” 

(Lovelock & Patterson 2015)  

 

The most important feature in service is process as service consumption equals consumption of 

process (Grönroos & Tillman 2015). In the same ecosystem with the manufacturing companies 

there are often companies who provide service processes: they do not manufacture physical 

products but offer their customers processes. The service process adds value and quality to 

existing product, like repairing and maintenance services for elevators. These service process 

providers can be used as subcontractors or act independently.  

 

In the very essence of services is value creating to buyer and seller parties. Behind customers 

buying decision is need or desire of functional and experiential results. This point has been 

noted by businesses, and hence services are often marketed as “solutions” to potential 

customers’ needs. When customers purchase services, they expect to obtain value in exchange 

for used time, effort, and money. Notable is that the value is not created in transferring the 

ownership but in a variety of value creating elements. (Lovelock & Patterson 2015) This view 

is also supported by principles of service logic, according to which the supplier does not create 

and deliver value, but it is created during use in the customer's value creation process (Grönroos 

1979, 2006, 2008; Ballantyne and Varey 2006; Gummesson 2007; Grönroos & Ravald 2011). 
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Figure 3 illustrates the value creating and delivery process. First phase, choosing the value 

includes understanding target customers’ behavior and needs. At this stage is important to 

choose the target markets, create a positioning strategy and build a service value proposition. 

The service value proposition holds a specified group of solutions and benefits which the 

company aims to offer as well as the way how this package is intended to be delivered. This 

necessitates a service concept: it answers to individual customer needs and market openings in 

contrast with proposing a generic “me-too” offering. The nature of the service has an impact on 

whether different service product elements are delivered though physical or virtual channels or 

maybe both. 24/7 service platforms in cyberspace have become more common in recent years 

as producing services no longer just depends on provider’s geographical location or opening 

hours.  (Lovelock & Patterson 2015) 

 

 

Figure 3. The value creating and delivery process. (Lovelock & Patterson 2015, 8.) 

 

After choosing the value comes creating the value (Figure 3). To attract customers to buy, they 

need to be convinced that the total advantages obtained from this value exchange exceed the 

costs it causes, including the financial part and the time and effort they spent.  There is no point 

in providing services which customers are not willing to buy: create and deliver only services 

that are perceived to provide value from customers’ view. This helps to ensure that chosen 

strategy will be financially viable. The final stage is active promoting of value proposition by 
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effective communications with a strategy for educating customers to make the most of 

purchased services. (Lovelock & Patterson 2015) 

 

2.1.2 Product service system 

 

For a manufacturing company, product is usually part of the service. Whether it is assembling 

the product, maintenance it or after-sales services, the product is there. Today the merging 

solution-wise thinking has driven companies to combine products with services and offer 

Product-Service-systems (later PSS) (Donoghue 2021a). However, creating a successful PSS is 

not always easy: according to Fischer et al. (2012) manufacturing companies are facing 

problems in making the investments profitable when it comes to expanding their businesses 

with service business.  

 

Mont (2002) described the PSS as a way of replacing traditional, material intensive ways of 

production by offering more dematerialized services to fulfil customers’ needs. She also 

mentioned the point of ownership structure changes which often come hand in hand with PSS. 

Few years later Baines et al. (2007) expressed their opinion of Product Service System (PSS) 

as a special case of servitization which can be understood as a market proposition expanding 

the traditional functionality of a product by including additional services. These additional 

services are the ones which increase the value of product to customers (Donoghue et al. 2021a). 

Yang and Evans (2019) found benefits of PSS based business models obvious: according to 

them “the more integrated of the product maker, owner and user, the more sustainable value is 

created.” From this value creation point, Berman’s (2012) research underlines the importance 

of up-to-date information and product-related information sharing. His study found that 

companies have started to create and deliver content instead of just physical products. By 

content he means relevant, personal and timely information for customers to access. This 

content-focusing trend has become a noteworthy thing because nowadays customers find 

product-related information almost or completely as important as the product itself. 

Digitalization has helped businesses to develop in many ways with this: different tools and 

software products, such as DTs can be used to help providing value adding service business to 

customers in addition of the physical products and devices. (Berman 2012) 
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However, Donoghue et al. (2021b) found in their research that product and technology are still 

in the leading roles in most of the manufacturing companies, and thus the addition of PSS to 

their portfolios has been quite gradual. Manufacturers’ typical business environment makes 

them dependent on their key suppliers’ offerings and installed bases and how the suppliers 

develop, deliver, and maintain those. Despite this, manufacturing companies have various 

touching points over the customer life cycle: this is because customers want the manufacturers 

to provide value through life cycle solutions, based on their whole industry experience among 

insights of customers’ business. What drives both, the manufacturing companies and their 

customers towards the PSS is a desire to maintain sustainable business growth. The growth of 

the whole business ecosystem depends on manufacturer’s supplier’s health and innovation 

capabilities. (Donoghue et al. 2021b) 

 

2.2 Business models 

 

“Business model” is rather commonly used term but the meaning of it is not always unanimous: 

it appears that the definition varies based on how people are using it. Definition by Osterwalder 

and Pigneur (2010, 14) underlined its value creation point and stated that “(a) business model 

describes the rationale of how an organization creates, delivers, and captures value.” Lewis 

on the other hand has simplified the essential of business model definition in 1999 briefly as 

“all it really meant was how you planned to make money” (Ovans 2015.) As said, the way of 

making money is the core of the business model term. Around this core companies and 

businesses build their own practices to help them towards their goals. Thus, companies should 

open their current business models in time to time: business models should develop to meet the 

changing needs of customers and to continue with creating and capturing value. (Casadesus-

Masanell & Ricart 2010) 

 

Firms have begun understood this need development need. According to Zott & Amit (2013) 

companies have shifted their locus of competitive advantage from internal factors and 

stakeholders to activity system which holds in external stakeholders, like customers, vendors, 

and partners as well. In their own view of business models, they emphasized its multifaceted 

nature by following definition: “the business model describes the system on interdependent 
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activities that are performed by the firm and by its partners and the mechanisms that link these 

activities to each other” (Zott & Amit 2010). 

 

Some commonly agreed key features of business models can nowadays be found in the 

academic literature, as interest in academic research on the subject has grown and formed a 

whole new unit of analysis. Researchers have found that business model focuses on the value 

creation logic for all stakeholders; the external actors, such as customers and suppliers play 

their role in the process as well. Hence, the process itself is getting more attention, as companies 

are looking for a comprehensive approach to explain and understand their value creation logics. 

(Kiel et al. 2017)  

 

Osterwalder et al. (2005) have illustrated the basics of a business model process from planning 

to execution (Figure 4). According to them, the business model design transforms a strategy 

into a business model plan. After forming the plan, a business model needs financial resources 

from internal or external funding. It can be for example a venture capital, cash flow from firm’s 

existing operations or a stock market funding. After planning and financial matters are dealt 

with follows the implementing of business model into a real enterprise. 

 

 

Figure 4. Illustration of business model process (Adapted from Osterwalder et al. 2005, 15.) 

 

Linder and Cantrell (2000) have noticed that some talk about business models even though they 

really mean just a part of it. For example, a sales channel like an online auction is a pricing 

mechanism, which is a part of the business model, not a business model itself. With same 
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principles, internet-based community is not a business model but a part of managing the 

customer relationships. Thus, Osterwalder et al. (2005) see business model as a holistic concept 

embracing elements from partnering and revenue sharing to customer relationships and pricing 

mechanisms. 

 

Companies with successful business models tend to focus on two things: redesigning customer 

value propositions and changing their processes using digital technologies for improved 

customer interaction and partnership. To achieve this, they build a new set of features which 

lets them to progress along both dimensions. (Berman 2012) A study of Ibarra et al. (2018) 

shows three different approaches affecting business models through the fourth industrial 

revolution: user-driven, service-oriented, and network-oriented views (Figure 5).  

 

 

Figure 5. Approaches affecting business models (Ibarra et al. 2018) 

 

In user-driven approach companies have woken to realize the importance of customer 

orientation and ecosystem-based thinking instead of just individual value chains. Service-

oriented approach is based on the need of rethinking the way of making business: Industry 4.0 

is driving more and more companies in a change from product to service mindset. Hybrid 

solutions contain both, the physical product, and the digital part, where digital part is always a 

service. Network-oriented approach challenges the traditional conceptions of value chains and 

boundaries, as new actors occur, and business ecosystems adapt different ways of creating and 

offering value. This affects primarily in traditional manufacturing companies. (Ibarra et al. 

2018) 
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2.3 Business ecosystems 

 

The above discussed network-oriented approach does not limit only to business models. As 

mentioned, shifting focus to networks brings different value creation methods and operating 

models to business ecosystems as well. Corallo et al. (2007) described business ecosystem as 

“an interconnected “network of networks” of co-evolving organizations, with a specific 

relationship with a dominant organization”. Before this Corallo et al. (2007) definition, few 

years earlier Basole et al. (2015) brought network-view in their definition as well: they stated 

that business ecosystem comprises a heterogeneous, constantly evolving group of firms and 

individuals that are interrelated via a multifaceted, worldwide network of connections. 

Nowadays the term is widespread and commonly used in politics, academic world and industry. 

It is originally a biology and ecology rooted metaphor describing the dynamic, intricate, 

hyperconnected nature of modern systems in economic, social and technical fields. (Basole et 

al. 2018) To create a value in ecosystem, co-creation between different actors is essential 

(Brambilla & Damacena 2021; Bonamigo & Mendes 2019). Digitalization helps this 

cooperation between different actors as it brings companies closer together. Hence, the intensity 

and type of interactions between those companies earns substantial importance partly because 

today the industry structure is very distributed among many organizations. (Paulus-Rohmer et 

al. 2016)  

 

Related to this, studies indicate that the term of “business ecosystem” has evolved through the 

years. This is no wonder since complexity of industry ecosystems is constantly increasing 

(Chavali et al. 2017). In regard, Pilinkienė and Mačiulis (2014) study compared different 

ecosystem analogies. As a result, it showed that multiple terms covering ecosystem are found 

related to history of business. The terms are presented in a chronological order as follows: 

industrial ecosystem by Frosch and Gallopoulos in 1989, business ecosystem by Moore in 1993, 

digital business ecosystem (DBE) by Nachira in 2002, innovation ecosystem (IE) by Adner in 

2006, and entrepreneurship ecosystem (EE) by Isenberg in 2010. As can be seen from Figure 

6, business ecosystem has its predecessors and successors, all of which focus on a bit different 

feature. 
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Figure 6. The path of ecosystem thinking (Pilinkienė & Mačiulis, 2014) 

 

The concept of industrial ecosystem was first introduced in 1989 by Frosch and Gallopoulos. 

They asserted that industrial ecosystem is about optimizing the use of materials and energy, 

decreasing the amount of waste, and utilizing the possible effluences of manufacturing process 

in next the phases or processes. In other words, the industrial ecosystem can be described as 

“an analogue of biological ecosystems.” (Frosch & Gallopoulos 1989) A little over 20 years 

later, Korhonen (2001) presented his view of perfect industrial ecosystem: he stated that it 

would be built on two systems, the industrial subsystem and the mother ecosystem, which 

would work simultaneously following the same system development principles and thus form 

a single system. 

 

The idea of the industrial ecosystem later shifted towards a concept of business ecosystem. 

Moore (1993) has stated almost 30 years ago that business ecosystem is a combination of 

various industries, where companies are working competitively and cooperatively to meet the 

needs of customers and to support new product innovations. Few decades later the essence of 

business ecosystem was summarized as follows: “Like with biological ecosystems, business 

ecosystems are formed by large, loosely connected networks of entities. Like with species in 

biological ecosystems, firms interact with each other in complex ways, and the health and 

performance of each firm is dependent on the health and performance of the whole. Firms and 

species are therefore simultaneously influenced by their internal complex capabilities and by 

the complex interactions with the rest of the ecosystem.” (Iansiti & Levien 2004) 

 

Business ecosystem was followed by a concept of DBE. Business ecosystems have evolved and 

embraced digital form as digital innovations enabled the growth of modern collaborative 
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networks (Senyo et al. 2019). Nachira (2002) described the DBE as a “digital environment” 

inhabited by “digital species.” According to him these species could include knowledge, 

services, software components, contractual frameworks, laws, training modules, business 

models and so on. The species in ecosystem can interact with each other while behaving 

independently. Depending on the laws of market selection, they extinct or evolve. For DBE to 

success, it should share common aspects of knowledge, technological solutions and services, 

and naturally the business itself. (Nachira 2002) Few decades after Nachira, Barykin et al. 

(2020) presented their view of digital ecosystem: according to them, DBE is sustainable and 

self-organizing system which uses digital platforms in where the ecosystem members can 

interact without challenging functional ties between them.  

 

Next from digital business ecosystem came innovation ecosystem. Adner (2006) described 

innovation ecosystem as a synthesis of companies and new offerings that creates a coherent 

solution for customer. A prosperous ecosystem provides mechanisms to forming relationships 

and exchange of intangible assets between entities and actors to fulfill the occurring needs. The 

sustainability and efficiency of innovation ecosystem grows when unsuccessful ventures are 

quickly identified and eliminated while simultaneously accelerating the progress of successful 

enterprises. In summary, self-sustaining enterprises are the ones who thrive in innovation 

ecosystems. (Jackson 2011) 

 

The last step in the path of ecosystem thinking by Pilinkienė & Mačiulis (2014) is an 

entrepreneurship ecosystem. For entrepreneurship ecosystem no widely used definition has 

been written yet. This is partly because of very diverse ecosystem definitions at various scales, 

from different research perspectives and with different data. Many of the existing definitions 

highlight the mixture or interaction of components creating shared cultural values that support 

entrepreneurial activity. (Malecki 2018) 

 

This thesis uses a term of “business ecosystem” instead of terms of “innovation ecosystem”, 

“digital business ecosystem” or “entrepreneurship ecosystem”. Innovation ecosystem could 

have been relevant for this topic, but the environment and companies involved in this thesis are 

not yet fully mature for that term to be used. Entrepreneurship ecosystem on the other hand is 

still quite broadly defined and does not fit in this context very well. Digital business ecosystem 
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could have been used in context of this thesis, but there is no platform-type unifying solution 

among the companies involved in the study. It is also noteworthy that although related 

terminology has been discussed by several different academics, the term “business ecosystem” 

has established its position in the academic literature over others and thus it is the most relevant 

option for this thesis too.  

 

2.3.1 Formation 

 

It is not that the ecosystems just spontaneously pop out of nowhere. Forming of an ecosystem 

requires purposeful testing, planning and designing while including multiple actors for these 

procedures (Jacobides et al. 2018) And when it comes to designing phase, Kokkonen et al. 

(2020) have noticed that it is not effortless: according to them designing an ecosystem demands 

the exploration of preconditions, challenges and benefits from different companies’ viewpoints 

and in different levels. Rong et al. (2015) research revealed that this kind of exploration is 

needed as business ecosystem concept is often used to explain the questions of ambiguity and 

the needs regarding partners’ interoperability. Not to forget innovations which have an 

important role in developing the ecosystem, as Corallo (2007) has stated that the birth of 

business ecosystems benefits from innovations which work as a catalyzer in the formation 

process. According to Moore’s (1993) traditional model business ecosystems have four 

development phases: birth, expansion, leadership and lastly self-renewal or death (Figure 7). 

The steps can overlap, and boundaries are often blur, but the frame is still the same. 

