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Abstract 

Ilkka Donoghue 
The Role of Smart Connected Product-Service Systems in Creating Sustainable 
Business Ecosystems 
Lappeenranta 2021 
92 pages 
Acta Universitatis Lappeenrantaensis 968 
Diss. Lappeenranta-Lahti University of Technology LUT 
ISBN 978-952-335-675-7, ISBN 978-952-335-676-4 (PDF), ISSN-L 1456-4491, ISSN 
1456-4491 

The dissertation focuses on the role of Smart Connected Product-Service Systems 
(SCPSS) in creating sustainable business ecosystems. The objective of the research is to 
propose a unified lifecycle concept that defines what a SCPSS is and the technologies and 
management theories it can use. The assumption is that data of a SCPSS ecosystem is key 
for sustainable business and new areas of growth. This data can be collected either from 
real world and or through the use of Digital Twins using real-time simulation. The main 
research questions that this work answers are (1) the role of Smart Connected Product-
Service System (SCPSS) in creating a sustainable business ecosystem and (2) the 
relationship of Product Lifecycle Management (PLM), Product-Service Systems (PSS), 
Digital Twins, and multibody real-time simulation in creating SCPSS. The use of 
disruptive technologies can create PSS that are connected and smart enabling them to 
react to changing operational and business situation faster than real-time. With Digital 
Twins, based on real-time simulation, virtual SCPSS can exists before the business 
decision is made to commit investments in the physical-virtual counterpart. The work also 
demonstrates the link between PLM and business models as dynamic elements changing 
over time in the Business-to-Busines context. However, the lifecycle time of these PLM 
and Business Models are different.  

The research was carried out in seven publications and the results from the publications 
were used to form and propose a unified lifecycle concept for SCPSS. The research 
methods used are Design Science Research (DSR) and Qualitative Research using 
literature reviews and empirical analysis of the interviews with case companies. The 
research data was collected from case companies in the B2B manufacturing sectors 
between 2016 - 2020. 

The theoretical contribution is the Unified SCPSS Lifecycle Management Concept in 
Business Ecosystem that answers the research questions. The theoretical concepts 
increase the knowledge of SCPSS and the dependencies to the different domains over the 
business ecosystem lifecycle. The concepts provide a framework that practitioner can use 
to define the SCPSS transformation strategy.   

Keywords: PLM, Product-Service Systems, PSS, Digital Twin, Real-time Simulation, 
Business Models, Ecosystems, SCPSS, Smart Connected Product-Service Systems 
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1 Introduction 

1.1 Background and research environment 

Business to Business (B2B) technology and manufacturing companies are implementing 
digital strategies and searching for sustainable business, success and growth. These 
manufacturing companies (later referred to as manufacturer) have been forced to move 
from offering products to combined products and services, and this transformation is 
often challenging. The shift towards productization and servitisation has moved the 
manufacturer’s offering from standalone products and services to Product-Service-
Systems (PSS) where the manufacturer offers combined products and services to provide 
continuous value to their customers (Baines, et al., 2007). However, most manufacturing 
companies are, at their core, product and technology driven and the addition of PSS to 
their portfolio has been gradual. Typically,, manufacturers operate in a business 
environment, where they are dependent on and integrated tightly to their key suppliers to 
develop, deliver and maintain their offering and installed base. On the other side, the 
customers expect that the manufactures provide value through lifecycle solutions based 
on their overall industry experience and insight into their customers’ business. This 
results in manufacturing companies having continuous touchpoints over the customer 
lifecycle. The underlying driver is for both the manufacturers and its customers to 
maintain sustainable business growth. This also leads to a situation where the growth of 
the overall business system (ecosystem) is also dependant on the manufacturer’s 
supplier’s health and innovation capabilities. 
 
Companies are increasingly seen as members of business ecosystems with increasing 
connectivity, interdependence and co-evolution of the actors, technologies and 
institutions (Aarikka-Stenroos & Ritala, 2017). This is caused by the increase of 
environmental turbulence, societal changes, more intense competition induced by 
globalization, the speed of organizational change and the fast development of Information 
Computer Technology (ICT) (El Sawy & Pereira, 2013) (Graca & Camarinha-Matos, 
2017). Industry boundaries are systematically disrupted, and this changing business 
environment offers organizations several new business opportunities but also demands 
them to have more dynamic capabilities and know-how (El Sawy & Pereira, 2013). This 
has boosted the development of different collaborative platforms as business enablers, 
and the companies are more and more aware and motivated in platform thinking in 
improving their competitiveness (Graca & Camarinha-Matos, 2017) (Kim, 2016) (Rong, 
et al., 2013). As networking in platforms includes interactions among platform 
participants which comprises the sharing of information and operations (Kim, 2016), the 
development of platforms has encouraged the companies for more open collaboration and 
that way, boosted the development of business ecosystems (El Sawy & Pereira, 2013). 
 
Manufacturers and other actors in their business ecosystems are implementing new digital 
strategies impacting their internal operating models, product and service offering, and 
customer interaction to create a uniform experience that improves customer commitment 
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(Kosch & Windsperger, 2017). For this to succeed and bring value to all actors, correct 
and timely data used in the ecosystem can provide insight how and what to offer or the 
actions to take with the different ecosystem actors at different points over the lifecycle of 
the business ecosystem (Tiwana, 2010). This servitisation of business creates a need for 
continuous touchpoints over the lifecycle to function efficiently and also causes closer 
integration between the players that changes over time. These touchpoints are difficult to 
manage with traditional ways of working (Kosch & Windsperger, 2017). Through 
digitalisation (Rysman, 2009), manufacturing companies have the opportunity to 
implement digital business models that can be dynamic over the ecosystem lifecycle and 
create sustainable value. These digital business models enable manufacturing companies 
to build a sustainable business in a dynamic ecosystem (Tas & Weinelt, March 2017) that 
can adapt and evolve faster than traditional models. 
 
For manufacturers to better understand how their customers are using the products, 
services and PSS, most manufacturers collect or attempt to collect operational data about 
the PSS from their customers. The size of the install base and its complexity has forced 
companies to take into use ways to manage large amounts of operational data. To better 
understand what is happening, manufacturers use analytics or Machine Learning (ML) to 
understand what the operational situation is at a single customer or across the entire 
installed base to understand the common issues that occur for all operators. However, 
most B2B manufacturers create complex PSS that require customer specific development, 
and previously collected data from existing installed base does not create deep enough 
understanding how a new customer specific solution will operate in the real world. 
Manufacturers and their customers have invested in different types of simulation methods 
to solve this need. Typically, the simulation-based development is siloed in product 
development and delivery engineering. This leaves the manufacturer in a situation where 
the efficiency and value of the PSS is not known in detail leaving risks for both the 
manufacturer and customer. To fill this gap, manufacturers can use multibody system 
dynamics based real-time simulation and Product Lifecycle Management (PLM) to create 
a virtual interpretation of the product, service or PSS, known as a Digital Twin (DT), 
before it exists. Once the customer specific solution is in operational, manufacturers and 
their customers are attempting to maintain the Digital Twin and at the same time can use 
data-based Machine Learning (ML). 
 
The Digital Twin is not a new concept, and it can be seen part of the Product Lifecycle 
Management (PLM) vision (Grieves, 2006). The Digital Twin can be defined according 
to (Bilello, 2017) as “Digital surrogate (i.e., the Digital Twin) where it 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 lifecycle”. 
The Digital Twin is at the core of digitalization and is based on the use of digital 
technologies. However, the usability and maintenance of the virtual product, service or 
PSS over the lifecycle has not been efficient with traditional metadata and structure-based 
definitions. The application of multibody system dynamics based real-time simulation 
has potential to create an environment where the product, service and PSS lifecycle 
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simulation from the Beginning of Life (BOL) to the End of Life (EOL) enable 
management and maintenance of the PSS operational efficiency and identify when 
service actions are needed (Mikkola, et al., 2014) (Terzi, et al., 2010). The challenge with 
this approach is the complex nature of the real-time simulation solutions commercially 
available. Another drawback is their stand-alone nature and user complexity (Mikkola, et 
al., 2014). However, this approach does not answer the challenge of managing simulation 
models that are not connected to the real-world counterpart or the need to manage large 
amount of operational data from PSS. To address this shortcoming, manufacturers have 
recognised the need for connectivity and intelligence to cope with these vast amounts of 
data being create over the lifecycle. The integrated end-to-end management is the area 
that Product Lifecycle Management (PLM) needs to address, but currently it vaguely 
addresses how Smart Connected Product-Systems are managed over the lifecycle from 
manufacturers and customers point-of-view.  
 
There is a variety of related concepts and definitions in the literature on PLM, depending 
on the focus of the authors. According to (Stark, 2018), “PLM is the business activity of 
managing, in the most effective way, a company’s products all the way across their 
lifecycles; from the very first idea for a product all the way through until it is retired and 
disposed of the product”. From the point of view of the manufacturer, PLM is the 
management system for the company’s products. Management of product knowledge 
throughout the lifecycle of the product and the related services has attracted interest in 
research and manufacturing  and their customers over recent years. However, these new 
digital solutions create disruption and ongoing transformation in manufacturers and their 
ecosystems who are managing product related data and information across lifecycles. 
These changes enable rise of smart services and Product-Service Systems (PSS) that place 
new need on used management system to maintain sustainable growth. 

1.2 Research objectives and questions 

The B2B manufacturing industry is faced with a multitude of different technologies and 
business elements that are fragmented and individually provide often siloed benefits to 
the business ecosystem that they operate in. Manufacturers are in need of a concept or 
framework how to integrate the different elements to create a solution that can 
continuously adapt and evolve over time and operate in a sustainable business ecosystem 
based on digital counterparts, that is Digital Twin, integrated with their physical  real-
world counterparts.  
 
The objective of the research is to understand and create a concept that defines what a 
Smart Connected Product-Service System (SCPSS) is and the technologies it can utilise. 
The assumption is that SCPSS ecosystem data is needed to identify how to sustain 
business and find areas of growth. For example, an integrated virtual PSS model and real-
world PSS, for example, mineral processing plant, papermill or Unmanned Aerial System 
(UAS), can benefit from the existence of a Digital Twin, that applies real-time simulation 
and Machine Learning to facilitate both operational and development insight for decision 
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making and identifying business opportunities and strategies over the SCPSS lifecycle. 
In addition, the research attempts to understand how Smart Connected Product-Service 
Systems can create sustainable business in B2B Manufacturing ecosystem. The research 
investigates how the different concepts and elements are related and what their role is in 
creating a SCPSS that enables a sustainable business ecosystem. The extended PSS, 
management systems and B2B environment have a role in defining the SCPSS and the 
business ecosystem for sustainable growth (Figure 1.1). The extended PSS represents the 
combination and coexistence of the virtual and real-world PSS and the technologies used 
to define the SCPSS. In addition, the interface to the management system and B2B 
environment impact the SCPSS. The management system represents the way how the 
extended PSS forming the SCPSS is defined and manged over the lifecycle. Together 
these two areas must address the business environment to create sustainable value for the 
business ecosystem.  
 

 
 
Figure 1.1: Research domains and theoretical framework that define the Smart Connected 
Product-Service-System (SCPSS) enabling sustainable business in and ecosystem. 
 
The following research questions and sub-questions are used: 
 

1. What is the role of Smart Connected Product-Service System (SCPSS) in creating 
a sustainable business ecosystem? 
• What defines a Smart Connected Product-Service-System?  
• What defines a sustainable business eco-system? 

Business to 
Business (B2B) 
Enviroinment 

Management 
Systems

Extended Product-
Service-System
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• What is the relationship between value, business models and business eco-
systems? 

2. What is the relationship of PLM, PSS, Digital Twins, and multibody real-time 
simulation in creating Smart Connected Product-Service Systems?  

The research hypothesis is that the introduction of Digital Twins, based on multibody 
real-time simulation, applying Machine Learning and connected through IoT to the real-
world solution, can create new and sustainable business. This hypothesis is based on the 
need of a Smart Connected Product-Service System (SCPSS) that can be connected and 
operate in real-time or faster than real-time and adapt to the changing business needs of 
the business ecosystem creating new opportunities for the different actors who create or 
use the Smart Connected Product-Service System.  
 
The research has been published in research papers that cover the as-is state, vision and 
strategy, and the maturity of B2B companies trying or taking advantage of the business 
transformation. The research was carried out in phases to understand the current situation 
of the existing research in the different fields influencing the work and insight to 
understand what are the future opportunities and challenge that the research offers to B2B 
manufacturing companies.  
 
The research processes applied is a combination of design science research (Hevner, 
2007) and data collection was done through structured and semi-structured interviews 
with different case companies. The methods were selected based on the goals of each 
research paper and the requirements of the research projects managed by the SIM 
Platform. The data was collected from the companies that participated in the research 
projects that are and were managed by the SIM Platform (e.g. CoSIM, DigiPro, DigiBuzz, 
DigiProSys) over the year 2016 – 2020. The data collected was from large and midsize 
B2B manufacturing companies. A detailed description on the research method(s) used 
can be found in Chapter 3. 

1.3 Scientific impact and contributions of the study 

The contribution of this work can be divided into theoretical contribution and managerial 
implications to advance and support the interest of academia and B2B manufacturing 
industry. 
 
The theoretical contribution is the unification procedure of different research areas into a 
unified approach where the different research areas are joined to form one concept. The 
thesis shows how real-time simulation is related to Digital Twins and how they form part 
of the Smart Connected Product-Service System (SCPSS). In addition, the relationship 
between Product Lifecycle Management (PLM) and PSS is illustrated based on the 
published research regarding the product being at the centre of PLM. However, the core 
product concept is extended to include also the PSS. Because PSS and Digital Twins 
impact PLM, which includes sustainability and value elements, sustainable value and 
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business model is affected by these dependencies. The thesis also builds on the 
relationship and gap between PSS, PLM and Business Models to understand how 
sustainable business is created in a business environment (ecosystem) over the customer 
lifecycle. 
 
The managerial implications show how the different areas are related and how the 
disruption in the manufacturing industry is forming new strategic goals and capabilities 
adopting new business models implemented with value creation from SCPSS. The impact 
of the research on B2B manufacturing companies is the business transformation that they 
will face when they offer SCPSS to their business ecosystem and suggests a way for B2B 
manufacturers to link SCPSS to sustainable business ecosystems. The SCPSS can be 
based on either information learning or multibody real-time simulation to form a Digital 
Twin connected to the real-world counterpart through the Industrial Internet of Things 
(IIoT). With the use of simulation and operational data, the system can operate in a closed 
loop, for example, faster than real-time, lifecycle management that utilizes real-time 
simulation for autonomy shortening development cycles, manufacturing and sustainable 
operations and increasing new technology adaptation quicker. The novelty of the research 
is the integration of the real-world PSS to its Digital Twin that is based on multibody real-
time simulation and Machine Learning in the business ecosystem over the lifecycles. This 
approach creates a virtual environment for the digital twins to improve the solution based 
on operational data or real-time simulation models to give the system a degree of 
independence to continuously improve the business processes and operations that it 
influences in the business ecosystem before it is implemented and after it is deployed to 
the real world. This will enable faster and more agile business capabilities that address 
the business ecosystems needs. Manufacturers lack concepts for a transition process and 
understanding of the effort to implement these capabilities and the business disruption 
caused by digitalisation. 
 
The summary of the publications, that are used as the basis for this work, their theoretical 
contributions and managerial implications are listed in Table 1.1. 

Table 1.1: The contribution and impact of the publications 
# Publication Theoretical 

Contribution 
Managerial 
Implication 

I Donoghue, I., Hannola L., Papinniemi J. (2018). 
Product Lifecycle Management framework for 
business transformation, LogForum Scientific 
Journal of Logistics, 14(3), pp. 293 – 303. 

Concept unifying business 
models, Enterprise 
Architecture and PLM from 
manufacturer and 
customer view. 

Case example of a B2B 
manufacturer for PLM 
driven business 
transformation.  

II Donoghue, I., Hannola, L., Mikkola, A. (2018). 
The benefits and impact of Digital Twins in 
product development phase of PLM, In: PLM 
2018: Product Lifecycle Management to Support 
Industry 4.0, 40, pp. 432 – 441. 

DT concept to support 
Product development 
phase based on Real-time 
Simulation 

Case example how 
companies have 
benefitted from Real-time 
Simulation in Product 
Development. 

III Donoghue, I., Hannola, L., Kokkonen, K. (2020). 
Sustaining value over the business lifecycle - the 
role of business models in dynamic B2B 
ecosystem, Journal of Business Models, Status: 
Review Process. 

Dynamic business model 
concept for an ecosystem 
business environment  

Concept to align customer 
and supplier business 
models 
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IV Donoghue I., Hannola L., Mikkola A. (2019). The 
value of Digital Twins and IoT based services in 
creating lifecycle value in B2B manufacturing 
companies, 2019 Portland International 
Conference on Management of Engineering and 
Technology (PICMET), pp. 1 – 6. 

Highlight the dependency 
of DT and IoT to enable 
data driven services to 
create service value.  

Understanding how DT 
and IoT are used to create 
new services based on the 
understanding of the 
installed base.  

V Donoghue, I., Hannola, L., Sääksvuori, A., The 
role of the Digital Twins to increase digitally 
extended Product-Service-Systems, In: Real-
time Simulation for Sustainable Production, 
Editors: Ukko. J., Saunila, M., Heikkinen, J., 
Samken, R. S., Mikkola, A.,  Routledge Taylor & 
Francis Group, pp. 1 – 11.  

Presents a framework of 
the elements that can 
contribute to the formation 
of digitally extended PSS 
and how they can create 
value. 

Cases the current status 
of manufacturers and their 
vision to implement 
digitally extended 
products. 

VI Donoghue, I., Hannola, L., Papinniemi, J. 
(2019). Product Lifecycle Management business 
transformation in an engineering technology 
company, In: Product Lifecycle Management 
(Volume 4): The Case Studies, pp. 185 – 200. 
Geneva, Switzerland 

PSS Business 
transformation based on 
PLM process to achieve 
strategic goals. 

Case example for PLM 
based business 
transformation. 

VII Verdugo Cedeño M., Papinniemi J., Hannola L., 
Donoghue I. (2018). Developing smart services 
by Internet of Things in manufacturing business, 
Log Forum Scientific Journal of Logistics, 14(1), 
pp. 59 – 71. 

Concept to develop smart 
services based on 
connectivity 

Case example of a 
manufacturing company 
building and deploying 
smart services. 

 

1.4 Structure of the thesis  

This thesis is divided into two parts as shown in Figure 1.2 that are the introduction 
section and the publications (1 – 7). Part 1 covers the introduction to the thesis and is 
divided into six chapters. The Introduction (Chapter 1) introduces the background of the 
research and the motivation for the thesis. It also identifies the research questions and 
hypothesis for the research. The literature review (Chapter 2) builds on and updates the 
literature reviews carried out in the individual publications to form a more holistic picture 
of the research area. Next the research method and short description of the publications 
is introduced (Chapter 3). The last chapters consist of the research result (Chapter 4), 
discussion and conclusions drawn from the work. Finally, discussions and conclusions of 
the thesis are considered and new avenues for future research are offered (Chapter 5). 
 
Part 2 consist of the individual publications (I - VII) addressing the research questions 
from different viewpoint and each publication has both common and distinctive 
contributions to the domains presented in Figure 1.1.  
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Figure 1.2 The Structure of the dissertation 
 
 

•Introduction and background to the thesis
•Literature Review of the domainns impacting the thesis
•Research Methods selected for the different publications
•Results concluded from the research
•Discussion of the validity and signifcance of the results
•Conlusions drawn for different statkeholders and limitation
•Future Research areas 

Introduction (Part 1)

•Publications 1 - 7
Publications 

(Part 2) 
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2 Literature review: Smart Connected Product-Service 

System  
The goal of the thesis is to understand the relationship and role of Smart Connected 
Product-Service Systems (SCPSS) and sustainable business in an ecosystem 
environment. This chapter reviews the published research that is available about the 
different domains that impact SCPSS and helps to identify the gaps existing in the 
published literature. The domains and elements that contribute in building an overall 
picture of this research area are based on prior publications is shown in  
Figure 2.1. They can be divided into three categories that are (1) extended Product-
Service-System (PSS) (2) Management System, and (3) B2B Business Environment. An 
Extended PSS is the product-service combination and contains elements that B2B 
manufacturing company offers to the market. Here the definition of the PSS (Baines, et 
al., 2007, p. 8) is used as a basis, and is defined as “a PSS is an integrated product and 
service offering that delivers value in use”. Due to the change that Industry 4.0 is causing 
on products and manufacturing industry, the extension to traditional PSS is the inclusion 
of digital twins, connectivity and artificial intelligence in the form of Machine Learning. 
The management system consists of the Business Models (Osterwalder, et al., 2005) 
describing the business logic of a manufacturing company and the closely associated 
value proposition that an extended PSS can bring to the customer. Product Lifecycle 
Management (PLM) is the management system how products are defined and changed 
over the lifecycle that it is used (Stark, 2018). The Customer Lifecycle Management 
(CLM) is way a customer buys and operates the product and sees it operate over is usable 
business lifecycle. CLM and PLM are dependant and influenced by each other and should 
be aligned (Stark, 2006). Finally, the B2B environment can be divided into two elements: 
(1) Sustainable business performance that helps to understand how can manufacturing 
companies sustain competitiveness in an environment of changing economic, 
environment and social changes and (2) Business ecosystems where the manufacturing 
company and its partners evolve dynamically in changing business environments. 
 
The role and nature that a SCPSS plays in creating sustainable business can be viewed in 
different ways. The first aspect is published knowledge and what defines or could define 
the SCPSS. To understand this better, we need a framework that consists of the different 
elements that can be used to build an understanding what comprehends the SCPSS. The 
second aspect defines what is a sustainable business in an ecosystem in the B2B 
manufacturing industry and what is the role of SCPSS creating sustainability and value.  
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Figure 2.1: The domains that define the Smart Connected PSS (SCPSS) role in creating 
sustainable business ecosystems. 
 
The following sub-chapters review the published research that has been done in the three 
domains and they give current understanding about the state of the research questions in 
this thesis. This chapter is organised in sub-chapters that cover published research on 
Product-Service System, Digital Twin and Smart Connected Product Systems, Product 
Lifecycle Management, Business models, value proposition, and Sustainable business 
and performance. 

2.1 Product-Service System 

The concept of Product-Service System (PSS) has been around for several decades, but 
the definition of the Product-Service System varies in published research. The Product-
Service System has received attention from research and industry, and PSS is regarded as 
a special case of Servitisation where manufacturing companies are switching from a 
physical product-based business to a service-oriented strategy (Kohtamäki, 2018). 
Servitisation is defined in (Kohtamäki, et al., 2018, p. 7) as “a transition in business 
model from products to a Product-Service System (PSS), where (1) products and services 
are bundled to generate higher user value, (2) pricing is based on value, and (3) 
capabilities support customer dominant orientation”. In this context, servitisation can be 
regarded as the process and transition that can be either incremental or radical to achieve 
the shift from product to PSS centricity business. For this reason, the PSS can be thought 
as a case of servitisation where the focus is not on selling products, but also offering use 
of the product-as-a-service. However, this approach does not take into consideration the 
productization of services (Baines, et al., 2007). From Figure 2.2, we can see that the 
transition can start from either side of the existing offering and can be gradual move. 
When the product has services added and the business model evolves, the focus is on 
servitisation. On the other hand, when the focus is on repeatable services, the transition 
focus is in the productisation of services. The importance of the tangible (product) and 
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intangible (service) can vary on both sides and does not necessarily require both to exist 
from the start. Typically, these can be added as the business model evolves over time. 
The goal is to create a PSS that has a balance of both products (tangible) and services 
(intangible) that support the selected business models (Figure 2.3.) 
 

 
Figure 2.2: The transition from a product and service focused business model to PSS 
focused business model adapted from (Baines, et al., 2007). 
 
In their research paper about state-of-the-art PSS, (Baines, et al., 2007) reviewed the 
literature available at the time to understand how different researchers defined the PSS. 
What makes this paper relevant today are the key elements and the different findings of 
PSS uncovered. Table 2.1 illustrates the different PSS elements that exist in published 
research and number of times the PSS element occurred (Baines, et al., 2007). All of the 
research defined product, service and customer needs to be key in the definition of PSS. 
Interestingly one reference also quoted “self-learning” that is a step to Artificial 
Intelligent (AI) and Machine Learning. Surprisingly both environment and sustainability 
scored low in the definitions and the importance of the business model was low being 
mentioned less than half in publications. The explanation to low occurrence of business 
model can be explained by the evolving concept of business models at the time. 
Noteworthy is the existence of many elements that comprise business model are 
mentioned in the PSS definitions.  

Table 2.1: Elements used to define a PSS adapted from (Baines, et al., 2007) 
PSS Elements Authors Hits 
Product Goedkoop (1999) 

Centre for Sustainable Design (2001) 
Mont (2001) 
Manzini (2003) 
Brandsotter (2003) 
Wong (2004) 
ELIMA (2005) 

7 
Customer needs 7 
Service 7 

System Goedkoop (1999) 
Centre for Sustainable Design (2001) 
Mont (2001)  
Manzini (2003) 
ELIMA (2005) 

5 

Network Goedkoop (1999), 
Centre for Sustainable Design (2001), 
Mont (2001),   
ELIMA (2005) 

4 
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PSS Elements Authors Hits 
Infrastructure Goedkoop (1999) 

Centre for Sustainable Design (2001) 
Mont (2001) 
ELIMA (2005) 

4 

Environment Goedkoop (1999) 
Centre for Sustainable Design (2001) 
Mont (2001) 
ELIMA (2005) 

4 

Competitive advantage Goedkoop (1999) 
Mont (2001) 
ELIMA (2005) 

3 

Business Model Goedkoop (1999) 
Mont (2001)   
ELIMA (2005) 

3 

Market/segment Centre for Sustainable Design (2001)  1 
Sustainability Brandsotter (2003) 1 
Self-learning Centre for Sustainable Design (2001) 1 
Innovation strategy Manzini (2003) 1 

 
Another definition for the PSS (Tukker & Tischner, 2006) is “a specific type of value 
proposition that a business network offers to or co-produces with its customer, and it 
consists of a mix of tangible products and intangible services designed and combined so 
that they jointly are capable of fulfilling customer needs”. The two PSS drivers, according 
to (Tukker & Tischner, 2006), are first to identify the end-user functionality the users 
want to start business development instead of only focusing on product functionality and 
second expand the system with the functionality as a “greenfield PSS” instead applying 
existing structures, routines and company market position. If the PSS is broken into its 
elements it can be seen as a combination of (1) tangible products manufactured and sold, 
(2) intangible work done on behalf of others as a sold service. When combining these 
products and services, we can create a system that fulfils the customers’ needs 
(Goedkoop, et al., 1999). 
 
Baines et al. (2017) present three types of PSS based on their literature review. These 
three types of PSS are: (1) product orientated PSS that includes add-on services, (2) use-
orientated PSS where the customer gets access to the PSS with, for example, subscription-
based business model, and (3) result orientated PSS where the B2B manufacturer sells 
the result of the PSS system to the customer (Figure 2.3). Tukker (2004) also presented 
similar main categories, but also linked them to eight types of PSS and business models. 
However, according to sustainable PSS literature, we can divide PSS into four service 
areas that are: (1) result service, (2) shared utilisation services, (3) product life extension 
services and (4) demand side management (Roy, 2000). Typically, manufacturers 
offering operate and maintain services are in the later. For a company to transition to this 
area is difficult and carries the business risks. The result orientated PSS can also be 
viewed as a Sustainable PSS (Roy, 2000) that optimise the environmental impact thus 
creating environmental sustainability. Baines et al. (2007) list three main findings. The 
first, a PSS can create situation where the material consumption of the PSS produced is 
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not coupled to the value that the PSS creates for the customer. This leads to reduction in 
environmental impact caused from the PSS. Second, PSS is a special case of 
productization that focuses on the performance and value creation of the asset in 
operation. This is achieved with the combined use of products and services creating a PSS 
optimised over the customer lifecycle. Lastly, there are a diverse number of PSS cases 
available, but they focus on environmental and social impact primarily rather than the 
economic value achieved. One significant change that has happened to services, is its 
dependency on information and communication technology (Roy, 2000) that is not 
covered in traditional PSS literature. The adoption of PSS concept needs better 
understanding of PSS practices, of methods to assess value, and of organizational 
transitions (Baines, et al., 2007).  
 