 

 

Figure 7. The four stages of business ecosystems (Moore 1993) 
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The first stage, birth concentrates on forming an understanding of customers’ preferences 

around an innovation. The winners of this stage are companies who have carefully identified 

and implemented customer needs and the best ways to meet them. Cooperating with other 

business partners is worth considering, as it can help to “fill out the full package of value for 

customers” as well as attract important “follower” companies and shift their interest from 

another ecosystem to yours. In addition to these matters, it is also important to protect nascent 

ideas from competitors in the early stages of business ecosystem formation. Next, after the birth 

phase comes the expansion. In the expansion phase new innovations are brought to a larger 

market together with suppliers and partners to increase supply and attain maximum market 

coverage. This phase is about defeating other implementations of similar ideas. One should 

ensure their approach is a market standard in its category through dominating key market 

segments. Expansion is followed with leadership stage. Providing a captivating future vision 

for customers and suppliers to follow encourages them to work together for improved complete 

offer. From a competition view it is important to perceive strong negotiating power in relation 

to other actors in the ecosystem, comprising valued suppliers and key customers. Self-renewal 

or with some cases death is the final evolutionary stage of a business ecosystem. It is about 

creating and bringing new ideas to existing ecosystem by working with innovators. Keeping 

high barriers helps to avoid innovators from forming alternative ecosystems whilst high 

customer switching costs are useful in buying time to incorporate innovations into own 

selection of services and products. (Moore 1993)  

 

Few decades after Moore (1993), precisely in 2014 Lu et al. presented their view of business 

ecosystem life cycle, called the “Triple Oscillation Model”. The ecosystem phases in Triple 

Oscillation Model are initiating, emerging, diversifying and converging. Each of these phases 

contain different set of actors with different roles. This model was based on Chinese electronic 

vehicle (EV) industry and while examining it, the researchers found two interesting principles: 

firstly, as the business ecosystem evolves, the number of definitive stakeholders increases 

progressively with latent stakeholders decreasing in return to the complexity of business 

ecosystems. They also found that the total of expectant stakeholders remained in a relatively 

steady state. Secondly, they found that all directions of transformation evolve always step by 
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step: from definitive to expectant to latent stakeholders and the opposite way, from latent to 

expectant to definitive stakeholders with no skipping of steps. (Lu et al. 2014) 

 

2.4 Roles of actors in ecosystem 

 

Jacobides et al. (2018) have described ecosystem characteristics as follows: “An ecosystem is 

a set of actors with varying degrees of multilateral, nongeneric complementarities that are not 

fully hierarchically controlled.” Lappi (2017) has stated that the characterization of business 

ecosystem actors depends on their positions in the ecosystem and their relationships with 

ecosystem modules. According to him, it is possible for same actors to have different roles in 

various modules with differing intermodular interactions. Relationships between actors vary in 

roles regarding to ecosystem health: the health can be evaluated through innovativeness, 

sustainability, renewal capabilities and resilience. (Lappi 2017)  

 

Researchers and academics have proposed several classifications of roles among actors in 

business ecosystems over the years. Iansiti and Levien (2004) borrowed an analogy from 

biology and divided the roles in three groups: keystone, dominate and niche player. According 

to them especially keystone actors are in a vital role when it comes to shaping and coordinating 

business ecosystems. A figure from the study of Pellinen et al. (2012) combined typical 

ecosystem layers and actors with their prerequisites from the point of commercial launch of 

services (Figure 8). Their study was made from the perspective of IP multimedia subsystems 

(IMS) and platform-based ecosystem, but the following figure with its divisions can be seen 

somewhat relevant with business ecosystems in general too, as in practice digital solutions and 

platform thinking are always involved with business ecosystems. 
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Figure 8. Ecosystem actors and prerequisites of IP multimedia subsystems (Pellinen et al. 2012) 

 

As Figure 8 shows, Pellinen et al. (2012) divided the ecosystem into four layers which are the 

user layer, network layer, application layer and co-operation layer. All these layers include 

certain groups of actors with each having their own important roles in ecosystem. User layer 

contains the terminal vendor and end user. Next is the network layer which includes the ones 

operating the customer relationship and access network, in short, the operator and 

corresponding network vendor. On the third layer, which is the application layer, are developer 

and the service platform vendor. Last layer is cooperation layer containing the standardization 

and cooperation fora. This is important level especially for creating the technological 

foundation of ecosystem and later also with development stage. It can also work as a platform 

for commercial structures and solutions. With all four layers, interconnection and 

interoperability play an important role in providing positive network impacts to the end-user 

services in the long run. (Pellinen et al. 2012) 

 

According to this Pellinen et al. (2012) research, the business ecosystem actors are 

interdependent and consist of various types of vendors, software developers, end users and 

standardization and cooperation fora. They used three different categories to classify the actors 

and resulted with division of terminal, network and platform vendors. Terminal vendors consist 

of suppliers of end user terminal, network vendors are the ones mainly providing operations 

and platform vendors provide the service platforms. Their study also found that normally the 

end user interacts directly only with the operator whose customers they are and the terminal 

they are using, also rarely the developer who created the application. Developers’ role is to 
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provide its products, the actual applications for other members of the ecosystem, such as 

operators. In some cases, they can provide and sell their products straight to end users. 

Operators are the central actors of ecosystem as they manage the end customer relationships 

and relationships between all other participants in the ecosystem. Cooperation and 

standardization fora can consist of same or multiple actors from various companies, in some 

cases the fora can be built by just a one company for promotion purpose of a single solution. 

The fora provides a method to forming cooperatively accepted commercial or technological 

principles for the ecosystem to follow. End users are important, in some cases the most 

important actors of the ecosystem but have the least possibilities to affect the development of 

it. However, their actions and demand define how successful the ecosystem is: the most 

successful ecosystems can translate requirements from end users into services and products. 

(Pellinen et al. 2012) 

 

With an actor role in business ecosystems, value creation and delivery both play and important 

role. Tura et al. (2018) have studied platform-based ecosystem including its actors and their 

roles. Their research raised some questions concerning the platform value creation logic:  

 

• “Who benefits from the platform and how?  

• What are the roles of the stakeholders and how will they change?  

• How to achieve commitment of the stakeholders?  

• What are the different value propositions for different participants? “ 

(Tura et al. 2018) 

 

The questions above help to understand how ecosystems work and what kind of actors they 

should include. Clarysse et al. (2014) have estimated that supporting large, established 

organizations to meet their role as keystone actors could be a vital way forward. This crucial 

role of keystone actors has also been estimated by Paulus-Rohmer et al. (2016) who stated that 

keystone actors are ecosystems’ hubs, as ecosystem health and its improvement are included in 

their core tasks. Other tasks for keystone actors are providing essential the instruments and tools 

for the ecosystem to survive in a very turbulent environment with a lot of innovations. In other 

words, the keystone actors are the value dominators and protectors of the ecosystem. 

Bauernhans et al. (2015) have stated that manufacturing industry has faced a new development 
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in the form of keystones. According to them, the keystones are beneficiating from the need for 

tools and standards in different sectors of the industry as well as the ecosystems’ protection 

needs, as they block third parties trying to enter in the ecosystem. However, keystones occupy 

just a slight slice of the whole ecosystem. (Paulus-Rohmer et al. 2016) In addition to keystone 

actor role, Paulus-Rohmer et al. (2016) study defined three other roles: niche, commodity and 

physical dominator (Figure 9). The figure illustrates the growth of turbulence and innovation 

when shifting from commodity to niche and physical dominator to keystone. The same kind of 

growth can be seen also in complexity of relationships from commodity to physical dominator 

and niche to keystone. 

 

 

Figure 9. Types of ecosystem strategies (Paulus-Rohmer et al. 2016) 

 

Niches represent majority of the ecosystem as they bear a resemblance to the substance of what 

the ecosystem does whilst the keystones are affecting the organizational aspects: niche actors’ 

strategy is to differentiate and specialize themselves from ecosystem’s other niche actors. As 

opposed to keystone actors, a large part of the ecosystem is occupied by physical dominators 

as they take over other roles, such as niches. The lack of joint value creation results in a lower 

level of innovation and leaves the value creation lying mainly on physical dominators’ 

shoulders. The last of the four roles is commodity. This role is often fulfilled by businesses 

which compete through volume and price, and thus it should not be any company’s strategy in 

the long run. (Iansiti & Levien 2004; Paulus-Rohmer et al. 2016) 
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Dedehayir et al. (2018) literature review focused on the birth-phase of previously presented 

Moore’s four development phases of innovation ecosystem. They went through 60 publications 

from journals and conference proceedings of innovation ecosystem by exploring the roles of 

actors in it. Due to its diversity, their study serves good as a summary of the roles of the 

ecosystem in the context of this thesis too. The review found that several roles are performed 

through IE origin: the ecosystem consist of leader, dominator, supplier, assembler, 

complementor, user, expert, champion, entrepreneur, sponsor and regulator. Figure 10 

illustrates the division of roles into four main categories. Ecosystem leader and dominator are 

classified as leadership roles. Supplier, assembler, complementor and user are value creation 

roles whilst expert and champion are under value creation support roles. The fourth block holds 

in entrepreneurial ecosystem roles, which are entrepreneur, sponsor and regulator. (Dedehayir 

et al. 2018) 

 

 

Figure 10. Actors and roles in innovation ecosystem (Dedehayir et al. 2018) 

 

Leadership actors play an important role especially in early stages of forming the ecosystem. 

They engage in governance related actions by planning the parts of other actors and 

orchestrating the connections between them. Another governance associated activity is the 

organization of resource flows between coalitional members. Among these organization tasks 

ecosystem leaders are involved in forming partnerships: it starts by attracting new actors to join 

the network. The ecosystem leader may also encourage external partners to connect with the 
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emerging network. Third area of responsibility for the leaders contain platform management 

activities, where the platform refers to “a technical premise upon which a market of producers 

and consumers can function.” The platform management tasks contain designing and 

constructing of the platform. After these essential steps comes value creation. Ecosystem 

leaders aim to create value from the involvement of a host of actors, including a user-

community and the producer group. Hence, it enables the platform to allow the multitude of 

actors to join the environment by swapping ideas and participating in transactions. (Dedehayir 

et al. 2018) Development of these digital platforms is nowadays a remarkable enabler of 

companies’ ecosystem-based operations (Selander et al. 2013; Kokkonen et al. 2020). Final 

responsibility area which makes an ecosystem leadership is value management. More precisely, 

the ecosystem leader produces and captures value by creating its own offerings and/or 

combining the offerings of other actors in the ecosystem whilst making sure that the other actors 

can grow and cumulate their own value. (Dedehayir et al. 2018) 

 

Second group of ecosystem actors takes part in value creation roles. Where the importance of 

leadership roles is emphasized at the early stages of ecosystem, the essentiality of value creation 

roles spreads throughout the life cycle of the ecosystem. Direct value creators come in many 

roles and activities: Suppliers supply materials, services and technologies for other users in the 

ecosystem. Assemblers assemble these services, materials and components alongside of 

processing information supplied by other ecosystem actors. Complementors utilize the design 

of the ecosystem's other offerings, attain compatibility with the platform and meet the customer 

specifications. Users are contributing to value creation when they define an issue or a need or 

develop new ideas based on ecosystem leader provided data. Value is produced also through 

participating in a transaction and purchasing of offering as well as with integrating important 

complementarities into ecosystem and utilizing the product or service. Third group, the support 

roles of value creation do not produce value directly into ecosystem but are in relevant position 

when it comes to providing secondary supporting features to value creators. These support roles 

are divided into two different subclasses, experts and champions. Experts are for example 

universities and public research organizations, whilst champions are labs or entrepreneurs. 

Experts support the main value creators when they produce knowledge through their research. 

Champions form connections and alliances between different actors in ecosystem, co-operate 

among sub-groups and partners and make available access to regional and non-regional 
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markets. The final group includes entrepreneurial ecosystem roles. There are sponsors who 

provide resources to entrepreneurs, purchase and co-develop companies’ offerings, finance 

low-income markets and connect entrepreneurs to other actors in ecosystem. Entrepreneurs 

build focused network of suppliers, staff, customers and complementors and organize 

cooperation between research and commercialization actors. Co-locating with other actors is 

also important for entrepreneurs. Last subclass of entrepreneurial ecosystem roles is regulator. 

Regulators support the core roles of sponsor and entrepreneur, as the contribution of this role is 

to catalyze the development of new enterprises by establishing beneficial economic, political, 

and regulatory conditions. (Dedehayir et al. 2018)  

 

2.5 Prospects of business ecosystems and servitization 

 

Paulus-Rohmer et al. (2016) have done research about the relationships and interactions 

between ecosystems, business models and strategy with an approach to the manufacturing 

industry. Their paper was titled as “Ecosystems, strategy and business models in the age of 

digitization - How the manufacturing industry is going to change its logic”. The overview of 

these relationships and interactions is presented below in Figure 11. 

 

 

Figure 11. Simplified interaction between ecosystem, strategy and business model (Paulus-Rohmer et al. 

2016) 
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When it comes to changes in competition and the in the organization of different sectors, the 

main change driver is digitalization. Digital networks have interconnected consumers, products 

and companies (Iansiti & Lewien 2004). This has resulted increased network effects and joint 

value creation in ecosystems providing solutions to end customers. In addition to ecosystems, 

strategies too are impacted by digitalization: building operational advantages has become 

harder and the thresholds of entry for new companies are lower due to the increased 

transparency. The end customers have taken the main role when it comes to bargaining. 

However, digitalization has opened new opportunities and new markets for solution providers 

to conquer. Moreover, it is important to remember that if the value provided to customer is 

changing to some direction, companies core competencies can be influenced. (Porter 2001; 

Paulus-Rohmer et al. 2016) 

 

According to Ramezani & Camarinha-Matos (2019), for the future of business ecosystems, 

antifragility and resilience are their two crucial assets for surviving and thriving in tumultuous 

and troublesome environments. Their paper “Novel approaches to handle disruptions in 

business ecosystems” examined these assets and presented some open questions and directions 

for further research. As a result, they found that current literature regarding to this matter is still 

at somewhat speculative level and the fundamental mechanisms are not yet sufficiently 

understood. They suggested shifting focus from theoretical approaches to practical, self-

adaptive systems. However, real business ecosystems are not the most optimistic environment 

for this kind of testing due its risks, thus the further research is focused on simulation 

environments where different strategies can be safely implemented. It is also important to keep 

in mind that each actor in ecosystem has separate decision-making standards, features, and 

objectives which can trigger unintentional outcomes at the ecosystem level, although each 

actors’ conduct and decision-making made sense at the time. (Tsujimoto et al. 2017) 

 

Among the future of business ecosystems in general, researchers have studied the prospects of 

servitization in manufacturing business. Bustinza et al. (2015) stated that companies’ positions 

in value chain often determines the competitive advantages they can achieve: companies who 

differentiate their products upstream in the value chain by establishing services can extend their 

reach in the whole value chain, although companies who are located more downstream in the 
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value chain may have more knowledge regarding the end users, their needs and desires and thus 

can are able to offer more tailored solutions. 

 

Their analysis provided three important findings: 

 

1. Offering advanced services integrating products and services more closely through 

value-added services and performance-based contracts are on the increase as companies 

are actively engaged in moving forward in development. 

2. Business functions should be developing services when pursuing customer satisfaction 

as a competitive advantage. An external partner or a specialist service unit should 

develop advanced services if differentiation is the main approach. 

3. Servitization strategies enable companies operating upstream in the value chain to gain 

higher performance by offering both, differentiation and customer satisfaction. 

Companies operating more downstream can achieve this higher performance only 

through customer satisfaction. 

(Bustinza et al. 2015) 

 

If manufacturing companies aim to increase their customer satisfaction or differentiate their 

offering, developing advanced services could be one potential way forward. Expanding markets 

open opportunities for servitization to operate as a tool of differentiation. Also, a scale 

advantage is one potential result of servitization, as servitization provides companies more 

comprehensive understanding of customers’ needs and experiences. This helps the service 

provider companies to gain competitive advantage. (Bustinza et al. 2015) 

 

One helpful tool for this servitization is a digital twin. Hannola et al. (2021) research found that 

the process of product development in manufacturing companies has been quite product-

centric, and services often act only as a complementary addition. Thus, physical products have 

traditionally played the main role of real-time simulation solutions and product life cycle 

management. However, companies have begun to change this matter as they are moving 

towards co-development of product-service offerings through the whole product life cycle. As 

a result, need for support life cycle solutions, such as digital twins, are predicted to increase. 

(Hannola et al. 2021) 
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3 DIGITAL TWINS IN THE MANUFACTURING CONTEXT 

 

The digital twin has been a hot topic or even a buzzword in manufacturing business for about a 

decade now. It can be understood in many ways depending on who you are asking. Thus, the 

definitions and concepts of it vary a lot: some see the DT as an Excel file with one-way, manual 

information flow whereas others understand it as a complete, real-time, automatically updated 

digital copy of the physical object and so on. According to VanDerHorn and Mahadevan (2021) 

this lack of uniform definition threatens to dilute the concept and cause ineffective utilization 

of technologies. However, despite the varying perceptions, the greatest value of the DT is 

generally seen as related to process, maintenance, and product optimization (Klostermeier et al. 

2018; Stecken et al. 2019). To gain a better understanding on the current situation of DT, 

knowing the history behind its invention and development plays an important role.  

 

3.1 Developments prior to digital twins 

 

First, development of a new generation information technologies has been a significant factor 

behind the digital twins: time of smart manufacturing is rising. We already have cloud 

computing, big data, artificial intelligence, and the Internet of Things, also known as IOT (Tao 

et. al 2019). Digitalization changes the ways of data utilization and data-based solutions while 

giving rise to entirely new technologies. Hence, the digital twins can be seen as a natural 

continuum in this path of digitalization and digital transformation. 

 

Some academics and executives have presented a vision of digital transformation being an 

enabling technology. Nilles challenges this view: he thinks that digital transformation goes a 

lot further than that. Digital technology certainly is an enabling technology leading to 

improvements in efficiency for example in supply chains but that is not the whole picture:  the 

digital transformation is fundamentally changing and improving or disrupting the known 

business models and building new ones from a digital perspective. In summary, digital 

technology is as an enabling technology profoundly identified in the business model. 

(Hinterhuber & Nilles 2021) 
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According to Schwab (2017) the roots of digitalization date back to 1990s as internet emerged 

and transformed the industrial and economic structure (Yuan et al. 2021). Since then, the 

impacts of digitalization in business have been significant. The first wave of digitalization was 

about focusing on technology: it replaced paper with computers and automatized work routines. 

The second wave founded Internet and gave it a role as global communication infrastructure: 

the birth of Internet impacted companies’ value creating logic and business models as 

intermediaries and e-commerce appeared in the field. In the third wave processing powers and 

storage capacities kept increasing and communication bandwidths widening bringing the vision 

of ubiquitous computing closer than ever. (Legner et al. 2017)  

 

Today we are living the fourth industrial revolution, also known as Industry 4.0. Lasi et al. 

(2014) summarized the term “Industry 4.0” as “different, primarily IT driven changes in 

manufacturing systems”. It causes major changes in value creation for the whole manufacturing 

industry (Schuh et al. 2019). In fact, all four industrial revolutions have brought significant 

effects into business and industry: utilization of waterpower and steam in production began 

with the first revolution. Second revolution brought electrical energy which enabled mass 

production, whereas automation through information technology and electrics began with the 

third revolution. Fourth revolution started to merge the real and virtual worlds together through 

cyber physical systems and solutions, such as digital twins. (Deloitte 2015) 

 

3.2 Definitions 

 

There are numerous definitions of digital twins proposed by different authors and organizations. 

The history of a DT is based on Grieves’ model which was a part of the Product Life cycle 

Management (PLM) course led by him: the preliminary concept of digital twin was presented 

at the University of Michigan in 2003 during one of Grieves’ presentations concerning the 

PLM. (Tao et al. 2018) 

 

Table 2 gathers five different definitions of the digital twin. At the top is NASA’s version by 

Glaessegen and Stargel from 2012, which can be considered as “the mother of all digital twin 

definitions”; NASA was the first institution known to define DT, initially in a draft and finally 
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in a release. Their view emphasized DT’s realistic side interdependency between different 

systems. The second definition was given by Bilello in 2017. His version used term “Digital 

surrogate” as a synonym of the DT and brought a bit of life cycle view in the definition too. 

Third definition in Table 2 was written by Grieves and Vickers also in 2017. It raised the 

benefits of DT for potential products in spotlight among the benefits for already manufactured 

products. The fourth and the longest definition is by Negri et al., also from 2017. Main points 

of their version are synchronization between the virtual and real system and forecasting and 

optimizing the behavior of production system though the whole life cycle in real-time. Fifth 

and the last definition in Table 2 is Batty’s version from 2018. He described the DT as a mirror 

image of a real process, usually working simultaneously with the physical process. 

 

Table 2. Definitions of the digital twin 

Source Definition 

(Glaessegen & Stargel 2012)  ”The Digital Twin is an integrated multiphysics, multiscale, 

probabilistic simulation of an as-built vehicle or system that 

uses the best available physical models, sensor updates, fleet  

history, etc., to mirror the life of its corresponding flying twin. 

The Digital Twin is ultra-realistic and may consider one or 

more important and interdependent vehicle systems.” 

Bilello (2017, pp. 9) “Digital surrogate (i.e., the Digital Twin) is a physics-based 

description of the system resulting from the generation, 

management, and application of data, models, and 

information from authoritative sources across the system’s life 

cycle.” 

Grieves & Vickers (2017) "A set of virtual information constructs that fully describes a 

potential or actual physical manufactured product from the 

micro atomic level to the macro geometrical level” 

Negri et al. (2017) “The DT consists of a virtual representation of a production 

system that is able to run on different simulation disciplines 

that is characterized by the synchronization between the 

virtual and real system, thanks to sensed data and connected 

smart devices, mathematical models and real time data 

elaboration. The topical role within Industry 4.0 

manufacturing systems is to exploit these features to forecast 

and optimize the behavior of the production system at each 

life cycle phase in real time.” 

Batty (2018) “A mirror image of physical process that is articulated 

alongside the process in question, usually matching exactly 

the operation of the physical process which takes place in real 

time.” 

 

Hou et al. (2021) definition works well as a summarizing expression: according to it, the DT is 
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a concept of creating a digital copy of a real, physical object and synchronizing data between 

the real and the digital version. The aim of digital twin is accurate simulating and monitoring 

as well as optimizing the physical object. Although definitions of the digital twin can vary 

depending on the field of business, there are still some commonly agreed aspects and features 

(Koulamas & Kalogeras 2018). These features are presented in a subsection below. 

 

3.3 Features 

 

As shown in Figure 12, the DT is known for its’ real-time reflection, where two spaces occur 

in digital twin: the real, physical space and the virtual space. The virtual space reflects physical 

space in real-time with possibility of very high synchronization and fidelity. Second 

characteristic is convergence and interaction, and it holds three aspects: interaction and 

convergence in physical space, interaction and convergence between data from different time, 

and interaction and convergence between the virtual and physical space. All of this is possible 

because the virtual space is not isolated from the physical space in a digital twin: this enables 

smooth communication between the two spaces. The final common characteristic is self-

evolution: digital twin can improve itself continuously with real-time data it gets from the 

physical space. (Tao et al. 2018) 

 

 

Figure 12. Basic features of digital twin (Tao et al. 2018) 

 

Autiosalo et al. (2019) research listed possible distinguishable attributes for a DT of a single 

product based on data exploration of existing literature. The features are not necessarily all at 

the same hierarchical level: for example, computation is a low-level feature used by other 
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attributes whilst simulation model is a high-level application building on other features and 

providing usable acumens.  

 

• “data link 

• coupling 

• identifier 

• security 

• data storage 

• user interface 

• simulation model 

• analysis 

• artificial intelligence and 

• computation.” 

(Autiosalo et. al 2019) 

 

The data link is one of the core attributes of DT, with the basic idea of linking a physical object 

to a digital version. To emphasize this feature’s significance, researchers called it as “the 

motherboard” of the digital twin. The term of coupling was used to symbolize the connection 

and two-way interface between a physical object and its digital twin. The identifier sums up 

two basic categories: digital and physical identifiers, whereas digital identifier means a way to 

connect a DT to a network and physical identifier serves as a gateway between the physical 

objects and their DTs, representing the physical space. (Autiosalo et al. 2019) 

 

The importance of security has grown in recent years as connections between information 

systems have increased. Cyber security is already quite advanced but the cyber-physical 

security issues coming with the DT are relatively new and requiring more research. DTs’ data 

storage comes with variety of locations and methods, but the main requirement stays the same: 

the method must be able to communicate through the DT data link. Human interaction with the 

DT is enabled by case specific user interface -feature customized for every user group. As 

mentioned earlier, simulation model can be used widely to describe the graphical, numerical 

and/or visual principles and approximate real-life behavior of a physical object. The DT is often 

capable of creating analyses based on data provided by the physical object. These analyses can 
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be conducted by artificial intelligence. Using AI allows the DT to be an intelligent DT and a 

self-active object in the cyberspace. Lastly there is a low-level feature of computation, which 

generates data by solving mathematical tasks. (Autiosalo et al. 2019) 

  

Fuller et al. (2020) research took a stand on the misconceptions of the digital twin definitions: 

like said, the definitions can vary a lot depending on the source and author, and according to 

these researchers some definitions found in literature are incorrectly identified. This idea is 

supported also by Schuh et al. (2019): their research found terms “digital twin” and “digital 

shadow” often confounded and used as each other’s synonyms. Division by Fuller et al. (2020) 

in Figure 13 helps to understand the differences between three closely related terms of digital 

model (DM), digital shadow (DS) and digital twin (DT). Results of Kritzinger et al. (2018) 

study found that most of the existing literature focuses on DM and DS whilst literature 

regarding of the most advantageous stage, the DT is still scarce. 

 

 

Figure 13. Digital model, shadow and twin. (Fuller et al. 2020) 

 

A digital model is a term to use when talking about a digital version of an already existing or 

planned physical object (Kritzinger et al. 2018). This is a simple version and does not 

automatically transfer data in either direction, not from physical model to digital model or the 

other way round. Practically it means that possible changes in physical model are not updated 

into the digital model without manual work. These digital models can occur for example with 

building plans or product design and development. (Fuller et al. 2020) A digital shadow is based 

on the definition of a digital model (Kritzinger et al. 2018). The DS is more advantageous 
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version from digital model as it works with a one-way data flow between the physical and 

digital objects. The digital object receives changes of which the real, physical version has gone 

through without no one having to interfere. (Fuller et al. 2020) Ladj et al. (2021) called digital 

shadow as a core of the digital twin: according to them the DS bases on unsupervised learning-

based data analytics and knowledge inference engine. The third term, “digital twin”, is correctly 

used when data flow works with both directions, from physical object to its digital version and 

vice versa. The digital and physical versions are fully integrated, and change made to digital 

version automatically results to a change in physical version, and the other way round. (Fuller 

et al. 2020) With a DT the digital object might be the controlling actor instead of the physical 

object (Kritzinger et al. 2018).  

 

However, a very different view of the nature of the digital twin has been presented by Stecken 

et al. (2019): according to them, the digital twin has no connection to the real object, and thus 

changes made to the real object are not automatically transferred to the digital twin. This 

completely opposite view of them highlights the confusion still surrounding the definition and 

concept of digital twins. A uniform definition of the digital twin is therefore needed. Kakkuri-

Knuuttila & Heinlahti (2006, 108) have stated that “when new expressions are produced in 

research, everyday speech, politics, and working life to serve certain purposes, a new social 

reality is produced at the same time. The new linguistic classifications are used to modify the 

conditions for cooperation and its limitations.”  

 

Among the already presented terms of digital twin, shadow and model stands a term of a digital 

thread. It can be described with a following definition: “the digital thread extends the digital 

twin into a product’s entire life cycle, encompassing all data flows across ideation, design, 

engineering, performance, manufacturability and serviceability. It is a vital thread that runs 

through all the organizations.” (Chavali et al. 2017) 

 

3.4 Previous research of simulation and digital twins in manufacturing context  

 

Multiple studies concerning the digital twins have been established during the years. Most of 

them are focusing on technical aspects and requirements but recently there has been an 

increasing interest in studying the DTs’ business potential as well. That said, few master’s 
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theses with relatively similar object to this research were found during the literature review, 

both dealing with problems related to the implementation of the digital twin. (Table 3).  

 

Table 3. Implementation obstacles of digital twins in literature 

Source Obstacle Key reasons 

 

 

 

 

 

 

 

 

 

(Hultgren & 

Lundström 2020) 

 

 

Change resistance 

- historical, habit driven ways of working 

- conservative nature of manufacturing 

industry 

- inadequate change management 

- rigid structure of old, big companies 

 

Data management 

- need for accurate and high-quality data 

- skepticism with data security and 

management 

 

Communication of data 

- quantity and variety of data systems and 

suppliers 

- difficulty with achieving fluent data flow 

 

Value versus price 

- value of DT does not surmount its costs 

or managers do not see the value 

- vagueness of the concept  

Lack of knowledge and time No data 

 

 

(Sandén & Falk 

2021) 

 

 

Technical issues 

- assess to data and data quality 

- cyber and data security 

- interoperability 

- form of representation 

- master data 

 

 

Other issues 

- variety of external actors 

- training 

- IP protection 

- sub-optimization 

- cost 

 

First was a master’s thesis by Hultgren and Lundström in 2020, titled as “The concept of digital 

twins in the manufacturing industry: A study untangling the digital twin concept to utilize its 

benefits”, it dived into digital twin and its definitions, types and levels, made recommendations 

on how to implement the and presented also the potential implementation obstacles. Their study 

pointed that several types of DTs were used in different supplying companies with various uses. 

It also stated that the level of digital twin’s detailedness depends on the use: rough models can 

be enough when modelling a whole factory whilst reflecting to component in a machine requires 

more precise correctness. (Hultgren & Lundström 2020)  

 

Another quite similar master’s thesis was written by Sandén and Falk, published in 2021 and 

titled as “Digital Twin - an Exploratory Study on its Opportunities and Challenges from a 

Supply Chain Perspective.” This study addressed typical challenges which companies often 

face when they start to implement the digital twin. They classified the challenges into two main 
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categories: technical issues and other issues. Technical issues consisted of problems with data 

access and quality, cyber and data security, interoperability, form of representation and master 

data. Other issues raised the problematic of many external actors, need for training, IP 

protection, sub-optimization, and the cost related matters. 