 

 
 
Figure 2.3: The PSS Concept adapted from (Tukker, 2004) 
 
An important observation from published PSS research are the PSS business models 
based on systems that are combinations of products and services (Baines, et al., 2007). 
The ownership of the PSS is not necessarily transferred to the customer and therefore 
requires a different business model that is not transactional. This also needs an approach 
for the PSS value proposition to fulfil the customer need and be economically sound 
creating long term customer satisfaction over the customer lifecycle. (Baines, et al., 
2007).  The value and benefits that PSS can bring to the customer and manufacturer 
include continuous value to customers along the PSS lifecycle. The customer can move 
from capital to operational based business model that should reduce environmental 
impact (Baines, et al., 2007).  In addition, the significance of sustainability comes from 
the concept that if product ownership stays with the manufacturer, this encourages them 
to improve the products use through higher utilisation that requires modernisations and 
upgrades to products and improved support services. This can lead to better business and 
environmental impact (Roy, 2000). This conclusion also leads to the development process 
to require a different approach were continued service and operational efficiency is more 
important than selling, for example, spare parts. 
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The traditional division of PSS into three categories does not capture the true complexity 
of PSS in reality. The authors (Van Ostaeyen, et al., 2013) point out that PSS literature 
confuses user-orientation with PSS ownership and is unclear about the difference of usage 
and availability of the PSS. The literature does not clearly address the functional results 
created with PSS. Categorising a PSS by ownership can prevent the adoption of PSS on 
the long-term (Van Ostaeyen, et al., 2013). In high investments or capital-intensive 
products, it is not feasible that the manufacturer keeps the product ownership. This does 
not mean that the operating model cannot be use-based or outcome-based with ownership 
being transferred. The PSS can have a strong availability, usage and performance business 
model where ownership is transferred from the manufacturer to the customer (Van 
Ostaeyen, et al., 2013). In place of the traditional PSS categorisation, the authors define 
a new approach for the PSS where it is based on the performance orientation of the 
dominant revenue mechanism and the level of integration between the service and product 
elements comprise the PSS (Van Ostaeyen, et al., 2013). This led to the possibility to ask 
what products and services are included in the portfolio? What is the level of integration 
of the products and services? What is the revenue logic used in the PSS business model?  
 
The PSS is driven by the outcome to meet the customer needs according to the published 
research. These needs can be met and understood by defining and structuring the 
functions of the PSS into a structure. In this context, (Van Ostaeyen, et al., 2013) propose 
a Functional Hierarchical Model (FHM) that focuses on the functions of PSS to address 
the why the PSS exists and what are the functions needed and how they solve the customer 
needs. The PSS is structured into three domains that are the customer level demand 
hierarchy, functional level hierarchy and structural level hierarchy (Figure 2.4). It is 
important to note that this approach creates a link to the structures defined in Product 
Lifecycle Management (PLM). In addition, the PSS performance can be divided into three 
areas: (1) input-based (IB) PSS revenue where the revenue is transferred to the 
manufacturer according to the PSS delivery contract, (2) PSS availability based (AB) 
revenue that is transferred to the manufacturer based on the contract validity period and 
availability of the products and services, (3) use-based (UB) revenue from the actual use 
of the product and services, and (4) performance-based (PB) revenue that is realised based 
on the contractual performance levels defined for the product and services. The 
performance-based revenue mechanism can be further divided into the further sublevels 
that are: (1) Solution-orientated performance revenue model (PB-SO), (2) Effect-
orientated performance revenue model (PB-EO), and (3) Demand-fulfilment orientated 
performance revenue model (PB-DO). In this model, the level of PSS integration defines 
what products and services are integrated to create a sellable offering. 
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Figure 2.4: Functional Hierarchy Model (FHM) and the revenue model adapted from 
(Van Ostaeyen, et al., 2013) 
 
According to (Baines, et al., 2007), most PSS definitions are regarded to be a Western 
interpretation for the PSS. This is evident in the definition sustainability (Brandstotter, et 
al., 2003) and environmental (Mont, 2006) goals that define PSS. The interest in PSS 
research has been considerable in Scandinavia where the environmental and social impact 
are important factors. The reason why PSS is regarded as a Western concept is its ability 
to move B2B manufacturer up the value chain (Baines, et al., 2007).  In contrast, Xin et 
al. (2017) have made a systematic literature review of empirical PSS studies between 
2006 and 2016, and they found that PSS practices are widely applied across different 
research and geographical areas. In addition, the PSS studies indicate that the evolution 
of PSS is still in its early development stage (Xin, et al., 2017). However, (Baines, et al., 
2007) literature showed that multiple applications of PSS can be found over multiple 
segments. Many cases presented in literature does not focus on the competitive advantage 
that PSS brings, but instead highlights novelty and environmental impact. This approach 
limits finding of balance between economic, environmental and social drivers and 
interests. According to the published research, a PSS is not just a combination of products 
and services. The PSS concept is driven by a service led business strategy including 
environmental sustainability to differentiate and create a competitive advantage from 
competitors (Baines, et al., 2007).  
 

2.2 Product Lifecycle Management  

Product Lifecycle Management (PLM) has attracted attention from both academia and 
practitioners in manufacturing companies. The scope of PLM varies, and it can be seen 
as a discipline creating a management system or a digital platform to manage product 
information to bring value to business. However, adopting PLM is a strategy needing a 
vision and the manufacturer to understand the role of information in creating an asset 
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extending across enterprise (Terzi, et al., 2010). Manufacturers have invested 
considerable resources and time building PLM infrastructure and training organisations. 
However, the success achieved is and has been difficult to prove, and business executives 
are looking for evidence that these PLM investment and future investments will impact 
the top and bottom line (Tomovic, et al., 2010). Often, manufacturers face lack of internal 
resources understanding PLM or external resources who can provide more than PLM 
software implementation and application management services (AMS). The significant 
challenge manufacturers face is the cost and complexity of PLM implementation 
(Sääksvuori, 2011).  In addition, manufacturers struggle to estimate investment needs and 
the level of risk for future PLM investment fuelled by Industry 4.0 technology disruptions. 
Due to these technology advances, the traditional PLM concept is being extended and 
disrupted. 
 
Traditionally, PLM is defined as an information driven approach that integrates the 
manufacturer’s activities over the value chain integrating people, processes, information 
and IS systems together (Terzi, et al., 2010), and at the heart of PLM is the product (Stark, 
2006) (Figure 2.5). The goal of PLM is to reduce and reallocate wasted resources 
improving products, processes and foster innovation (Tomovic, et al., 2010).  The PLM 
value chain should also include the suppliers and partners that contribute value. (Grieves, 
2006, p. 27) defines PLM as “an integrated information approach that consists of people, 
processes/practices and technology along the whole product’s life from design, 
manufacturing, deployment and maintenance ending with the products withdrawal from 
service and its disposal”. It is possible to reduce or eliminate inefficiencies (time, 
material, money) when product information is managed throughout the life. On the other 
hand, (Stark, 2006) defines PLM as a way to manage a company’s product across the 
entire lifecycle in the most efficient way from business point-of-view. According to 
(Stark, 2006), PLM reduces time-to-market and improves product support phase. 
However, most PLM definitions focus on the physical product, and the inclusion or 
exclusion of services is not uniquely stated. The need for manufacturers to manage both 
product and service lifecycle information is important for competitiveness and the 
product-service requirement is important for sustainable and traceable operational 
performance (Papinniemi, et al., 2014). This becomes even more important when the 
focus moves from products to Product-Service Systems (PSS). The changes in 
manufacturer strategy to be customer centric, and changes to environmental and 
sustainability legislation is placing new requirements on the PLM information and 
management practices as PSS become common and important in manufacturers portfolios 
(Papinniemi, et al., 2014). 
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Figure 2.5: PLM definitions and related domains adopted from different sources have 
common elements (Terzi, et al., 2010), (Stark, 2006) and (Grieves, 2006). 
 
These PLM definitions are in line with the Enterprise Architecture concepts (e.g., 
TOGAF) that consists of the organisation, process, data and IT architecture. However, 
manufacturers must manage both product and service information across product 
development, sales, manufacturing into the operational phase. Therefore, PLM should be 
seen as a business strategy with goals that are product and service centric creating a 
sustainable operating model based on products (Terzi, et al., 2010), service knowledge 
and data. If the focus is only on the Product Data Management (PDM) or Enterprise 
Resource Management (ERP), the Product Lifecycle Management concept, as a 
management system, has discontinuity points between, for example, product sales, 
delivery and operational lifecycle phases. Therefore, product information must be 
managed over the complete lifecycle and must form the digital representation of the 
product at each point of this lifecycle encouraging collaboration, decision making and 
product configuration status accounting for each organisational stakeholder in the 
manufacturer (Terzi, et al., 2010), but also the customer (Stark, 2018). PLM has always 
included elements of sustainability in the form of service life extensions, End of Life 
(EOL) and recycling of products and elements (Stark, 2018). These PLM views also have 
interfaces with this User and Customer Lifecycle Management (CLM) (Stark, 2006), 
(Biege, et al., 2012). 
 
PLM can be divided into domains to form a holistic view over the product lifecycle. The 
first (1) domain is the product lifecycle that links to the value chain and processes, and 
the second (2) is the way the product information is structured and managed. 
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2.2.1 Product and customer lifecycle phases 

Traditionally, the product lifecycle describes the different phases that the product goes 
through from its conception to operation and the retirement and recycling of the product. 
The lifecycle is managed and represented with elements of the manufacturer’s Enterprise 
Architecture (EA) that consists of the organisational, process, information and IS 
architecture. This can be regarded as an information based inside-out view of the product 
and its behaviour. It is important to make the distinction what defines the product and 
what defines the context that product is existing or operating in. The concept of the 
continuous lifecycle is to facilitate the information change over time between the different 
EA element creating a closed loop where information flow back and forth (Kiritsis, et al., 
2008). 
 
The product lifecycle can be divided into the Beginning of Life (BOL), Middle of Life 
(MOL) and End of Life (EOL) (Kiritsis, et al., 2008). In this division, the focus is on the 
product, which is closely related to the manufacturers view of the business environment 
they are operating in. This Enterprise Architecture views the way the product is managed 
from the manufacturer’s point-of-view and should not confused with the manufacturer or 
user lifecycle view (Stark, 2006). In addition, we can also identify the customer lifecycle 
view that is how the customer views acquisition and use of the product (Polaine, et al., 
2013) that may not be the same as the actual user of the product. However, none of these 
clearly align to the manufacturer’s and customer’s business processes or overall EA and 
explain the phases the product goes through from the different stakeholders. Table 2.2 is 
an example that summarises how the different views and their phases are seen differently.  

Table 2.2: PLM Lifecycle views adapted from (Kiritsis, et al., 2008) (Stark, 2006) 
Product View  
(Kiritsis, et al., 2008) 

Manufacturer View 
(Stark, 2006) 

User View 
(Stark, 2006) 

Customer View 
(Polaine, et al., 2013) 

Beginning of Life (BOL) Ideate Imagine Aware 
Middle of Life (MOL) Develop Identify Join 
End of Life (EOL) Manufacture Acquire Use 
 Support Use Develop 
 Retire Dispose Leave  

 
The BOL phase represents activities related to the product design and manufacturing of 
the product. In addition, this phase also benefits from a feedback loop from the MOL and 
EOL phases that can improve the product (Kiritsis, et al., 2008). This concept is known 
as closed loop PLM where data flow between the different phases. The manufacturer view 
can be divided into two sub-phases that are ideate and develop phases where a product is 
first an idea and then developed into a product. The same phases can be seen in the user 
view where the user imagines the type of product needed and then identifies if the product 
is offered or under development (Stark, 2018). In contrast, the goal of the customer view 
closely related to services, and is also divided into two phases that are the awareness that 
a needed and this service exists and take the decision to join or acquire or develop the 
services (Polaine, et al., 2013). To improve customer satisfaction in the MOL phase, the 
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customer voice is needed in the product development phase, but PLM approaches are still 
product and manufacturer centric. The inclusion of the customer into the product 
development process must be a continuous process that improves over time based on the 
collected information. This information collection must have industry context and be 
available for product development continuously. (Schulte, 2007) 
 
The MOL phase represents the delivery, operational use and support of the product. 
Viewing this phase against the EA, the delivery phase includes the manufacturing and 
supply chain management related process and data that is used to realise the product. In 
this phase, the product moves from the virtual into the real world. This phase is the 
internal process that are used to take the decision to acquire the product and ready the 
organisation to use it. The MOL phase needs and uses the product definition information 
created in the BOL phase. The MOL phase can include the delivery related service like 
construction, for example, in cases of Engineer Procure Construct (EPC) deliveries. Post-
delivery support can be divided into, for example, maintenance and upgrades (Kiritsis, et 
al., 2008). The operational data start to be available to verify and improve the performance 
of the product and the manufacturing process. The status of the operational product can 
be collected from Internet of Thing (IoT) connectivity (Grieves, 2006) (Kiritsis, et al., 
2008). This phase requires that the manufacturer provides, for example, support and spare 
parts to ensure the continued use of the product (Stark, 2006) that also benefits from the 
information provided about other operational products in the MOL and EOL phases 
(Kiritsis, et al., 2008). In the MOL phase the product information or Bill of Material 
(BOM) changes during the operation life and needs to be maintained (Grieves, 2006). 
This also creates information that is needed to manufacture and deliver the product. In 
the Customer View (Polaine, et al., 2013), the MOL phase is divided into Use that 
describes the customer interaction with service and the Develop sub-phase that focus is 
on expanding the service usage that can be for example additional cost to the customer. 
 
The EOL for the manufacturer is the decision and process to retire the product from the 
offering that first removes it from the active product portfolio and then ending support 
for it (Grieves, 2006). From the user's point of view, the product is removed from use or 
replaced with a new product to ensure business continuation (Kiritsis, et al., 2008) (Stark, 
2006) In the Customer View, the phase is when the customer leaves or stops using the 
service. This can be momentarily occurring event, or it can be decision to stop using the 
service completely (Polaine, et al., 2013). In this lifecycle phase, the legislation and 
environmental aspects require the manufacturer and customer dissemble, dispose and 
recycle the parts of the product (Basirati, et al., 2019).  
 
Another approach to view the lifecycle management is, for example, the configuration 
management standards (EIA, 2019) used in the aerospace and defence industries where 
the division of the product is divided into Configuration Identification (CI), Configuration 
Control (CC), Configuration Status Accounting (CSA) and Configuration Audit (CA) 
(Department of Defense Chief Information Officer, October 2011). In this division, the 
CI is the method how the product or services are identified and managed with different 
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types of structures across the lifecycle (Balslev, 2010). CC defines the way how the 
product structure is changed over its lifecycle and CSA is the way that the changes are 
tracked and managed. Finally, CA defines the processes how the collected information 
can be audited along the lifecycle to ensure risk free and continuous operation of the 
product. CA also recognises the need to align the functional and physical product 
information to ensure continued operations and with the real-world and virtual product. 
This maturity is built through lifecycle phases that follow system engineering principles 
where the lifecycle of the product can be broken down into multiple reviews from 
requirement approval to decommissioning of the system (Figure 2.6). This approach 
highlights the project management and alignment need of the system in Engineering-to-
Order (ETO) delivery where the system information leads the definition and is 
continuously linked to the definition information (virtual system) (NASA, 2007).  In 
NASA (2007), the phases managing the virtual product are from Pre-Phase to Phase C, 
which culminates with the Production Readiness Review (PRR).  From Phase C onwards 
both the physical and virtual product are managed together and verified finally ending in 
the Decommissioning Review (DR) when the system is removed from operations. This 
lifecycle approach also shows a customer lifecycle (NASA) centricity. 
 

 
Figure 2.6: NASA project lifecycle and system phases used to manage the system 
definition (NASA, 2007). 
 
In all the lifecycle approaches defining PLM, the process and information differences 
between a product, service, system or PSS is left at generic level.    
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•Mission Defintion Review

Phase B - Preliminary Design & Technology Completion

•Preliminary Design REview (PDR)
Phase C - Final Design and Fabrication

•Critical Design Review (CDR)
•Production Readiness Review (PRR)
•System Integration Review (SIR)

Phase D - System Assembly, Integration & Test, Launch

•Test Readiness Review (TRR)
•System Acceptance Review (SAR)
•Operational Readiness Review (ORR)
•Flight Readiness REview (FRR)

Phase - Operations & Sustainment

•Post-Launch Assesment REview (PLAR)
•Critical Event REadiness Review (CERR)
•Post-Flight Assesment Review (PFAR)

Phase F - Closeout

•Decommissioning Review (DR)
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2.2.2 Product definition and structuring 

One of the key challenges for all manufacturers is the way how they define their products, 
services and PSS. The emergence of new technologies is creating embedded systems that 
are becoming more complex to manage over the lifecycle. The purpose of PLM is to offer 
a way to manage this information in a structured way over the lifecycles from BOL, MOL 
and EOL (Kiritsis, et al., 2008).  
 
A way to manage a complex system is the RFLP data model that provides a framework 
to manage the development of a complex system (Fourgeau, et al., 2016). The model can 
be viewed from multiple viewpoints that are connected together. In Figure 2.7, the 
Requirement view (R) is the collection of the needs and requirements from the customers 
and users including the test to validate the system. The Functional (F) view is the mission 
or the way the system shall operate in its environment (Fourgeau, et al., 2016). The 
Logical (L) view, also referred to as the organic view, is the definition or the systems and 
sub-systems that form the end system (Fourgeau, et al., 2016) and is the basis for the 
Design Structure and Manufacturing Structure (Papinniemi, et al., 2014) that reflects the 
physical items of the product and the order in which the product is assembled. Finally, 
the Physical (P) view is the virtual representation of the real-world system. Once the 
physical product is deployed and the use and service structures are maintained to have the 
current status (baseline) of the product at a particular moment in time (Papinniemi, et al., 
2014). These different structures change over the PLM phases and must be kept aligned 
to enable the closed loop PLM concept (Kiritsis, et al., 2008). This RFLP framework 
allows the modularisation and reuse of the system elements. (Balslev, 2010) presents the 
relationship between the location view with Functional (F) and Product view that can be 
regarded as the Logical or Physical views. This is connection is important, because it 
enables putting the system into its operating context or environment.  
 

 
Figure 2.7: The RFLP Framework for complex systems (adapted and combined from 
(Fourgeau, et al., 2016) (Balslev, 2010)) 
 
Even though PLM identifies the need for product structuring, it does not provide clear 
way how services and PSS should be defined. However, the FHM model presented in 
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Chapter 2.1 (Van Ostaeyen, et al., 2013) and the system engineering model (NASA, 2007) 
offer a key to join them together.  

2.3 Digital Twin and Smart Connected Product Systems 

Grieves (2006) introduced the concept of the Digital Twin as the virtual representation 
of the real-world physical product that is connected to the real-world counterpart where 
both domains exchange information and data ( 
Figure 2.1). The introduction of Internet of Things (IoT) provides a channel to exchange 
data and information between the two domains. However, the Digital Twin should not be 
mixed with the Digital Thread that is the Digital Twin’s extended behaviour over its 
lifecycle comprising all data flows (Chavali, et al., 2017) and can be seen as the digital 
product-system managed with PLM. (Grieves, 2019) extended his previous Digital Twin 
definition with the introduction of the Smart Connected Product-System (SCPS) (Grieves, 
2019) to include the elements of connectivity and intelligence where the introduction of 
the smart element creates insight on collected product-system data.  
 
Information Technology (IT) is an integral part of the product-system with the integration 
of embedded sensors, software and connectivity to the cloud, where the product-system 
data is stored and analysed. This digital extension of the traditional product makes 
possible significant improvements to the performance and functionality of the product 
over its lifecycle (Porter & Heppelmann, 2014). This is based on the better understanding 
of how the users use the product and how it performs in its operational environment. The 
evolution towards the Smart Connected Product-System (SCPS) has been caused by the 
IT disruptions and the development and introduction of new technologies.  

2.3.1 Digital Twin 

The Digital Twin is not a new concept and it be a part of the Product Lifecycle 
Management (PLM) vision (Grieves, 2006) and it is key creating new digital business 
models for business growth (Donoghue, et al., 2019). The Digital Twin can be regarded 
as the digital representation of the real-world product, factory, asset or system and 
consists of all the information that defines the product-system (Chavali, et al., 2017) 
(Gould, 2018). The Digital Twin is at the core of digitalization and applies digital 
technologies to form this virtual model of the physical product. However, the usability of 
the virtual product over the lifecycle has been difficult with traditional metadata and 
structure-based definitions of products.  
 
A complete Digital Twin representation of real-world product consists of four elements 
that are (1) real space, (2) virtual space, (3) the data link from real space to virtual space, 
(4) and information link from virtual space to real space and virtual sub-spaces (refers to 
one or more digital representation of the product) (Grieves, 2006). A physical product 
operates in real space whereas a virtual product (i.e., simulation model) is created in 
virtual space (Figure 2.8) and the Digital Twin is the current digital instance of the real 
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product (Gould, 2018). However, (Grieves, 2006) did not uniquely define how the data 
and information exchange between domains is implemented. In practice, this causes a 
discontinuity point between the physical and virtual product-system if this is not defined.  
The impact is the baselines of real product and Digital Twin are not the same. The 
information flow from the physical product to the Digital Twin (virtual representation) is 
the PLM focus point that needs to be solved. However, the real-world product concept 
should send information back to the Digital Twin about the product and/or operating 
environment (Gould, 2018). This has led to a situation that many manufacturers have 
PLM solutions that are not equipped to manage the information created the SCPS.  
 
 

 
 
Figure 2.8: Digital Twin and Physical Twin in respective domains (adapted from 
(Grieves, 2006)) 
 
Another interpretation of the Digital Twin is “A 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 lifecycle” (Bilello, 2017, p. 9). The addition of the surrogate and physics-based 
description extends the definition into two new areas. The Digital Twin acting as 
surrogate can be seen as a way that the physical product can be replaced with the Digital 
Twin for certain product lifecycle events, for example, product development or testing. 
The physics-based description also indicates that the product includes both the physical 
and functional characteristics that are governed by physics, for example, the flight 
dynamics of stability and control equations that govern aircraft flight. The use of 
multibody real-time simulation technology allows insight of the product-system 
performance before the physical product is manufactured improving product 
development time and lowering cost and risk (Leiva, 2016). The Digital Twin can use, 
for example, multibody physics based real-time simulation (de Jalon & Bayo, 1994) to 
model the anticipated behaviours of the physical twin before it exists or transmits 
information to the Digital Twin as, for example, software upgrades, setup changes or 
operational adjustments. Multibody real-time simulation techniques have enabled the 
precise description of complex mechanical systems such as mobile and industrial 
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machinery and the subsequent solution of the relevant equations of motion in real-time. 
This capability has been available for more than three decades. Currently, multibody real-
time simulation models based on multibody dynamics can account for a large number of 
rigid and flexible bodies and contact models (de Jalon & Bayo, 1994). These multibody-
based approaches can be combined with models of actuators enabling the description of 
multi-physical systems. This enables the manufacturer to develop a fully functioning 
Digital Twin that operates in a digital environment where that behaviour of the 
surroundings can be simulated as part of the product-system creating and product-system 
of systems. The following step of this type of Digital Twin approach is to move towards 
simulation model and behaviour that is faster than real-time to enable autonomous 
decision before the real-time event horizon is entered (Donoghue, et al., 2018).   
 
The Digital Twin can be thought, for example, as a virtual model that replaces the physical 
ground module in a space system and is the representation of it including all information 
that defines the product-system and it behaviour over the from as-built and the operational 
data unique to the specific asset, for example an tail-numbered aircraft (Leiva, 2016).  The 
Digital Twin concept was revised to align with PLM and was divided into three phases 
(Grieves, 2019): (1) the Digital Twin Prototype (DTP) used for the development of the 
product and all its variants, (2) the Digital Twin Instance (DTI) is the digital copy of the 
instances delivered to the customer, and (3) the Digital Twin Aggregate (DTA) is the 
collection of all the DTI that are used to aggregate information about the versions and 
variants delivered to gain insight about their operational and service correlations. 
(Donoghue, et al., 2019) suggest that for successful increase in digital twin-based 
operations, a B2B manufacturing company must find a balanced way of collecting data 
from the assets and how the digital twin is used to verify new services to minimize the 
risk of collecting too much data that cannot be aggregated, assessed and used for business 
to create value. 
 
Where the Digital Twin is the instance of the product-system, the Digital Thread can be 
understood as the digitization of the product and data needed for its traceability over its 
lifecycle (Gould, 2018) in align with PLM. The Digital Thread can be regarded as the 
communication framework that facilitates the flow and collection of asset data over the 
lifecycle to provide insight of the current and historical behaviours of the asset (Leiva, 
2016). As with PLM, the Digital Thread allows organization to trace all the decision made 
throughout the lifecycle and integrate the data back to the information that the Digital 
Twin offers (Gould, 2018). In this sense, the Digital Thread is aggregate PLM concept 
that includes all product information that defines the product and the operational data 
once it is a physical product connected to the Digital Twin. 
 
The Digital Twin and the Digital Thread together manage the RFLP structure and the 
operational performance and environment data that can be used to understand the impact 
of decision made during the different lifecycle stage and the proposed changes to it before 
it is implemented back to the physical product-system.   



2.3 Digital Twin and Smart Connected Product Systems 39 

2.3.2 Smart Connected Product-System 

The Smart Connected Product-System (SCPS) (Grieves, 2019) has extended the Smart 
Connected Product (Porter & Heppelmann, 2014) aligning it with the Digital Twin 
concept to form integrated system that can exist in the real-world and the digital-world at 
the same time. The SCPS can be thought to be the physical twin (Grieves, 2019) that 
include connectivity and smart features. This driver of this shift is rapid advancement in 
new technologies and the possibility for SCPS to offer new capabilities, functionalities, 
greater reliability and increased product use creating more value to the customer and 
manufacturer. This value can be realized with four capabilities or functions that SCPS 
can provide in the form of monitoring, control, optimization and autonomy. The 
competitive advantage for both the manufacturer and the customer comes from 
capabilities that the SCPS offers and the insight and services the collected data can 
provide (Porter & Heppelmann, 2014). The shift to SCPS creates both external (Porter & 
Heppelmann, 2014) and internal (Porter & Heppelmann, 2015) disruption that the 
manufacturer must address, and these create new business model opportunities and value. 
The rising complexity of the SCPS benefits from the existence and integration of the 
Digital Twin that can reduce this complexity (Grieves, 2019). 
 
The SCPS have three core domains (Porter & Heppelmann, 2014) that are (1) the 
traditional physical elements, for example, mechanical and electrical parts. The second 
(2) is the smart domain that is realized with sensors, software and data storage. The last 
domain (3) is connectivity that can be further divided into three communication levels 
that are (3.1) one-to-one connectivity between user or other system, (3.2.) one-to-many 
where SCPS can connect to one mother system, for example, monitoring system for 
Unmanned Aerial System UAS and (3.3) many-to-may connectivity where multiple 
SCPS are connected together and to external data sources.  
 
The SCPS, or “IoT physical twin” has six Logical and Physical domains that define it: 
(1) sensing, (2) comparing, (3) reacting, (4) communication, (5) Collection, Assessment 
and Response (CAR), and (6) protecting (Grieves, 2019). Sensing provides the SCPS the 
ability to collect information about its operations and operational environment. Sensing 
data makes possible for the product to react to the environment. The comparing of the 
sense data creates the baseline to understand the desired outcome versus the as-is status. 
Based on the comparing the stated from the data provided, the SCPS can be forced to 
change its state to close the gap to the desired state. The connectivity of the SCPS enables 
the system to communicate its outcome to the outside world using the Industrial IoT 
(IIoT) or alternatively it can be received information needed through the same channels. 
CAR lets the SCPS to Collect and store the data and Assess the data usability and finally 
React to information to move towards the desired state. The final element protects the 
SCPS from outside interference and also protect the environment from unwanted 
behaviour from the SCPS. These elements lay new logical concept for the SCPS that 
shown in Figure 2.9.  
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Figure 2.9: The SCPS (Physical Twin) logical concept adapted from (Porter & 
Heppelmann, 2014) 
 
In (Grieves, 2019) model, the Physical Twin and the Digital Twin are connected 
continuously throughout the lifecycle where operational data is collected from the 
Physical Twin and sent to the Digital Twin for verification that the SCPS operates within 
its performance parameters or identify when service activities should done to sustain the 
process performance of the product-service-system as agreed with the service agreements 
with the customer (Donoghue, et al., 2020). The Digital Twin is essential to the SCPS, 
because it can be used as the interface between the user and the SCPS to communicate 
and between multiple SCPS can connected together in Machine to Machine (M2M) 
communication network (Grieves, 2019). The Smart Connected Product-Service System 
(SCPSS) is built from the high-level concepts of Digital Twin, SCPS (Physical Twin), 
Internet of Things (IoT) for connectivity, and smart capabilities in the form of Machine 
Learning. However, extended services and the extended digital services that can be 
created from the data are not clearly identified, but integrated into the application 
platform, analytics engine and smart applications as forms of data drive services.  
 
One drawback to the SCPS concept is the dependence on available operational data to be 
used for SCPS performance and extended digital services. This creates an opportunity for 
multibody real-time simulation to be an integral part of the digital twin to define and 
simulate the behaviour of the SCPS before it is available. Once in place the data collected 
can be used to further verify the behaviour of the SCPSS. 
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2.4 Business models, value proposition and ecosystems 

Business models have emerged in research as an area of interest, but there is not a 
common agreement how business models and their elements should be used in the 
emerging Business to Business (B2B) ecosystems impacted by Digital Twins and SCPS. 
In Chapters 2.1 and 2.3, the research highlighted that business models create new 
competitive and sustainable advantage that is based on the disruptive value proposition 
created through the adoption of PSS and SCPS. Business model research uncovers that a 
common unified definition for a business model is missing. However, based on the 
research, business models offer companies an opportunity to increase competitiveness 
through a new area of innovation (Gassmann et al., 2014). Thus, business models create 
business success for both manufacturers and customers. Business models can create a 
competitive advantage for pioneering manufacturers as First Mover Advantage (FMA) or 
late market entrants’ ways to attack the pioneer FMA secure sustainable business 
(Markides & Sosa, 2013). This research also underlines the fact the FMA does not alone 
guarantee success. 
 