 

Despite the challenges related to digital twins, some companies have successfully implemented 

the DTs in their business models. As an example of this utilization, Cimino et al. (2019) have 

studied and listed some known uses for DT in manufacturing (Table 4). Their research was a 

profound literature review analyzing 52 articles from the years of 2015 - 2019. The aim of the 

study was to examine useful implementations of the digital twin in production systems from 

the view of laboratory and industry. They were seeking for an understanding from the main 

application purpose of digital twin; the reasons behind its creation, how does it link with 

services, and how the structural for data procurement and simulation was constructed. (Cimino 

et al. 2019) 

 

Table 4. Different uses for digital twin in manufacturing (Cimino et al. 2019) 

Uses Target 

Real-time monitoring by - integrating several dynamic simulations 

- machine tool monitoring 

- monitoring product parameters 

- monitoring of single processes, assembly process 

or whole production line 

Optimizing of production processes by - increasing performance of productivity 

- decreasing energy consumption 

- reducing geometry defects in 3D-manufacturing 

processes 

Designing of - devices 

- production environment 

- working environment 

- laboratory environment 

Supporting the life cycle of a product process by - material recovery 

Supporting of production system management 

by 

- assisting in machine management and data 

structuring 

- managing data and helping supply chain 

management 

Processing production systems flexibility No data 

Maintenance purposes No data 

Helping with safety issues by - monitoring smart wearable devices 

- human-robot interplay 

- monitoring product manufacturing processes 

- HMI visualization environment 

-  creating virtual reality visualization platforms 

Evaluating performances of a cloud-based 

information technologies 

- verifying the speed of data uploads 
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As shown in Table 4, DTs are used in multiple purposes and various stages of manufacturing 

process. Hinterhuber and Nilles (2021) have stated that the digital twins can be utilized through 

the entire value chain, from customer request to after sales services.  Due to DTs complexity, it 

is difficult to point out one specific purpose. Among DTs in general, researchers have studied 

the simulation perspective of digital twins as well. For example, Elfvengren et al. (2021) have 

done research about the expected benefits of utilizing simulation in manufacturing companies. 

Their study revealed the changed role of simulation from being a tool of mathematicians to 

widely used fundamental implement in decision making, validation and testing. The study listed 

potential ways to measure the impacts of simulation on business in a long term. Results can be 

seen in Table 5.  

 

Table 5. Potential ways of measuring the impacts of simulation (Elfvengren et al. 2021) 

The way Unit of measurement 

Through preventive maintenance operations - number of customer error messages 

- number of maintenance stoppages 

- number of unpredicted fault situations 

- accuracy of automated flaw notifications 

Through customer satisfaction  - surveys and feedback 

- number of new and lost customers 

Through product and prototyping problems - number of unpredicted product related 

problems during test phase to reveal the 

success rate of simulation 

- number of needed prototypes 

Comparing effects of simulation through key 

parameters 

- turnover and volumes 

- service 

- sales 

- number of new products 

- changes in the market share 

Through product development schedule and cost by - studying on how simulation affects the time 

a product spends in development and testing 

phase 

 

Conclusions of the study by Elfvengren et al. (2021) indicated that the greatest benefits of 

simulation are usually obtained during product development: simulation technologies can be 

used as tools for enhancing product quality or improving system functionality whilst decreasing 

time spent in the development phase. Among this Elfvengren et al. (2021) study, Saunila et al. 

(2021) book chapter “Creating value with sustainable production based on real-time 

simulation” explored the business perspective of physics-based real-time simulation. They 

looked for answers to following two questions: “What is the meaning of real-time simulation 
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in contemporary business practice?” and “How does real-time simulation contribute to 

sustainable production?” (Saunila et al. 2021) 

 

 

Figure 14. Digital twin and real-time simulation -based sustainable value creation (Saunila et al. 2021) 

 

Figure 14 illustrates the versatility of real-time simulation and its applications. The upper 

section indicates the base of sustainable production whilst the lower section shows examples of 

value creation ways in which the simulation or a digital twin can contribute. The research raised 

the matter that not only do simulation applications affect company’s operations and business 

but have also an impact at society too. Physical modeling has traditionally been one of the first 

things that comes to mind when talking about the digital twins, but more to that it retains 

simulation, monitoring, optimization, diagnostics, prognostics and training of maintainers, 

users, operations and service providers as well. As seen in Figure 14, there are multiple value 

creation ways with digital twins and real-time simulation. (Saunila et al. 2021)  

 

Kritzinger et al. (2018) research “Digital Twin in manufacturing: a categorial literature review 

and classification” went through publications of DT applications in manufacturing. To gather 

the research material, they used different keywords and phrases such as: “Digital Twin, Digital 

Twin in manufacturing, Digital Twin in maintenance, Digital Twin in PPC, Digital Twin in 

production planning, and Digital Twin in layout planning.” Materials were then evaluated on a 
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content basis and categorized according to their distinct viewpoints. These viewpoints were 

type, level of integration, focused area and technology (Figure 15).  

 

 

Figure 15. Categorization methods of Kritzinger et al. (2018) research 

 

Researchers noted that over a half of the literature they reviewed were categorized as a 

“concept”. They also noticed that a great deal of these concept-papers indicated research of the 

DTs being still at its early stages: the lack of appropriate concepts takes researchers’ time, hence 

deriving those is the first step towards applying the digital twin in practice. Publications with a 

category of “case-study” were 26 percent of the analyzed papers. These papers focused mainly 

in explaining the case-studies and discussing about founded results. Rest of the publications 

were reviews (14 percent) and definitions (5 percent). Overall, the level of integration and 

classification between digital model, digital shadow or digital twin depended on the publication. 

There were also variations with the focus areas, as some of the publications were written from 

product life cycle perceptions while others focused manufacturing in general and so on. Also 

used technology varied. (Kritzinger et al. 2018) 

 

The preconditions, challenges and benefits of digital twins have previously been studied by 

Kokkonen et al. in 2020. Their study addressed these matters from the perspective of 

manufacturing industry, both in company and in ecosystem level. Requirements of service 

business were also touched on. As a result, the research stated that features of the DT are 

business and ecosystem specific. It pointed out the customer-centric nature of the DT business 

ecosystem rather than technology-centric: the digital twin technology is an enabling technology 

in a digital business ecosystem. The study revealed that challenges with digital twins in business 

ecosystem are mainly about obtaining and sharing data. Some companies may be very careful 
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about sharing the data they own, and thus are not willing to give other parties access in it. Other 

problem related to data handling is its fragmentation: data comes from many different sources. 

This fragmentation leads companies to concern whether they are managing to produce a digital 

twin efficient enough. Both, providers and utilizers of the digital twin saw possibility in creating 

new innovations and products and developing the company as potential benefits of DT. 

Collaboration and learning from other operators in ecosystem were also mentioned as a 

potential advantage. (Kokkonen et al. 2020)  

 

“The level of needed data-based-solution understanding can be light, moderate, or deep” 

(Rantala et al. 2020; Rantala et al. 2021). This citation referred to data-based solutions in 

general and not just the digital twins. However, the same logic goes with the DTs too. Rantala 

et al. (2021) DigiBuzz project related research “Selling Digital Twins in Business-to-Business 

Markets” focused on the sales perspective of the DT in those above-mentioned different levels. 

“Light-level” digital twin solutions are often product-related simulations, used for example in 

supporting the sales process, and not meant to be delivered to customer or available for later 

upload. With these light-level solutions the salesperson does not need too profound 

understanding about the customer’s equipment, a general knowledge is enough. A bit more 

complex solution is the “moderate level”, in which the digital twins can be utilized in 

customer’s process or sub-process for example to improve efficiency, predict maintenance 

needs or provide monitoring data. Here the salesperson needs to have more sense on the data 

utilization principles and the working tenets of the DT: the importance of know-how 

emphasizes when dealing with customer process level, whereas with sub-processes basic 

knowledge is often enough. Third version is the “deep level” solution. This is the most extensive 

and profound solution with real-time data needs from various sources. Data needs concern value 

chain and ecosystem level utilization: the advanced digital twin solutions can be used to benefit 

the customer’s business. To succeed in selling these deep level digital twin solutions, the 

salesperson must have a comprehensive understanding of real-time data management principles 

and advanced technological tools, such as artificial intelligence. They also need to understand 

the value of data to customers’ business, the role of the data and the complexity of the related 

ecosystem. This complexity may lead to a need of new value propositions and co-creation of 

value or even entirely new earning logics and business models. As a result, the study highlighted 

the increased need for knowledge of customer’s processes, sub-processes and business among 
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importance of understanding which value-adding data-based solution provides the best 

outcome. (Rantala et al. 2021) 

 

Yaqoop et al. (2020) study “Blockchain for digital twins: Recent advances and future research 

challenges” found that factors hindering the adoption of the digital twin include missing 

solutions in terms of scalability, regulations and standards, versatility, and data privacy. The 

current DTs infrastructure must be aligned with the smart IoT-enabled device pool to improve 

the interactions. According to these researchers also cognitive behavior plays an important role, 

as it can help to reduce product delivery time and costs. Thus, cognitive behavior should be 

incorporated with DTs ecosystem by using federated learning, deep learning and machine 

learning techniques. They recommended manufacturers, larger companies and government 

agencies to develop new policies together to ensure DTs growth into mainstream technology. 

 

 

  



50 

  

   

 

4 RESEARCH METHODOLOGY 

 

According to Hirsjärvi et al. (1997, 137-138), the choice of a research method is based on which 

method can best be used to gather information to solve the research problem and to fulfill the 

purpose of the research. Considering these factors, qualitative research was chosen as the main 

research method of this thesis. Saunders, Levis & Thornhill (2015, 168) have summarized that 

“qualitative research studies participants’ meanings and the relationships between them, using 

a variety of data collection techniques and analytical procedures, to develop a conceptual 

framework and theoretical contribution.” Another view sums up qualitative research to express 

the real state of given object with as comprehensive description as possible (Hirsjärvi et al. 

1997, 151-157). The qualitative approach fits the research object of exploring the potential and 

impact of digital twins on business ecosystems, hence making the methodological choice of this 

research was easy. The whole of this study is formed through a multiple case study including 

semi-structured interviews and a three-round survey.  

 

4.1 Interviews  

 

The interviews were conducted during March and April 2021 through Microsoft Teams -

platform. There were total of 10 interviewees from 8 different companies and business fields 

(Table 6). Most of the interviewed companies were actors in DigiBuzz project while some of 

them were reached outside the project, based on the recommendation of companies involved in 

the project. 

 

Table 6. Interviewees 

Company Industry solutions for Number of 

interviewees 

Titles 

#1 Conveying passengers 1 Head of PLM Solutions 

#2 Marine industry 1 Senior Manager, 

Information Management 

#3 Refining industry 1 Manager, Engineering & PLM 

#4 Automation and electric power 

technology 

1 Product Information Architect 

#5 Marine and energy industry 1 Senior manager, Structural dynamics 

#6 Production machinery 3 Machining Method Specialist, Engineering 

Manager, Sourcing Systems Specialist 

#7 Lifting loads 1 Director, Product Life cycle Process 

#8 Wood processing 1 R&D Manager 
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The interviews were semi-structured with questions based on nine-field frame of different 

themes. The themes consisted of faced and potential problems with their solutions, competition-

matters, key-customer needs, factors behind customer value, sales perspective, network and 

ecosystem views as well as technical features and future visions regarding to data utilization. 

At the end of the interviews the interviewees had an opportunity to freely present their views, 

ideas or wishes regarding the study of digital twins. 

 

This was chosen as one of the data collection methods because it allowed a dialogue between 

the interviewees and the interviewers and thus also freer presentation of interviewees’ 

viewpoints. All interviews were recorded and transcribed. The transcribed data was then later 

classified and divided into main points. 

 

4.2  Delphi method 

 

Thesis’ another data collection method was Delphi survey which was conducted in Xleap 

platform from March to June 2021. The method’s roots date back to the 1950s when a company 

named RAND developed a new technique for information gathering and future forecasting. 

This technique was named after an ancient Greek oracle as Delphi. The idea of Delphi method 

is based on researchers asking questions from various experts from different fields, and then 

comparing the gained answers with others to form a comprehensive forecast of what will 

happen it the future, related to the topic under study. The Delphi method gained a bigger role 

as a planning technique somewhere around 1970s, thanks to Norman Dalkey and Olaf Helmer 

from RAND company. (Ringland & Schwartz 1998) According to Linstone and Turoff (1975, 

19), Delphi method can be portrayed as a way for structuring a group communication process 

so that it is effective whilst allowing a group of individuals to manage a multifaceted problem. 

It has generally been described as a collaborative technique (Bañuls & Turoff 2011). The Xleap 

platform is based around three key themes: anonymity, process, and involvement (Xleap n.d.a). 

The panelists can participate anywhere regardless of where they are or the time of day if they 

have the link and the password which lead to the survey. 

 

As with all methods, Delphi has both, benefits, and defects. An ability to explore problems 

under consideration calmly and objectively can be seen as the key strength of Delphi. Another 



52 

  

   

 

benefit is its multidimensionality: the Delphi panel often includes specialists from different 

expertise areas: this diversity results participants to focus on different factors and estimate them 

in a different way. In the defect side is its complexity: with some cases there are better 

techniques for asking questions. An example of questions with factual answers may clarify the 

matter: those require minimal judgement and thus can better be asked through some other, more 

simplistic technique. Another weakness of Delphi method is its time-consuming nature. There 

are multiple rounds which all easily take time up to three weeks, so a three-round Delphi survey 

means a three- or four-month commitment for participants. (Gordon 1994) 
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5 FINDINGS 

 

This chapter presents the results of this study. First part is a current state analysis of companies’ 

digital twins and data utilization. This is followed by the opportunities and preferred features 

of DTs which lead to the challenges regarding their comprehensive utilization. Next comes the 

estimation of DTs’ effects on business models, which is followed by the estimation of 

ecosystem thinking state and ecosystem actor roles from the perspective of DT utilization. 

These are followed by the results of the Delphi survey. Together these areas provide a 

comprehensive overview of the data-driven solutions, digital twins, and ecosystem-like 

operations of the companies under study. Due to extensive number of findings, the last 

subsection is a summary of the most significant results which provide answers to the research 

questions. 

 

5.1 Current state analysis 

 

The current state analysis is based on the data gathered through literature review and interviews. 

Literature review revealed differing views of the digital twins and highlighted the need for a 

still lacking, commonly agreed definition of the DT. The interviews confirmed this finding, as 

many of the interviewees underlined the matter. All interviewees presented their own 

perceptions of DT, what it means for them and what features does it contain. Among the 

perceptions of digital twins this current state analysis section includes consideration of data 

value for companies themselves as well as other actors in their ecosystems and reflections on 

how companies utilize the data-based solutions in their business today.  

 

5.1.1 Perceptions of digital twins 

 

The interviewees were asked about their perceptions of the digital twins: what do they think 

DT is and what does it require. The given answers were quite various (Table 7) and some of the 

interviewees emphasized that they cannot represent the entire company’s opinion as there are 

differing views of DT inside the companies too. 
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Table 7. Perceptions of the digital twin 

Company Perceptions of the digital twins 

#1 DT represents a structure or a product model. 

#2 DT is when something is done to a physical product and the changes go back into the digital 

model. 

#3 DT represents a real product. 

#4 Not a single DT but multiple different DTs, such as simulation model, 3D model and usage data 

model.  

#5 DT is a simulation model which consists of sensors and measurement data. 

#6 DT represents an actual process which can be simulated on a computer and where the used 

models are similar in the system as in practice. Another view of DT is connecting a system or a 

device to an actual system. 

#7 DT means any IT "node" for data measured from device sensors. 

#8 Many interpretations on DTs. One: a physic based, real-time or non-real-time simulation model. 

Another view: a DT produces additional information based on a vast data flow. Third view: the 

DT is involved through the whole product life cycle from planning phase to use. If real product 

goes through some modifications, these changes are updated into DT as well.  

 

As shown in Table 7, interviewee from company #1 found the DT being a structure. According 

to him, company’s need for DT ends when the device to which it is connected is disassembled, 

though the DT can be utilized still in the disassembling phase. The interviewee also presented 

an example of the DT in his mind as a product model: the model can be a light version, such as 

Power Point presentation or a heavier, more complex version with multiple actors in ecosystem, 

depending on the application. Their company does not use DT in operational monitoring. 

Interviewee from company #2 presented a rather simplistic view of DT: he stated that DT is in 

question when something is done to a physical product and the changes go back into the digital 

model. 

 

Simulation and modelling were popular perceptions of the digital twin in for many interviewees.  

Representative from company #3 pointed the DT as 3D model from real object. Interviewee 

from company #4 raised the view of many different DTs: he thought that there is not just a 

single DT but multiple different DTs, such as simulation model, 3D model, and usage data 

model. He highlighted the variability of DT definitions depending on who is being asked. 

Company #5 representative thought DT is a simulation model which consists of sensors and 

measurement data. This simulation model interacts with reality through limited number of 

sensors and the status changes based on the data.  
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Company #6 had three interviewees representing them: one found the DT as an actual process 

which can be simulated on a computer and where the used models are similar in the system as 

in practice. Another view of DT was that it connects a system or device to an actual system. 

For him the connection is important as he stated that only the connection makes a digital twin, 

otherwise it is just a simulation. The third interviewee did not express her view. 

 

For a representative from company #7 the DT means any IT "node" for data which is measured 

from a device sensor. His example of DT was an asset hub which consists of rows in database. 

These rows contain data fields: some field is connected to device design information, other to 

manufacturing information, third to maintenance procedures, fourth to usage data etc. In 

summary, the DT for interviewee #7 is device's digital performance which is formed during the 

design, production and usage. It is a digital object linked to real object with real-time data. 

 

“I see the digital twin as a row of databases which connects the device as 

comprehensively as possible to the digital representation. It has arisen during the 

design, manufacturing, and use of the [device]… The key feature is that it has a 

connection to a [real] device in the field: an object which is connected to the data, 

or which collects the data, it is the digital twin.” - #7 

 

The broadest view came from company #8’s representative. This interviewee saw many 

interpretations on the meaning of the digital twins. One view: a physic based, real-time or non-

real-time simulation model, which imitates processes and produces information which increases 

knowledge. It is used to describe certain things and can be for example a basic model of a 

machine or device. It links to process model as well as the ERP it operates. Basically, it imitates 

a function of a real device in a real process. Another view: the DT produces additional 

information based on a vast data flow. This means that the digital twin must create more value 

than the data itself is able to. It is not just parameters in 3D model but contains added data 

analytics or data-based value. And lastly: the DT is involved through the whole product life 

cycle from planning phase to use. This means that when a real product goes through some 

modifications, these changes are updated into DT as well. This digital twin holds device 

information such as how it is built and what parts does it contain. It is not just a design model 

but functioning 3D model which increases service knowledge as well.  
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“[With the digital twin] something that happens can be simulated on a computer. 

The system contains similar models as in practice.” -  #6 

 

As seen, the meaning of a digital twin varied quite a lot between interviewees. One view of the 

DT is structural understanding in which data, such as exact dimensions of customized products, 

can be stored while other required up-to-date information flow in both directions, from real 

object to digital version and vice versa.  

 

5.1.2 Data value for companies and other actors 

 

The interviews also investigated value of the data to the companies themselves and to other 

actors in ecosystem-like environment. First, companies' own needs for data were determined. 

An interesting finding was that usage data was mentioned in almost every answer in some way 

(Table 8), and that providing maintenance services with reliability management turned out to 

be the most popular use for this usage data. 

 

Table 8. Companies' own data needs 

Company Own business needs for life cycle data, focus of data 

#1 Data from devices, very little external needs.  

#2 Data for predictive maintenance services and maintaining reliability of equipment. 

#3 Data creates most value for maintenance department. Installed space data is important. Interest 

in productization of service. 

#4 Data from customer's processes, usage data. 

#5 Equipment usage data, data on rapid phenomena: "Black box" type of information. 

#6 Interest in subcontractors’ inventory values and levels. Equipment usage data is utilized in 

design phase, production data is only for internal use.  

#7 Equipment usage data to design a device which exactly meets the customer needs. 

#8 The usage data from equipment is of interest. Process data, quality information and analyzes 

can be generated based on the usage data. 

 

Representative from company #1 told they have very little external data needs, as most of the 

data comes directly from the device itself. In company #2 the data was utilized especially for 

providing maintenance services and maintaining reliability of customers’ equipment. The 

interviewee also added that in their view, the greatest potential for data utilization in predictive 

maintenance begins after the equipment has been in use for 5 + years. Same sort of use for data 

emerged also from company #3, where the interviewee stated the data creates most value for 

maintenance department. This company found installed space data important, since product life 
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cycles are long and thus holding big business opportunities in maintenance and modernization. 

The interviewee mentioned also having interest in productization of services straight from a 

product planning phase: productization could include service descriptions, spare parts packages 

and so on. Company #4 was interested in usage data from customers’ processes, same as 

company #5 which raised especially the need of data on rapid phenomena: for example, a 

"Black box" type of information behind fault situations benefits recoverability and reliability. 

#5’s interviewee told they were offering services using artificial intelligence for usage data 

processing with alarms if there are signs of something that should be addressed on. Usage data 

was utilized also in company #6 in product design phase. Company #7’s interviewee stated that 

having equipment usage data and information about how the devices are run, how long times 

and how big loads would help to design a device which exactly meets the customer needs. 

Lastly, also representative from company #8 mentioned their interest in equipment usage data, 

hence process data, quality information and different analyzes can be generated based on it. 

Company #6’s interviewees mentioned data needs which were a bit different compared to 

others. They were interested especially in their subcontractors’ inventory values and levels of 

a virtual inventory because those are owned by the subcontractors and not themselves. They 

were utilizing the equipment usage data in the design phase and emphasized that their 

production data is only for internal use.  

 

Among companies own data needs and interests, the interviewees were asked about how they 

see value of data for other actors in ecosystem-like environment to look like and in which 

processes the data would be most useful.  The answers were once again a bit differing (Table 

9). 

 

Table 9. Data value for other actors 

Company Value of data for other actors 

#1 Easily accessible data is valuable. Equipment end users are likely not willing to pay for data.  

#2 Customers are willing to share their data to manufacturer and data can be used free of charge.  

#3 Data needs for ensuring reliability & process monitoring. Data-based tools for efficient selling. 

#4 Data value for others had not been thought much. Authorized maintenance providers could be 

possible beneficiaries. Customers are asking for simulation models.  

#5 Data value for others had not been thought much. 

#6 Data value for others had not been thought much. Possibility of productizing the data. 

#7 No data. 

#8 Customers have very different data needs. Data exchange between different actors’ devices 

would be useful. 
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Company #1 representative stated that easily accessible data is valuable for their subcontractors 

and logistics operators as it helps with planning, assembling and maintenance. According to 

company #2, their customers do not feel they own the usage data but instead feel can benefit 

through business development if they share the equipment data with its manufacturer. They 

have found the win-win situation and thus, so far, the data can be used free of charge. 

Interviewee from company #3 told that the greatest value of data to their customers is in 

reliability management, hence the data is utilized with process monitoring. As for third parties, 

the resale distributors could benefit on the data as it can provide tools for efficient selling. More 

sales would also benefit the manufacturing firm itself. 

 

Interviewee from company #4 told that the value of data for different actors has not been 

thought much in their company. He evaluated that authorized maintenance providers could 

benefit of shared data. Also, customers could benefit on the data if it provides information to 

device manufacturer about device's current state and when to do a maintenance for it. He 

mentioned that their customers are asking for product simulation models. In company #5 the 

situation was quite same as in company #4, the data value for other actors had not been thought 

that much. He also added that the data must benefit their company above all, maybe in some 

situations their subcontractors too. However, the had noted that their customers find 

recoverability essential especially in maintenance operations, and thus could benefit data 

related to it. Representatives from company #6 agreed with above presented #4’s #5’s views: 

data value for other actors had not been thought much. However, in company #6 they have a 

possibility of productizing the data, but the question is if they want to: this was something their 

representatives were not sure about. Company #8’s representative wished that equipment of 

different actors inside one factory were able to exchange data. He stated that their customers 

clearly have different data needs, as some produce mass production, others focus on expensive 

quality and so on. Interviewee from company #7 did not presented his ideas about data value 

for other actors.  
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5.1.3 How companies utilize the data-based solutions 

 

One of the questions was how the companies are currently utilizing data and data-based 

solutions. Table 10 indicates the DTs and data-based solutions found during the interviews. 

Most of the companies used these solutions in maintenance operations, creating either entirely 

new ways of maintenance or rationalizing old operations. Examples of these service-related 

solutions were pre-emptive maintenance services operating 24/7, “service-packages”, services 

using artificial intelligence for usage data processing and forming maintenance programs for 

customers’ equipment. Other uses were reliability management, digital implementations, 3D 

models and simulation of products, factories and solutions for reducing customers’ equipment 

cost-in-use. 

 

Table 10. Companies’ current solutions for data utilization 

Company Current solutions for data utilization 

#1 Offering pre-emptive maintenance services 24/7. 

#2 Providing maintenance services and reliability management of manufactured equipment.  

#3 Offering a pilot version of surveillance services to plant deliveries. 

#4 A virtual commissioning of a factory. Tailored service packages. 

#5 Data-based solutions for customers. Services using artificial intelligence. 

#6 Modelling and simulation of machine tools. No solutions or real DTs currently in use. 

Digital solutions for inventory values and subcontractor network management. 

#7 Determining a part of the maintenance program for customers equipment based on the data. 

#8 A virtual commissioning of equipment through DTs. 

 

Company #1 uses digital twins to provide 24/7 functioning pre-emptive maintenance services. 

Maintenance purpose was mentioned also by representatives from companies #2 and #7. In 

addition to maintenance services, company #2 utilizes data also in reliability management. In 

#7’s case, the interviewee told that some basic data can be collected from almost every device 

and parts of the maintenance programs of customers equipment are determined based on this 

data. The potential benefits of data-based solutions and simulation were of interest in company 

#3. According to their interviewee, they are currently offering a pilot version of surveillance 

services with plant deliveries and could use a digital twin in 3D form with it. Company #4’s 

service packages can be tailored according to customers' data needs. 

 



60 

  

   

 

Company #5’s representative presented a vision influencing directly on customers processes: 

their company is providing data-based solutions for customers to reduce their cost-in-use. The 

company also provides process monitoring services which cause an alert if something out of 

the ordinary is noticed. This solution utilizes artificial intelligence and device usage data. In 

future they hope to develop and create a new business model from it while ensuring the 

continuity of customer relationships. 

 

Company #6 uses data for modelling and simulation of machine tools. Their representative 

highlighted that for him the DT means a real process being simulated on a computer and added 

that no solutions or real DTs are currently in use, as most of actors, such as customers are 

holding back their data. The problem is that no win-win situation with data sharing has been 

found yet. This company is currently focusing on inventory values and subcontractor network 

management through digital solutions. 

 

“Certainly, a lot of simulation, data collection data analytics is done, you could 

talk about the benefits and views even rest of the day, but they are not digital twins 

in any way.” - #6 

 

Two companies, #4 and #8 mentioned virtual commissioning when asked about their current 

solutions regarding to DTs. Company #4’s interviewee told they offer a possibility to implement 

a virtual commissioning on a factory before it even physically exists. The same possibility was 

mentioned also by company #8 interviewee as he stated they have already tested virtual 

commissioning of equipment through digital twins.  

 

5.2 Opportunities of data sharing and digital twins 

 

Other topics explored through the interviews were the opportunities of data sharing and digital 

twins as well as the needed qualities of DTs to achieve these opportunities. The interviewees 

shared their own views and experiences related to sharing, selling, and buying data (Table 11). 
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Table 11. Benefits of sharing, selling and buying data. 

Company Benefits of sharing, selling and buying data 

#1 Benefits with product design, tailored customer specific data, installed space related data. 

Opportunities in maintenance solutions. 

#2 Developing customers’ business together: win-win situation for both sides. 

#3 Better customer satisfaction by selling the “end product” instead of just means of production. 

Business benefits from up-to-date device history. 

#4 New solutions for data-based service business for taking different data needs into account. 

#5 Potential in maintenance optimization and more efficient usage of manufacturing capacity. Data 

based product life cycle price instead of just selling price.  

#6 Possible to collect usage data on how machines have been driven and provide training. 

#7 Data-based intelligent maintenance provides benefits for all actors. 

#8 Versatility: process data, quality information and analyzes can be generated based on the device 

usage data.  

 

Interviewee from company #1 found possibilities in data utilization especially in Product Life 

cycle Management: data and DTs could be used in product design, tailoring customer specific 

data, processing installed space related data and so on. According to him also maintenance 

solutions could benefit from shared data. He added that in their company the data management 

process is perceived to work well. Data exchange was perceived to work well also in company 

#2, where the focus was on developing customers' business together. According to their 

representative, the customers do not feel they own the usage data but can benefit from business 

development if they share the device data with the manufacturer: it is a so-called win-win 

situation and thus the data can be used free of charge.  

 

According to company #3’s representative, they prefer the idea of "selling the end product" 

instead of just the means of production. This mindset helps them to provide solutions which 

improve customer satisfaction, as factors affecting the product quality stay fresh in mind. He 

added that for them traceability of equipment is important, because the more precisely you 

know the whereabouts and maintenance history of the device, the greater the business benefit.  

 

Company #4’s representative told that in their company the data-based service business is on 

the increase and bringing new solutions for example to equipment optimization. This 

interviewee highlighted different data needs for different situations and persons: one thinks 

from procurement view, one from maintenance perspective and so on. He thought that possible 

data ownership issues are avoidable if the data is not shared in a too exact form. Among 

company #4, also #5 had interest in service business and the opportunities it enables. #5’s 

example of more efficient use for data and data-based services was providing the customers life 
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cycle prices instead of just selling prices. He saw potential in optimizing maintenances of 

customers’ equipment as well as more efficient usage of manufacturing capacity through 

comprehensive data-utilization. Maintenance was seen as a beneficiary also by #7’s 

representative: he stated that data-based intelligent maintenance provides benefits for all actors 

in ecosystem. This “maintenance as a beneficiary” -view was shared by interviewee from 

company #8 too. Their company’s interest is in equipment usage data as process data, quality 

information and different types of analyzes can be generated based on it. Interviewee from 

company #6 found training purposes as a potential beneficiary of wider data sharing, as enables 

the collection of device usage data and the customization of training based on it. 

 

5.3 Prospects of data-based solutions 

 

The interviewees were asked on how they see possible future solutions in ecosystem for 

productization and management of data to look like, and what kind of data needs they think the 

future holds for them (Table 12). 

 

Table 12. Possible future solutions for productization and management of data. 

Company Possible future solutions 

#1 Additional services to improve user experience. Data from sensors outside the devices. 

Selling customers data-based information and services through the DT. 

#2 Automatic data transfer from real object to digital twin and vice versa: utilization of 

artificial intelligence. 

#3 Productization of services. Automated process monitoring and standard to support the 

exchange of information. 

#4 Collecting, processing and transferring a device information. Machine learning to forming 

a dashboard for the customer’s management based on parameters. 

#5 Aiming to increase their share in the maintenance business in the future. 