(Gassmann, et al., 2014) propose that company has three areas that it can innovate in and 
these areas have different innovation lifecycle value that changes over time creating 
different competitive advantages. The mentioned three areas are: (1) product and service 
innovation, (2) process innovation and (3) business model innovation (see Figure 2.10). 
Product and service innovation are elements where traditional competition is and business 
process innovation, even though it is more difficult, can be copied. In contrast, business 
model innovation creates an interesting business opportunity, because research shows that 
it is the most difficult area for competitors to copy (Gassmann, et al., 2014). The Business 
Model lifecycle can be divided into three lifecycle phases that are the Creation Phase, 
Sustaining Innovation Phase, and Efficiency Phase (Christensen, et al., 2016). 
 

  
Figure 2.10 Innovation areas companies can use to create competitive advantage over 
time (Adapted from Gassmann et. al, 2014) 



2 Literature review: Smart Connected Product-Service System 42 

 
Over the Business Model lifecycle, as the organisational culture matures and “Business 
Models by their very nature are designed not to be change, and they become less flexible 
and resistant to change over time” (Christensen, et al., 2016, p. 3). 
 
The business model definitions and concepts reviewed to form a baseline understanding 
are the following: (Werani, et al., 2016), (Bieger & Reinhold, 2011), (Björkdahl, 2009), 
(Chesbrough, 2010), (Teece, 2010), (Zott & Amit, 2010), (Osterwalder, 2004). In 
addition, additional business models were also reviewed: (Michelini & Fiorentino, 2012), 
(El Sawy & Pereira, 2013), (Gassmann, et al., 2014), (Christensen, et al., 2016), and the 
conclusion drawn from (Werani, et al., 2016) research. The review showed that the 
business model definitions varied and the elements (dimensions) that make the business 
models differ (Werani, et al., 2016). According to (Werani, et al., 2016), (Morris, et al., 
2005) found 3 business model domains that are (1) economic (2) operative and (3) 
strategic. In contract, (Christensen, et al., 2016) identifies four areas that are Value 
Proposition, Resources, Profit Formula and Processes. (Morris, et al., 2005) stated that 
out of the 20 different elements identified, Value Proposition and Revenue Model are the 
most common elements (Werani, et al., 2016). A summary of the selected business 
models is presented in Table 2.3.  

Table 2.3: Business Model Comparison adapted from (Werani, et al., 2016). 
Business Model, Year  Focus Dimensions Eco-system 

support 
(Björkdahl, 2009) Value through 

technologies 
4 No  

(Chesbrough, 2010) Mutual value 7 Partially 
(Teece, 2010) Customer value 5 No 
(Zott & Amit, 2010) Mutual value 3 Partially 
(Osterwalder & Pigneur, 
2010) 

Mutual value 9 Some 

(Bieger & Reinhold, 2011) Value 6 No 
(Michelini & Fiorentino, 2012) Business & social value 

network 
4 areas, 

11 blocks 
Partially 

(El Sawy & Pereira, 2013) Dynamic eco-system 
value 

5 categories  
22 

components 

Yes  

(Gassmann, et al., 2014) Innovation & Mutual 
Value 

4  
55 patterns 

No 

(Werani, et al., 2016) Mutual value 9 
11 actions 

5 value 
disciplines 

No 

(Christensen, et al., 2016) Lifecycle Value 4 No 
 
(Björkdahl, 2009) focus is on the role of technology and how it acts as a method and 
resource for a company to create and capture value. (Björkdahl, 2009) identify customer 
segmentation as a dimension that links the correct technology offering and value together. 
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Also, activities or processes are used to manage the internal operating model. The four 
dimensions introduced are not defined in detail, but are customer facing (value 
proposition and creation, customer segments, channels, value capture mechanisms). 
(Chesbrough, 2010) focus is on value and the segments it serves. This approach also states 
that new technologies and products are not critical for business success. The link between 
value and the product and services exists due to the need to understand the market 
segments. In addition, (Chesbrough, 2010) also introduces cost and value chain that are 
internal operating elements. However, the 7 dimensions presented are not described in 
detail (value proposition, market segments, value chain, revenue mechanisms, cost 
structure and profit potential, value network, competitive strategy). (Teece, 2010) regards 
business models to be a conceptual model rather than a financial model. The model’s 
objective is to create and capture value for the customer and this requires a logic and data 
for this to work. This indicates that processes and information should exist to form an 
operating model. Also, the introduction of the cost alongside the revenue strengthens the 
internal viewpoint of the model. Once again, the 5 dimensions are not defined in detail 
and only include cost as the internal dimension (value proposition, market segments, cost 
structure, revenue streams, value capture mechanisms). 
 
(Zott & Amit, 2010) focus on mutual value creation and this is the first model that 
introduces the co-operation between a company and its partners as method to create and 
capture value. They also introduce the concept of activity system consisting of three parts. 
These parts focus on the activities that the company and partners do, including the 
governance model to manage the network activities that have basic eco-system elements. 
However, the dimensions are not defined. The three internal dimensions are: content, 
structure and governance.  
 
(Osterwalder, 2004) focus is on the way how a company creates, converts and captures 
value. The model also has the advantage of a detailed definition of the different dimension 
and templates that can be used in practice. An important addition is the in-depth definition 
of the Value Proposition (Osterwalder, et al., 2014) that links the products and services 
to the customer roles’ needs and problems. The 9 dimensions are customer segments, 
value proposition, channels, customer relationship, revenue streams, key resources, key 
activities, key partners, cost structure. The dimensions are detailed, and the Value 
Proposition has process that links it to the business model. The Value Proposition also 
introduces the customer driven and, product and service driven approach to create value 
for both the supplier and customer. 
 
(Bieger & Reinhold, 2011) focus on the value creation and the business model definition 
is the logic how an organisation creates value. (Bieger & Reinhold, 2011) define 6 
dimensions that are all value focused (value proposition, value creation, value 
communication and transfer, value capture, value dissemination, value development). 
This model highlights the company’s role to create value for all stakeholders. 
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(Michelini & Fiorentino, 2012) offer an interesting approach where they have studied the 
differences and similarities between the business model for non-profit organisations and 
companies. (Porter & Kramer, 2011) propose the relationship based on mutual 
dependency between different types of entities.  The finding for non-profit and company 
business models are similar for partner networks, knowledge needs and value chains. 
However, the business models differ in the areas of value proposition, governance, profit 
models, social risks and profit. The research introduces (Porter & Kramer, 2011) the 
social model alongside the business counterpart and also recognizes the existence of the 
eco-system. The framework is divided into four areas that have eight building blocks. The 
first are, Offer, consist of the Value Proposition that is related to the bundled product and 
services. The second area, Eco-system, consist of four building blocks: (1) processes and 
laws that form the Governance Model, (2) Value Chain that the company operates in, (3) 
Competences in the company, and (4) Partner Network that exists to offer and distribute 
value. The third area, Market, is divided into two building blocks that are Market Segment 
where the company operates and Distribution Channels to provide the value. The fourth 
area, Economic Feature, has one building block that is Revenue Management, which tells 
how the company makes money from the provided products and services that form the 
value proposition. 
 
(El Sawy & Pereira, 2013) focus is on the dynamic ecosystem in an evolving business 
space. The model considers the changing role of technology in business and introduces 
digital business models and digital services that must integrate the attributes of the digital 
business ecosystem. The model’s goal is to understand how business and subsequently 
the digital business models and digital platforms will change the way we define business 
models, products and services that create value. The dimensions for the model are layered 
into two levels and the definitions are partially done. The categories and their components 
are shown in Figure 2.11. The model is still in early stage and is complex to apply into 
practice without additional research information.  
 

 
Figure 2.11 VISOR Business Model elements adapted from (El Sawy & Pereira, 2013).  
 
(Gassmann, et al., 2014) focus is on business model innovation and how it can create 
value and competitive advantage. The model is a balanced approach between the Business 
Model Navigator process and 55 business model patterns that their research has 
identified. The Business Model Navigator is a process that (1) defines the as-is business 
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model and the changes impacting it, (2) how to design new business models by adapting 
elements from the 55 existing business models patterns and selecting the best for testing 
and (3) integration into the business. The research by Gassmann et al. (2014) states that 
90% of business models already exist the patterns have been applied to other industries. 
The four dimensions of the model are (1) customer segments, (2) value proposition, (3) 
activities and capabilities needed for value chain, and finally (4) profit mechanism how 
revenue streams are created.  
 
(Werani, et al., 2016) build on (Osterwalder, 2004) model with the objective to give 
guidance how a successful business models should be configured. The goal is to 
understand the relationship between business models and B2B company’s success. The 
outcome is 14 business model configurations that can contribute to profitability. The 
model refines and defines in depth the 9 dimensions to 11 presented in (Osterwalder, 
2004) model creating a revised Business Model Canvas that includes for each revised 
dimension an additional list of course of actions (11 relevant for the 14-business model 
configurations). Based on the research, the business model configurations can be aligned 
with the five value disciplines or viewpoints (customer intimacy, product leadership, 
operational excellence, product leadership, customer intimacy). 
 
(Christensen, et al., 2016) identify four business model elements and also their behaviour 
over time. The authors advocate that the flexibility of the business model changes over 
lifecycle as the manufacturer’s focus changes between the different elements. The 
elements used to build the business model are the Value Proposition based on the offering 
to help the customer to perform a service, the Resources that are needed to create and 
deliver the value to the customer, and the Processes ensuring operational efficiency. The 
process should also include the different Enterprise Architecture elements of processes, 
information model and systems. This concept must also include the Digital Twin and the 
SCPS that impact the balance of the overall system and integrate the four elements into 
the SCPS and DT combined system. The previous elements impact the cost, revenue and 
margins the manufacturer can achieve that are defined through the Profit Model. These 
four elements are linked and changing one impact the other three as shown in Figure 2.12. 
 

 
 
Figure 2.12 Business Model elements adapted from (Christensen, et al., 2016).  
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The lifecycle model is divided into three phases (Christensen, et al., 2016) that are 
Creation Phase where the focus is on creating value, that is Value Proposition based on 
the SCPS offered to the customers. In this phase, the business model is flexible the focus 
is solving the customer needs. The second phase is the Sustaining Innovation Phase where 
the focus becomes customer, segment and competitor centric where the advantages are 
based on the SCPS. The focus shifts to the development of the processes to scale operation 
and revenue driver. In this phase, the customer’s voice becomes a strong factor that starts 
to impact the offering. Finally, in the Efficiency Phase, the manufacturer focus is on the 
innovation enabling operation efficiency and cost. This phase also sees the business 
model is static and difficult to change. (Figure 2.13) 
 

 
Figure 2.13 Business Model lifecycle Phases adapted from (Christensen, et al., 2016).  
 
As a conclusion, the business model concepts can be defined as the reason of how an 
organization creates, delivers, and captures value. In addition, a business model can be 
described with multiple different basic building blocks, which cover the four main 
business areas: customers, offering, infrastructure, and financial viability. At the heart of 
the business model is the value proposition describing how to satisfy customer’s needs or 
how to solve customer’s problems with the help of SCPS that can create a customer 
specific solution. The other elements of a business model describe how to deliver value 
to the customer, while the value proposition describes the solution’s value itself from the 
customer perspective. The other elements also add indirect value to the customer and thus 
are strongly connected to the value proposition. (Osterwalder, 2004) 
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2.5 Value proposition and creation in business ecosystems 

The value proposition concept is most frequently considered in terms of a customer value 
proposition (Frow, et al., 2014), or via the concepts of customer value and customer-
perceived value (Woodruff, 1997), (Ulaga & Chacour, 2001). In its most basic form, the 
customer value is a trade-off between benefits and sacrifices (Zeithaml, 1988). (Grönroos, 
1997) further divides the benefits into core solutions and additional services, and 
sacrifices into price and relationship costs. It can also be stated that customer value as a 
concept can comprise the perceived value from the customer’s point of view and the total 
monetary value. From the monetary perspective, both benefits and costs can be either 
direct or indirect. (Carlson & Wilmot, 2006) define the components of the value 
proposition as NABCs, where the letters refer to an important customer Needs, a product 
or service Approach, Benefits, and prevailing Competition. These components define the 
value proposition required for a customer.  
 
The B2B Element of Value Pyramid identified 40 value areas that can be layered into a 
pyramid with five categories (Almqvuist, et al., 2018) (see Figure 2.14). The model 
divided the value elements into more objective and subjective elements as moving up the 
pyramid. At the bottom of the pyramid are the (1) “table-stakes” and above this is the (2) 
functional layer that is consists economic and performance that the product and service 
should provide. These two layers are the traditional areas that manufacturers have focused 
on. The third (3) layer is focusing on the easy of doing business from an objective point 
of view, for example, expertise, configurability and time savings. The fourth (4) layer 
focuses on subjective value that the B2B customer perceives. The top of the pyramid (5) 
is the layer that creates subjective inspirational value for the customer. The first three 
layers are also the easier ones to measure. The study shows that companies that excel in 
multiple layers are more competitive and their business model more robust. The steps  
that a manufacturer needs to go over the pyramid layers is the strength of value 
proposition compared to the competition, what are the gaps in the market and how these 
can be filled, and finally what is the Minimum Viable Product (MVP) that can be offered 
without substantial investment of resource. The last aspect has high significance when a 
manufacturer is moving to SCPS and Digital Twins.  
 

 
Figure 2.14 The B2B Value Pyramid adapted from (Almqvuist, et al., 2018).  
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While the early views on assessing value were comparatively simple, the modern views 
for value assessment are rather multi-dimensional and systemic by nature (Pynnönen, et 
al., 2011). In order to cope with the multi-dimensionality, there is a need to identify the 
most essential value elements and drivers that are related to value assessments in each 
context. Recently, an important development in the value proposition literature has been 
the shift from a narrow dyadic, customer–supplier perspective, to a much broader view 
that contains multiple stakeholders or actors within a business ecosystem (Frow, et al., 
2014), (Peltola, et al., 2016). 
 
In the traditional value chain and value network perspective, the main interest has been 
on a set of activities and value chains between various stakeholders that are needed to 
bring a product or a service. A business ecosystem view doesn’t neglect these 
perspectives, as each stakeholder in an ecosystem is still seen to be a part of different 
value chains and networks (Peltola, et al., 2016), (Valkokari, et al., 2014). However, 
success in the dynamic and competitive global markets cannot be obtained with fixed and 
slowly evolving network structures (Valkokari, et al., 2014). Thus, a more dynamic 
system perspective is needed, which also takes into account the indirect roles of actors in 
value creation and capture, as well as the possibility for actors’ changing roles along time 
(Kim, 2016), (Peltola, et al., 2016), (Rong, et al., 2013). According to (Moore, 2013), the 
ecosystem approach proposes new form of organization with shared purposes and shared 
value between different contributors, and in which the benefits of technology could be 
brought to a much wider range of people, culture and problems. 
 
Thus, companies are increasingly seen as members of business ecosystems with 
increasing connectivity, interdependence and co-evolution of the actors, technologies and 
institutions (Aarikka-Stenroos & Ritala, 2017). This is caused, for example, by the 
increase of environmental turbulence, societal changes, more intense competition induced 
by globalization, the speed of organizational change and the fast development of ICT (El 
Sawy & Pereira, 2013), (Graca & Camarinha-Matos, 2017). Industry boundaries are 
systematically disrupted, and this changing business environment offers organizations 
several new business opportunities but also demands them to have more dynamic 
capabilities and know-how (El Sawy & Pereira, 2013), (Valkokari, et al., 2014). This has 
boosted the development of different collaborative platforms as business enablers, and 
the companies are more and more aware and motivated in platform thinking in improving 
their competitiveness (Graca & Camarinha-Matos, 2017); (Kim, 2016); (Rong, et al., 
2013). As networking in platforms includes interactions among platform participants 
which comprises the sharing of information and operations (Kim, 2016), the development 
of platforms has encouraged the companies for more open collaboration and that way, 
boosted the development of business ecosystems (El Sawy & Pereira, 2013)  (Rong, et 
al., 2013). 
 
For example, a primary barrier that (Baines, et al., 2007) prevents the adoption of the PSS 
is the reluctance of the customer to consume without ownership and the pricing 
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complexity and risk associated with PSS where ownership stays with the manufacturer 
(Baines, et al., 2007). The relationship between the Business Model and Value 
Proposition is established, but the impact of business ecosystems and the dynamic nature 
of business lifecycle is having a gap. A contradiction that can also be seen is the dynamic 
nature of ecosystems compared to the more static behaviour of business models. It is also 
possible that the Value Proposition concepts are being disrupted due to the nature of the 
introduction of SCPS and Digital Twins. However, the elements have different levels of 
definition that support applying them into practice in an ecosystem context. The products 
and services that are the enablers of value are still deeply rooted in the traditional 
definitions and the impact caused by a closely integrated SCPS and a Digital Twin has 
areas that need to be researched further to build a picture how this is disrupting that 
established concepts. 

2.6 Sustainable business and performance 

For PSS based business to be sustainable, the manufacturer and its ecosystem must  
support the business model over the customer lifecycle (Baines, et al., 2007). In this 
context, Manufacturers operate in supply chains, networks or ecosystems. However, the 
integration level of the Manufacturer internally and externally is dependent on the 
strategic goals that are set for the company. The nature of ecosystem is dynamic and the 
role they play on sustainability and performance can adapt or disappear to industry 
changes. Sustainability is a fundamental value that impact manufacturers’ success today 
(El Sawy & Pereira, 2013). In the context of SCPS and Digital Twins, the assumption is 
that they are in a dynamic digital space that is the backbone sustainable business 
ecosystem. Business sustainability that highlights ecosystemic thinking, where a 
manufacturer and the ecosystem is part of it, operates as complex system with multiple 
variables impacting it that are sensitive to inputs from the ecosystem and cause 
unpredictability (Sun, et al., 2018). 
 
(El Sawy & Pereira, 2013) illustrate that the changes to the digital business ecosystem 
and the variables that impact it. Therefore, sustainability is caused by shifts in societal 
trends, co-creation of value in the enterprise, and emerging disruptive digital platforms, 
for example SCPS integrated to Digital Twins. The resources available to sustain business 
development and performance (Sun, et al., 2018) are the availability and stability of 
employees. The social reputation has merit in these business environments where 
reputation and networking are important, or legislation and media can impact how a 
business is seen. Social reputation does not increase innovation but creates a stable 
environment for continued performance.   The environmental elements, such as pollution, 
climate change and resource usage are regarded as an imperative but does not encourage 
a sustainable business and performance as such.  Finally, if all the previous elements are 
in place the financial performance can be achieved, (Gupta, et al., 2020) see that the most 
important elements that impact sustainable business are the Economic, Environmental, 
Social and Sustainable elements.  
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The sustainability elements that drive economic performance are financial value that can  
increase sales revenue, market share, reduce cost and profitability (Nasiri, et al., 2018). 
Economic performance and sustainability can increase with business ecosystem enabling 
financial growth through improves digital and automated business processes that also 
embed environmental aspects (Gupta, et al., 2020). SCPS and Digital Twin can transform 
business ecosystem into digital business platforms which lead to business performance 
and growth not only for the manufacturer, but also customer, supplier and third-party 
application providers.  
 
Manufacturers have improved their brand value through social initiative that are directed 
to stakeholder outside of the organisation (Gupta, et al., 2020). Social sustainability 
performance addresses the issue regarding the social and personal needs in places where 
people live and work. These issues include wellbeing, social responsibility, renewal, 
productivity, and customer satisfaction (Nasiri, et al., 2018). Advanced companies who 
utilize real-time data struggling to accede high level of social performance through 
engaging moral standards, trust, and free discussion in society (Gupta, et al., 2020).    
 
The global reach of a manufacturer forces them to follow global environmental directives 
and legislation (Gupta, et al., 2020). In addition, the environmental concerns of 
stakeholders have forced manufacturers to adopt environmental policies that are directly 
translated into the service and products they offer. This environmental sustainability can 
impact and create profit when the environmental policies and standards, resource 
efficiency and yield are implemented to the SCPS, business model and ecosystem. The 
combination of the SCPS and Digital Twin, with the Digital Thread, can significantly 
improve environmental sustainability performance through implementation of real-time 
data driven services and connectivity to optimizing the SCPS resources consumption and 
emissions (Nasiri, et al., 2018). 
 
In addition, (Gupta, et al., 2020) emphasise that dynamic resource, such as, defined 
organisation structure helps business to succeed in evolving business conditions through 
the building organisation that support Industry 4.0 key elements. The knowledge worker 
is seen the key in the adoption of new technologies and strategies that are based on digital 
solutions, for example Digital Twins or data driven services. For a manufacturer to 
maintain performance and sustainable business, it must invest in technology continuously 
to ensure also ability to deploy it efficiently into use.  
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3 Research process and methods 
Design Science Research (DSR) (Hevner, et al., 2004) and qualitative research (Patton, 
2015) (Saldana, 2016) were used in this work, because the approach and methods helped 
both the researcher and case companies to understand and interpret the results, and apply 
the research results into practise. The Information System (IS) background of DSR and 
the research area of this thesis consists of similarities, for example, business IS, Digital 
Twins, Digital Threads and Smart Connected Product-Systems (SCPS) that also offer a 
way to carry out the research over the different projects. In addition, the case companies 
are using or implementing Agile development processes in their business, for example 
Scaled Agile Framework (SAFe), in both SCPS, Digital Twin and Threads, and 
Information System (IS) development. The manufacturers are using Agile methologies to 
adapt and adopt to disruptive technologies and unpredictable economic conditions. The 
data, for the publications, collected used qualitative research and applied semi-structured 
interviews and analysed the data with qualitative research methods in the publications. 

3.1 Design Science Research 

The objective of DSR is to support the understanding of Information Systems (IS) and 
help IS practitioners and researchers to understand and improve this domain (Hevner, 
2007). This objective can be extended to Smart-Connected Product-Service-System 
(SCPSS) that consists of Digital Twins, Digital Thread, SCPS and business IS (ERP, 
PLM, CRM). According to (Hevner, et al., 2004), two different paradigms impact IS 
research and DSR. The first area, Behavioural Science, attempts to develop and verify 
theories that can predict and explain, organisational and employee behaviour. The second 
area, Design Science, attempts to extend the capabilities of the organisation and 
employees through the introduction of new artifacts (e.g., data objects). These artifacts 
are artificial, man-made, items that can be described in the terms of functions, goals and 
adaptation. The purpose of Design Science is the creation of new knowledge and the 
application of this knowledge where its goal is to develop solutions improving existing 
systems, solve problems or create new artifacts that improve organisational, societal and 
employee performance (Dresch, et al., 2015). Refer to Figure 3.1 for summary of the main 
Design Science concepts. 
 
Therefore, DSR defines and deploys artifacts and proposed solutions (Dresch, et al., 
2015). DSR applies a study, research or investigation process where an artifact is designed 
and or its behaviour is observed from both the researchers and practitioners point-of-view 
(Bayazit, 2004). The objective of DSR is to use artifacts to solve problems and evaluate 
the effectiveness of the designed artifact and publish the results to users and stakeholders 
(Cagdas & Stubkjaer, 2011). The results must also be generalisable to fill the criteria of 
the research community and applicability elsewhere, and generalisation between practise 
and theory can be bridged to create unified approach (van Aken, 2004) (van Aken, 2005). 
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Figure 3.1 The main concept element of Design Science adopted from (Dresch, et al., 
2015).  
 
The DSR process is divided into three cycle or phases that are: (1) Relevance Cycle, (2) 
Design Cycle (2) and (3) Rigor Cycle (Figure 3.2). These cycles connect three different 
domains together (Physical and Virtual Environment, DSR, Knowledge Base). The Rigor 
Cycle is used to understand what is in the existing knowledge base that impacts the 
research project. The research activities, projects, add new knowledge to the existing 
Knowledge Base (KB). In the Relevance Cycle, the objective is to understand the 
potential improvements and problems that exist in the current environment, e.g., product, 
service, enterprise architecture and business model with the objective to improve it 
through field testing. Finally, the Design Cycle is used to build the artefacts and the 
process and evaluate them in the operative environment. (Hevner, 2007)    
 

 
 
Figure 3.2 The three phases of Design Science Research Cycle adapted from (Hevner, 
2007). 
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The DSR process or procedure is divided into seven steps (Hevner, et al., 2004) (Dresch, 
et al., 2015) that were applied across the different publications and used to propose the 
concepts in Chapter 5 shown in Figure 3.3.  
 

 
Figure 3.3 The seven step DSR process adapted from (Hevner, 2007) (Dresch, et al., 
2015) to support the research goals of the publication and dissertation. 

3.2 Research method of the publications 

Publications I to VI applied DSR methods and processes (Hevner, et al., 2004), (Hevner, 
2007), (Dresch, et al., 2015) and qualitative research (Patton, 2015) to collect and 
interpret (code) (Saldana, 2016) the semi-structured interview data. Publication VII is 
based on literature review and empirical analysis of the interviews carried out with the 
case companies.  Publication VII applies qualitive cases studies.  For Publications I - VI, 
the approach is divided into three main phases that started from (1) the understanding of 
published research and theories, (2) the as-is status of the case companies and then 
moving towards the (3) future state that is driven and influenced by the company or 
product line strategy applying DSR for the actual research activities. Each publication 
describes the research process and methology in more detail. For Publication VII, the 
research consists of a literature study and empirical analysis concerning the Smart Service 
development process from a user experience point-of-view. The empirical part of the 
research employed a qualitative case study in a work machine manufacturing company 
where semi-structured interviews were carried out (Hirsjärvi & Hurme, 2004).  
 
The publications were created during different research projects that were part of the SIM 
research platform at Lappeenranta-Lahti University of Technology (LUT). Part of the 
case companies participated in multiple research projects run in the SIM research 
platform. The goal of the SIM Platform is to research real-time physical system 
simulation: (1) simulator, virtual reality and HMI technologies (2) Product Lifecycle 
Management (PLM) and Digital Twins (DT) via Internet of Things (IoT), and (3) 
sustainable customer value through IoT and digitalization. The goal of the SIM platform 
is to understand how IoT based digital environments create new possibilities increasing 
customer value and offering new business opportunities and models for Small and 
Medium Enterprises (SMEs). The qualitative research process, in this thesis, for the case 
companies, was broken down into the following areas: (1) interview preparation based on 
the goals of the case company in the research project and background information 
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collection from the public domain, (2) semi-structured interviews with the cases company 
personnel, (3) review and conclusions from the interviews, (4) summary of findings and 
recommendation, (5) case company review meetings or comments to the provided 
documentation, (6) additional workshops to clarify open areas and questions, (7) review 
companies actions and outcomes from their development projects. 
 
Before the interviews took place, the goals and objectives of the case companies were 
defined and then a common interview structure was created to be used in the interview 
sessions. Semi-structured interviews were used to collect the research data from the case 
companies in the B2B manufacturing and software solution sectors. The interviews were 
carried out in the different case companies at the start of the research projects and 
supplementary interviews were used to clarify the open or unclear areas as the research 
and the case company projects proceeded. The interview lasted typically 2h to 3h and also 
included a visit to the production area to better understand the product and services that 
were being offered to customers with some of the manufacturers. In addition, the onsite 
development of the digital solutions and business processes were reviewed. The target 
interview groups varied in the different research projects, but the manufacturing company 
target group was product development, product and service management, and Information 
Management and business development personnel. For the software solution companies, 
the interviewed people were service and business development personnel and C-level 
persons where possible. The collected data was coded and categorised to identify common 
themes and form first concepts to review with the case companies. To further improve 
the details of the identified concepts, workshops were used to present the concept and 
collect case company specific information to understand the different areas that needed 
to be improved for the generalised concepts and the case company needs. The workshops 
were used to review findings and proposals with the case companies that were relevant to 
the business goals and seminars were used to present both research results and case 
company progress and results in their individual projects. Seminars were organised at 
project milestones to track progress, collect insight from the case companies and also 
understand in more detail the questions relevant to the case companies. The seminars 
increased cross research-team understanding and encouraged exchange of findings and 
ideas between the different case companies. As the research projects proceeded, each case 
company reported on their progress of their projects and the research team participated to 
improve the deliverables and clarify the goals of the projects.  
 
The data was collected between 2016 - 2020 from the research projects managed under 
the SIM research platform. The case companies that participated in the projects are B2B 
manufacturing and software companies that offer complex solutions and services to 
global customers (Table 3.1). The case companies provide product and service solutions 
over the end-to-end customers lifecycle and their business is sustainability driven where 
legislation is placing higher requirements for resource efficiency, for example, energy 
and water consumption, and reduced environmental impact providing improved 
productions yields. The case companies’ solution offering varies in configurability (ETO, 
CTO, BTO) and varying in content over the lifecycle mixing combination of services, 
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SCPS and digitally extended services. All of the case companies are developing their 
extended and digital Product-Service System (PSS) capabilities. One of the key goals was 
to identify possible business benefits and business opportunities that Smart-Connected 
Product-Service Systems or its elements can provide. Another challenge that the case 
companies are facing is understanding the business benefits that, for example, Digital 
Twins, can create to their business, and plan how these benefits can be implemented into 
operations and the transition required to move from the current state to the vision or goal.  
To deliver value, the case companies are dependent on their business environment and 
actors to create knowledge and expertise that they do not have internally to form business 
networks and eco-systems that provide lifecycle solutions meeting customer needs. 