#6 Aiming to simulate the entire factory with production processes utilizing DT. Possibility of 

productizing the data. Utilizing DT for equipment with many maintenance contracts. 

#7 Location related additional services. Providing close monitoring of equipment and fault 

condition alarms for customers. Intelligent maintenance services. 

#8 DT holding all product related data. Condition monitoring service to customers. Trainings. 

 

Company #1’s representative proposed offering additional services to devices for end users to 

gain a better user experience as a one possibility of these solutions. However, according to him 

there are likely to be some ownership issues which require solving: the end user may not be a 

direct customer of the device manufacturer, there are other actors between them. Among the 

improved user experience point, the interviewee from company #1 highlighted that data from 
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sensors outside the actual device could be something from which to develop business in future: 

one example could be flow-tracking. For this company’s interviewee the digital twin comes 

into play as a route to sell customers these data-based information solutions and services. 

 

Interviewee from company #2 raised artificial intelligence as a tool for data management and 

utilization. He hoped that in the future device sensor data would be transferred automatically 

into product structure formed in digital twin. Representative from company #3 showed interest 

in productization of services right from the product planning phase. According to him, this 

productization could include service descriptions, spare parts packages and other product-

related services. Another interest from his view was standardization: automated process 

monitoring needs are growing fast, and thus standard to support the exchange of information 

between many actors would be a great benefit for DTs’ future utilization.  

 

Interviewee from company #4 stated that a generator could help with collecting and processing 

information from device and transferring it in a cloud: machine learning could be used as a tool 

in forming a dashboard for the customer’s management based on parameters. Company #5’s 

representative said that they are aiming to increase their share in the maintenance business in 

the future, while #6’s interviewee presented some bigger plans: they are aiming to simulate the 

entire factory with production processes to reduce wasted time and bottlenecks in production 

and think that a DT based solution could be an option with this. The interviewee mentioned 

also the possibility of productizing the data and saw the DT useful for handling equipment 

which have many different maintenance contrasts. Also, if customers would share their usage 

data, it could be utilized in the life cycle support. However, he mentioned that company’s 

internal bureaucracy between departments is a disincentive factor for development regarding to 

these above presented matters. 

 

Representative from company #7 had an interest in location related additional services. He 

suggested placing a surveillance or a thermal camera on the top of the equipment in a factory 

area: data collected from there could be sold to security companies or maintenance operators. 

Among the security related services, he mentioned possibility of providing close monitoring of 

equipment and fault condition alarms for customers through intelligent maintenance services. 

Company #8 was aiming for a DT in which would be possible to see all matters related to the 
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device with just one click. This company was interested in offering condition monitoring 

service to their customers and highlighted training possibilities as one benefit side of the DT: 

according to the interviewee, they could provide trainings through a digital twin, for example 

on how to utilize the capacity of an entire production line. The challenge in here is to prove the 

benefits of these data-based services to potential customers. 

 

The interviewees were also asked what they think the customers would want of data and digital 

twins in the future. Here some of the interviewees avoided to speak by a term “digital twin” and 

used rather terms like digital products or solutions. 

 

“I would see this digital product, now talking about digital product and not a 

twin, to evolve. It may not be the whole device, it can be just part of a system, but 

it evolves and integrates into device's control system. How it communicates with 

the rest of the environment depends probably on the case, but I do not think it is 

necessary. In a way, the automation of the device just expands.” - #6 

 

“If we think about the small steps which customers want, they would like a 3D 

model of our device before installing it: […] what size [the device is] compared 

to space [around it] is of interest. Next is a simulation model which enables 

virtual commissioning before the factory foundations exist: a DT which simulates 

how the device or factory will work. And then third, this [industry] is going more 

towards services: the easiest step is probably for the customers to still own their 

devices and purchase maintenance services. We are shifting to selling torque and 

power [instead of just physical product]. I do not know if this level has been 

reached yet, but if we go 15 years ahead, I am quite sure there are such 

customers.” - #4 

 

“An idea of a perfect twin for every product is probably not going to happen: the 

hype will strongly descend. What is left after this is a virtual prototype. […] The 

virtual prototype matches the product precisely, but it is not a digital twin, it is 

more of a digital sister. It is the same family, but not a twin.” - #6 

 

As seen from the given statements, the future of digital twins is predicted to be multifaceted. 

One question for the interviewees was about how they see their customers’ needs are going to 

change in the future and where will it be necessary to invest? An interviewee from company #1 

thought the development is going strongly towards digital services:  

 

“We are going quite strongly towards digital services: even if the device is only 

used for short periods at a time, we want to make this user experience as 
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comfortable as possible. People today are digital, for example, a smartphone 

must work everywhere. All the digital added value that can be obtained is 

valuable, and we also want better security of supply. It is important to provide the 

end user with a comfortable user experience.” –#1 

 

5.4 Challenges in utilizing digital twins 

 

The interviewees were asked to estimate the potential challenges or risks related to data sharing 

and utilization of digital solutions. As a result, issues related to cyber security, inefficient 

information flow, level of data sharing, data sensitivity and fragmentation emerged in many 

responses (Table 13). 

 

Table 13. Challenges of data sharing 

Company Challenges of data sharing 

#1 Privacy risks. Inoperative information flow. 

#2 Suitable level of data sharing. Vast amount of data. 

#3 Minor number of delivered equipment. Equipment tracking. Long subcontractor chains. 

#4 Highly sensitive data. Fragmented data. 

#5 Cyber security. Safety aspects. 

#6 Careful about their data & technological know-how. Sensitive data. Unstandardized format 

of data. 

#7 Unstandardized format of data. Security aspects. Challenge in demonstrating the 

concreteness of DTs’ benefits. 

#8 Fragmented data. Data ownership issues. Physic-based DT difficult to utilize on its full 

potential. 

 

Data sensitivity was seen as a major challenge in various companies: interviewee from company 

#1 pointed out possible privacy risks if shared too detailed information. Quite similar answer 

was given also by an interviewee from company #2: according to him there is a question of how 

much information can be shared between different actors and how to find the right, suitable 

level with the sharing. The same kind of issue emerged also with company #4: their 

representative said that the data they handle can be highly sensitive and thus cannot be shared 

in too exact form.  He continued that finding the right level of data sharing requires 

consideration as their customers are each other’s competitors. Company #5’s representative 

used a term of cyber security and stated that it is a major challenge and therefore not all 

companies allow others to have access in their data. According to him, it is more about the 

safety aspect than a fear of competitors, but the sensitivity side can be seen as a threat as well. 

One interviewee from company #6 continued with relatively same mindset as the previous 

interviewees and stated that the data is often sensitive and thus creates a need to consider who 
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gets to see it and what. However, he had a differing view compared to the interviewee from 

company #5: in the opinion of #6’s representative, competitors are a real threat and thus their 

company is not very willing to share their own data due of the risk on benefiting the competitors. 

Among the fear of competitors, they are quite careful about their technological know-how and 

thus have no desire to share for example material properties to outsiders. In line with others, 

also #7’s representative stated that not everyone wants to share their usage data for security 

reasons. Interviewee from company #8 said that they have customers from side to side: some 

like to share the data whilst some stick to their ownership of it. 

 

“The information collected from a device belongs to the owner of the device and 

not to the manufacturer of the device. Authorization for usage data is often 

obtained, but it is an issue which can become a bottleneck in certain product 

areas. Security is a key issue: if someone accesses a device from outside, even if 

it is the device’s supplier, the question immediately arises as to how well security 

is under control when current threats are known. If there is any IT link to the 

outside world at all, the risks can be quite high.” - #7  

 

Another major issue raised by the interviewees was inefficient flow of information. 

Representative from company #1 told that information of changed materials or parts to devices 

they deal with is often not updated into systems. This very same problem emerged also in 

company #3 due to their long subcontractor chains, long product life cycles and wide product 

ranges: the interviewee told that it is challenging to keep track of which components have been 

installed or replaced with others. He stated that their subcontractors are also used to deliver 

large projects, and this results that the entities delivered may not be the same as the entities 

planned. These changes can later cause problems especially with maintenance.  

 

“The quality of information varies. At worst it is known only [the company] where 

the invoice was sent when at best it is known exactly what has been delivered. The 

global flow of information should be more consistent.” - #4 

 

Third major issue was data fragmentation and the amount of it. For example, company #2 finds 

it rather difficult to process and utilize vast amount of data without automation. This same 

problem was noticed in other companies too: the interviewee from company #4 stated that the 

data is often fragmented and thus hard to process and analyze. Company #6’s representative 

shared the same opination and said that sometimes it is challenging to correctly interpret data 
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from different sources. One example was that the goods of their virtual warehouse are not 

owned by the company itself and it causes confusion and difficulties especially on the financial 

side and reporting. Also representative from company #7 underlined the challenge related to 

scaling the data. He said that the devices they have manufactured are from different decades 

and therefore producing and collecting data in various formats. Interviewee from company #8 

wished for general view to help with more comprehensive utilization of physic-based digital 

twins, as currently the data available is very fragmented.  

 

Although the above reported fragmentation and sensitivity of the data as well as the inefficient 

flow of information were clearly the most common challenges, other significant problems 

related to the utilization of the digital twin were also mentioned. #3’s representative raised the 

concern of how to stay in the game if the number of equipment delivered is minor compared to 

the equipment of entire factory or site? According to interviewees from companies #4 and #8 it 

is important to consider different perspectives which affect the data needs: one thinks it through 

procurement view, one from maintenance side, one is a CEO and so on. The lack of a deeper 

understanding of customers regarding data was also seen as a challenge. An interviewee from 

company #5 said that communicating with customers is quite simplistic and discussions do not 

go into the most technically profound terms: from a customer perspective, the products either 

work or do not work.  

 

“I see a significant risk if more data is given [to the customers]: for example, the 

owner comes to the scene [and says] that we are in trouble with your component. 

He is interested in nothing more than making [the component] work. Even if I told 

[more] about it, he does not understand that area: it only causes more concerns 

and questions. Thus, the information [to be provided to customers] must be 

carefully considered.” - #5 

 

One interviewee from company #6 mentioned a concern about the costs of the DTs: adding 

sensors on devices to receive more usage data will increase the selling prices: the question is 

how to convince the customers to pay for this addition? Interviewee from company #7 

mentioned the need for concreteness: A representative of company #8 had a slightly similar 

concern as the previous interviewees: according to him, their company could offer data-based 

condition monitoring services to customers. Through these services it is also possible to provide 

different trainings for example on how to best utilize the capacity of an entire production line. 



68 

  

   

 

However, the challenge with these data-based services is to prove their benefits to potential 

customers so that they would buy them. 

 

“Concreteness [is important] when thinking about purchasing a data-driven 

service. The idea of "from information to functionality" must be very concrete. 

When data is being recorded, devices are analyzed, or something is detected, it is 

all just information. But if based on this information for example a maintenance 

operation is or is not performed [then the information becomes concrete]. The 

fact [which matters is] that you can show the customer how the information is 

processed back into the physical world, and how something that happens in the 

physical world turns into a cost or cost-savings. This is the “alpha and omega” 

of sales situations. If [the arguments] are fragile, then it easily goes into 

customers’ category of nice new features, but we do not want to buy those because 

we have not been convinced of what the concrete meaning of those [features] 

are.”- #7 

 

The interviews found out what perceptions do companies have about their customers’ key 

decision-making criteria, what do customers value when considering purchasing a data-driven 

solution: 

 

“The main criterion for customers [considering purchasing decision] is often 

reliability: being able to improve the usability and reliability of the product. In 

good times, [customers] have not traditionally been very accurate about costs: 

the most important thing is that the device works and is reliable. If we go to lower-

margin areas, reliability will still be an important factor, but perhaps more 

attention will be paid to improving productivity too. If customers buy a digital 

service, they want to see it benefit their profitability.” - #2 

 

5.5 The effects of digital twins on business models  

 

One interview question asked whether and in what way the potential increasing use of digital 

twins will change the business models in interviewed companies. The answers were quite 

diverse. An interviewee from company #3 raised issues related to long product life cycles:  

 

“That is a good question. The life cycles of our products are easily decades, and 
it also means that the life cycle of the product in active supply is very long. When 

some large projects are submitted, you may notice that a similar project was 

delivered in 1995. The starting point at that situation is that we have a 1000-2000 

2D drawings of the project which has never been modeled anywhere. If 
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customer’s requirement is that he wants a 3D modeling of his delivery, there is a 

bit of a chore.” - #3 

 

Whereas another view (#8) highlighted the uncertainty which still surrounds the subject: 

 

“Yes [the business models] will change. What kind of practices will be formed for 

the utilization of digital twins, probably no one of us exactly knows yet? One must 

be awake and follow up this thing.” - #8 

 

Proactiveness in leveraging digital solutions and changing business models were also in the 

highlighted matters by interviewee from company #4: 

 

“I guess the biggest factor is that, in fact, I do not know if it is a digital twin, but 

the business will change from the selling of the device to the service business. The 

benefit of the digital twin will be more internal in our case: we can use it to 

optimize our customer offering. This is the feeling I have; it has been talked about 

in our company for maybe half a decade. It also changes the parameters of 

product development and production in the sense that now that point of making 

money changes to a different position. I assume that if we cannot do it, someone 

else in this business will. It may be that we are going to be a bit behind if we do 

not take a proactive approach to destroying our own old business. This involves 

very big risks and uncertainties, but that is how I see it.” - #4 

 

The interviews presented an opportunity to discuss on what kind of solutions are needed to 

make the most of the digital twin. Representative from company #4 found interfaces important: 

 

“I would see that there must be an interface. Presumably, there are so many of 

these customer systems that we cannot reach all of them. But I would see that if 

we have this kind of digital twin and an idea that we want to share its data in a 

collaborative network and have a business case too, then there must be some 

interface through which we can receive and share data with a certain 

authentication system. I believe that a technical solution can be found, but this is 

probably a rather fragmented field now.” - #4 

 

5.6 State of ecosystem thinking and ecosystem actor roles from the perspective of digital 

twin utilization 

 

This research addressed also companies’ perspectives about the potential of the DT at the 

ecosystem level. As a result, it was found that the interviewed companies were not entirely 
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ready for ecosystem-like utilization regarding to DTs. For example, an interviewee from 

company #1 would not be talking about the ecosystem business at this stage. However, he 

believed that if more sensors are added to the devices in the future, new types of business 

opportunities could arise based on the sensor data. When asked about the current situation of 

companies in terms of ecosystem-like activities, the responses of #1 #2 and #3 and #7 revealed 

that these solutions are still in their infancy, with some of the companies being more ahead of 

development than others: 

 

“I would not use the word ecosystem yet: it is perhaps forming. Nowadays we do 

have more and more actors along the [product] life cycle, specifically from 

manufacturing to delivery and with the maintenance side: in maintenance [many 

different actors] are already used, but it is still not an ecosystem. As a company 

we have kept the maintenance services pretty much at ourselves. Perhaps there 

are some functions in different countries to which local service companies use 

[the subcontractors for], but this is not globally very visible. I would not talk 

about the ecosystem [yet at this point]. However, it may have potential [in the 

future].” - #1 

 

“We have an external system to which we publish data and customers’ buyers 

have access to. It thus serves as a common platform for the purchasing process. 