Table 3.1: Case Companies part of this thesis 
Case Company Business Area Product & Service 

Types 
ROSE Mobile work equipment, service &solutions CTO, BTO 
SAIL Mobile work equipment, service &solutions CTO, ETO, BTO 
MESS Engineering, equipment, service and solutions 

for manufacturing & processing segments 
CTO, ETO, BTO 

VALUE Mobile work equipment, service &solutions CTO, BTO 
QUEEN Technology, equipment, service and solutions 

for manufacturing & processing segments 
CTO, ETO, BTO 

VISUAL B2B Equipment, services & solutions CTO, BTO 
METEOR Engineering, equipment, service and solutions 

for manufacturing & processing segments 
CTO, ETO, BTO 

VLADIN Engineering, technology equipment, service 
and solutions for manufacturing & processing 
segments 

CTO, ETO, BTO 

DATA 1 Software solutions and services for B2B CTO, ETO 
DATA 2 Software solutions and services for B2B & B2C CTO 
DATA 3 Software solutions and services for B2B CTO, BTO 
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4 Results from the publications 
The results from Publications I - VII will be summarised in the following sections.  

4.1 Publication 1 – Product Lifecycle Management framework for 
business transformation 

4.1.1 Background and objectives 

The role of Product Lifecycle Management (PLM) in business change varies in scope and 
impact. PLM initiatives range from Information System (IS) change to strategic business 
transformation, and capabilities to implement PLM successfully are unclear. The paper 
identifies a PLM framework for transition and related variables. Understanding these 
variables influence successful PLM transformation. This publication focuses on research 
and models that can be applied to the manufacturing industry, where the character of the 
business is complex solution deliveries that require deep technology and engineering 
capabilities. This low-volume, high-mix solution is typical for many European 
manufacturing companies. The challenges that these engineering technology companies 
face when implementing PLM are dependent on the product, service and PLM maturity 
level. The business characteristics are often project-driven Engineering, Procurement and 
Construct (EPC) solution deliveries. This paper looks at how the case company applied 
and implemented PLM to transform to a product-service company. 

4.1.2 Main findings 

The result from research identified that case company PLM maturity is heterogeneous 
and was in general low being chaotic and unstructured. The equipment and service 
product lines were at a higher maturity level than the process, system and plant product 
lines. This meant a single uniform PLM strategy would be difficult to achieve, but it 
would need to adopt to the needs of the different business areas. In addition, the PLM 
initiative should support the strategic initiatives: (1) customer centricity, (2) customer and 
case companies earning logic, (3) leading technologies, and (4) product-service 
competitiveness. The productization for equipment, process/system, plant and service 
definition used formal Product Definition concept, which defined the information needed 
to unify the products and services across the company. The first milestone was to position 
PLM in the context of the case companies’ structure to understand how it impacts the 
organisation and operating model (Figure 1.1). The concept supported the PLM initiative 
and was used to argue the importance and organisational significance of PLM in the 
strategic goals. The role of the business model is important, because it identifies the 
existing and missing business capabilities. For the PLM framework, these capabilities are 
categorised into three capability domains: (1) PLM, (2) products and services, and (3) 
customer. 
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Figure 4.1 The impact of PLM on the Business Models, Enterprise Architecture and in 
the strategic goals to be supported (Publication I). 

4.1.3 Main contributions  

PLM development cannot succeed in supporting the emerging new technologies without 
understanding the relationship between strategy, business models, products, technologies 
and how the enterprise architecture is built (Figure 4.1). PLM can drive product and 
service excellence and innovation, but it does not have a clear structure and execution 
framework that also includes the customer dimension aligned with strategy and business 
models. The addition of these dimensions is critical for PLM to support future business 
needs. As a theoretical contribution of this research, the high-level framework shown in 
Table 4.1 where the relationship with strategy and business models is mapped. 

The decision to move to a business-driven PLM approach, where PLM is a strategic 
initiative that covers the operating model, products and services, supports business 
transformation that can implement strategic drivers through product and service definition 
and manufacturer-wide PLM strategy. PLM is strategic and the improvements are realised 
on the long run and results are measured in years and there must be a constant form of 
systematic and manageable evolution from one maturity level to the next. 
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Table 4.1: The extended global PLM Model for B2B manufacturing companies 
(Publication I). 
 
 Operating 

Model (PLM) 
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Service 
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PLM strategic 
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Strategy 
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Product & 
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Customer goals 

All 

Business 
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business 
capabilities 

Business Model 
PLM capability 
identification 

Business Model 
Product/service 

capability 
identification 

Business Model 
Customer 
capability 

identification 

All 

Operating 
Model 
Dimension 
 

• Management 
& Control  

• Organisation 
Architecture 
& Culture 

• Process 
Architecture 

• Information 
Architecture 

• IS 
Architecture 

• Case 
Company 
Product & 
Service 
Definition 

• Customer 
Definition 

• Segmentation 
• Channels 
• Customer 

Relationship 
Management 

All 

Maturity Model (Sääksvuori et al 
2006) 

A, B, C, D Model Kärkkäinen  

     
Implementation (Stark, 2006) (Stark, 2006)  (Stark, 2006)  

 

 

4.2 Publication 2 – The benefits and impact of Digital Twins in 
product development Phase of PLM 

4.2.1 Background and objectives 

The focus of this paper is to increase understanding how digital twins, especially built on 
real-time simulation, impact and create benefits already in the product development 
phase. This paper increases understanding for B2B companies when applying real-time 
simulation based digital twins, and to understand how the transformation should start in 
Product Lifecycle Management (PLM). The integration of the Digital Twin and PLM is 
becoming important to B2B companies. To understand the benefits and limitations to the 
products, services, and ways of working, requires understanding of the different elements 
defining the digital twin. However, agreement what a digital twin is depends on the 
audience. In simplicity, it can just be the meta data that describes the product or as a 
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complex real-time IoT-based simulation model. The Digital Mock-Up (DMU) is closely 
related concept to the digital twin and they have similarities. Typically, the DMU is a 3D 
definition of the product over its lifecycle. However, here the digital twin is connected to 
the	physical world representation (via IoT) and is able to integrate Machine Learning to 
improve its operations and its real-world counterpart over the lifecycle. In addition, it can 
simulate, in real-time the multibody dynamics of the real- world counterpart throughout 
the lifecycle. For product development, this means that the digital twin is developed as a 
real-world counterpart and integrated to it once it is delivered. This paper tries to 
understand, through two case companies, the relationship between the digital twin and 
real-time simulation in the product development and management phase of PLM.  

4.2.2 Main findings 

The research results can be divided into (1) benefits that improve the way of working and 
(2) the impact that a digital twin has on the product development and PLM. The adoption 
of real-time simulation, that forms the Digital Twin, requires a change in the way 
companies execute product development and define PLM scope and implementation. 
Based on the research with the case companies, the Digital Twin is a feasible option when 
it is based on full physics based real-time simulation. Transparent communication with 
customers is not often present in product development. The main goals for the case 
companies from real-time simulation based digital twins are to improve insight of 
customer needs with co-creation during product development.  

Digital Twins are not only tools for product development to gain better customer 
commitment to new concepts, but they offer real opportunities creating digital products 
and services that integrate the real and digital worlds together and form a connected 
solution. If a real-time simulation based digital twin is implemented, this digital 
representation can change the way companies view their products and services in the 
future. The virtual product becomes the asset that opens new business opportunities, for 
example, connected information-based services and this enables the creation of Product-
Service-Systems (PSS) that can be used to simulate the PSS different lifecycle phases.  
The value of Digital Twins comes from the lifecycle management of PSS where the 
connected product can provide information to the digital twin. This information can verify 
the real-time simulation accuracy and can be used to continuously test new development 
and operational scenarios. Therefore, real-time simulation based digital twins can create 
a digital-PSS with predictive services in the form of, for example, product efficiency 
services, customer process support, and process delegation services.  

4.2.3 Main contributions  

For real-time simulation to have an impact on the way an organisation operates, the digital 
twin and the enabling real-time simulation software must be an integrated part of the 
operating model. Realtime simulation is the essential element of the digital twin concept 
that builds new capabilities. Therefore, real-time simulation can redefine business 
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processes and impact how information is managed, and IT architecture defined. For 
successful digital twin implementation, based on real-time simulation, a manufacturer 
must evaluate its simulation maturity and capabilities, PSS maturity and capabilities, and 
customer lifecycle management maturity.  

4.3 Publications 3 – Sustaining value over the busines lifecycle 

4.3.1 Background and objectives 

The objective of this research is to understand how business models can be used in 
emerging B2B ecosystems where there is cross-business co-operation within and outside 
the company. The Business Model and Value Proposition concepts and their elements 
used to carry out the research existed, but the process how to link the different areas 
together left need for further investigation. It also became clear that the interfaces between 
the different elements and how they should be used in B2B ecosystem needed 
clarification. The purpose of the different element of the Business Model and Value 
Proposition are explained, and the follow or process is demonstrated. The link between 
the Value Proposition and Business Model is introduced but leaves room for 
interpretation. If the manufacturer is analysed using the Business Model Canvas the focus 
can been manufacturer centric as we as the value provided to the customer with offered 
products and services. 

4.3.2 Main findings 

The Business Model of a Manufacturing company is not existing alone but related or 
interfaces both with the customers and the suppliers business models. In Figure 1.1, the 
Business Models Canvas is divided into the three areas. The elements of the business 
model canvas that focus on the internal operations of a company are (1) Key Partners, (2) 
Key Activities, (3) Key Resources, and (4) Cost Structure. The link to the products and 
services is captured with the Value Proposition (5) that can be defined in more detail with 
the Value Proposition Canvas (Osterwalder, et al., 2014). The interface to the customer 
interface is defined with (6) Customer Relationship, (7) Channels, (8) Revenue Streams 
and selected (9) Customer Segments. The business model canvas focuses on the customer 
dimension from the inside-out aspect and does not address the customer or ecosystem 
dimension that changes over the lifecycle of the customer relationship.  
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Figure 4.2 Business Model Canvas divided into areas that link actor’s business models 

together adapted from (Osterwalder & Pigneur, 2010) 

4.3.3 Main contributions  

The B2B business model ecosystem framework was created and used to map the as-is 
B2B ecosystem status over the different lifecycle phase (Figure 4.3). The template is 
divided into three columns and three horizontal swim-lanes. The three columns represent 
the BOL, MOL and EOL lifecycles and three swim-lanes map the business models and 
value propositions of the different actors’ and the manufacturing company. The top swim-
lane contains the different actors’ business models that can be customers, suppliers and 
authorities. The second swim-lane represents the focus company that is the focal point of 
the research. The bottom swim-lane is used to define the different value propositions over 
the lifecycle that the focus manufacturing company provides to its ecosystem customers, 
partner and other stakeholders. In addition, the value proposition of the manufacturer can 
rely on, for example, partner value propositions. The arrows (Figure 4.3) in the BOL 
phase links the different value propositions to the manufacturing companies’ business 
model that are relevant to the actor companies’ business models. In the MOL phase 
example, the partners’ (suppliers) business models are linked to the manufacturing 
company’s business model. 
 
Here the partner’s link to the focus company’s business model dimension can vary 
according to the three views of the business model discussed previously. In Figure 4.2, 
the left hand-side actor’s arrow links the key partner dimension of the manufacturing  
company’s business models (area 1 in Figure 4.2.). This link indicates that the partner is 
important to the company, but further understanding how and where they impacted was 
not clear. The middle partner is linked to the value proposition dimension (area 2 in Figure 
4.2) and in these cases the partner has a role in the manufacturing company’s value 
proposition. Finally, the last partner is linked to the channel dimension (areas 3 in Figure 
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4.2.) and in this case the partner provides, for example, either a channel how the 
customer’s end-customer communicates or gets access to information, products and 
services. The distributors or digital platform providers are present in this dimension. In 
the previous examples, the partner’s value proposition must be aligned with the 3 areas 
of the customer company’s business model. In other words, the 3 business model areas 
(Figure 4.2) are dependent on the value provided by SCPSS. In the manufacturing 
companies, this value can be part of the overall solution provided to the end-customer or 
the way the company manages its customer segments. 
 

 
Figure 4.3 Business Model and Value Proposition (Publication I). 
 
The value proposition proposed to the customer must be adjusted in different solution 
lifecycle phases and the participants in value creation, conversion and capture may change 
as well. This means that the business ecosystem should be shaped according to these 
requirements at each stage of the business model lifecycle. Therefore, in every lifecycle 
phase, the actors of the business ecosystem should be connected to the elements of the 
value proposition. Moreover, the value proposition and business ecosystems should be 
aligned with a customer’s business models. This means that the business models of the 
customer may change the structure of the ecosystem, the activities by which value 
creation, conversion and capture are done in practice. This may further cause changes in 
the ecosystem and require all actors to view their business model ecosystems as dynamic.  

4.4 Publications 4 – The value of Digital Twins and IoT based 
services in creating lifecycle value in B2B manufacturing 
companies 

4.4.1 Background and objectives 

The objective of the research was to understand, through B2B manufacturing case 
companies, what role digital twins connected to the real-world asset, using the Industrial 
Internet of Things (IIoT), has in innovating asset-based services. The relationship 
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between collected data and Digital Twin to create lifecycle partnership value between the 
equipment provider and operator were of interest. 

4.4.2 Main findings 

The research results show that the case companies can improve service management when 
they use IoT platforms to collect operational data. However, the challenge is identifying 
the relevant services to develop and offer to the customer that create a lifecycle value and 
partnership on the long-term. The value created is difficult to quantify to the customers 
and this limits the strategic investments. The benefits from data driven services are seen, 
but how to connect and optimise the data into new services is difficult in the existing data 
lakes. Often the potential benefit was only realized once the services were being used by 
the customer, and it was typical to pilot these services in the real-world before 
productising them for all customers.  
 
The results showed that all of the manufacturers are moving towards integrated PSS that 
is a Smart Connected Product-System and some have already done the transformation. 
However, the challenge lies with nature of the business where the customer asset has a 
long lifecycle and the equipment and system offered have configured or engineered first 
and the services have been added to support or extend delivered asset lifecycle value. The 
manufacturers that had invested in these areas were seen as partners rather than suppliers 
and brought more value to the customers. On the other hand, manufacturers transitioning 
to PSS recognized the need to a build service business due to the stagnation of the 
equipment or systems business. 

4.4.3 Main contributions  

The contributions of the study are the verified benefits manufacturers can achieve from 
data-driven services that rely on the integrations of the real-world PSS to the virtual 
counterpart. It is clear that IoT technologies are needed for this connection to be 
established. However, the two-direction integration between the virtual and real-world 
was not strategic goal of the companies’ digitalization strategy. The manufacturers were 
concentrated on collecting data and offering, for example, monitoring services. Often 
these services were add-ons to the existing products and services. This approach was also 
more driven by the need to understand data instead of creating strategy to use Digital 
Twins, Digital Threads and real-time simulation. The nature of the companies’ business 
models caused interesting contradiction for the companies to solve. It is clear the area 
should be further investigated and the relationship to the data-driven services (SCPS) 
through the business model’s value proposition should be service business context.  
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4.5 Publication 5 – The role of Digital Twins to increase digitally 
extended Product-Service-Systems 

4.5.1 Background and objectives 

The role of digital twins to create information-based services and digitally extended PSS 
can be based on real-time simulation and Internet of Thing (IoT) and they are managed 
with Product Lifecycle Management (PLM). Often, these domains are run apart from each 
other where realtime simulation and PLM are owned by R&D and IoT based services are 
owned by services. Manufacturers are collecting sensor data from their installed base and 
using Big Data Analytics to create services in realtime, for example monitoring services  
and digital applications run from the cloud or devices. This collective insight, forming 
the digital twin, is not used to develop product-service solutions based IoT collected data 
and realtime simulation models. The objective of the research is to understand the current 
status of the case manufacturers in these different areas and to collect evidence of Digital 
Twin-based services that are information intensive. The second area of interest is the way 
manufacturers are utilizing this insight to build better realtime simulation models that can 
be applied to service business.   

4.5.2 Main findings 

The results are: (1) the Digital Twin is an integral part of the future success of B2B 
manufacturer value and can be (2) achieved fully once the Physical Twin and the Digital 
Twin are connected, (3) and data/information can flow in realtime or close to realtime. 
Because this transformation depends on the digital information and data that the B2B 
manufacturers have, this requires the integration of business IS to the system.  To achieve 
this, manufacturers must create new capabilities changing the nature of the digitally 
extended PSS that they offer. An obvious step for the digitally extended PSS is to include 
Artificial Intelligence (AI) either for human-to-system interaction or between Machine-
to-Machine (M2M) operations. The Digital Twin can be used to simulate reality faster 
than the real-world giving insight what could happen and give time to take corrective 
actions before risks materialise.  

4.5.3 Main contributions  

The main contributions are the shift beyond the Multibody-Physics based Real-time 
Simulation to Digital Twins. After establishing this shift, the research presents the 
relationship between Product-Service-Systems (PSS) and Digital Twins. This link exists 
in the PLM vision (Stark, 2006) (Grieves, 2006) (Donoghue, et al., 2018) (Donoghue, et 
al., 2019) and PSS research (Baines, et al., 2007). The theoretical base for digitally 
extended PSS and SCPS exists based on the related research from (Grieves, 2019) and, 
(Donoghue, et al., 2019) and (Stark, 2006) and this Publication’s research. 
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The framework used to test the shift towards a digitally extended PSS and then towards 
and Smart-Connected Product System (SCPS) cannot be proven without doubt based on 
the research data. However, there is strong indication that the case manufacturers are 
moving towards a digitally extended PSS and/or SCPS. There is evidence some of the 
companies are moving toward this strategy where the extended product can be divided 
into the hardware, software, product lifecycle services (PLS), asset efficiency services 
(AES), Digital Services and Data. However, manufacturers must digitalize and automate 
their internal business process before they can transition effectively to digitally extended 
products and SCPS. Academia has a role to further and find more established and verified 
concepts that manufacturers can apply when implementing digitally extended PSS and 
SCPS. It is evident that most companies are developing the different areas in silos and a 
strategy and roadmap is often missing. The practitioner must have a holistic view how 
the different areas are related and approached through continuous development roadmaps 
that are implemented consistently to achieve a business model built on SCPS. A concept 
is proposed for manufacturers to help them understand what the logical elements are when 
an SCPSS combines the Physical and Digital Twin with the IoT platform for connectivity 
and the integration of Machine Learning enabling the Digital Twin to simulate the real-
world at realtime or faster than real-time to maintain solution performance and business 
sustainability. 

4.6 Publication 6 – Product Lifecycle Management business 
transformation in an engineering technology company 

4.6.1 Background and objectives 

The role of PLM in business transformation varies where PLM initiatives range from 
Information System (IS) renewal to strategic business transformation. The journey of the 
PLM concept has multiple variables influencing PLM transformation in an engineering 
and technology manufacturer transforming the manufacturer to a product and service 
company (Figure 4.4). The outcome show how a strategy-driven PLM transformation 
impacts at many levels.  

4.6.2 Main findings 

The knowledge of the products, services and enterprise architecture importance is 
understood, but the role of business models is critical for success and often overlooked. 
The key result is the product definition that covers all product types from equipment, 
service to plants and the reuse of these products and services was based on the 
understanding of the structure over the 3 lifecycle phases (BOL, MOL EOL). This starts 
from offering structures leading to sales and delivery structures finally the installed base 
structures maintaining the installed asset value. Once this structure flow was in place the 
time from sales quotations converted into sales orders reduced and delivery times were 
positively impacted. The engineering hours was reduced, and one significant factor was 
the existence of a common virtual component library with approved items to be used in 
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all PLM phase. Another significant improvement that was possible was the interface 
between equipment products that formed the process lines used to build plants. The need 
to redesign the equipment was reduced in plant and process engineering. 
 

 
 
Figure 4.4 The PLM product-service relationship to time and product integration 
(Publication VI). 

4.6.3 Main contributions  

One of the strategic goals was the service business development that required the services 
to be defined and structured to enable the services organisation to achieve their goal and 
create the relationship between the different physical and digital product layers. The 
foundation for sourcing strategic goals is item concept that defines the management of 
virtual and physical items. The concept enabled the decision of strategic suppliers and 
partners. This supplier consolidation enabled improved services to support customer 
operations. The PLM concept played a fundamental role in creating a common way of 
working and it served as the platform for product management develop its next generation 
products and services. The significant improvement was the response times to the 
customer, for example, quotation times, validated that PLM Concept played a role to 
improve customer satisfaction. 
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4.7 Publication 7 – Developing smart services by Internet of Things 
in manufacturing business 

4.7.1 Background and objectives 

The goal of the research was to introduce a framework, which describes a customer-
centric approach to develop data-driven services with the Internet of Things (IoT) 
connectivity enabling Smart Services. The case company of this study is a manufacturer 
in the agricultural industry and is applying IoT technologies to deliver services to track 
crop environments to optimize crop yields and sustainable farming. 

4.7.2 Main findings 

The results identified from the Need Interpretation Table and the Trace Matrix show that 
farmers benefit from Smart Services connected to their tractors and implements via 
Internet for insight of their agricultural operations and creation of customised daily 
working plan based on data analysed from previous work shifts. From the other 
viewpoint, the case manufacturer must collect and analyse usage data to determine root 
causes and failure rates of their product, such as, temperature, humidity and component 
wear and failure of based on the tractor environment data.  

4.7.3 Main contributions  

The objective of the research was to conduct a literature-based research and empirical 
analysis to prove that Smart and Digital Services enabled with connectivity (IoT) improve 
product processes over the lifecycle, but especially in the service and maintenance phase. 
The improvements showed improved value over multiple service areas such as: (1) 
resource optimization, (2) operational service efficiency, (3) reduction in material and 
human risk, (4) higher employee knowledge and experience, and (5) more value-added 
tasks. The manufacturer can increase profitability and economic growth and create a 
sustainable business through the adoption of smart and digital services. The relationship 
between Product Lifecycle Management and IoT and how it can leverage Smart Services 
is key result from the research and the digital services for operation such as remote failure 
tracking, customer machine productivity, time saving and sustainable resource 
optimization 
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5 Discussion and conclusions 
The objective of the research was to understand what a Smart Connected Product-Service-
System is and present concept that the technologies it needs to function. The assumption 
was that SCPSS ecosystem data is needed to find ways how to a B2B manufacturer can 
sustain business and find areas of growth in a business ecosystem.  
 
Each the publication has produced results that can be reviewed independently in the actual 
publications themselves. However, the publications collectively answer the research 
questions and help to fill in the gaps that individually they do not address. analysis of the 
results can do based on the individual publications and collectively This chapter is divided 
into two parts that are the discussion of the results and the conclusions that can be drawn 
from the research. The Research Questions are summarised in Table 5.1.  
 
Table 5.1: Research Questions of the thesis 

# Research Question 
RQ1 What is the role of Smart Connected Product-Service Systems (SCPSS) in creating 

sustainable business ecosystem? 
RQ1.1 What defines a Smart Connected Product-Service Systems? 
RQ1.2 What defines sustainable business ecosystem? 
RQ1.3 What is the relationship between value, business models and business eco-systems? 
RQ2 What is the relationship of PLM, PSS, Digital Twins, and multibody real-time 

simulation in creating Smart Connected Product-Service Systems? 
 

5.1 RQ1 - What is the role of Smart Connected Product-Service 
Systems in creating sustainable business 

The main Research Question (RQ1) has three additional supporting Research Questions 
that are reviewed to validate how the different publications support the main Research 
Question by answering the support questions. 

RQ1.1 - What defines a Smart Connected Product-Service Systems? 

The concept of the Smart Connected Product-Service System (SCPSS) is presented in the 
Publication 5 – The role of Digital Twins to increase digitally extended Product-Service-
Systems and in Figure 5.1.  The concept of the Smart Connected Product-Service System 
(SCPSS) is an extension and combination of other concepts to for the SCPSS Concept. 
The SCPSS can help manufacturers to understand the evolving business needs in B2B 
manufacturing industry and increase the theoretical knowledge of academia. The logical 
concept of the SCPSS is built on published elements that are defined in the publications 
and other research in Chapter 2. In the SCPS concept (Porter & Heppelmann, 2014) 
(Grieves, 2019), the role and scope of services is left to interpretation of the reader. The 
PSS concept can answer the services area and introduces the relationship between 



5 Discussion and conclusions 70 

business models and sustainability. However, PSS has limited links to the PLM, product 
definition, digital twins, AI and connectivity.  
 
The proposed SCPSS concept consists of the Physical Twin (real-world solution) and 
Digital Twin (virtual world solution) connected with a IoT Platform that can transfer 
realtime data and information between the virtual and physical system. Here data can be 
collected from the physical twin and the information, for example software updates 
transferred from the virtual twin to the physical improving or modifying its performance. 
The information exchange can be done by the user or autonomously relying on Machine 
Learning. Machine learning can reside in the virtual space or in the physical twin itself 
crating the smart capability.  In Publication V, the effectiveness and value of the Digital 
Twin was increased over the system lifecycle but increases the complexity and   
management tasks of the SCPSS data. The application of dynamic physics-based real-
time simulation is relevant in the product development phase of the SCPSS when the 
physical twin does not or only partially exist. However, the use of real-time simulation 
over the lifecycle enables the continuous and autonomous simulation of the system 
behaviour.  The introduction of the connected digital twin and real-time simulation places 
new needs how to manage this digital information as part of the Digital Thread according 
to PLM principles. The role of real-time simulation as part of the Digital Twin was 
proposed in Publications 4 – The value of Digital Twins and IoT based services in 
creating lifecycle value in B2B manufacturing companies that identified the need for the 
Digital Twin to be connected to the installed asset managing the individual asset and the 
complete installed base of the manufacturer. Publication 2 – The benefits and impact of 
Digital Twins in product development Phase of PLM findings were the benefits and 
impacts that the implementation of the Digital Twin can have on product development 
when real-time simulation is used to define, test and validate a Product-System virtually. 
The use of the real-time simulation based Digital Twin reduced development cost and 
time as well as improving user experience from the early stages of development through 
the user testing an evaluation of the prototypes. 
 

 
 
Figure 5.1 Smart Connected Product-Service System (Crane Picture and 3D model 
courtesy of Mevea Oy) (Publication V). 
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In Chapters 2.1 and 2.3 and the previously mentioned Publications, the limitation or gap 
is the missing logical concept for the Smart Connected Product-Service System (SCPSS). 
Based on the Publications and the published research, we can propose a more detailed 
logical concept for SCPSS that is presented in Figure 5.2. This SCPSS concept is 
modified from (Porter & Heppelmann, 2014). The SCPSS can be divided into the eight 
logical domains and a contextual domain. The Product-Service-System domain consists 
of the productised services and servitised products forming the base PSS and this PSS can 
include embedded sensors, software, machine learning and autonomous capabilities to 
adapt to the changing business and operations environment.  This PSS relates to an IoT 
platform to the other digital and physical domains. The modular concept should also 
define al interfaces that the different domain can be replaced, and new domains can be 
added as they are developed. The IoT platform collects and distribute data and 
information from/to the other domains.  
 

 
Figure 5.2 Proposed logical concept for the Smart Connected Product-Service System 
(SCPSS) modified from (Porter & Heppelmann, 2014). 
 
The PSS Cloud is connected to the PSS through the IoT platform and manages the 
digitally extended services. The concept is extended from traditional Product Lifecycle 
Services (PLS) that are product-based services toward process-based services addressing 
the customer efficiency and process-based services. The extended digital services can 
support the implementation of Asset Efficiency Services (AES), Process Support Services 
(PSS) and Process Delegation Services (PDS) (Donoghue, et al., 2019). This enables the 
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development and implementation of Smart Services that were covered in Publication 7 – 
Developing smart services by Internet of Things in manufacturing business. 
 
The introduction of the Digital Thread domain to manage the lifecycle information of the 
system integrates the Digital Twin and business Information Systems. This domain is 
further connected to the PSS and PSS Cloud with the IoT Platform. The integration of the 
business Information Systems and its data with the Digital Twin enables using real-time 
simulation to run simulations in the environment-based physics modelling or based on 
data to verify models. The Digital Twin that applies real-time simulation can be used not 
only to simulate the behaviour of the overall system but also, for example the business 
process. This IoT connection can collect and manage all lifecycle information creating a 
Digital Thread that has the current Digital Twin baseline and the historical data of the 
physical and digital asset over its life. The Digital Twin that has real-time simulation 
capabilities can extend this concept even further to the business model and enterprise 
architecture simulation.   
 
The External Data Source domain is important, because it can be used to bring data from 
other information sources, for example, energy prices, to optimise the use of the SCPSS. 
However, more importantly it can connect different SCPSS together to create a system-
of-systems that can offer more insight of the operational environment and create 
opportunity for new extended smart services built through the use of data collected 
(Publication VII). The Security and Access Management domain is important due to the 
system dependence on common internet networks in civil applications. The need to 
protect the SCPSS increases as new domains are added and the dependency on digital 
services and machine learning increases. 

RQ1.2 - What defines sustainable business ecosystem? 

The business environment is defined by the economic, environmental and social 
requirements placed on it and these elements define the business ecosystem setup and the 
actors (participants) who are part of it. The actors can change, or their role can change in 
the ecosystem over the lifecycle. A sustainable business ecosystem by nature should 
create mutual benefit for all participants or actors, and the ecosystem should adapt to the 
internal and external needs and influence of the participants over the time (lifecycle). For 
the business ecosystem to function efficiently, the ecosystem should be allowed to evolve 
freely within the environmental and social context it is in, and the business models of the 
different actors need to complement and support each other (Publication III). In other 
words, the ecosystem efficiency will suffer if the business models in the ecosystem are 
not aligned or are in the worst-case opposites can destroy the value and sustainability of 
the business ecosystem. As an example, a business model that is heavily dependent on 
Engineering-to-Order (ETO) business will have challenge to support a customer who is 
traditionally operate and purchase Configure-to-Order (CTO) solutions. 
 
At the heart of the business model is the value proposition that is based on the SCPSS 
and the system-of-systems the SCPSS can form. A SCPSS that can continue to adapt and 
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maintain sustainable business, environmental and social performance over its lifecycle 
can form a unique ecosystem between the different actors, where the business models’ 
value is built on the SCPSS being at the root of a sustainable business ecosystem. The 
value and advantage of the fully implemented SCPSS is the possibility to create a digital 
twin where the ecosystem behaviour can be simulated using either business data or 
simulations models to understand the behaviour of the ecosystem and the steps needed to 
optimise the business ecosystem to maintain sustainability. This concept can create 
insight of one business ecosystem asset, but the historical data create the Digital Thread, 
and the twins can be used to create insight of multiple business ecosystems to understand 
the elements that encourage successful business sustainability.  Yet, the application of the 
digital twin and the management of the business models is limited in many of the case 
companies and the definition of the value proposition was often challenging and difficult 
to verify. 

RQ1.3 - What is the relationship between value, business models and business 
ecosystems? 

The relationship between Business Models and Value Propositions was discussed in 
Publication III and the link to the manufacturer’s offering to its customers. We should 
note that the Business Model have two different time dependant behaviours. The first is 
the lifecycle of the Business Model during the lifecycle of the manufacturer lifecycle and 
the second is the changes caused to the Business Model when it is part of sustainable the 
business ecosystem. Here the offering, which create value, can be a simple product, 
service or a complex SCPSS.  
 
According to Publication III, the Business Model (Osterwalder, 2004) has nine elements 
where the central one is the Value Proposition which links to the offering (Figure 4.2). In 
addition, the Busines Model has two other domains focusing on the internal operations 
and the supply chain and the other on the customer relationship. The Value Proposition 
has been further discussed in both Publication III and (Osterwalder, et al., 2014). Another 
Business Model concept reviewed was presented in (Christensen, et al., 2016) where the 
dependencies between the four elements (Value Proposition, Resources, Processes, Profit 
Model) was drawn and the focus of the four elements changed over the manufacturer’s 
lifecycle (Figure 2.12). However, when we use this models in the context of a SCPSS or 
SCPS the different elements in both discussed models start to have limitations. The 
SCPSS offering in heavily dependent on its Enterprise Architecture due to its reliance on 
digital services that are part of the offering and the information provided by the business 
IS and external information sources. Therefore, the elements that are traditionally thought 
to be part of the internal operations of the manufacturer are tightly integrated to the system 
used by the customer. Also, this Busines Model concept does not cover the linkage 
between the model itself and the SCPSS lifecycle.  
 
We propose a revised a concept to the one presented in Figure 2.12. The revised model is 
shown in Figure 5.3. The Process Domain is replaced with the Enterprise Architecture 
that includes, in addition to the processes, the data architecture and the IS architecture 
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which also includes the automation and artificial intelligence. The reason for this is the 
digital data dependency of the SCPSS and the disruption that the SCPSS can cause on the 
material and immaterial resources needed and the change on the value created for the 
customers. The profit model and its elements consisting of, for example, the costs and 
revenue, are disrupted and impacted by the implementation of the SCPSS. The magnitude 
of the impact is also dependant on the scope and maturity of the SCPSS offered. 
 

  
 
Figure 5.3 Business Model elements adapted from (Christensen, et al., 2016).  
 
Based on the above discussion, it is evident that the previously discussed business model 
lifecycle can be revised to include the new elements. The revised Business Models 
Lifecycle Concept is presented in Figure 5.4.  The concept also attempts to draw a linkage 
between the Product Lifecycle Management and the Business Model results from 
Publications I, III, and VI. The model is driven by the evolving changes of the customer 
ecosystem that the manufacturer participates in and the partners that it selects to deliver 
the SCPSS with. 
 
In the Creation Phase of the Business Model, the manufacturer’s focus is on creation core 
or Minimum Valuable Product SCPSS that create value to the customer and addresses the 
customer problem or opportunity they are trying to solve. This is done with the prioritized 
resources that are available to the manufacturer internally or within its business 
ecosystem. In this phase the market is evolving and the SCPSS is in the innovation part 
of its lifecycle where the system is being developed with the opportunity to offer more 
capabilities. Gradually towards the end on this Business Model Phase the SCPSS 
becomes more defined and the alternatives how it functions, and capabilities selected.  
 
The Sustaining Innovation Phase of the Business Model shifts the focus to the Enterprise 
Architecture and the voice of the customer.  The focus on the formalization of the 
Enterprise Architecture is important because it implements the possibility to scale the 
business and execute it in a repeatable way based on automated processes and a digital 
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business operations data, but at the same time the possibility to innovate becomes more 
limited, and the customer needs start to drive the SCPSS development. For the SCPSS, 
this phase sees the productization and servitisation of the offering and the new 
development done is driven by the customer’s needs. This phase starts to limit the 
flexibility and innovation opportunities around the SCPSS, but there are multiple 
opportunities in the extended digital services domain that is based on the understanding 
how the SCPSS is used based on data that can be used in the Digital Twin or for Machine 
Learning purposes.  
 

 
Figure 5.4 Business Model lifecycle Phases adapted from (Christensen, et al., 2016).  
 
In the Efficiency Phase of the Business Model, the focus moves the Profit Model and the 
operational efficiency. This phase is driven by the profit and margin that can be made out 
of the offering. Typically, this phase focuses on continuous improvement of the existing 
SCPSS through upgrades and modernizations. However, the digital services play a key 
role in both extending the SCPSS life and also to ensure that it can maintain its 
environmental and economic sustainability as long as possible until it is removed from 
service and recycled. In addition, the digital interface can also address quality, health and 
safety changes that are placed on SCPSS over time where the Digital Twins can play a 
key role in verifying these changing needs. The number of SCPSS or other products and 
services increase as the business model evolves. 
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5.2 RQ2 - What is the relationship of PLM, PSS, Digital Twins, and 
multibody real-time simulation in creating SCPSS? 

The relationship between Product-Service-Systems (PSS), Smart Connected Product-
Service Systems (SCPSS) and Digital Twins was discussed in Chapter 5.1. In the same 
chapter, the relationship between Digital Twins and Real-time Simulation was shown 
based on Publications II and IV. It is therefore possible to conclude that there is a 
relationship between these concepts. The link to Product Lifecycle Management (PLM) 
can be seen in Figure 5.2 as the Digital Thread domain. However, this only covers one 
domain of the proposed SCPSS. The product information is stored in the Business 
Information System, but this is a limited view of the SCPSS. The goal and purpose of 
PLM is to manage the complete system definition over its lifecycle and therefore must be 
embedded into the overall SCPSS concept into the multiple domains. The result in 
Publication V and I show that the PLM is still evolving include SCPS and extended digital 
services. One of the challenges is the PLM investments previously done in the case 
companies and the difficulty to change current operating models. The goal of PLM is to 
manage the whole products information over its lifecycle and create a closed loop 
between the different lifecycles. We can conclude that the implementation of PLM takes 
years and the fast advances in technology have companies with more complex PSS and 
SCPS to manage with PLM Concept that does not fully support their needs. 
 
If one of the primary goals of PLM in the SCPSS context is to manage information and 
data about the system over its lifecycle, we can propose an information model domains 
and object that need to be included (Figure 5.5). In black the traditional structure element 
exists according to the RFLP-Concept element and in grey are the added elements. 
 

 
 
Figure 5.5 Proposed Smart Connected Product-Service System (SCPSS) structure 
modified from Figure 2.7. 
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The Requirement element should also include the Use Cases and Test Case information 
that is needed to manage the SCPSS over its lifecycle. The Functional elements should 
also include the simulation real-time simulation elements in addition to the product 
functional and process information. Designing a system to do a function gives different 
logical and physical alternatives to select from. The Logical and Physical elements must 
be extended to include information of the SCPSS domains including both hardware and 
software elements, including physical can virtual elements. The Location & Behaviour in 
the Environment Data (LBED) element consist of the location of the different element of 
the SCPSS and also the data collected from the SCPSS in use. The combination of these 
element builds the capability to run machine learning services that are offered to the 
customer as extended digital service and the elements can also be used to create real-time 
simulations of the SCPSS or parts of it based on the RFLP and LBED elements. The 
Machine Learning and Real-time Simulation capabilities can form the Digital Twin at a 
particular time (SCPSS baseline) of the Digital Thread of one instance or all instances 
being over the lifecycle. The IoT connection between the SCPSS and facilitates the 
receival and transmission of all types of product information to create the Digital Twin 
and Thread and transmit information to the SCPSS instance that the customer. 
 
The PLM concept presented in Publication I and Publication VI resulted in concepts that 
aligned PLM with the Enterprise Architecture and Business Models the context of 
complex product, service, and plant. In Publication VII and Publication V Smart-Service 
and Digitally Extended PSS were explored that help better understand the changes that 
manufacturers are facing with introduction of digital and smart service and products. 
Based on the result from these publications and the literature review done in this thesis, 
we propose a high-level SCPSS Lifecycle Management Concept (Figure 5.6) that aligns 
to the Business Model Lifecycle Concept (Figure 5.4). It is important to note that the 
Phases on the Business Model can contain all of the lifecycle Phases and therefore the 
cycle rate of the two concepts is different, that is, the business model is slower to change 
and typically will contain multiple elements from the offering portfolio in the form of 
products, service and SCPSS.  The addition of the SCPSS lifecycle to the concept 
illustrates that the system can be developed digitally, in the Phase 1, using the Digital 
Twin and Digital Thread and create the integrations to the other domains that often exist 
within the manufacturer or in its business ecosystem. As the SCPSS moves to Phase 2, 
the SCPSS is offered to the customer and sold a Digital Twin of a certain definition level 
that is used for the basis of the delivered and commissioned SCPSS. Once the SCPSS is 
commissioned in Phase 3, the operational data can be brought back to offer additional 
digital services that can vary to the smart solutions and services that can independently 
adjust their behaviour to the changing environment either through machine learning based 
or real-time simulation-based models. The importance of the Enterprise Architecture is 
significant for the full utilisation of SCPSS, but the importance of the layer change where 
the data architecture and its data content become a key element for sustainable business. 
This places importance that the Business Information System architecture is optimised 
for the Business Model goals and the data integration to the SCPSS elements exists and 
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is efficient. The role of the IoT connection through different Application Programming 
Interface (API) will be essential for this model to work optimally.  
 

  
 
Figure 5.6: SCPSS Lifecycle Management Concept and alignment to the Business Model 
and Business Ecosystem Lifecycle. 
 
Combining the Third Concept and the Fifth Concept, we can propose a unified concept 
that can help manufacturers to gain more insight on the role of SCPSS in creating 
sustainable business in ecosystems.  
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Figure 5.7: Proposed unified SCPSS Lifecycle Management Concept in Business 
Ecosystem. 

5.3 Contribution 

The published research has not covered the interdependent changes that are occurring due 
to the emerging technologies that are part of the Industry 4.0 framework and the 
framework itself is at a high-level that does not provide insight how these technologies 
are dependant and relate to each other. Manufacturing industry is making significant 
investment in product and service system and trying to implement IoT and AI without a 
concept. This thesis presents a concept for the Smart-Connected Product-Service-System 
based on publications. The impact that the SCPSs has on the business ecosystem, 
Business Model and PLM is unclear and how this impact sustainable business. This is the 
second gap that this thesis addresses.  

5.3.1 Theoretical implications 

The theoretical contribution of the thesis can be divided into the contribution of the 
independent publications and the concepts that have been derived from the cross-
publication analysis. The theoretical implications of the Publication I to VII are 
summarised in Table 1.1. 
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The main theoretical contribution is the unified SCPSS Lifecycle Management Concept 
in Business Ecosystem (Figure 5.7) that combines the findings from Publication I to VII 
and the answers to the research questions of this thesis. 
 
The first theoretical contribution is the logical concept for the Smart Connected Product-
Service System (SCPSS) that was modified and extended from (Porter & Heppelmann, 
2014) where the existing domains included the PSS, Digital Twin and Thread (Figure 5.2) 
in the business environment context and business model.  
 
The second theoretical contribution is the Business Model adapted from (Christensen, et 
al., 2016) that includes the disruption elements caused by the SCPSS system that 
integrates the resources and enterprise architecture to be part of the SCPSS (Figure 5.3). 
The also presents that the profit model needs to be redefined in the SCPSS context. The 
conventional Business Model definitions have drawbacks, because SCPSS are heavily 
dependent on the Enterprise Architecture elements and external data sources causing the 
blurring of the borders. Many of the service also are digital and exist in the cloud. In 
addition, the actor’s business models in an ecosystem need to be aligned from the 
customer manufacturer to the supplier (supply chain). 
 
The third theoretical contribution is the Business Model Lifecycle Concept that aligns the 
SCPSS business model across different lifecycle phases (creation, sustain innovation, 
efficiency) and focus elements (value proposition, resources, enterprise architecture, 
profit model) that are in focus (Figure 5.4). These phases are aligned to the high-level 
Product Lifecycle Management phases (SCPSS innovation, scalability, lifecycle 
extension) that represents the maturity of the SCPSS.  
 
The fourth theoretical contribution is the proposed Smart Connected Product-Service 
System (SCPSS) structure to bridge the gap between the traditional RFLP elements to 
include the elements deed to manage a Digital Twin and Digital Thread connected to the 
instance (Figure 5.5). This concept adds the real-time simulation and the machine learning 
based elements to the definition.  
 
The fifth theoretical contribution is SCPSS Lifecycle Management Concept and 
alignment to the Business Model and Business Ecosystem Lifecycle where the PLM 
Phases are dependent on the Business Model and Ecosystem lifecycle phase (Figure 5.6). 
The concept also aligns the PLM Enterprise Architecture role in managing the 
development, commissioning and operational life.   
 

5.3.2 Managerial implications  

The managerial implications of the Publication I to VII are summarised in Table 1.1 
where each publication provides a concept or case example how manufacturers have 
addressed the different research areas. Publication I provide a set of concepts that can be 
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applied to other manufacturing companies and way to map their maturity and the goals 
that they want to achieve. This a case example that can provide practical insight how to 
implement PLM in a complex Product-Service-System manufacturer. Publication II is 
case-company example how manufacturers implemented real-time simulation solutions 
into their product development processes and the benefits they could achieve. However, 
the connection of the real-time simulation solutions and practices and Digital Twins 
enabled the case companies to better position the value of both areas to management in 
means to improve product development processes. Publication III managerial impact are 
concepts how business models can be applied in a business ecosystem and how the 
ecosystem efficiency is dependent on the alignment of the different actor’s business 
models. The publication also offers way to understand how the different value proposition 
between the different actor’s need to support each other busines objectives. Publication 
IV continues to build on the Digital Twin concept and provides insight how manufacturers 
can expand this to services and how the IoT can create improved services when the virtual 
Twin is connected. The case example provides insight in the current situation at 
manufacturer’s and the certain recommendations. Publication V present different 
manufacturers’ vision and current status how to implement digitally extended PSS and 
the role of Digital Twins in achieving this vision. The results can also be used to 
understand the different implementation paths that are possible and the concepts. 
Publication VI is a case study, related to Publication I, that continues along the same 
challenged manufacturers face when implementing PLM driven business transformation, 
It provides both examples how the case companies solved PLM transformational issues 
and also the concept that were created to organise the transformation work? It also 
provides insight what are the pitfalls that PLM implementation can face. Publications VII 
provides case example how a manufacturer can collect customer needs and identify smart 
services. 
 
The theoretical concepts presented in this Chapter provide managerial frameworks and 
concepts templates that can be used to in sequence and independently to organise and 
plan a manufacturer’s SCPSS transformation.  The unified SCPSS concept (Figure 5.7) 
draws all the concepts together and offer a structure that a manufacturer can use to 
implement SCPSS in a controlled fashion.  

5.4 Limitations 

This thesis has limitations that need to be understood and they will be discussed. The first 
limitation is the business environment where the data and research were carried out. The 
interviewed companies were mostly Finnish manufacturer in the B2B business. The 
companies operating models are very similar and their business models that raises the 
question how well these results can be applied to other B2B manufacture and sectors.  
 
The second limitation is related to the scope of the thesis and the approach to the 
conclusions that can be drawn. The individual publications answered the research 
questions placed on them and the also answered the Thesis research questions places. The 
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publications also raised questions that had not be previously understood and created the 
situation here they needed to be explored further to understand the objectives and of the 
thesis. This was mainly due to the research gap and understanding what a SCPSS is. All 
publications together built the understanding what the SCPSS is and how it contributes 
to a sustainable business ecosystem.  
 
The third limitation are the rapidly evolving technology that disrupted the case companies 
and the thesis research focus. This was even more evident during 2020 when the case 
companies accelerated their digitalisation roadmaps first out of necessity to offer remote 
services and then through the identification on new virtually offered services. 
 
The fourth limitation is the paradox of the lifecycles of the different element presented in 
this thesis. The lifecycle of certain elements in the SCPSS can be measured in months 
and other in years where it applies to time needed to develop and their operational 
lifecycle. In contradiction, the implementation of Business IS or PLM takes years and the 
formation of busines model can take longer to implement.  
 
The fifth limitation is the results that SCPSS are improving the sustainability of a business 
ecosystem. The evidence that SCPSS support sustainable business in the form of extended 
digital services can be seen and that all ecosystem players can benefit. However, the 
implementation level of true SCPSS is still limited and economic, environmental and 
societal benefits are still evolving. 
 
The six limitation is in the limited implementation of digital twins, digital thread and real-
time simulation over complete lifecycle in all of the case companies. The use of both 
machine learning and real-time simulation over the complete system lifecycle is still 
limited and ongoing implementation.  

5.5 Suggestions for future research 

The goal of the thesis was to present a concept that could be used to understand the 
elements of the SCPSS and its impact on PLM, business models and ecosystems which it 
did achieve. However, these are high-level concepts and need to be tested out in practise. 
Future research should continue to verify these concepts presented in this thesis, and 
especially the unified SCPSS concept should be verified across different industries and 
manufacturing companies. Each of the individual concepts should be defined to the next 
levels and the results should be used to validate the concept and unified concept. Each 
area should continue with research questions that also integrates the models further 
together. The sustainability elements that the SCPSS creates in a business ecosystem 
should be investigated to define what are the element that improve economic, 
environmental and social sustainability and value in the ecosystems. 
 
The business model research should continue to deepen the understanding how the 
business models behave, evolve and adapt in an ecosystem over time when disruptions 
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are caused by external factors or changes in strategic goals. The second area that should 
be further researched is the dependency of the business model elements that must be 
aligned between the different ecosystem actors for the ecosystem to operate in the most 
efficient way.  The SCPSS changes the inner setup of the business model and the value 
proposition that must be understood at deeper level and the changes should be added to 
be the SCPSS driven Business Models. The behaviour of the business model over time 
and how this is impacted by the SCPSS that require flexibility to change areas that has a 
proposed concept, but a detailed research activity into this area is needed to uncover the 
areas that break the concept. The real-time simulation capability is one of the elements in 
the SCPSS and the possibilities to apply this to business model research and development 
should investigated and this simulation should investigate the possibilities to use artificial 
intelligence.  
 
The 9 elements of the SCPSS should be defined in more detail and the integrations 
between these elements. The role of the Source System Element to operate as the gateway 
to create system of system concept create bigger SCPSS-of-SCPSS is an interesting 
opportunity that is not clear at the moment. Currently, it provides external data to the 
SCPSS, but the SCPSS could transmit data to these domains.  The role of the physical 
PSS and PSS Cloud to house artificial intelligence should be clarified further and the role 
and independence of the physical elements to operate should be understood further in the 
context of the operations and service life, for example, can system independently decide 
and call for a service. The Digital Twin and the Digital Thread elements are still high-
level concepts and their role and scope in the SCPSS needs to be further clarified and how 
the Digital Twin and Thread can autonomously collect data and take decision to modify 
the behaviour of the system or release a new digital capability. This role of real-time 
simulations and machine learning to optimise the behaviour or the Physical PSS and the 
PSS Cloud need further clarification. Also, the limitations of current machine learning 
should be further studied in the context of the Digital Twin using multibody simulation 
where the simulation is run faster than real-time, and AI can make the decision to modify 
the behaviour or capabilities of the different elements of the SCPSS. The modification of 
the behaviour can be the change of process or mission parameters done independently or 
approved by the user. 
 
The PLM concept proposed should be detailed at its elemental level to understand how 
the information is structured and managed over the lifecycle. The role of PLM to manage 
complete SCPSS is faces multiple challenges on the way haw the different data objects 
are defined and how they are managed independently and with one another. If the Digital 
Twin and the Digital Thread are to use both simulation models, machine learning and AI 
as it develops, the definition of these objects is critical to understand. Currently the reuse 
of these structures is cumbersome, and they require a definition and lifecycle management 
model. A limitation in implementing this SCPSS driven PLM model is the support of the 
existing business IS systems where to needs are scattered over several systems where the 
capability to support the different SCPSS data is unclear. In addition, the traditional 
manufacturing processes and structures are focused on supporting the physical product 
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and how it managed the other domains is fragmented. The same situation also exists in 
the sales phases how the SCPSS is sold.  
 
The focus has been on the how the Manufacturer views the SCPSS and the ecosystem 
that should also be aligned to the customer and user views of the SCPSS. The viewpoint 
should be studied to understand how the customer and user see the SCPSS. Is it a 
“physical system” or is it a service that they are using that impacts the busines model and 
the value proportion of the SCPSS? 
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PRODUCT LIFECYCLE MANAGEMENT FRAMEWORK FOR 
BUSINESS TRANSFORMATION  

Ilkka D.M. Donoghue, Lea T. Hannola, Jorma J. Papinniemi 
School of Business and Management, Lappeenranta University of Technology, Finland 

ABSTRACT. Background: The role of Product Lifecycle Management (PLM) in business change varies in scope and 
impact. PLM initiatives range from Information System (IS) change to strategic business transformation, and capabilities 
to implement PLM successfully are unclear. The paper identifies a PLM framework for transition and related variables. 
Understanding these variables influence successful PLM transformation.  
Methods: The methods used in this paper include a literature review on existing frameworks available for PLM 
initiatives. This paper is based on a PLM case study done between 2011 – 2015, when the company’s strategy 
transformed it from an engineering company to a product and service company.  
Results: The results show that strategy-driven PLM transformation impacting a company on many levels, and PLM 
focusing on IS-driven process harmonisation fails due to limited knowledge of the business models, products and 
services. 
Conclusions: The conclusions are that PLM is at the core of business transformation and cross-functional impacting 
products, services and customers. 

Key words: product lifecycle management, product management, enterprise architecture, business model, business 
strategy. 

A part of this study was presented as oral presentation at the "24th International Conference on Production 
Research (ICPR 2017)" in Poznan, Poland from July 30 to August 3, 20017. 

INTRODUCTION 

PLM is a key initiative for many 
companies, but the methods used and results 
obtained from PLM initiatives are conflicting. 
The promised value of PLM initiatives is not 
always realized or even evident after PLM 
implementation. Due to the rapid pace of 
digitalization and the emerging service 
economy, PLM is under pressure to deliver on 
its promise and go even further in the future 
[Sääksvuori  2016]. 

This paper focuses on research and models 
that can be applied to the manufacturing 
industry, where the character of the business is 

complex solution deliveries that require deep 
technology and engineering capabilities. This 
low-volume, high-mix solution is typical for 
many European manufacturing companies. The 
challenges that these engineering technology 
companies face when implementing PLM are 
dependent on the product, service and PLM 
maturity level. The business characteristics are 
often project-driven Engineering, Procurement 
and Construct (EPC) solution deliveries. This 
paper looks at how the case company applied 
and implemented PLM to transform to 
a product-service company. 

For a PLM transformation to succeed, it is 
important to understand the different areas that 
must be taken into consideration before and 
during the PLM initiative. Existing PLM 
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research is reviewed in the context of the case 
company’s industry logic and PLM 
implementation requirements. The approaches 
that are of interest are those that can be used or 
applied to an engineering technology company 
that is transforming to a product-service driven 
company. The literature review answers the 
following questions: 
− what PLM maturity models exist that can 

be used to understand the current state and 
set the degree of transformation?   

− what PLM models or guidelines exist that 
can be used in an engineering technology 
company to implement the transformation? 

Therefore, the current state, the company’s 
objectives and readiness need to be mapped 
from the following viewpoints:  
1. What are the objectives for the PLM 

change? 
2. What is the definition level of  products 

and services? 
3. What is the current state of the company's 

operating model (enterprise architecture)? 
4. What product and services definition 

change is needed to achieve the 
objectives?  

5. What changes are needed in the operating 
model (enterprise architecture) to achieve 
the business capabilities? 

6. How to implement change in an 
organization (program and change 
management)?  

This paper is divided into three parts. The 
first part is a literature review (Section 2) of 
exiting models based on research findings. The 
second part is a case study based on the PLM 
business transformation that was carried out 
between 2011 – 2015 (Section 3). The third 
part (Section 4) concludes what was learned 
from the case study and the literature review, 
and how well the research supported the 
transformation carried out in the case 
company. In addition, there is a list of new 
additional questions that require further 
investigation. 

LITERATURE REVIEW 

PLM Maturity Models and Framework 

Vezzetti et al. published a maturity review 
of the different available PLM Models 
[Vezzetti, Violante, Marcolin, 2013]. The PLM 
models reviewed include areas that are 
considered important for PLM implantations. 
The high-level areas that are covered in the 
different PLM models are:  
1. Business dimension influencing PLM   
2. Maturity Model  
3. Guidelines for PLM implementation  

The literature review presents six 
alternative PLM approaches that can be used to 
understand PLM maturity and plan how to 
proceed. Out of the six models presented, the 
origin of five is academic and one originates 
from consultancy [Stark, 2006]. The 
characteristics of the different models vary and 
their focus varies from information system-
centric to business strategy-centric.  

Out of the six models presented in the study 
by Vezzetti et al. , the models that can be 
utilised in a low-volume high-mix products 
and services are of interest [Vezzetti, Violante, 
Marcolin, 2013]. Table 1 summarises the main 
characteristics of the PLM models selected. 

Vezzetti et al. conclude that the main 
objective of using a PLM Maturity Assessment 
is to make the implementations of PLM more 
approachable and a plannable process 
[Vezzetti, Violante, Marcolin, 2013]. The PLM 
models offer a starting point for a company to 
structure PLM. It also offers management 
a way to phase the PLM development in more 
manageable parts that have a logical sequence 
[Silventoinen, Papinniemi, Lampela, 2009].  

Saaksvuori and Immonen [Sääksvuori, 
Immonen, 2005] present how a company can 
implement a corporate-wide PLM concept 
impacting the related processes, and 
information systems [Silventoinen, 
Papinniemi, Lampela, 2009]. The principle of 
this maturity model is a phased approach that 
a company goes through when implementing 
PLM. It covers possible changes to the 
enterprise architecture and organisational 
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culture. However, the focus here is more on the 
Information Management PLM system and 
related data models. Processes are presented, 
but they are high level core business process 
reviews [Silventoinen, Papinniemi, Lampela, 
2009]. Sääksvuori and Immonen’s maturity 
model has 5 maturity levels [Sääksvuori, 
Immonen, 2005]. Silventoinen et al. 
[Silventoinen, Papinniemi, Lampela, 2009] 
proposed a modified version of this model that 
is presented in Table 1. This model is divided 
into five maturity levels: (1) Unstructured, (2) 
Repeatable but intuitive, (3) Defined, (4) 
Managed and measurable, and (5) Optimal 
process and concepts that are continuously 
refined.  

Stark’s [2006] PLM model is similar to the 
model of Sääksvuori & Immonen [2005]. 
However, the business dimension is divided 
into 3 areas, as presented in Table 1. The 
important addition is the company focus and 
the introduction of the lifecycle concept from 
the customer’s and company’s point of view. 
This introduces the concept of an inside-out 
versus outside-in view of the product and 
service lifecycle. This can also be seen as 
a logical step towards creating a customer-
driven operating model in an enterprise. 
Moreover, this can lay the foundations for 
integrating customer experience and service 
design elements to a PLM Model. The maturity 
model presented is similar to Sääksvuori’s 
[Sääksvuori, Immonen, 2005]. 

Kärkkäinen et al.'s [Kärkkäinen, Pels, 
Silventoinen, 2012] model is the newest PLM 
model is built on earlier models. A significant 
addition is the introduction of the customer 
dimension. This model introduces the need to 
consider customer needs and the customer 
knowledge in a PLM implementation. 
According to Karkkäinen et al. [Kärkkäinen, 
Pels, Silventoinen, 2012], PLM includes 
customer information from three different 
aspects: (1) information that has value for the 
customer, (2) traditional customer information 
about the customer, and (3) information from 
the customer how the products and services are 
used in operational life [Kärkkäinen, Pels, 
Silventoinen, 2012]. This enables a company 
to create insight into how the customer 
operates based on operational product-service 
information. This opens up an interesting 

possibility to align Customer Relationship 
Management (CRM) and PLM. Kärkkäinen et 
al. present a maturity model that is similar to 
Sääksvuori's [Sääksvuori, Immonen, 2005] and 
Stark's [2006]. However, the significant 
addition to their maturity model is the addition 
of customer information and customer insight 
that can be gained from it as a company 
advances from level to level. One missing 
element from this model is the guidelines how 
to implement PLM. This can be applied from 
either Sääksvuori or Stark's [Sääksvuori  
2016].  