We do not have direct connections from our systems to anything other than that 

external system, meaning we have built an integration with this external system 

of which the customers’ buyers can also connect to. […] I think it could be 

possible to open it more, but currently it is built to be just for us and the 

customers.” - #2 

 

“External actors are not linked to it [the digital twin]. It should work so that when 

our employee goes to visit a customer [in maintenance purpose], he or she would 

know that this [manufacturing] site contains six devices. The employee goes to do 

maintenance on one those devices, but some sort of review should be taken on all 

of them: are they there, are they still in use, do they look like they are serviced by 

our company? That way it would be possible to gather information: after all, the 

competing maintenance providers will not give any information. The customer 

can also be “lazy” if there is no “direct carrot” offered through the digital twin: 

for example, a DT providing monitoring services or guaranteeing return, for 

example that if the customer keeps their digital twin up to date, we can provide a 

guaranteed return [of investment] to them.” - #3 

 

“No ecosystem has emerged that would make good use of the data recorded from 

devices. […] If the device is not serviced by [the equipment manufacturer], the 

equipment supplier could sell the data to the party performing the maintenance, 

and this party could perform smarter maintenance.” - #7 
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Few responses, (#2 & #4) emphasized the risks posed by competitors but on the other hand also 

the need of all actors being involved in the development of data-driven solutions. One important 

point was that competitors are often not only the competitors, but also partners at some level: 

 

“We have worked with a variety of actors at a concept level: some specific 

projects may have gone a little further. It depends of course on the actors: it is 

much easier to cooperate if there are no competitors with each other. If [there 

are] actors who are already in competition with each other in some business 

sector, then it will easily go back to the silo thinking, in which the aim is to do 

things only within one's own company. Our aim is still to be involved in various 

projects together with other actors, developing the whole together. […] The 

solutions of any single actor will not be enough: all the main actors must be 

involved.” - #2 

 

“In one sector the other party is a significant competitor, while in another sector 

it is a business partner. This, if anything, is networking and [a company] just 

needs to know how to play with it.” - #4 

 

Working for the common good and moving towards networks were seen as important 

developments in the future of the manufacturing industry, especially from the viewpoint of 

company #4’s representative: 

 

“I would assume that [the manufacturing industry] is going more towards 

networks. Because we are a multi-sector [company], we are already able to form 

a network on our own and offer one customer a comprehensive whole. However, 

there are business areas in which we do not supply whole, but parts to this whole. 

The important matter is that [the ecosystem members] serve the main player, 

whether you are that main player or someone else. I think the one with the most 

flexible business model and operating model will be able to do that. It is a bit like 

Darwin’s thinking: not the strongest but the most adaptable. This is how I would 

perceive it. It is essential to be able to find one’s place in networks, but on the 

other hand, one must not be naive: one must understand one’s own interests, as 

this is business after all.” -#4 

 

As presented in theory section, forming a business ecosystem requires planning, designing, and 

testing in different phases. Thus, before establishing an ecosystem, a good sense of the market 

is necessary. It is not enough to estimate the benefits, preconditions, and challenges from a 

viewpoint of just one company but all of them. There are a few special features in context of 

digitalization in manufacturing industry which affect the formation, management, and viability 
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of the ecosystem. Based on the interviews those features are data sensitivity issues, silo-thinking 

between different companies and changing customer needs from mainly just products to 

products and services. Figure 16, partly adapted from Dedehayir et al. (2018), illustrates the 

possible actor roles around a digital twin in manufacturing industry, based on the data obtained 

from experts’ interviews and Delphi survey. 

 

 

Figure 16. Roles in emerging ecosystem around a digital twin 

 

An ecosystem emerging around the DT requires quite many actors. A possible first step of the 

formation process would be to find the leader and encourager actors; in this context those actors 

could be forerunner companies who have experience in turning a DT into business and thus 

have encouraging examples of the DT’s business benefits, or possibly research institutes who 

have done extensive research on the subject, or platform and DT technology providers. A 

concrete company example of this kind of actor could be a software house. Among leaders and 

encouragers, an ecosystem around a digital twin needs actors who produce value and support 

the value creation process. As the interviews of this thesis found, the roles of value creator and 

value creation supporter may vary from one actor to another on a case-by-case basis and thus 

those roles have been combined in Figure 16. Platform providers, companies and their 

subcontractors and customers are all participating in value creation and its support processes. 

Third role of the emerging ecosystem around a DT is enablers. Enablers are research institutes 
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who offer their expertise and consulting, and public organizations, such as financiers who 

enable the research and thus also a development around a DT. On the other hand, also customers 

can be considered as enablers in DT-based ecosystem, because without their interest and 

courage to invest in DT-based solutions, there would not be any ecosystem either. 

 

As a summary, there are indications that the ongoing evolution regarding manufacturing 

industry opens some new roles, but due to the maturity level of the participants in this ecosystem 

in terms of digital capabilities, these roles had not yet been filled. However, it can be assumed 

that there are still value creation opportunities to which either new companies or existing 

companies can expand. The estimated roles of potential ecosystem actors are very hypothetical, 

as not much thought had yet been given to these roles in the companies interviewed, but it seems 

likely that the roles will be filled by actors with a potential for commercial exploitation of digital 

twins, both in terms of technology and know-how. 

 

5.7 Delphi survey on digital twins 

 

The expert panelist consisted of 12 professionals from the field of manufacturing business, all 

of which were in some way related to the Digibuzz project. They were contacted via email 

before the first round to ensure their commitment and to instruct them on practical matters, such 

as how to log in to the Xleap portal to respond the survey. Figure 17 illustrates the steps and 

phases of the Delphi survey. 

 

 

Figure 17. The steps of Delphi survey 
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As the Figure 17 shows, the first step was to identify the potential experts and start the process. 

After each round followed another email with a summary of the previous round and a request 

to answer the questions of the next round. The steps were repeated until all three rounds were 

completed. The panelists were also reminded to answer the questions a few times during the 

rounds. However, despite the reminders, the number of responses decreased towards the end of 

the survey. 

 

5.7.1 First round: new business opportunities 

 

The first round of the Delphi survey contained four questions. First question was “In which 

business processes could the digital twins be best utilized in or in which process would 

they bring the most benefit?” Figure 18 summarizes the answers given by the panelists and 

as seen; a wide variety of uses were identified for DTs during the first round. 

 

 

Figure 18. Possible uses for digital twins 

 

Greatest opportunities for digital twins were seen especially with product development and 

testing, sales work, process, production and fault monitoring, improving customers’ operations, 

production simulation and optimization, and overall, in various phases through the whole 
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product life cycle. Most of the panelists listed several possible uses. One expert highlighted the 

stages of product development and testing and stated that a DT could help prototypes to achieve 

the desired goal faster and with higher quality. The same panelist mentioned that product 

development would also benefit from better data collection enabled by the DT. Another panelist 

stated that customers can be seen as potential beneficiaries if the DT helps to make their devices 

more efficient. One opinion was that the DT is a good solution for product and production 

related development, testing, modeling and optimization as the DT enables virtual solutions and 

thus makes it easier to connect the device information to the real world. 

 

An interesting and differing view presented by one expert was to divide the DT users into two 

separate classes: information producers and the information users. The possible users could be 

sales department, manufacturing actors and actors who handle customer deliveries. Service and 

maintenance functions could also use the DT and be potentially the biggest beneficiaries, if the 

information needed for those functions is generated in a systematic and compatible way, 

without any need to re-enter the data.  

 

Second question of the first Delphi-round was “How the digital twins and visualization could 

help to create new business, including new services? What are the functionalities needed 

for producing new business through digital twins?” Various points emerged in the panelists’ 

answers. Outsiders’ access to data was seen as enabler for different actors to develop the whole 

service offering at their own levels. This same respondent also mentioned a need for trading 

platform which would allow users to purchase external services. Second panelist wished for a 

DT merged in production machinery’s control systems: merging could help the customers to 

gain the kind of immediate benefits they are willing to pay for. The same person also felt that 

customer’s own systems can benefit from DT-based additional information of the device and 

process itself. According to the panelist, the DT is as an additional feature or features which the 

customer purchases for the device: it can hold multiple features in one “package”, concerning 

safety and productivity matters and so on. Third respondent emphasized the importance of 

information exchange features, with a bit of the same content as the answer concerning merged 

DT. According to this panelist, the DT should be able to exchange information between 

different devices and tools easily and without significant additional costs: the cost structure 

should be simple. The same answer also mentioned ease of use without lengthy training and 
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deployment projects as an important matter. In addition to these relatively technical features, a 

visualization was seen as a potential beneficiary of DT as well by one respondent: it provides 

new possibilities for sales (through product presentation and customer-specific configuration), 

service and maintenance (through training and better management of customer-specific 

configurations) and the end-user/customer (through data uploading to customer’s own 

visualization systems). 

 

The third question of the first Delphi-round was “Give a concrete example of a new service 

business opportunity (which digital twins can enable)?” The experts’ versatile answers to 

this question are summarized below in Table 14. 

 
Table 14. Examples of new service business opportunities enabled by the digital twins 

Purpose The example 

Maintenance Equipment condition monitoring  

Ordering spare parts 

Ordering maintenance 

Information related to serviceability 

Improving equipment reliability and extending service life 

Sourcing and sales Selling a replacement device  

Procurement decisions based on the real information 

Use and production User-assisted functions  

Instructions 

Inventory optimization of spare parts based on product usage and change history data 

Safety-related information 

Real-time status of the production environment 

Overload prevention functions 

Finding and fixing features indirectly affecting production 

Advanced production scheduling 

Ecosystem Industrial ecosystems need service providers who can share information from digital 

twins through their platforms on a commercial basis 

 

As Table 14 indicates, the question sparked a variety of ideas and opportunities. Maintenance, 

sourcing, and sales, use and production phases of device and lastly ecosystem were all presented 

as a potential beneficiaries of DT-based solutions. From the view of maintenance was 

mentioned equipment condition monitoring, ordering of spare parts and maintenance services, 

data and information related to serviceability for more efficient maintenance and improvement 

of equipment reliability while extending product’s service life. Data generated by DTs was also 

seen as a sensible tool for purchasing decisions: the decision can be based on real data instead 
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of just estimates. The DTs were also seen as useful in the sales process of a replacement device. 

The experts also found the use phase of a device with a DT holding many potential opportunities 

for service business. Mentioned possibilities were user-assisted functions and instructions, 

inventory optimization of spare parts based on product usage and change history data, safety-

related information, real-time status of the production environment, functions preventing 

overloads, finding, and fixing features which affect the production indirectly and advanced 

production scheduling. Ecosystem-view was raised in one comment as a panelist stated that 

industrial ecosystems need service providers who can share information from DTs through their 

platforms on a commercial basis. 

 

The fourth and last question of the first Delphi-round was “What kind of change needs 

creating a service business with digital twins could cause in your organization?” Through 

this question the experts were asked to consider what kind of preparations or changes the DTs 

will likely cause in the companies they represent. Figure 19 illustrates the mentioned main 

points.  

 

 

Figure 19. Needs the digital twins will cause 

 

The most popular opinion regarding the needs generated by DTs was about new tasks and job 

descriptions. The DTs were estimated to require new job tasks especially in maintenance 

services, training, and different expertise areas, such as data processing. Among new tasks, job 
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descriptions and the need for new recruitments, cooperation with various actors was mentioned 

as one necessity. 

 

5.7.2 Second round: impacts on other actors 

 

While the first round of the Delphi survey focused mainly on the future aspects related to the 

DTs, the second round addressed the importance of cooperation and partners. It also 

summarized the reasons why DTs are still often not fully exploited to their full potential. The 

first question of the second round was “What impacts could DTs have on (your) partners 

and stakeholders?” The impacts were considered by experts to be mostly positive. One 

panelist stated that the DT can offer a great variety of new opportunities for partners if the 

involved parties have first agreed on the rules for utilizing the data. According to this same 

respondent, customer-related applications are often preferred to be managed in-house, but 

technical applications can be outsourced: companies that offer some special expertise, for 

example in the field of artificial intelligence, are likely to benefit. Another respondent wrote 

that through DTs partners and stakeholders can obtain more accurate and up-to-date information 

regarding the operation, use and maintenance of a product or system. The same expert also 

wrote that new kind of value adding service providers can emerge based on the information 

provided by the DTs. Importance of an open ecosystem was highlighted in a following answer: 

 

“The digital twin, surrounded by a functioning partner and stakeholder network, 

ensures that the parties involved are able to focus on their own core business and 

receive the necessary support from the network. Such an "open ecosystem" also 

allows the entry of new partners and actors who can bring their own expertise 

into action. In this way, the original digital twin can also grow itself into a larger 

part of the whole.”- #Anonymous expert 

 

The second question of the second round shifted the focus into ecosystem-level. “How to 

identify ecosystem partners with whom you should work or who are willing to work 

together on the digital twin?” One expert mentioned that research institutes can be useful in 

combining the expertise and needs of various actors. Another panelist highlighted the 

relationships between different actors and how they generate value in relation to each other. 

According to the expert, by opening the existing ecosystem and evaluating the potential of DTs, 

it is possible to identify missing actors and thus find suitable partners to these vacant posts, 
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either from existing actors or from completely new ones. The respondent stated that many 

service companies for example from the field of design and maintenance have actively built 

expertise and solutions around the DTs. Partnership and open mind were highlighted in another 

expert’s statement too:  

 

“A well-functioning and long-term ecosystem partnership arises when both sides 

act openly and support the core activities of one and other. A partnership, on the 

other hand, does not work if one or both aim only to develop their own activities 

or, at best, merely to copy the ideas of the other half for themselves. When building 

a network of partners, you should always listen to the experiences of others, but 

also go with an open mind, constantly evaluating the field.” - #Anonymous expert 

 

The third question of the second round “How are partners engaged? How can the maturity 

of ecosystem cooperation be increased?” This question gained quite similar answers as the 

previous one: most respondents emphasized the importance of cooperation and trust. As a 

concrete example, long-term cooperation agreements and business models supporting 

cooperation were seen as good tools for engaging partners. In addition to contracts, agreements 

and trust, also common goals and real customer orders were mentioned as important in 

contributing to the commitment of actors. 

 

“Partner engagement is successful when co-operation and action is mutually 

beneficial and when both parties are equally involved in its operation and 

development. In this way, the parties can focus on their own core competencies 

while others support this with their own competencies. In practice, long-term 

cooperation works best when working towards the common good, rather than 

trying to do everything yourself.” - #Anonymous expert 

 

The fourth question of the second round was “What changes in the organization as well as 

at the ecosystem level would promote the exploitation of digital twins? What are the main 

reasons for not using DT?” Lack of planning, resources and advanced technology were all 

mentioned as significant problems. Assigning development responsibility to an employee in 

addition to his or her normal job duties was also perceived as problematic matter: in these cases, 

"everyday work" often takes all their time and thus there is not enough time to develop the 

future. From a technological point of view, it was pointed out that it still needs to be developed 

quite a lot: every DT requires a lot of input, and a lot of good examples are needed for new 
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methods to gain a foothold in organizations. However, just the technology itself is not enough: 

the right people are also needed to create the examples, models and applications for DTs. 

 

“The implementation of digital twins in many organizations is usually under the 

responsibility of one department or one person. If that person leaves or the 

department priorities change, the DT experiment usually suffers the 

consequences. Another risk is that the implementation process of DT is not able 

to produce desired results due to incorrectly defined needs. This can lead to DT 

project being declared unnecessary or unsuccessful and thus rejected. The 

solution for both is that the platform [for DT sharing] is made together with the 

various actors in the organization while actively listening to them and adapting 

to their needs.” - #Anonymous expert 

 

5.7.3 Third round: future visions 

 

The third and last round of the survey contained three questions. The first question was “What 

features will digital twins require in the future from a new business perspective?” 