All the models presented in the references 
do not cover the products and services that are 
impacted by the PLM implementations. The 
models are also missing the product definitions 
presented by Haines [2009]. 

The challenge for any company is to 
identify the most relevant model that can be 
adapted to the contexts of the business. These 
models offer a starting point to create 
a systematic approach and understand the PLM 
transformation (Current state vs. To-be state). 

CASE COMPANY 

The case company provides leading 
technologies and solutions to different industry 
areas and the solutions provided to the 
customer range from spare parts to operate and  
maintain, and equipment for production plants. 
The business transformation started in 2010 
and the first steps to organise  PLM 
development started in 2011. The 
transformation was the responsibility of 
a dedicated internal development organisation  
for the business lines and areas. 

The first operating model development 
phase focused on core and supporting business 
process development and IS. This led to siloed 
process development and IT system 
development, which did not work together. In 
addition, the supporting IT development was 
independent of the core processes they were 
supposed to support. These first attempts to 
deploy failed due to the uncoupling of process 
and IT application. Only limited capabilities 
from the operating model could be brought 
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into use. A major challenge was the business 
lines’ concerns that the new operating model 
did to support their business requirements  

In 2011, a move towards PLM-driven 
development was initiated resulting from 
a productisation audit that covered products 
and services. The audit highlighted risks in: (1) 
product management maturity variation, (2) 
revenue generation insight into and between 
products, (3) product and service definition of 
unstructured and missing areas, (4) product 
management tasks being done in delivery 
projects, (5) limited cross-product/service 
knowledge between products in the 
organisation. 

A separate audit was carried out to 
determine the PLM maturity level. This led to 
the first objective to create an initial PLM 
Concept. The focus of the PLM Concept was 
a simplified process and PDM-centric 
adaptation of the business dimensions 

presented by Sääksvuori [Sääksvuori, 
Immonen, 2005] and Stark [2006]. This 
concept work led to improved system and 
process alignment, but the limiting factor was 
still applicability to the product and service 
lines. 

The case company’s product, service and 
technology portfolio is heterogeneous and was 
managed independently by the product and 
technology managers. Most customer 
deliveries, especially plants and process lines 
were based on past project deliveries. Some 
product lines were using systems engineering 
and Configure-to-Order (CTO) principles and 
were found at equipment level. Service 
products were managed as part of the product 
lines, but typically this was unstructured. 
Figure 1 illustrates the case company’s 
different industry areas and the technology, 
products and services that are to be managed 
over the entire lifecycle. 

 
Table 1. Simplified version of the PLM Maturity Models and the relevant attributes 

 
Attribute category Model   
 Sääksvuori (2004) [4] Stark (2011) [5] Kärkkäinen (2012) [6] 

Name Product Lifecycle Management 
Product Lifecycle 
Management 

Defining the Customer 
dimension of PLM Maturity 

Origin Academic Consultant Academic 

Business dimensions 

• Process 
• Structures 
• IT Systems 
• PLM Strategy 
• People in change management 

• Company 
• Product development 
• PDM 

• Strategy & Policy 
• Management & Control 
• Organisation & Processes 
• People & Culture 
• IT 
• Customer focus 

Number of business 
dimensions 

5 Primary 3 Primary 6 Primary 

Maturity levels 

1. Unstructured 
2. Repeatable but intuitive 
3. Defined 
4. Managed & measurable 
5. Optimal 

1. Traditional 
2. Archipelago of PLM 

Islands 
3. Frontier-crossing PLM 
4. Enterprise wide 
5. Patchwork 
6. Enterprise wide 

enterprise deep 

1. Chaotic 
2. Conscientious 
3. Managed  
4. Advance 
5. Integration (1 

Number of maturity levels 5 Primary 6 Primary 
5 Primary 
4 Secondary  

Guidelines the PLM 
implementation 

1. Define PLM goals for 
implementation 

2. Analyse existing PLM foundation 
3. Rank Processes 
4. Identify company maturity level 
5. Select appropriate reference model 
6. Customize reference model 
7. Define requirements for system 

selection 
8. Select software solution 
9. Define roadmap & implement SW 

solution 

1. Understand as-is 
situation 

2. Understand the desired 
future state 

3. Develop an 
implementation strategy 
from current to future 
situation 

4. Develop detailed 
implementation plans 
corresponding to the 
strategy 

5. Implement the plans 

-  
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New beginning – Strategy Driven PLM 

The decision to create a corporate-wide 
PLM Concept and nominate a PLM Concept 
owner was made in spring 2011. This paved 
the way to create a strategy-driven PLM 
concept and implementation project. This 
approach applied ideas presented in 
Sääskvuori’s [Sääksvuori, Immonen, 2005] 
and Stark’s [2006] PLM's Models. The work 
also integrated the product and service 
definition work carried out with product lines 
applying the modified method from Haines 
[2009].  

The first task was to define the maturity 
levels and business logic of the different 
product lines in the case company. The 
maturity levels varied across the company, as 
did the business logic. 

Based on the mapping in Figure 1, the case 
company’s PLM Maturity Levels can be 
categorised, for example, with Kärkkäinen’s 
model [6] as follows: 

Level 1: Chaotic stage – Level of 
coordination is low 
− Corporation-wide 
− Industry Areas with all technologies, 

products and services  
− Chemical – Plants & Process Islands 
− Next Generation Services 

Level 2: Conscientious stage – Level of 
coordination is mainly at functional level 
− Metals Refining – Plants & Process Islands  
− Water Treatment – Plants & Process Islands 
− Energy – Plants & Process Islands  
− Mineral Processing – Plants & Process 

Islands 

Level 3: Managed stage Level of 
coordination is reaching cross-functional and 
company level 
− Mineral Processing – Equipment & 

Services 
− Metals Refining – Equipment & Services 

 
 

Fig. 1. Case Company industry areas, technology, 
product, and service footprint 

   

Level 4: Advanced stage Level of 
coordination is dyadic in inter-organizational 
relationships. 
− None 

Level 5: Integration stage Level of 
coordination is extensive, reaching inter-
organisational networks 
− None 

The result highlighted that corporation-wide 
PLM maturity was at a chaotic and 
unstructured stage. Moreover, it was evident 
that equipment and service were at a higher 
maturity level than the plants and process 
island. This meant that the strategy would be 
difficult to achieve if investment in PLM were 
not made. 

The case company strategy was both the 
driver and justification for the PLM initiative. 
The alignment to the strategy and the strategic 
PLM objectives. The strategic drivers were as 
follows: 
− 3-fold increase in revenue by the year 2020. 
− Improve return on investment for customers 

with efficient operating costs and 
technology. 

− 4-fold increase in service business from 
current level. 

− Reduce engineering hours in delivery 
projects 

− Increase the reuse of products, services and 
modules in delivery projects. 

− Increase the level of strategic sourcing to 
improve cost competitiveness.  
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The PLM initiative also supported several 
strategic initiatives, for example, (1) customer 
centricity, (2) customer and companies earning 
logic, (3) leading technologies, and (4) 
product-service competitiveness. 

Product Definition 

The productisation state revealed the need 
to create a common product and service 
definition within the company. This led to the 
Product Definition concept, which defined the 
information needed to unify the products and 
services across the company. The definition 
was divided into two dimensions. The first 
entailed equipment product definition, service 
product definition and plant product definition. 
The second dimension related to the 
productisation levels (A, B, C, D) that were 
defined for each product and service.Level A 
was productised more than 80% and fully 
managed by product management, while level 
D was less than 20% and was not managed 
actively by product management. In addition, 
the product and service management defined 
which products and services were productised 
first based on business prioritisation. 

The Product Definition was a modified 
version of the concepts presented in Haines 
[11]. The productisation categories that each 
product had to fulfil were: 
− Product and Business Management 
− Sales & Marketing 
− Engineering 
− Delivery 
− Services 
− Quality, Environment, Health and Safety 

Each of the above areas contains a set of 
deliverables that have to be available for the 
products and services. Based on this available 
content, the product was assigned 
a productisation level in the current-state-
analysis and a productisation target based on 
the product strategy (to-be). The productisation 
work also prioritized which product definition 
areas were required for each product and 
service, for example, new product introduction 
products had different focus areas  to mature 
products. As an example, the productisation 
target levels for the products and services to 
support the product strategies according to the 

Productisation Maturity Level [Haines, 2009] 
were: 

Level A: Productisation level more than 
80% 
− Mineral Processing – Equipment & 

Services 
− Metal Refining – Equipment & Services 
− Energy – Equipment & Services 
− Mineral Processing – Next Generation 

Services 

Level B: Productisation level between 60% 
- 80% 
− Water Treatment – Equipment & Services 
− Mineral Processing – Plant & Process 

Island 
− Metals Refining – Plant & Process Island 
− Energy – Plant & Process Island 

Level C: Productisation level between 20% 
- 60% 
− Water Treatment – Plant & Process Island 
− Chemical – Equipment & Services 

Level D: Productisation level less than 20% 
− Chemical – Plant & Process Island 

The decision to set different target levels 
also reflected the current and anticipated reuse 
level of the products and services in their own 
industry area, but also in other applications 
across other industries. This is typical, for 
example, for automation systems. This also 
highlighted the need to define the product 
management roles and responsibilities of the 
different products and the interfaces between 
the products. This also requires a product 
architecture that supports both Engineering-to-
Order (ETO) and Configuration-to-Order 
(CTO) principles as presented in Forza & 
Salvador [10]. Due to the nature of the solution 
business that the company is in, the product 
definition and PLM concept created two 
addition definitions that were the (1) product-
in-product concept, and the product-and-
service time-dimension. The first concept 
identified the relationships between (1) 
equipment and services, (2) equipment and 
production processes, (3) processes and plants. 
Additionally,  software system relationships 
were defined for the above products and 
services. The product-and-service time-
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dimension defined three things: (1) the product 
platform relationship to scalable products, for 
example, size, and continuous improvement to 
extend the product lifecycle. The second (2) 
defined the integration possibilities of the 
products to create larger system. Finally (3), 
the relationship between the physical product 
and the pre-delivery, delivery and post-
delivery services.  

Strategy driven PLM framework in case 
company 

The first challenge was the role of PLM in 
the company’s organisation and operating 
model. Initially, it was a functional part of the 
Research and Development (R&D) Core 
Business Process. PLM was seen as  only 
having a role in the R&D Process function and 
it was located between the Process and 
supporting IT systems. Based on (1) the 
productisation audit, (2) the PLM Maturity 
analysis and (3) the interviews carried out with 
the product and business line heads, it was 
clear that there was a business need for 
a corporate Product Lifecycle Management 
concept.  

The first objective was to position PLM in 
the correct place in the organisation and 
operating model. An overall framework was 
created to support the PLM initiative based on 
Osterwalder [Osterwalder, Pineur, 2010] and 
TOGAF principles (Figure 2). This was used to 
argue the importance and organisational 
location of PLM, but it also gave clarity to the 
whole enterprise architecture development. 

 
 

Fig. 2. PLM impact on the Enterprise Architecture 
   

The business model is used to identify the 
existing and missing business capabilities. For 
the PLM framework, these capabilities are 
categorised into three capability domains: (1) 
PLM, (2) products and services, and (3) 
customer. The products and services are 
central to defining the value proposition in the 
business model. Similarly, customer 
knowledge is the basis for defining the 
Customer Segments [Osterwalder, Pineur, 
2010]. According to Osterwalder [Osterwalder, 
Pineur, 2010], the company uses customer 
segments to understand what value is created 
and who its key customers are [Osterwalder, 
Pineur, 2010]. Both the existing and missing 
capabilities originate from the strategy and 
business model. The business model capability 
defines what PLM must do in the operating 
model (Enterprise Architecture), and these 
PLM capabilities can be further broken down 
into PLM features and requirements. 

 
 

Fig. 3. Capabilities that define the PLM section of the 
Enterprise Architecture 

The capabilities are the parts of the 
enterprise architecture that are divided further 
into convenient sized changes or revisions to 
the organization, processes, information and IT 
Architectures (Figure 2). The capabilities that 
drove the PLM model in the case company 
were: (1) product, service and module reuse, 
(2) increase service business, and (3) reduce 
engineering hours in delivers. One of the 
problems that arose was the need to develop 
capabilities that were applicable to all or some 
business areas. The most challenging were 
those capabilities that were totally unique to 
a certain business line (Figure 3). The 
capabilities defined a PLM framework for the 
case company that had 3 lifecycles phases and 
interaction between the different product layers 
that needed to be managed. The framework is 



,  

 Donoghue I.D.M., Lea T. Hannola L.T., Papinniemi J.J., 2018. Product lifecycle management framework for 

business transformation. LogForum 14 (3), 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264   

 

300 

an adaptation of the lifecycle phase presented 
by Stark [2006]. 

 
 
Fig. 4. Product-in-product model 

Once this work was carried out, the 
development project could be as scoped with 
understandable business capability sets to 
support prioritised business needs in the one of 
the three PLM lifecycle phases, and product 
and service areas. The subsequent  stages from 
here involved typical process, information and 
IT system development that also included 
deployment and change in management to on-
board the organisations. 

DISCUSSIONS AND CONCLUSIONS 

How can PLM development succeed with 
the emerging new technologies e.g., IoT, real-
time simulation, or artificial intelligence? We 
think it cannot do so without understanding the 
relationship between strategy, business models, 
products, technologies and how the enterprise 
architecture is built. PLM can drive product 
excellence and innovation, but we still do not 
have a clear structure and execution framework 
that also includes the customer dimension 
aligned with strategy and business models. 
However, we see that the addition of these 
dimensions is essential for PLM to support 
future needs. As a theoretical contribution to 
the study, we propose the rough framework 
shown in Table 2, which could be developed to 
include these areas. This model also introduces 
the relationship with strategy and business 
models. 

 

 
Table 2. The extended global PLM Model for Manufacturing 

 
 Operating Model (PLM) Product - Service Customer Dependency 

Strategy 
Strategy alignment and 

PLM strategic goals 

Strategy alignment & 
Product & Service 

strategic goals 

Strategy alignment & 
strategic Customer goals 

All 

Business Model and 
business capabilities 

Business Model PLM 
capability identification 

Business Model 
Product/service capability 

identification 

Business Model Customer 
capability identification 

All 

Operating Model 
Dimension 
 

− Management & Control  
− Organisation 

Architecture & Culture 
− Process Architecture 
− Information 

Architecture 
− IS Architecture 

− Product & Service 
Definition [12] 

− Customer Definition 
− Segmentation 
− Channels 
− Customer Relationship 

Management 

All 

Maturity Model Sääksvuori [4] A, B, C, D Model [12] Kärkkäinen [6]  
     
Implementation Stark [5] Stark [5] Stark [5]  

 

 
As practical contributions, we see that PLM 

can have two different approaches in 
companies. The first is the approach where 
PLM is information system-centric, and very 
often only PDM-centric. The second is 
business-driven, where PLM is a strategic 
initiative that covers the operating model, 
products and services. In the case company, 
PLM was started solely as an Information 

Management PDM initiative to improve the 
operating model that mainly supported the 
R&D business process digitalisation. 
Following the limited benefits gained with this 
approach, the decision to move to a PLM 
business transformation initiative that 
implemented the strategic drivers through 
product and service definition and corporate 
wide PLM strategy, created value by means of 
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the realisation of corporate and business unit 
strategies.  

However, the case company’s PLM drivers 
were efficiency-orientated and drove PLM 
from an inside-out viewpoint. This approach 
does not focus on the customer’s voice or 
insight to understand the customer’s business 
need and selection of the correct solution to 
achieve their business objectives over 
a sustainable lifecycle. The inside-out 
approach creates an environment where PLM 
is seen to implement short-term benefits rather 
than long term benefits through sustainable and 
evolving customer relationships. By nature, 
PLM is strategic and the improvements are 
realised in the long run. This work is measured 
in years and must be a constant form of 
systematic and manageable evolution from one 
maturity level to the next. It is important for 
companies to understand what their maturity 
level is and what type of change they are trying 
to achieve with their products, services and 
PLM management system, but also customers. 
These areas must be developed together. 
Therefore, products and services are the core 
of PLM. This leads to the question whether 
PLM should be driven from an outside-in 
approach that starts from customer insight and 
strategy. If the approach is changed to outside-
in, then the needs and insight of the customers 
would drive PLM over their lifecycle. This 
would lead to a situation where the products 
and services would better fulfil the customers' 
evolving requirements and improve customer 
experience. This could also lead to a better 
understanding of how services and 
digitalization could be implemented in 
companies, and support ways of integrating 
service design and customer experience with 
PLM. 
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ZARZĄDZANIE CYKLEM ŻYCIA PRODUKTU W OKRESIE 
TRANSFORMACJI GOSPODARCZEJ 

STRESZCZENIE. Wstęp: Znaczenie i wielkość roli zarządzania cyklem życia produktu (PLM) zależy od obszaru 
działalności gospodarczej. Zarządzanie cyklem życia produktu inicjuje różne zmiany zarówno w systemie 
informacyjnym przedsiębiorstwa jak z transformacji na poziomie strategicznym. Trudno też określić jednoznacznie 
warunki pomyślnego wdrożenia zarządzania życiem produktu. W pracy zidentyfikowano ramy dla zarządzania cyklem 
życia produktu jak i zmienne zależne procesu. Prawidłowe zrozumienie wpływu tych czynników ma istotne znaczenie dla 
pomyślnej transformacji zarządzania cyklem życia produktu.  
Metody: Główną metodą pozyskiwania danych był przegląd istniejącej literatury naukowej dotyczącej różnych inicjatyw 
związanych z zarządzaniem cyklem życia produktu. Praca obejmuje analizę przypadku zarządzania cyklem życia 
produktu w oparciu o dane konkretnego przedsiębiorstwa z lat 2010-2015, w okresie którym uległa transformacji 
strategia tego przedsiębiorstwa z profilu inżynierskiego na produktowy i usługowy. 
Wyniki: Otrzymane wyniki pokazują, że przeprowadzona transformacja miała wpływ na działalność przedsiębiorstwa na 
wielu poziomach. Zarządzanie cyklem życia produktu skupione tylko na harmonizacji procesu w oparciu o system 
informacyjne nie odniósł pożądanego skutku ze względu na ograniczoną wiedzę na temat modeli przedsiębiorstwa, 
produktów i usług. 
Wnioski: Zarządzenie cyklem życia produktu jest kluczowym elementem transformacji biznesowej i ma wpływ na 
wzajemne zależności pomiędzy produktami, usługami i klientami.  

Słowa kluczowe: zarządzanie cyklem życia produktu, zarządzanie produktem, struktura przedsiębiorstwa, model 
biznesowy, strategia biznesowa 

Część tej pracy została zaprezentowana w formie referatu podczas konferencji "24th International Conference on 
Production Research (ICPR 2017)",  która odbywała się w Poznaniu między 30 lipca, a 3 sierpnia 2017 roku. 

 

MANAGEMENT VON PRODUKT-LEBENSZYKLUS  WÄHREND 
EINES WIRTSCHAFTLICHEN UMBRUCHS  IM UNTERNEHMEN 

ZUSAMMENFASSUNG. Einleitung: Die Bedeutung und Relevanz der Rolle des Managements von Produkt-
Lebenszyklus (PLM) hängt von der Art der wirtschaftlichen Betätigung eines Unternehmens ab. Das Management des 
Lebenszyklus eines Produktes generiert Veränderungen sowohl im Informationssystems  eines Unternehmens als auch 
beim wirtschaftlichen Umbruch auf dem strategischen Niveau. Es ist auch schwierig, eindeutig die Voraussetzungen für 
eine effektive Einführung des Managements für den Produkt-Lebenszyklus zu bestimmen. In der vorliegenden Arbeit 
wurden die Rahmen für das Management des Produkt-Lebenszyklus sowie abhängige Variablen des Prozesses ermittelt. 
Die richtige Verständnis dieser Einflussfaktoren hat eine wesentliche Bedeutung im Prozess einer effektiven 
Transformation des Produkt-Managements.  
Methoden: Die Hauptmethode der Gewinnung von Daten war eine Übersicht der bestehenden wissenschaftlichen 
Literatur, die verschiedenartige, mit dem Management des Produkt-Lebenszyklus verbundene Vorgehensweisen umfasst. 
Die Forschungsstudie stellt Analyse eines Studienfalls in Bezug auf das Management des Produkt-Lebenszyklus anhand 
von Daten eines konkreten Unternehmens aus den Jahren 2010-2015, in denen die Strategie dieses Unternehmens einer 
Transformation vom Ingenieur-Profil zum Produkt- und Dienstleistungsprofil  unterlag, dar.  
Ergebnisse: Die ermittelten Resultate weisen darauf hin, dass der durchgeführte wirtschaftliche Umbruch die Tätigkeit 
dieses Unternehmens auf vielen Ebenen beeinflusst hat. Das nur auf die Harmonisierung des Prozesses anhand von 
Informationssystemen fokussierte Management des Produkt-Lebenszyklus brachte keine positiven Nachfolgen mit sich. 
Das geschah wegen des beschränkten Wissens über die gegenseitigen Abhängigkeiten zwischen Produkten, 
Dienstleistungen und Kunden.  
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Fazit: Das Management des Produkt-Lebenszyklus stellt ein Schlüsselelement der Business-Transformation dar und übt 
einen bedeutenden Einfluss auf die gegenseitigen Abhängigkeiten zwischen den Produkten, Dienstleistungen und Kunden 
aus. 

Codewörter: Management von Produkt-Lebenszyklus, Produkt-Management, Unternehmensstruktur, Business-Modell, 
Business-Strategie  

Der Teil dieser Arbeit wurde in Form des Vortrag während der Konferenz "24th International Conference on 
Production Research (ICPR 2017)", die in Poznan am 30 Juli-3 Aug 2017 stattfand, präsentiert. 
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Abstract. The concept of the Digital Twins offers opportunities for business-
to-business (B2B) manufacturing companies to co-create and maintain Product-
Service-Systems. This facilitates closer relationship with customers over the
lifespan of the delivered solution. However, the definition of the Digital Twin is
not yet established in the companies that took part in this research that forms the
basis to understand the relationship between the Digital Twins and Product-
Service-Systems.
The objective of this paper is to define the concepts of Digital Twin and real-

time simulation, and increase understanding of the benefits and impacts that
B2B companies face when applying real-time simulation, and understand where
the transformation should start in Product Lifecycle Management. The case
companies that participated in this research are mobile work machine manu-
factures, but the findings are applicable to other B2B manufacturing companies
which have complex solution deliveries that are managed over the lifecycle.
Results of this study show that B2B manufacturing companies are using real-

time simulation to create digital twins of their real-world solutions. The com-
panies participating in the research project create functioning digital twins but
managing them is tedious and not integrated to the Product Lifecycle Man-
agement operations. First, only applying this to product development is not
enough, but the management must cover the entire lifecycle of the product from
Beginning (BOL), Middle (MOL) and End-of-Lifecycle (EOL). Second, the
need to rethink the approach to product development and management is a key
for success. Otherwise, the result is a virtual representation of the real world that
is impossible to maintain at industrial level.
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Product Lifecycle Management � PLM � Product-service system
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1 Introduction

The focus of this paper is to increase understanding how digital twins, especially built
on real-time simulation, impact and create benefits already in the product development
phase. This paper increases understanding for B2B companies when applying real-time
simulation based digital twins, and to understand how the transformation should start in
Product Lifecycle Management (PLM). The integration of the Digital Twin and PLM is
becoming important to B2B companies. To understand the benefits and limitations to
the products, services, and ways of working, requires understanding of the different
elements defining the digital twin. However, agreement what a digital twin is depends
on the audience. In simplicity, it can just be the meta data that describes the product or
as a complex real-time IoT-based simulation model. The Digital Mock-Up (DMU) is
closely related concept to the digital twin and they have similarities. Typically, the
DMU is a 3D definition of the product over its lifecycle. However, here the digital twin
is connected to the physical world representation (via IoT) and is able to integrate
machine learning to improve its operations and its real-world counterpart over the
lifecycle. In addition, it can simulate, in real-time the multibody dynamics of the real-
world counterpart throughout the lifecycle. For product development, this means that
the digital twin is developed as a real-world counterpart and integrated to it once it is
delivered. This paper tries to understand, through two case companies, the relationship
between the digital twin and real-time simulation in the product development and
management phase of PLM.

Figure 1(A) presents the current way digital tools are used in the existing organi-
sations. Typically, real-time simulation is a practice that is managed in product
development or is used for training purposes instead of being a transparent value-add
process to benefit the users or customers. Currently, this slows feedback from users and
the overall development process. In addition, actual errors or shortcomings can occur in
new products. Figure 1(B) disrupts the existing working ways in the case companies by
bringing the users part of the product development process instigating a co-creation
environment which is built on the real-time simulation in a real-time co-creation
environment. This approach could shorten the development times and increase user and
customer satisfaction creating a positive customer experience (Mikkola et al. 2014).

Fig. 1. Real-time simulation can offer ways co-develop product and services with customers
creating disruption in the traditional product development operations (Mikkola et al. 2014)
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The relevance of digital twins is growing in manufacturing companies and the
opportunities to create new business models based on services is increasing. The
current understanding is that there are multiple elements that influence the digital twin.
Research has been published on the key elements, but they have not been integrated
into a concept where the different elements are organized in a framework to use in
manufacturing business. The underlining question is the relationship of real-time
simulation and digital twins in creating value and minimizing disruption for manu-
facturing companies over the lifecycle.

2 Related Research

The research on the key elements that constituent the digital twin in PLM have be
reviewed in the following. The objective is to understand the relationship, if exist, of
these different elements for the research carried out with the case companies.

2.1 Digital Twin

The Digital Twin is not a new concept and it can be seen part of the Product Lifecycle
Management (PLM) vision (Grieves 2006). The Digital Twin can be defined according
to Bilello (2017, pp. 9) as “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”. The Digital Twin is at the core of digitalization and is based on the use of digital
technologies. However, the usability and maintenance of the virtual product over the
lifecycle has not been efficient with traditional metadata and structure-based definitions
of products. The Digital Twin must consist of the virtual product and the virtual process
definition, and most importantly it requires end-to-end connectivity and physics-based
simulation. When this alignment is achieved, the Digital Twin can create new business
models that provide new revenue, value propositions and business opportunities to
companies (Bilello 2017).

A complete Digital Twin representation consists of four elements that are (1) real
space, (2) virtual space, (3) the data link from real space to virtual space, (4) and
information link from virtual space to real space and virtual sub-spaces (refers to one or
more digital representation of the product). A physical product operates in real space
whereas a virtual machine (i.e. simulation model) is created in virtual space. A virtual
machine can be constructed using a multibody simulation. With this approach, it is
possible to build detailed physics-based simulation model to analyse dynamics of
complex products such like a mobile machine.

2.2 Product Lifecycle Management

There is a variety of related concepts and definitions in the literature on Product
Lifecycle Management (PLM), depending on the focus of the authors. According to
Stark (2018), PLM is the business activity of managing, in the most effective way, a
company’s products all the way across their lifecycles; from the very first idea for a
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product all the way through until it is retired and disposed of. From the executive’s
point of view, PLM is the management system for the company’s products.

In context, Product Lifecycle Management is an integrative information-driven
approach comprised of people, processes/practices, and technology to all aspects of a
product’s life and its environment, from its design through manufacture, deployment
and maintenance. Product Data Management (PDM) is a systematic, directed set of
tools by which to manage and develop an industrially manufactured product. Infor-
mation systems of PDM and with wider frame-oriented PLM systems are based on data
model, enable accessing, updating, manipulating and reasoning about product infor-
mation that is being produced in a fragmented and distributed environment (Grieves
2006; Saaksvuori and Immonen 2008). The required capabilities on PLM systems are
for example product data and structure management and data exchange of Computer-
Aided Design (CAD) models (Siller et al. 2008).

Product knowledge management throughout the lifecycle of the product and the
related services has attracted increasing consideration in research and (mainly manu-
facturing) company practices in recent years. New digital tools and solutions, e.g.
Internet of Things, Virtual Reality, Digital twins and simulation, for managing product
related data and information across lifecycles, enable new kind of smart services and
product-service systems.

2.3 Product-Service-Systems

The term Product-Service-Systems (PSS) has been gaining attention from research and
industry in recent years, which takes the “Servitization” approach of manufacturing
companies of switching from a physical product-based business to a service-oriented
strategy (Cedeño et al. 2018). Tukker and Tischner (2006) define PSS as “a specific
type of value proposition that a business network offers to or co-produces with its
clients, and it consists of a mix of tangible products and intangible services designed
and combined so that they jointly are capable of fulfilling final customer needs”.
According to Tukker and Tischner, the PSS concept focuses on the following two
pillars:

1. Taking the final functionality that the user wants as a starting point of business
development (instead of the product fulfilling this functionality).

2. Expanding the system that provides this functionality with a ‘greenfield’ mindset
(instead of taking existing structures, routines and the position of the own company
therein for granted).

Xin et al. (2017) have made a systematic literature review of empirical PSS studies
between 2006 and 2016, and they found that PSS practices are widely applied across
different research and geographical areas. In addition, the PSS studies indicate that the
evolution of PSS is still in its early development stage (Xin et al. 2017).

2.4 Multibody Real-Time Simulation

Multibody real-time simulation techniques have enabled the precise description of
complex mechanical systems such as mobile and industrial machinery and the
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subsequent solution of the relevant equations of motion in real time. This capability has
been available for more than three decades. Currently, real-time simulation models
based on multibody dynamics can account for a large number of rigid (Garcia de Jalon
and Bayo 1994) and flexible bodies (Garcia de Jalon and Bayo 1994), and contact
models (Garcia de Jalon and Bayo 1994). These multibody-based approaches can be
combined with models of actuators enabling the description of multi-physical systems
as the one shown in Fig. 2.

3 Research Process

The research process applied design science research approach (Hevner et al. 2004;
Hevner 2007) and data collection was made through semi-structured interviews. These
methods were selected based on the goal to understand what is the current state of the
case companies and provide insights on how to bring value to the case companies. The
case companies that participated in this research are mobile work machine manufac-
tures. To maintain anonymity, the companies are referred to company Ox-cart and
Have-Blue. Ox-cart provides intelligent mobile material handling solutions and ser-
vices and Have-Blue provides vehicles, service and solutions to the mining and con-
struction industry.

The research was divided into two phases; (1) the first to understand the as-is status
of product development and management in the companies, and (2) impacts and
benefits in the transformation towards the future state when digital twins and real-time
simulation is applied into practice. The research focus was on the application of real-
time simulation. The research method was divided into the following phases:

1. Review into related research to understand previously published concepts that
impact the research area. A superficial review of social media was also done.

2. Interview the case companies’ product development and product management
representatives to understand the as-is state and opportunities and impacts when
applying digital twins.

3. Identify possible business benefits and impact on current product development and
management.

Fig. 2. An excavator model operating on deformable ground
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4 Benefits and Impacts of the Digital Twin

The results can be divided into benefits that improve the way of working and the impact
that a digital twin has on the product development and PLM. The adoption of real-time
simulation, that forms the digital twin, requires a change in the way companies execute
product development and PLM in future. Based on the work carried out with com-
panies, the digital twin is a feasible option when it is full physics based real-time
simulation. However, the maturity level of the two companies are different. Company
Ox-cart has piloted digital twins based on real-time simulation in product development
but are still evaluating the business case for full implementation across the company’s
operations. However, the first area of implementation is product development. On the
other hand, Company Have-Blue have implemented and are using real-time simulation-
based digital twins in certain product lines. This implementation has focused on pro-
duct development and management, but it has also been piloted in other areas for
example sales and manufacturing. Common benefits are closer customer relationship
and dialogue that enables faster product development. This need for transparent
communication with customers is not often present in product development. The main
goals for the case companies from real-time simulation based digital twins are:

• Improved R&D and Product Management Processes improving efficiency and cost.
• Better understanding of customer needs with co-creation during development.
• New Product-Service-System (PSS) possibilities due to integration of operations

data and connected digital twins (virtual-PSS).

Both case companies’ product and service portfolios are diverse and the customer
segments that they support are heterogeneous. Each product and service line have
different needs and maturity levels. The Have-Blue portfolios consist of, for example,
software, automation, equipment and process solutions that from product-service-
systems. The companies use traditional simulation in the product development pro-
cesses and have also invested in real-time simulation solutions. A key issue for real-
time simulation is the need for specialised expertise, and the effort to manage complex
models. The opinion is that benefits can be achieved if the productization of real-time
simulation software is improved and the code development is replaced with ready user
interfaces. Building a re-useable library of simulation products, modules and services
across or in product platforms is key for adoption in these companies. As an example, a
re-usable module is a control logic used in the drive system or the boom.

Table 1 positions the different simulation dimensions that exist and identifies the
simulation areas where value could be brought to product development and manage-
ment in the companies. The goal of Table 1 was to create insight what is the as-is and
vison for real-time simulation driven digital twins. In Table 1, the columns represent
the different simulation domains that were identified in the case companies. The
Simulation Column covers traditional simulation methods used by most companies.
These include, for example, CFD of FEM simulations. The Realtime Simulation
Column covers the full physics real-time simulation which is an accurate physics-based
representation of the mobile work machines, e.g., excavator. The 3rd column Collab-
orative Realtime Simulation uses real-time simulation, but in a virtual environment that
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enables the simultaneous use of multiple real-time simulation models where the
environment is a real-time simulation, for example, mine, airport or harbour, and are
cloud based. The Faster than Realtime Column represents real-time simulations where
the simulations can be carried out faster than the real-world occurrence.

The rows represent the different simulation approaches. The 1st row Virtual Reality
represents the model where human interaction is not present. The 2nd row Human in the
VR loop is controlled and operated by a human. The 3rd line Hardware in the VR loop
is when the digital twin has a real-world element connected to it or vice versa. The 4th

line Data in-the-loop is when the simulations are run based on real-time data collected
from Product-Service-System. The 5th line Augmented Reality is when the digital
information is shown in the real world in real-time. Line 6 and Line 7 represent
Artificial Narrow (ANI) and General (AGI) Intelligence where the simulation model
can make different levels of decisions independently with or without operational data.
Line 8 is when Artificial Super Intelligence is in the loop. AGI and ASI are visions
only. The vision is to apply Narrow AI to the connected system, but the basics must be
in place first. ANI with degrees of autonomy has interesting possibilities in connected
digital twin and PSS.

The case companies use different simulation and IT tools to create the digital twin.
However, the simulation solutions are used interpedently in product development and
PLM. The case companies use real-time simulation, but it is not fully integrated to the
Enterprise Architecture (EA) and is difficult to maintain meaning few true digital twins
based on real-time simulation exist.

The implementation of digital twins impacts the architecture of the case companies
because it changes how the companies manage product development processes and

Table 1. Digital twin domains and simulation approaches. Green areas are under development
and blue areas are concepts of interest to the case companies

Digital Twin Simula on Real me 
Simula on 

 

Collabora ve 
Real me 

Simula on (1 

Faster than 
Real me Simu-

la on 
Virtual Reality 
model 

Used Limited use Not in use Used 

Human in the VR 
loop 

Used Limited use Not in use Concept 

Hardware in the 
loop 

Used Limited use Not in use Concept 

Augmented reality Used Not in use Not in use Concept 
ANI in the loop N/A Concept Vision Vision 
AGI in the loop N/A Vision Vision Vision 
ASI in the loop N/A Vision Vision Vision 
N/A = Not Applicable 
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involve external and internal stakeholders. The real-time simulation maturity level in
the architecture areas were:

• Specialist exist in organisations (Organisation Architecture and Role Descriptions).
• Realtime simulation and digital twin not integrated to process (Process

Architecture).
• Realtime simulation models built from scratch (Information Architecture).
• Realtime simulation not integrated to Information System (IS architecture).

However, if implemented as part of the enterprise architecture, real-time simulation
and therefore digital twins will improve the product development and management
processes reducing cost through faster feedback and earlier involvement of the cus-
tomer in the development phase. The case companies’ objectives were to understand
how real-time simulation can bring value and to create a business case for the digital
twin. The interviews uncovered benefits and pains in product development and PLM
that real-time simulation can improve. These most important areas, based on the
interviews with the companies were:

• Time-to-Market can be reduced with real-time simulation.
• Improved marketing & sales of new PSS capabilities and features to customer.
• Collecting end-user and customer feedback and needs.
• Building concepts and prototypes to get customer insight faster at lower cost.
• Release time between prototypes after testing feedback can be reduced.
• Replacing time consuming and costly product testing with real-time simulation-

based.
• Threshold to start new product development does not need significant drop in sales

(especially company Ox-cart).
• Deeper view how services are used and integrated in customer PSS.

In both companies, product development time must be reduced in the future and
getting it first-time right is critical for success, as is cost. In Ox-Cart, the key elements
for equipment success is operator visibility, driving and loading experience. These
areas can be developed faster with real-time simulation with the near real-world
operator experience. Realtime simulation was used to collect operator feedback on
improvements e.g. maintenance procedures and accessibility. For Have-Blue, the
integration of the digital twin to products can create an augmented real-time simulation
to test and verify improvements to the product. This data was used to understand the
traditional asset-based service’s needs. The time and cost to build new real-world
prototypes is a risk that impacts internal and supplier resources. Using a configurable
real-time simulation models, in the early stage of development for prototyping, enabled
customer feedback and improved requirement collection in early stages of develop-
ment. The suppliers develop and deliver more than half of the assemblies in the
products and many of these assemblies are developed at the same time as the end-
product. If a digital twin is used, the possibility to test, e.g. control software, would
ensure quicker development cycles and identify supplier errors early in the develop-
ment phase. Real-time simulation, if is used for testing and certification, would reduce
physical prototypes.
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5 Discussion and Conclusions

Digital Twins are not only tools for product development to gain better customer
commitment to new concepts. The real opportunities lie in creating digital products and
services that integrate the real and digital worlds together and form a connected
solution (Fig. 3). If a real-time simulation based digital twin is implemented, this
digital representation can change the way companies view their products and services
in the future. The virtual product becomes the asset that opens new business oppor-
tunities, for example, connected information-based services. This enables the creation
of Product-Service-Systems (PSS) that can be used to simulate the PSS different
lifecycle phases.

The digital twin concept impacts the case company core from R&D to install base
management. The value comes from the lifecycle management of PSS where the
connected product can provide information to the digital twin. This information can
verify the real-time simulation accuracy but can form the basis to continuously test new
development and operational scenarios. Therefore, real-time simulation based digital
twins can create a digital-PSS with predictive services in the form of product efficiency
services, customer process support, and process delegation services.

For real-time simulation to have an impact on the way an organisation operates, the
digital twin and the enabling real-time simulation software must be an integrated part of
the operating model. Realtime simulation is the essential element of the digital twin
concept that builds new capabilities. Therefore, real-time simulation can redefine
business processes and impact how information is managed, and IT architecture
defined. For successful digital twin implementation, based on real-time simulation, a

Fig. 3. Digital twin high-level benefits achievable through application of real-time simulation
when connected to real-world counterpart
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company must evaluate its; simulation maturity and capabilities, product-service-
system maturity and capabilities, and customer lifecycle management maturity. Future
research should concentrate on the benefits that the digital twin can create over the
complete lifecycle of the product and how machine learning can create new services
and for customers and the companies offering them.
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Abstract 

Business models have re-emerged in research over the last ten years. There exist numerous business models with 
high level definitions. Certain models have received popularity and have provided results to business. The rapid 
advancement of digital platforms and platform economy will impact business models, and companies are 
increasingly members of business ecosystems. This has raised the need to examine what business models and 
elements should be used in these rapidly changing B2B business environments. 

The objective of this research is to understand how business models can be used in emerging B2B ecosystems 
where there is cross-business co-operation within and outside the company. The research approach used was 
design science research, and the empirical research was carried out in B2B manufacturing and software 
companies.  

The results revealed that published business models in general are static and do not consider the lifecycle of the 
different actors, products and services. The research indicated that companies which have complex product and 
service portfolios need to create combined value for its customers over the lifecycle. However, the focus on 
products and services left other areas underdeveloped in customer experience and operating models. The need to 
create and manage different business models in an ecosystem over the business lifecycle were under-developed 
and, in some cases, neglected. 

The benefits of managing business models for different industries, using existing product and service, creates a 
competitive advantage. Digitalisation will increase the rapid advancement of product and service technology that 
will form new business model opportunities.  

Highlights 
• Business models and value propositions are dynamic and change over time for B2B solution providers.
• The B2B Ecosystem Model drafted supports the modelling of multiple business models and value 

proposition over the solution lifecycle in a B2B ecosystem.
• Business Models must be modelled from an eco-system view to ensure that a company can sustainably

provide value to the eco-system that is dynamic over its lifecycle.

Keywords 
business models, B2B manufacturing, manufacturing industry, software industry, value proposition, business 
ecosystems, service, products. 

1. Introduction

Business models have emerged in research as an area of interest over the last ten years. 
However, there is no common agreement how business models and their elements should be 
used in the emerging Business-to-Business (B2B) ecosystems. This situation is evident due to 
the existence of numerous business models with high level definitions. However, based on the 
research carried out, business models offer companies an additional dimension to increase 
competitiveness through a new area of innovation (Gassmann et al., 2014). Thus, business 
models are essential for business success in manufacturing and software solutions companies. 
Markides and Sosa (2013) have also highlighted the role that business models have in creating 
a competitive advantage for pioneering and late market entrants can gain in securing 
sustainable the First Mover Advantage (FMA) or ways to attack the pioneers FMA. The 
research also underlines the fact the FMA does not alone guarantee success. However, the 
findings presented in the research do comprise of elements that are part of the business 
models (Markides and Sosa, 2013). 
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Certain business models have received popularity among industry and have created business 
results. The rapid advancement of digital platforms and platform economy will impact 
business models creating new models that can be applied into practise. Companies are 
increasingly identifying different collaborative platforms as business enablers, and this way 
they are encouraged into more open collaboration (Graca and Camarinha-Matos, 2017; Kim, 
2016; Rong et al., 2013). This has further boosted the development of business ecosystems (El 
Sawy and Pereira, 2013; Rong et al., 2013). For companies’ business model perspective this 
means, that they should be increasingly examined in the business ecosystem context.  
 
Companies are increasingly dependent on their business environment actors to be able to 
create value to the customers, and the customers’ role in defining and even developing the 
offered solutions is continuously strengthening (e.g. Valkokari et al., 2014). The value 
proposition for the customer cannot be examined only from the customer-supplier perspective, 
but a much broader view that contains multiple stakeholders or actors within a business 
ecosystem should be taken into account (e.g. Frow et al., 2014). At the same time, the 
companies need to abide to the requirements placed on them from direct or indirect actors in 
the business ecosystem. 
 
The objective of this research is to increase the understanding how business models should be 
examined in the B2B ecosystem context where there is cross-business co-operation within and 
outside the company. We apply a two-phased method empirical research to the manufacturing 
and software companies who provide products and services over their customers lifecycle that 
are product-service-systems.  
 
Based on the results, we state that business models and value propositions are dynamic and 
change over time for B2B solution providers. Business Models and Value Propositions should 
be mapped over the lifecycle of the companies in the ecosystem. The elements needed to 
model a B2B ecosystem exist in the form of business models and value propositions, but the 
process and interface between the different elements are not clear. Essential for successful 
modelling is the relationship between the business model, value proposition and how the 
products and services are linked to this model. Therefore, business models available today do 
not give insight how to model business ecosystems. For the development of the business eco-
system, the product and service lifecycles play a key role in this mapping and they are linked 
to the established value and therefore to the business models. This approach should be 
customer driven and at the same time map the existing products and services to the expected 
customer value.  
 
Based on the literature review, there is no existing model which covers and aligns the 
business model ecosystem as dynamic system consisting of the relationships between the 
different areas and their elements (business model elements, value proposition elements, 
products and services, ecosystem and B2B sustainability). These different areas are partially 
defined, but for this research these elements should be viewed and aligned to a create a 
working model.  
 
2. Literature review  
 
The literature review revealed that business model research has been done for more than 10 
years. However, the review uncovered that a common definition for a business model is 
missing. This is apparent based on the different definitions that published research has given 
to business models and the elements (dimensions) that constitute a business model.  
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Gassmann et al. (2014) research proposes that over time (lifecycle) a company has three 
different innovation areas (Figure 1.) to create a competitive advantage. The three areas are (1) 
product and service innovation, (2) process innovation and (3) business model innovation (see 
Figure 1). Business model innovation creates an interesting business opportunity, because 
research has shown that this is the most difficult area for competitors to copy (Gassmann et al., 
2014) if compered to products or business processes. 
 

 
Figure 1. Innovation areas companies can use to create competitive advantage over time 
(Adapted from Gassmann et. al, 2014) 
 
In this research paper, the most compelling business models were selected, and from these 
business models, the most interesting business models were chosen for this research study. 
The different business model alternatives reviewed for use in this research are the following: 
Björkdahl (2009), Chesbrough (2010), Teece (2010), Zott and Amit (2010), Osterwalder and 
Pigeur (2010), Bieger and Reinhold (2011), Michelini and Fiorentino (2011), El Sawy and 
Pereira (2013), Gassmann et al. (2014), and Werani, et al. (2015). 
 
The literature review revealed that the business model definitions varied and the elements 
(dimensions) that make the business models differ (Werani et al., 2015). According to Werani 
(2015), Morris et al. (2005) have found 3 business model domains that are (1) economic (2) 
operative and (3) strategic. Morris et al. (2005) stated that out of the 20 different elements 
identified, Value Proposition and Revenue Model are the most common elements (Werani et 
al., 2015). A summary of the selected business models is presented in Table 1.  
 

Business Model Year Focus Dimensions Eco-system support 
Björkdahl 2009 Value through technologies 4 No  
Chesbrough 2010 Mutual value 7 Partially 
Teece 2010 Customer value 5 No 
Zott & Amit 2010 Mutual value 3 Partially 
Osterwalder & Pigeur 2010 Mutual value 9 Some 
Bieger & Reinhold 2011 Value 6 No 
Michelini & Fiorentino 2011 Business & social value network 4 areas, 

11 blocks 
Partially 

El Sawy & Pereira 2013 Dynamic eco-system value 5 categories  
22 components 

Yes  

Gassmaan & al. 2014 Innovation & Mutual Value 4  
55 patterns 

No 

Werani & al. 2015 Mutual value 9 
11 actions 

5 value disciplines 

No 

Table 1. Business Model Comparison (Adapted from Werani et al., 2015).  
 

Björkdahl (2009) focus is on the role of technology and how it acts as a method and resource 
for a company to create and capture value. Björkdahl (2009) identify customer segmentation 
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as a dimension that links the correct technology offering and value together. Also, activities or 
processes are used to manage the internal operating model. The 4 dimensions introduced are 
not defined in detail, but are customer facing (value proposition and creation, customer 
segments, channels, value capture mechanisms). Chesbrough (2010) focus is on value and the 
segments it serves. This approach also states that new technologies and products are not 
critical for business success. The link between value and the product and services exists due 
to the need to understand the market segments. In addition, Chesbrough also introduces cost 
and value chain that are internal operating elements. However, the 7 dimensions presented are 
not described in detail (value proposition, market segments, value chain, revenue mechanisms, 
cost structure and profit potential, value network, competitive strategy). Teece (2010) regards 
business models to be a conceptual model rather than a financial model. The model’s 
objective is to create and capture value for the customer and this requires a logic and data for 
this to work. This indicates that processes and information should exist to form an operating 
model. Also, the introduction of the cost alongside the revenue strengthens the internal view 
point of the model. Once again, the 5 dimensions are not defined in detail and only include 
cost as the internal dimension (value proposition, market segments, cost structure, revenue 
streams, value capture mechanisms). 
 
Zott and Amit (2010) focus on mutual value creation and this is the first model that introduces 
the co-operation between a company and its partners as method to create and capture value. 
They also introduce the concept of activity system consisting of three parts. These parts focus 
on the activities that the company and partners do, including the governance model to manage 
the network activities that have basic eco-system elements. However, the dimensions are not 
defined. The 3 internal dimensions are content, structure and governance.  
 
Osterwalder and Pigeur (2011) focus is on the way how a company creates, converts and 
captures value. The model also has the advantage of a detailed definition of the different 
dimension and templates that can be used in practise. An important addition is the in-depth 
definition of the Value Proposition (Osterwalder et al., 2014) that links the products and 
services to the customer roles’ needs and problems. The 9 dimensions are customer segments, 
value proposition, channels, customer relationship, revenue streams, key resources, key 
activities, key partners, cost structure. The dimensions are detailed, and the Value Proposition 
has process that links it to the business model. The Value Proposition also introduces the 
customer driven and, product and service driven approach to create value for both the supplier 
and customer. 
 
Berger and Reinhold (2011) focus on the value created and the business model definition is 
the logic how an organisation creates value. Berger and Reinhold (2011) define 6 dimensions 
that are all value focused (value proposition, value creation, value communication and 
transfer, value capture, value dissemination, value development). This model highlights the 
company’s role to create value for all stakeholders. 
 
Michelini and Fiorentino (2011) offer an interesting approach where they have studied the 
differences and similarities between the business model for non-profit organisations and 
companies. They reference Porter and Kramaer who proposed the relationship based on 
mutual dependency between different types of entities.  The finding for non-profit and 
company business models are similar for partner networks, knowledge needs and value chains. 
However, the business models differ in the areas of value proposition, governance, profit 
models, social risks and profit. It must be noted that the model is purely study-based 
documentary material. However, the research introduces the social model alongside the 
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business counterpart and also recognises the existence of the eco-system. The dimensions are 
divided into 4 areas and 11 building blocks. 
 
El Sawy and Pereira (2013) focus is on the dynamic ecosystem in an evolving business space. 
The model considers the changing role of technology in business and introduces digital 
business models and digital services that must integrate the attributes of the digital business 
ecosystem. The models attempt to understand how business and subsequently the digital 
business models and digital platforms will change the way we define business models, 
product and services that create value. The dimensions for the model are layered into two 
levels and the definitions are partially done. The categories and their component are: 

1. Value Proposition (customer understanding, customer value, customers, customer 
relationship) 

2. Interfaces (customer interfaces, value interfaces, services and linkages)  
3. Service Platform (key resources, core technology investments, technology, logistical 

stream, IT architecture) 
4. Operational Model (organisational characteristics, key partnerships, stakeholder 

network, channels, value network, connected network) 
5. Revenue Model (financial aspects, finance flows, financial models, revenue stream). 

The model is still in early stage and is complex to apply into practise without 
additional research information.  

 
Gassmann et al. (2014) focus is on business model innovation and how it can create value and 
competitive advantage for companies.  The model is a balanced approach between the 
Business Model Navigator process and 55 business model patterns that their research has 
identified. The Business Model Navigator is a process that (1) defines the as-is business 
model and the changes impacting it, (2) how to design new business models by adapting 
elements from the 55 existing business models and selecting the best for testing and (3) 
integration into the business. The research states that 90% of business models are not new but 
are based on the existing 55 patterns. The model has 4 dimensions defined; (1) customer 
segments, (2) value proposition, (3) activities and capabilities needed for value chain, and 
finally (4) profit mechanism how revenue streams are created.  
 
Werani et al. (2015), build on Osterwalder and Pigeur (2010) model with the objective to give 
guidance how a successful business models should be configured. The goal is to understand 
the relationship between business models and B2B company’s success. The outcome is 14 
business model configurations that can contribute to profitability. The model refines and 
defines in depth the 9 dimensions to 11 presented in Osterwalder and Pigeur (2010) model 
creating a revised Business Model Canvas that includes for each revised dimension an 
additional list of course of actions (11 relevant for the 14-business model configurations). 
Based on the research, the business model configurations can be aligned with the 5 value 
disciplines or view-points (customer intimacy, product leadership, operational excellence, 
product leadership, customer intimacy). 
 
On the basis of these introduced approaches, the concept of a business model can be defined 
as the reason of how an organization creates, delivers, and captures value. In addition, a 
business model can be described with nine basic building blocks (Osterwalder and Pigeur, 
2010), which cover the four main business areas: customers, offering, infrastructure, and 
financial viability. At the heart of the business model is the value proposition. In practice, it is 
a description of how to satisfy customer’s needs or how to solve customer’s problems with the 
help of products or services or a mixture of them that can create a customer specific solution. 
The other elements of a business model describe how to deliver value to the customer, while 
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the value proposition describes the solution’s value itself from the customer perspective. The 
other elements also add indirect value to the customer and thus are strongly connected to the 
value proposition. (Osterwalder and Pigneur, 2010) 
 
The value proposition concept is most frequently considered in terms of a customer value 
proposition (Frow et al., 2014), or via the concepts of customer value and customer-perceived 
value (Woodruff, 1997; Ulaga et al., 2001). In its most basic form, the customer value is a 
trade-off between benefits and sacrifices (Zeithaml, 1988). Grönroos (1997) further divides 
the benefits into core solutions and additional services, and sacrifices into price and 
relationship costs. It can also be stated that customer value as a concept can comprise the 
perceived value from the customer’s point of view and the total monetary value. From the 
monetary perspective, both benefits and costs can be either direct or indirect. Carlson and 
Wilmot (2006) define the components of the value proposition as NABCs, where the letters 
refer to an important customer Needs, a product or service Approach, Benefits, and prevailing 
Competition. These components define the value proposition required for a customer.  
 
While the early views on assessing value were comparatively simple, the modern views for 
value assessment are rather multi-dimensional and systemic by nature (Pynnönen et al., 2011). 
In order to cope with the multi-dimensionality, there is a need to identify the most essential 
value elements and drivers that are related to value assessments in each context. Recently, an 
important development in the value proposition literature has been the shift from a narrow 
dyadic, customer–supplier perspective, to a much broader view that contains multiple 
stakeholders or actors within a business ecosystem (Frow et al., 2014; Peltola et al., 2016). 
 
In the traditional value chain and value network perspective, the main interest has been on a 
set of activities and value chains between various stakeholders that are needed to bring a 
product or a service. A business ecosystem view doesn’t neglect these perspectives, as each 
stakeholder in an ecosystem is still seen to be a part of different value chains and networks 
(e.g. Peltola et al., 2016; Valkokari et al., 2014). However, success in the dynamic and 
competitive global markets cannot be obtained with fixed and slowly evolving network 
structures (Valkokari et al., 2014). Thus, a more dynamic system perspective is needed, which 
also takes into account the indirect roles of actors in value creation and capture, as well as the 
possibility for actors’ changing roles along time (Kim, 2016; Peltola et al., 2016, Rong et al., 
2013). According to Moore (2013), the ecosystem approach proposes new form of 
organization with shared purposes and shared value between different contributors, and in 
which the benefits of technology could be brought to a much wider range of people, culture 
and problems. 
 
Thus, companies are increasingly seen as members of business ecosystems with increasing 
connectivity, interdependence and co-evolution of the actors, technologies and institutions 
(Aarikka-Stenroos and Ritala, 2017). This is caused e.g. by the increase of environmental 
turbulence, societal changes, more intense competition induced by globalization, the speed of 
organizational change and the fast development of ICT technologies (El Sawy and Pereira, 
2013; Graca and Camarinha-Matos, 2017). Industry boundaries are systematically disrupted, 
and this changing business environment offers organizations several new business 
opportunities but also demands them to have more dynamic capabilities and know-how (El 
Sawy and Pereira, 2013; Valkokari et al., 2014). This has boosted the development of 
different collaborative platforms as business enablers, and the companies are more and more 
aware and motivated in platform thinking in improving their competitiveness (Graca and 
Camarinha-Matos, 2017; Kim, 2016; Rong et al., 2013). As networking in platforms includes 
interactions among platform participants which comprises the sharing of information and 
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operations (Kim, 2016), the development of platforms has encouraged the companies for 
more open collaboration and that way, boosted the development of business ecosystems (El 
Sawy and Pereira, 2013; Rong et al., 2013) 
 
Based on this literature review, the relationship between the different areas have not been 
researched. However, the elements have different levels of definition that support applying 
them into practise in an ecosystem context. Due to this situation, more research is needed to 
find a way how to bring these areas together and find a process how this can be applied in 
practise. 
 
3. Research approach and case companies 
 
The research method applied in this paper is Design Science Research (Hevner, 2004; Hevner, 
2007). This research approach’s goal is to improve the environment that is being studied 
through the introduction of new artefacts and processes to build and test the needed model. 
Design Science Research is divided into a three-cycle approach that are (1) Relevance Cycle, 
(2) Design Cycle (2) and (3) Rigor Cycle. The Rigor Cycle is used to understand what is in 
the existing knowledge base that impacts the research project. The research project also adds 
new knowledge to the existing knowledge base. In the Relevance Cycle, the objective is to 
understand the potential improvements and problems that exist in the current environment, e.g. 
product, service, enterprise architecture and business model with the objective to improve it 
through field testing. Finally, the Design Cycle is used to build the artefacts and the process 
and evaluate them in the operative environment. (Hevner, 2007). In addition, the Business 
Model Canvas (Osterwalder and Pigneur, 2010) and Value Proposition Canvas (Osterwalder 
et al., 2014) were selected for the study due to their apparent alignment and integration. The 
goal of the study was to find a way to align the products, services, value they create and how 
they integrate to the business models that are part of a B2B ecosystem. 
 
This method was selected based on the nature of the research project that has the objective to 
provide results that can be applied into practice bringing value to the companies. The 
approach is divided into three main phases that started from the understanding of published 
theories, the as-is status of the companies and then moving towards the future state that is 
driven and influenced by the company or product line strategy. The process was divided into 
the following six steps: 
 

1. As-is definition based on Business Models Canvas (Osterwalder and Pigneur, 2010) 
and product and service lifecycle phase. 

2. Strategic goals that impact the As-is Business Model over the lifecycle phases. 
3. As-is definition for the existing product and service Value Proposition’s based on the 

Value Proposition Canvas (Osterwalder et al., 2014). 
4. Define the Business Model novelty level and the profitability (Gassmann, et al., 2014). 
5. Identify the as-is business model patterns for manufacturing and software companies 

(Gassmann et al., 2014). 
6. Map the as-is Business Ecosystem based on the actors identified in the Business 

Model Canvas and map the Value Transfer between actors. 
 
The companies that participated in the project are manufacturing and software companies. 
The companies provide products and services over their customers lifecycle that evolve over 
time. This creates a business environment that is sustainable. The companies’ solution 
offering that is configurable and varies over the lifecycle consisting of the combination of 
services and products. The companies are dependent on their business environment players to 
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create value and at the same time to abide to the requirements placed on them from direct or 
indirect actors forming the business eco-system.  
 