Standardized operating methods, easy connectivity, smooth cooperation with different systems 

and good data security were mentioned as important features for the future of digital twins. DTs 

should also be easily expandable to different applications and support prototyping which is an 

easy way to think of new business support functions through or instead of existing models. 

 

The second question of the third round “What business impacts can the digital twins achieve 

in the longer term? What kind of competitive advantage can be achieved?” asked experts 

to consider the long-term effects of the DTs and the measures needed to achieve these effects. 

As seen in Figure 20, this question gained quite similar responses as the first question of the 

entire three-round survey. 
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Figure 20. Digital twins’ positive impacts in future 

 

An expert stated that when a DT is implemented as planned and with clear goals, competitive 

advantage is created through more efficient operations and less unnecessary work in different 

functions and different environments. According to the same respondent, labor and material 

costs are also reduced when things can be considered virtually before physical activities. 

 

The last question of the whole Delphi survey focused on possible risks related to DTs: “Do you 

think there are risks involved in using the digital twin at the organizational or ecosystem 

level? If so, what kind and how can these risks be managed?” Based on this question, 

security issues appear to be the most considered risk area. According to an expert, it is important 

to ensure a DT does not leak any information or open any gaps in company’s operations for 

outsiders to access. As a solution for this, the respondent suggested risk management to be 

carried together with suppliers whilst using standardized methods. At the organizational level, 

change resistance and settled routines were seen as likely risk factors. According to a panelist 

these obstacles could be tangled by involving the employees in a digital twin development 

process from the beginning to maintain their enthusiasm throughout the process: if the 

company’s employees are not convinced of the benefits of DTs, there is a significant risk that 

the DTs will not be used. In addition to an individual company the risks were also considered 

at the ecosystem level: there the risks are more widespread. The main problems may be 

overlooked, and thus it can be difficult to determine a clear benefit for DTs. 
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5.8 Main results of the study 

 

To summarize thesis’ abundant findings and to answer the research object and questions, the 

most relevant results are presented below in Table 15. The table consists of key themes, with 

observations and suggestions for solutions to this theme in the adjacent column. The themes 

were built around all four research questions: the first theme is about DTs’ impacts on business 

models and ecosystems, second about the features required by digital twins, third about 

opportunities and benefits of digital twins in ecosystem-like environment and fourth about the 

challenges of digital twins. The main points were formed based on a previously written theory, 

literature review, and the interviews and Delphi survey conducted in this study. The findings 

from both the theory and the research section of this thesis supported each other well. 

 

 

Table 15. Main results of the study 

THEME Main points 

DIGITAL TWINS’ 

IMPACTS ON BUSINESS 

MODELS AND 

ECOSYSTEMS 

- Digital operations will spread → business priorities will change 

- Necessary to destroy the old business to create new → need for 

proactiveness 

- New kind of business practices, routines, and business models 

- Changes with product development and production parameters → 

the point of making money shifting to a different position. 

- Selling service business instead of just the device 

 

FEATURES REQUIRED BY 

DIGITAL TWINS 

 

- Interfaces for data exchange and interaction 

- Standardized operating methods 

- Easy connectivity 

- Smooth cooperation with different systems  

- Good data security 

- Easily expandable and adaptable 

- Ease of use 

- “Open ecosystem” built around DT 

OPPORTUNITIES AND 

BENEFITS OF DIGITAL 

TWINS IN ECOSYSTEM-

LIKE ENVIRONMENT 

- Streamlined operations in value networks 

- Internal benefits, cost savings and business growth 

- Actors can focus on their core competencies 

- Actors can obtain more accurate and up-to-date information  

- New kind of value adding service providers can emerge based on 

the information provided by the DTs. 

CHALLENGES OF 

DIGITAL TWINS 

- Technical issues: too underdeveloped technology, incompatibility 

of systems 

- Proving the concreteness of the benefits: finding the win-win 

situation 

- Extra work in deployment and integration phases 
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As Table 15 illustrates, the results obtained in this thesis were quite versatile. The 

multidimensionality and generality of the results reflects to the fact that there is still a lot to be 

researched in the field, with a more in-depth and targeted approach. The DTs were seen to have 

significant future impacts on companies’ current business models: DT-based activities trigger 

a need for proactive destruction of old business to make space for new, different value creation 

models, where services have their own well-established place. The research exposed, that 

important features for the DT and the environment it operates are interfaces through which 

different actors can connect, standardized operating methods, easy connectivity and smooth 

cooperation with different systems, well-managed security matters, extensibility and 

adaptability, ease of use and some kind of “open ecosystem” built around the DT. From the 

perspective of ecosystem thinking, the study revealed many opportunities and benefits: DTs in 

manufacturing ecosystems were seen to streamline operations in value networks, provide 

internal benefits such as cost savings and business growth, help actors to focus on their core 

competencies and obtain more accurate and up-to-date information and finally also enable new 

kind of value adding service providers to emerge in manufacturing business. The biggest 

technical challenges related to DTs were seen to be too underdeveloped technology or 

incompatibility of systems. Convincing the customers of DTs’ benefits and the win-win 

situation which can be achieved through it was also perceived as problematic, as was the extra 

work caused by the deployment phase. 
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6 DISCUSSION AND CONCLUSIONS 

 

There is still a lot of uncertainty around the topic, and this uncertainty reflects to some extent 

in the results of this study. As a conclusion of the current state analysis, it is quite safe to say 

that the interviewed companies do not have a digital twin where all three theory-based general 

features by Tao et al. (2018) (information flow between the virtual and physical space, 

interaction and convergence and self-evolution) would occur. This conclusion is supported by 

the fact that based on Fuller et al. (2020) theoretical division of digital model, shadow, and twin 

by the level of information sharing, none of the interviewed companies really had an actual 

digital twin in use. Although some of the companies are a bit further on their development of 

DT than others, none of them is quite there yet. Autiosalo et al. (2019) concept of 

“motherboard”, or in other words data link between a physical object and a digital version 

already existed in some of the interviewed companies, but in others this necessary connection 

was not yet to be found. The interviewed companies are utilizing data especially for providing 

maintenance services and maintaining reliability of equipment which they have manufactured.  

 

The interviewed companies were not yet ready for business ecosystem-based thinking. There 

were some exceptions, but many of the interviewees though the questions and issues mainly 

through their own business perspective. When thinking of Ibarra’s (2018) tripartite approach to 

business models presented in theory section, the service-oriented approach emerged the most 

in context of this study, as many of the companies have started to provide hybrid solutions 

containing both, the physical product and virtual service. As for ecosystems, these companies 

are still at the birth-phase of Moore’s (1993) steps. At this point, there were no actual, 

identifiable leadership actors among the interviewed companies. It can be said that the roles 

have not been considered on a deeper level yet, and therefore have not been fulfilled either. 

However, it would be important: as expressed in theory by Dedehayir et al. (2018), the 

leadership actors play an important role especially in early stages of forming the ecosystem. 

They engage in governance related actions by planning the parts of other actors and 

orchestrating the connections between them. Thus, it can be concluded that due to the lack of 

fulfillment of the roles and coordination, the ecosystems in which the companies involved in 

the study would operate, have not yet been able to form properly. On the other hand, it should 

be noted that not all roles can be even filled yet: leadership roles should be filled first. 
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In addition to those unfulfilled roles, the development of ecosystem-like activities and service 

business are also slowed down by the lack of a common interface or platform. One of the 

interviewees of this thesis emphasized the relevance of an interface between the company and 

its multiple customers and other stakeholders: according to him, this interface for digital twins 

would have an important role as a data exchange channel. The interface matter is also supported 

in theory section by Autiosalo et al. (2019) according to whom human interaction with the DT 

is enabled by case specific user interface features, and Lovelock and Patterson (2015) who have 

stated that 24/7 working platforms in cyberspace ease service business as the platforms are not 

tied in opening hours or geographical location of customers nor service providers. The 

importance of platforms, interconnection and interoperability to networks and ecosystems was 

emphasized also by Pellinen et al. (2012) who stated that those features play an important role 

in providing positive network impacts to the end-user services in the long run. These theoretical 

observations were repeated in this thesis’ interviews but also in the Delphi survey, as one of the 

panelists mentioned a need of “trading platforms” for selling and buying external services.  

 

However, before any platforms are formed or introduced in ecosystem-like environment, it is 

essential to consider the value creation questions, such as the ones presented by Tura et al. 

(2018) earlier in this thesis. Also, the observations by Buztinsa et al. (2015) about the company's 

place in the value chain should be kept in mind when considering value creation in ecosystem. 

These value creation issues emerged also in the interview sections of this thesis, where the 

experts discussed about data-sharing related to digital twins and the benefits and risks that can 

be derived from it. Questions that arose included finding a common win-win situation around 

data sharing and convincing the customer of the value to be gained through investing in a digital 

twin. The companies had noticed that the point of making money is changing to a different 

position. This observation was supported earlier in this thesis by a theory of Schuh et al. (2019), 

who stated that the revolution of Industry 4.0 with its technologies is changing value creation 

of the whole manufacturing industry. 

 

Interviews revealed that customers, when considering a possible purchase decision regarding a 

digital solution, such like DTs, ask for concrete benefits. This statement is supported also by 

theory from of Lovelock and Patterson (2015): according to them, customers need to be 
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convinced about the total advantages of solution exceeding its downsides to convince them to 

make the purchasing decision. Thus, to increase the interest of manufacturing customers and 

the popularity of DTs, a more concrete justification and demonstration of its benefits could be 

reasonable. So far, at least in the interviews conducted in this study, it emerged that the benefits 

have been considered on a relatively wide scale and from several angles, but the concrete 

calculations and figures on especially monetary benefits may still be slightly behind in the 

discussions. In addition to these cost-saving aspects, customers consider improving reliability 

through digital solutions important. As a conclusion, to convince the customers it might be a 

good idea to show in concrete terms how the DTs reduce costs or improve reliability. 

 

Data sensitivity and fragmentation issues were mentioned multiple times by different 

interviewees and Delphi panelists, and the same sort of observations were made also by 

Kokkonen et al. (2020) in their research, introduced earlier in this thesis. When considering a 

solution to these sensitivity and fragmentation problems, arises questions whether those could 

be overcome by a shift in thinking even more strongly towards ecosystem and common goals: 

not to see others so badly as competitors or a risk to their own business, but rather as a support 

and partner?  

 

The theory section, interviews, and Delphi survey all together revealed that if a company wants 

to invest in digital twins on a high volume and significant level, proper time and resources must 

be allocated to its development and deployment processes. The responsibility should not be 

given, for example, to the product developer in addition to his or her other tasks: in most cases, 

other duties take a lot of time and thus could hinder DT’s progress. The solution could be either 

a working group or a nominated expert, whose main task would be to push the digital twin 

forward and identify the resources needed for it to thrive. And as Yaqoob et al. (2020) research 

in theory section pointed out, it would be important for DT developer companies to invest in its 

scalability, regulations, and standards to lower the threshold for DT’s usability. This same 

matter was expressed also in the interviews of this thesis. 
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6.1 Reliability of the study 

 

Common definition for digital twin would ease further research on its opportunities for 

manufacturing industry and ecosystems. As there is currently no such thing yet to be found, 

making reliable conclusions about the stage of digital twin utilization and its impacts is rather 

challenging. The interviewed companies and persons may have differing perceptions of the 

term “digital twin” due which some may talk about DT when meaning DM or DS. 

 

Although more informal thematic interviews suited this topic and enabled some good 

discussions and dialogue between the interviewees and interviewers, there is still a possibility 

that some topic was that some topic was inadvertently left out. When looking at the results, it 

should also be noted that the response activity in Delphi survey decreased quite significantly in 

the last round and unfortunately this causes a risk of a narrowed vision. Could the response 

activity matter be improved for example by workshop-type meetings, either virtually or in 

person? This time, as the responsibility of participating in question rounds rested with the 

panelists themselves, except for a few email reminders, panelists’ other tasks may have taken 

their time and attention away from answering. 

 

The results obtained in this thesis, especially information from the case interviews, could be 

considered as an overview of the perceptions regarding the solutions, opportunities and 

challenges posed by the digital twins in the Finnish manufacturing industry. However, it should 

be noted that this research had its limitations with a relatively small sampling (8 case companies 

with 10 interviewees and a 12-person expert panel in the Delphi survey), and thus the results 

should not be generalized too much.  

 

6.2 Possible future research 

 

The findings from this study could serve as a basis for a more detailed study around the topic. 

More research could be done for example from the perspective of manufacturing companies by 

diving deeper into their DT solutions or by conducting a broader study with a more abundant 

sampling, but especially from the view of the end customers. It would be noteworthy to study 

the end customers’ views and perceptions of the digital twins: how they see its benefits and 
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possible defects, what kind of features they value the most, what features they would be willing 

to pay for, where the value produced by the digital twin to its end user is formed, what factors 

influence a possible purchase decision for a digital twin and so on.  

 

Another very interesting research area would be to explore digital twins from a sustainability 

and environmental perspective: could digital twin-based solutions help companies to become 

more environmentally friendly? Could DTs help them to find concrete ways to reduce negative 

environmental impacts, such as soil contamination or erosion? What kind of environmental 

systems could be connected to the digital twin? From a sustainability perspective it would be 

interesting to explore how the digital twin could incorporate the physical product structure and 

manufacturing history all the way from raw materials through manufacturing to the end 

customer? In other words, what kind of solutions based on the digital twin could be developed 

to collect data on the raw materials and their place of collection and development, 

manufacturing, use and history of a product. 

 

More research could also be done on the actor roles of ecosystem built around the digital twin: 

what kind of actors are needed in the ecosystem, what roles do actors have, is there something 

missing, how to promote or improve the ecosystem and how to encourage actors to participate? 

A possible way to conduct such a study could be a real pilot project or a simulation environment.  
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7 SUMMARY 

 

This thesis discovered the current perceptions of the digital twins, the state of ecosystem 

thinking and the future prospects of the manufacturing industry with the following four research 

questions: 

 

What are the effects of digital twins for companies’ current business models and 

ecosystems?  

What are the concrete features for digital twins which companies want or need?  

What features and functions should digital twins include to enable service 

business?  

What are the opportunities and challenges of digital twins for manufacturing 

ecosystem? 

 

The above presented questions and the research objective, which was to explore the potential 

and impacts of digital twins on business ecosystems, were answered during this research. Both 

topics, the DTs and ecosystem thinking in manufacturing context are evolving at a rapid pace 

and receiving increasing interest. But despite this growing interest, the use of the DTs in Finnish 

manufacturing is still in its infancy, and the industry is not quite ready to operate in ecosystem-

like environment. When examining the previously written theory, it became clear that the 

interest in digital twins and emerging ecosystems has been on the rise over the past 5 - 10 years. 

However, the lack of resources, such as expertise and the required technology, have been a 

hindering the development process.  

 

Due to its limitations, the research focused only on a limited number of manufacturing 

companies and their experiences of digital twins. The client companies of the manufacturing 

industry were not interviewed, although some of the interviewed manufacturing companies may 

have been each other's customers in some business sectors. The thesis also addressed 

companies’ data needs and the necessary features to promote data-based service business. 

Usage data, data for process monitoring and data outside equipment were of particular interest. 

Security, scalability and ease of use of the data were seen as important features for the 

development of service business and the use of digital twins. 
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During the study, it was found that the manufacturing industry has interest in the service 

business as well as expansion beyond traditional product-centric manufacturing roles. As a 

summary, the manufacturing business is changing and its significance as well as the need for 

proactive measures and new digital technologies are understood inside the companies, as one 

interviewee stated: "if we don't make that change, someone else will." 
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