4. Research Findings  
 
The findings presented in this section focus on the as-is phase of the research project.  The 
elements used to do the work existed, but the process how to link the different areas together 
were not clear at the starting point of the as-is phase. It also became clear that the interfaces 
between the different elements and how they should be used in B2B ecosystem needed 
clarification.  
 
The Business Model Canvas (Osterwalder and Pigneur, 2010) is a method how the software 
and manufacturing companies can map how they create, deliver and capture value. On the 
other hand, the Value Proposition Canvas (Osterwalder et al., 2014) offers a way to map how 
value in the business model can be realised with their existing products and services for their 
different customer segments. However, the products and services that are offered to the 
customer change over the lifecycle phases creating different value drivers at the different 
lifecycle phases. This means that business models are dynamic and can change over the 
lifecycle in solution business, as well as the value proposition. Therefore, the business models 
should be modelled over the lifecycle to understand how it changes or evolves to build a 
clearer picture what elements are dynamic and static. The lifecycle phase that were used are: 
(1) the Beginning-of-the-Lifecycle (BOL), (2) Middle-of-the-Lifecycle (MOL), and (3) End-
of-the-Lifecycle (EOL). For this research, the BOL phase represents the sales phase where the 
customer need occurs, and the supplier clarifies the need and creates a proposal how the need 
could be addressed. The MOL phase represents the delivery phase when the solution is 
designed, constructed and prepared for handover to operations. Typically, the companies 
provided pre-delivery services that built, for example the best solution and business case for 
the customer based on the offering. The EOL phase represents the solution’s operational 
phase where the reliability and performance of the solution is optimised, and finally the 
decision to remove the solution from operations or invest to modernise or upgrade it to 
continue its life. In the EOL phase, new needs occur that that the suppliers can address with 
its Value Proposition. 
 
Both the manufacturing and software companies operate in a business eco-system where 
value is created, converted and captured by the different actors. This value is created through 
the combination of different products and services to form the solution for the end-customer. 
The business models reflect how the companies operate in the eco-system creating value for 
all participants. However, the business models focus on the company view how they see the 
business environment and are therefore inside-out looking. The need was to find a way to 
align the different actors’ business models and to create an ecosystem view that covered the 
complete business environment. To model the as-is situation, the Business Model Canvas was 
divided to into three different innovation areas by applying the Keeley et al. (2013) innovation 
division: 

1. area focused on the innermost workings of the companies, for example, business 
processes, supplier network, structure, profit model, and the employee and supplier 
experience. Referred here as the company’s operating model 

2. area focused on the products and services of the company 
3. area focused on customer facing elements, for example, digital channels, brand, 

customer and community experience. 
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In Figure 2., the Business Models Canvas is divided into the three areas according to the 
division presented above. The elements of the business model canvas that focus on the 
internal operations area are; (1) Key Partners, (2) Key Activities, (3) Key Resources, and (4) 
Cost Structure. The link to the products and services is captured with the Value Proposition (5) 
that can be defined in more detail with the Value Proposition Canvas (Osterwalder, et al., 
2014). The interface to the customer interface is defined with (6) Customer Relationship, (7) 
Channels, (8) Revenue Streams and selected (9) Customer Segments. However, the business 
model canvas focuses on the customer dimension from the inside-out aspect and does not 
address the customer or eco-system dimension that changes over the lifecycle of the customer 
relationship. Based on the proposed division of the Business Model into three areas, the 
business model dimensions from (1) to (4) link the external partners, in the ecosystem to the 
customers. These dimensions define the key activities and key resources that provide to the 
customers products and services at an acceptable cost. However, the business environment, 
that the software or manufacturing companies operate in, offers two different ways that the 
company can create value for its customer. First, the manufacturing partners (suppliers) can 
impact the value proposition offered to the customer’s customer (end-customer) through the 
use of its products and services in a particular lifecycle phase creating a solution. This means 
that the partner (supplier) is creating and part of the value proposition for its customers. This 
also underlines the need that the manufacturing partners’ internal operating model must align 
with customer’s operating model to create value for both parties more efficiently. The 
analysis of the software partners also showed the same alignment needs. However, the value 
that the software supplier offered focuses on the operating model (internal view) of the 
company through, for example digitalisation of the business processes.  
 

 
 

Figure 2. Business Model Canvas divided into areas that link actors business models together 
(Adapted from Osterwalder and Pigneur., 2010) 

 
This means that a Key Partner can play an important role offering Key Activities and Key 
Resources that improve the customer internal operations, for example, a software solution or 
expertise for the operating model. This became evident in the analysis of the software partners. 
On the other hand, the manufacturing partners typically were locked in the left-hand side of 
the business models (Internal View). However, through better understanding of the value that 
the services (Key Activities) and/or products (Key Resources) offer, these companies should 
impact the Value Proposition of their customers over the lifecycle. This leads to the 
conclusion that the Business Model should be evaluated as a business ecosystem taking into 
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account the possible effects over the ecosystem lifecycle. This mapping should also work as a 
way to check the alignment of the different players and the efficiency of their cooperation in 
the ecosystem.  
 
Manufacturing Industry Software Industry 
Name  Users  Year Name  Originator Year 
Guaranteed 
Availability 

ABB Turbo 
System 

2010 Guaranteed 
Availability 

IBM 1995 

Cross-Selling Shell 1930 Lock-in Microsoft 1975 
Ingredient 
Branding 

Bosch 2000 Digitisation Netflix 2008 

Performance based 
Contracting 

Rolls-Royce 1980 Flat Rate Netflix 1999 

Reverse Innovation General Electric 2007 Freemium Dropbox 2007 
White Label Foxconn 1974 Layer Player PayPal 1998 
Reverse 
Engineering 

Bayer 1897 Leverage Customer 
Data 

Twitter 2006 

Shop in Shop, Bosch 2000 Subscription Salesforce 1999 

Table 1. Selected Business Model Patterns that had traits for the as-is business model 
mapping (Gassmann et al., 2014) 

 
Even though the Business Models can be mapped using the canvas, the attempt to categorise 
them to the selected business model patterns that Gassmann et al. (2014) did not work due to 
the hybrid nature of the as-is models. In addition, the business models mapped were 
dependant on the business unit and its products and services. The models selected for the as-is 
pattern mapping are presented in Table 2. The traits of these models could partially be 
identified in the software and manufacturing company, but a clear match could not be found. 
The relevant patterns are bolded in Table 2. For the manufacturing companies, the traits of the 
Guaranteed Availability, Ingredient Branding and Performance Based Contracting could be 
identified in different business areas. As an example, Guaranteed Availability was something 
that customers are willing to pay for, but the supplier companies were reluctant to commit to 
this model due to the risk of not reaching contractual commitments. Ingredient Branding was 
used in a few of the manufacturing company product lines, but it was limited to the marketing 
and sales message, and lacked the full utilisation of the business model. Performance Based 
contracting again was tested in service business areas, but the readiness to move to this model 
was done only for a few pilot service lines. However, the software companies surprisingly 
used different elements of the business models in the different lifecycle phases and the as-is 
state was more fragmented. The result was surprising, because many of the business model 
partners selected for the research are apparently used in the software industry.  
 
The Value Proposition Canvas (Osterwalder et al., 2014) was used to map the as-is value for 
the software and manufacturing companies. Figure 3 illustrates the canvas used in the 
research project. The value proposition can be approached from two different directions, the 
first direction, from left-to-right, is a product and/or service driven approach and the second 
approach, from right-to-left, is a customer driven approach. Based on the research, both the 
manufacturing and software companies that had a modular configure-to-order products and 
services, viewed their customers from left-to-right and those that were customer requirement 
driven were right-to-left oriented as engineering-to-order driven. Based on this understanding, 
there is a relationship between the solution delivery approach (e.g. engineering-to-order vs. 
configure-to-order) and direction that the companies naturally take in their value proposition. 
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Figure 3. Value Proposition Canvas viewed from either inside-out or outside-in approach 

(Adapted from Osterwalder et al., 2014) 
 
In the product and service driven approach (left-to-right), the product and service definition 
existed to an acceptable level in the manufacturing companies. The value that the companies 
can offer to the different customer segments can be defined through the understanding what 
gains they create and issues they remove for the customer. However, the different lifecycles 
phases influence and change the services and products used. This means that the value 
proposition should be mapped over the different lifecycle phases. In addition, the companies 
that had an offering that was modularised and productised were able to use this approach to 
understand how well the products and services addressed the targeted customer profiles. This 
also highlighted the products and service missing over the product lifecycle. In addition, there 
were activities carried out where some of them are critical for customers.   
 
The second approach, focusing on the customer driven approach through the customer 
profiles (Customer Driven), buildings customer insight through role profiling for different 
customer roles. Based on this insight, relevant tasks that profiles are attempting to do can be 
understood better. At the same time, this offers a way to identify the issues and challenges 
(Pains) that reduce efficiency and opportunities (Gains) that could be achieved. Based on this 
approach the Gain Creators and Pain Relievers can be identified for the products and services 
that may or may not exist. Once again, these needs and tasks change over the lifecycle, and 
the Value Proposition must be adjusted over, for example, the customer BOL, MOL and EOL 
phases. For the as-is analysis, the challenge in this approach is the need to manage 
simultaneously both strategic and operative goals that the different profiles manage. The 
Value Proposition Canvas can be used to map the as-is situation for high-level customer 
insight, but the approach must be modified to look at the dynamics of the lifecycle where the 
product and service form the solution provided in the as-is situation.  
 
An area that the Business Model Canvas and the Value Proposition Canvas do not solve is 
how the value proposition elements (creation, conversion and capture) raised in El Sawy and 
Pereira (2013) relate to these models. In other words, both canvases propose value to 
customer segment and the customer profile, but leave open how the creation, conversion and 
capture is realised in an ecosystem that changes over its lifecycle.  
 
Based on the analysis of the different methods and templates available to map the B2B 
business model ecosystem, a template was created and used in the research project to map the 
as-is B2B eco-system status over the different lifecycle phase (Figure 4.). In Figure 4., the 
template is divided into three columns and three horizontal swim-lanes. The three columns 
represent the BOL, MOL and EOL lifecycles and three swim-lanes map the business models 
and value propositions of the different actors’ and the focus company. The top swim-lane 



 12 

contains the different actors’ business models that can be, for example, customers, suppliers 
and authorities. The second swim-lane represents the focus company that is the focal point of 
the research, for example, in this case the software and manufacturing companies.  The 
bottom swim-lane is used to define the different value propositions over the lifecycle that the 
focus company provides to its ecosystem customers and other stakeholders. However, these 
value proposition can rely on, for example, partner value propositions.  As an example, the 
arrows (Figure 4.) in the BOL phase links the different value propositions to the focus 
companies’ business model that are relevant to the actor companies’ business models. In the 
MOL phase example, the partners’ (suppliers) business models are linked to the focus 
company’s business model.  Here the partner’s link to the focus company’s business model 
dimension can vary according to the three views of the business model discussed previously. 
In Figure 2., the left hand-side actor’s arrow links the key partner dimension of the focus 
company’s business models (area 1 in Figure 2.). This link indicates that the partner is 
important to the company, but further understanding how and where they impacted was not 
clear. The middle partner is linked to the value proposition dimension (area 2 in Figure 2.) 
and in these cases the partner has a role in the company’s value proposition. Finally, the last 
partner is linked to the channel dimension (areas 3 in Figure 1.) and in this case the partner 
provides, for example, either a channel how the customer’s end-customer communicates or 
gets access to information, products and services. For examples distributors or digital 
platform providers are present in this dimension. In the previous examples, the partner’s value 
proposition must be in alignment with the 3 areas of the customer company’s business model. 
In other words, the 3 business model areas (Figure 2.) are dependent on the value provided by 
products and services offered. In the manufacturing companies, this value can be part of the 
overall solution provided to the end-customer or the way the company manages its customer 
segments. 
 
As the value proposition to the customer should be adjusted in different solution lifecycle 
phases, the participants in value creation, conversion and capture may change as well. This 
means that the business ecosystem should be shaped according to these requirements. 
Therefore, in every lifecycle phase, the actors of the business ecosystem should be connected 
to the elements of the value proposition. Thus, the value proposition to the customers defines 
the players and their roles in the business ecosystem: who can produce the proposed value. 
Moreover, the value proposition and business ecosystems should be aligned with a customer’s 
alternative business models as well. This means that the alternative business models of the 
customer may change the structure of the ecosystem: the activities by which value creation, 
conversion and capture are done in practice. This may further cause changes in the ecosystem. 
roles of the actors. 

 

 
Figure 4. Business Model and Value Proposition Ecosystem 
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5. Conclusions from the research   
 
The selected Design Science Research method provides a structure how to organise the 
research work. Out of the three cycles, only the two were used in the as-is research. However, 
the third, Relevance Cycle will be studied in the coming projects. First, the Rigor Cycle 
uncovered the status of the published research. Published research covers the different areas 
that were applied in the project, but research did not exist that aligns or links the different 
areas together. Also, it did not address the dynamic behaviour caused by the solution lifecycle 
needs. Therefore, this research contributes to furthering the understanding of the role of 
business models in a dynamic B2B eco-system. Second, the Design Cycle was used to create 
the first version of the Business Model and Value Proposition Eco-system model (Artefact) 
shown in Figure 4. and initial understanding of the process. It also gave insight how to 
evaluate the model’s usability when defining the as-is status.  
 
The existing elements can be used to define a B2B Business Model Eco-system, but further 
research is needed to verify that the model can be used efficiently to describe and improve the 
as-is and vision states in a dynamic B2B environment. This conclusion is based on the 
existence of business models and three views that can be applied to the companies in a B2B 
ecosystem. The need exists to revise the foundations for a missing model elements and 
processes. The nature of eco-systems and platforms are dynamic and therefore a governance 
model over the lifecycle is needed for continuous management.  
 
The business models should be viewed in a B2B ecosystem context over the changing 
lifecycle indicates that the models are dynamic by nature. Based on this conclusion, Figure 1 
should be studied further against these two dimensions that can change the (1) B2B 
Ecosystem innovation and (2) dynamic of the lifecycle. In addition, the importance of 
business model ecosystems to influence advantage and disadvantages in creating First Mover 
Advantages should be studied.  
 
The immediate next steps should be to continue the research steps presented Chapter 3 for as-
is mapping. However, the research should continue along the following steps to build the 
strategy driven business model transformation and a sustainable and dynamic B2B ecosystem: 
 

1. Revise the “Business Model and Value Proposition Ecosystem” template in Figure 4. 
2. Identify possible business model patterns or create hybrid business models to support 

strategy (Gassmann et al., 2014).  
3. Select business model ideas for piloting and field test them (Gassmann et al., 2014). 
4. Detail the Business Model elements that best suits the business needs and compare to 

the business model configurations (Werani et al., 2015). 
5. Verify the internal & external integration of the Business Model Eco-system 

(Gassmann et al., 2014). 
6. Verify Business Models against VISOR Model (El Sawy and Pereira, 2013) and 

identify gaps in the Ecosystem. 
7. Revise Dynamic Business Ecosystem according to the revised Business Model 

Canvases for actors. 
 
Another research area is to study how the value proposition elements (creation, conversion 
and capture) raised in El Sawy and Pereira (2013) relate to Osterwalder et al. (2010) and 
(2014) models. In other words, both canvases propose value to customer segment and the 
customer profile, but leave open how the creation, conversion and capture is realised in an 
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ecosystem that changes over its lifecycle. In addition, the revision of the Werani et al (2015) 
model to support a detailed ecosystem. Finally, the lifecycle for the different customer 
profiles in the Value Proposition (Osterwalder et al., 2014) has similarities with Service Blue 
Printing (Kowalkowski & Ulaga, 2017) or Customer Journey (Polaine et al., 2013) methods 
that should be studied. 
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Abstract— The objective of the ongoing research was to 
understand, through B2B manufacturing case companies, what 
role digital twins connected to the real-world asset, using the 
industrial internet of things, has in innovating asset-based 
services. The relationship between collected data and Digital Twin 
to create lifecycle partnership value between the equipment 
provider and operator were of interest. The research approach 
used was design science and data collection method were semi-
structured interviews. The initial results show that the case 
companies can improve service case management initially when 
using IoT to collect operational data. However, the challenge is 
identifying the relevant services to develop and offer to the 
customer that create a lifecycle value and partnership on the long-
term. The value created is difficult to quantify to the customers in 
the case companies and this limits the strategic investments. The 
benefits from data driven services is seen, but how to connect the 
collected data into new services is limited. Often the potential 
benefit was only realized once the services were being used by the 
customer, and it was typical to pilot these services in the real-
world. From this ongoing research, the conclusion is that the role 
of the digital twin is important in verifying these new service 
offerings and testing them prior to implementation.  

I. INTRODUCTION

Manufacturing companies in the business-to-business (B2B) 
industry have defined both service and digitalization strategies 
that are seen as important for the business continuity, deeper 
customer relationship and growth. How these two areas support 
each other and build value to the customer and companies seem 
to be unclear. This is especially evident in the case companies 
that have participated in the ongoing research. The opportunity 
that Digital Twins and Internet of Things (IoT) often seemed to 
be driven by technology instead of business value. 

Previous research [1] reviewed what were the potential 
benefits and impact that Digital Twins can have on Product 
Development and thus focused on the beginning of the product 
or service lifecycle. Benefits could be seen for the case 
companies in product development. However, the development 
of product-service systems was lacking in many parts. Also, the 
front-end development of service based on IoT was more an add 
to existing product portfolios. This also caused challenges to 
define how data collected from assets could define services and 
be verified digitally before deployment to customers. 

The research questions for this work were based on the 
recommendations in [1]. However, these were revised for this 
ongoing research to be:  

• Why can service value be created with data driven 
services? 

• What role do Digital Twins and IoT play in creating this 
value? 

II. RELEATED RESEARCH

A literature review into the key areas influencing the 
research was carried out to try to understand what the over 
lapping areas are, as shown in Fig. 1, and try to understand what 
research has been published. 

Fig. 1. The over lapping areas in the research domain 

A. Product-Service Systems 
Baines [2] defines the Product-Service System (PSS) 

concept as a special case of servitisation. It is a proposition that 
integrates the product and service to offer increased value to the 
customer. The objective here is the sale-of-use rather than the 
sale of the product only or first hand. The use creates value for 
the customer. However, the concept starts from the products and 
its functionality is extended with services. The customer can pay 
for the use of product rather than the purchasing the product. 

Tukker and Tischner [3] see that the PSS concept focuses on 
the two pillars that are: 

Product-
Service 
Systems

Servitisation 
and strategy

Digital TwinsInternet of 
Things (IoT)

Business 
Models for 

Services



• Identifying the end-user functionality that the user wants 
as the starting point for business development instead of 
the product fulfilling functionality 

• Expanding the system that provides this functionality with 
a “greenfield” mindset instead of taking existing structures, 
routines and the position of the company for granted. 

 
Kohtamäki et al. [4] state that it is critical that the difference 

between Product-Service Systems (PSS) and the servitisation 
process is understood. The PSS should be understood as the 
offering that combines service and products as an integrated 
offering and the servitisation process in the transformation from 
the PSS offering.   

The move from asset ownership to asset-as-a-service 
increases the risk of the PSS manufacturer and requires risk 
management [4]. This is due to the shift from traditional 
transactional business to a model where you are continuously 
engaged with your customers. This has affected the pace that 
companies have adopted new service strategies. 

B. Servitisation and Strategy 
Servitisation is defined in [4] as “a transition in business 

model from products to a Product-Service System (PSS), where 
(1) products and services are bundled to generate higher use-
value, (2) pricing is based on value, and (3) capabilities support 
customer dominant orientation”. Therefore, servitisation is the 
process and transition that can be either incremental or radical 
to achieve the shift from product to PSS centricity. 

Based on this definition, it can be concluded that 
servitisation is the transition of the business models and not only 
change in the offering. Servitisation also impacts the 
organization structure, processes and roles, information and 
information system architecture. However, for this to work the 
business strategy must drive this transformation.  

The service strategy that a B2B manufacturing company can 
adopt, as in [6], can be viewed from four different view point as 
shown in  Fig. 2. 

 

 

  

 

Fig. 2. B2B Service Classification Framework adopted from [6].  

Moving between the different quadrants a B2B 
manufacturing company achieve more value. However, the first 
classification is Product Lifecycle Services (PLS) that are the 
basic services that all companies offer additionally to their 
products in the B2B manufacturing industry to ensure continues 
and sustainable use of the product (e.g. inspection of a gas 
turbine). The second area is Asset Efficiency Services (AES) 
where the suppliers promise to achieve certain performance 
target that improve the customers productivity (e.g. 99% gas 
turbine uptime). Both PLS and AES are attached to the 
supplier’s product. [6] 

For both Process Support Services (PSS) and Process 
Delegation Services (PDS), the shift is to the customer process 
that the service is supporting. The objective of the PSS is 
improving how the customer’s process run (e.g. suggestions 
how to run a gas turbine more efficiently). However, PSS leaves 
the decision to the customer if implement the prosed process 
improvements. The final PDS is an approach were the supplier 
offers a PSS solution where the supplier can integrate into the 
customer’s process on behalf of the customer as customer 
solutions. [6] 

C. Business Models for Services 
The role of the Business Model [7] is to describe how a 

company makes money, and the Value Proposition [8] describes 
the value that the company’s products and services offer to the 
customer, either by reducing problems and/or increasing 
business opportunities. 

According to [9], the link between the Business Model and 
the PSS is the value proposition. The business model presented 
in [9] identified that the Business Model and Value Proposition 
can be divided into three areas that are integrated together to 
form a dynamic business model interfaces with the customer and 
partners. The value proposition is based on the products and 
service that bring value to the customer. However, the ways how 
the value is created to a customer or segment changes over time 
and is therefore dynamic. 

Gassmann et al. [10] review in detail the different business 
models and also list various models that are orientated towards 
service business. As presented in [9], the most prominent 
business models for services were seen to be:  

• Digitisation  
• Guaranteed Availability  
• Leverage Customer Data  
• Long Tail 
• Pay-Per-Use  
• Performance Based Contracting 
• Licensing  
• Revenue Sharing. 

D. Digital Twin 
The Digital Twin (DT) is not a new concept and it can be 

seen part of the Product Lifecycle Management (PLM) vision 
and was first introduced in 2003 [13], but to utilize it over the 
lifecycle and integrate is to a real world asset is new [12]. 
However, the Digital Twin is seen to be a key in creating new 
Business Models [12].  
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The virtual product is a representation of the real-world 
product and is indistinguishable from its counterpart [13]. The 
Digital Twin is at the core of digitalization and is based on the 
use of digital technologies. However, the usability and 
maintenance of the virtual product over the lifecycle has not 
been efficient with traditional metadata and structure-based 
definitions of products. The Digital Twin must consist of the 
virtual product and the virtual process definition, and most 
importantly it requires end-to-end connectivity and physics-
based simulation. When this alignment is achieved, the Digital 
Twin can create new business models that provide new revenue, 
value propositions and business opportunities to companies. 
[13] 

A complete Digital Twin representation consists of four 
elements that are (1) Physical PSS in real space, (2) virtual PSS 
in virtual space, (3) the data link from real space to virtual space, 
that IoT [11], and (4) information link (IoT) from virtual space 
to real space and virtual sub-spaces (refers to one or more digital 
representation of the product). A physical product operates in 
real space whereas a virtual machine (i.e. simulation model) is 
created in virtual space. A virtual machine can be constructed 
using a multibody simulation. With this approach, it is possible 
to build detailed physics-based simulation model to analyse 
dynamics of complex products such like a mobile machine. [1] 
Therefore, if the Digital Twin is a representation of the real-
world, it must be capable of fully simulating all relevant 
behavior of the PSS over the lifecycle and its lifecycle phases. 
[14] 

Grieves [11] highlights that the amount of data in the virtual 
world representation and the data collected about the real-world 
counterpart has increased rapidly over the last decades. 
However, the issue has been in the connection between the two 
worlds. Currently B2B manufactures create discontinuity points 
over the lifecycle of both worlds. This world must be 
continuously synchronised in the future. [13] 

Tuegel et al. [15] point out the current life prediction 
processes, that support services, are typically separate physics 
simulation models. However, with a Digital Twin these different 
structural simulation models can be integrated into one to create 
the unified model that is further integrated into the behavior 
model of the PSS in its environment. This integrated simulation 
model could be used to collect real-time simulation data about 
the behavior of the PSS in virtual world. This will provide 
operational PSS data sooner to the different stakeholders.  

E. Internet of Thing (IoT) 
Businesses are always looking for increasing profitability 

and higher economic outcomes, thus companies need more and 
more to cooperate with each other to develop new innovative 
business models based on smart and digital services. McEwen 
and Cassimally [17] give a simplistic definition for the Internet 
of Things (IoT) is: 

PSS + integrated (sensors, controllers, actuators) + internet 

This IoT definition can be complimented further as being the 
connected devices, that work with the sensors, to monitor PSS 
(e.g. elevators), checking the current operational status and 
possible or logged issues [18]. In addition, there is a shift to use 

artificial intelligence (AI) to predict failures before they happen. 
At the same time, this offer ways for businesses to manage 
service contracts and identify new opportunities to be offered to 
customers before they are aware of them.  

Schwab [19] sees the tipping point for IoT to be one trillion 
sensors connected to the internet and based on the study 89% of 
the respondents expect this to happen by 2025. The identified 
key benefit is the addition of digital services on top of the PSS 
that can be achieved only by the adoption of IoT. However, the 
how business models are impacted or transformed is unclear. 
Importantly, IoT opportunities enable Digital Twins to: 

• provide accurate data for monitoring, controlling and 
predicting PSS behavior 

• active participant of business, information and social 
processes.  
 

The purpose of the study [16] was to conduct a literature-
based research and empirical analysis to prove that smart and 
digital services that apply IoT can improve product processes 
through the whole lifecycle, but more specifically in the use 
phase that relies on services to maintain competitiveness of the 
product. This study also confirmed:  

• increase of value-added tasks 
• increase in operations efficiency 
• improvements in resource optimization  
• improvements in employee skills and qualifications 
• reduction in material and human risks. 

 

F. Observations from the previously published 
research 

Currently, this research into the different topics is still work 
in progress. At this time, it can be concluded that research into 
the relationship between the Digital Twin (DT) and IoT is 
gaining strength, and the relationship to digital services is seen. 
Both DT and IoT research mention the possibilities to create 
data driven services and call for the need to create a real-time 
simulation model that can be connected to the real-world 
counterpart. Both areas also see the transition and impact created 
to the business models. Business Model research also identifies 
models that are built on the DT and IoT technologies.  

However, the link between the value proposition and PSS, at 
present, is unclear based on the published research. The research 
on servitisation and PSS seems to be well established and, on the 
way, to support each other. Presently, the impact caused by DT 
and IoT in forming data driven services needs to be researched 
in the project further.  

III. RESEARCH PROCESS 
The research process applied design science research 

approach [11] and [21] and data collection was made through 
semi-structured interviews. These methods were selected based 
on the goal to understand the current state of the case companies 
and provide insights how Digital Twins and IoT can bring value 
to companies. The case companies that participated in this 
research are mobile work machine and heavy industrial 
equipment manufactures.  



The research was divided into two phases; (1) the first to 
understand the as-is status of services and (2) impacts and 
benefits digital twins and IoT could have in creating value to 
service business. The research process was divided into the 
following phases: 

• Review related research to understand previously 
published concepts that impact the research area.  

• Interview the case companies’ product and service 
management representatives to understand the as-is state 
and opportunities and impacts when applying digital twins 
and IoT to service business. 

• Identify possible business benefits for service business. 
 

IV. BENEFITS FOR THE CASE COMPANIES  
The case companies that participated in the research can be 

divided into two different categories that are: (Category 1) 
mobile work machine manufacturers and (Category 2) heavy 
industrial equipment manufactures and the companies are 
further divided into sub-categories (Category 1.1 (CAT1.1) 
etc.). The information was collected through a series of 
interviews and working with a selection of the companies to 
understand: 

1. The current offering as-is situation  
2. Why data driven services can bring value? 
3. How DT and IoT will support the value creation?   
 

A. The case companies’ current state 
After reviewing the companies’ strategy, the companies 

were relying on services and digitalization to increase the future 
growth and also instigate a closer lifecycle relationship with 
their customers. TABLE I. and TABLE II. summarize the 
current offering as-is state.  The “Stand Alone Equipment” 
creates value to the manufacturer and customer through 
equipment. The “Systems” sub-category reflects the 
combination of equipment that have engineered or configured to 
support the customer need thus creating a unique way to create 
value. The “Stand Alone Services” category creates value 
through add on services that are delivered before, during and 
after the equipment or solution have been delivered. The 
“Product-Service System” category are products and services 
that been developed together to support the customers need over 
the lifecycle combining both services and equipment together to 
create a unique system. The final category “Integrated PSS” is 
the combination of the previous group, but the data-driven 
services are a key aspect to create continuous value to the 
customer and the manufacturer.  

The following classifications were used for the as-is status 
of the offering (1) Core, (2) Add-on, (3) Support, (4) Concept, 
and (5) Not Available (N/A). 

The Core group is the Business Model that the company 
relies on this to create value for themselves and customer. The 
Add-on group are offering that has been developed later to 
extend the Core’s value but are not the primary focus. In the 
Support group, the company has made the intentional decision 

to develop the offering so that it supports the value creation for 
the company based on the core offering. The PSS group is the 
intentional move of the company to offer Product-Service 
Systems that have services included that support all lifecycle 
phases starting from the sales, delivery and operational phase 
(post-delivery). The Integrated PSS group includes the same 
content and the PSS but here the company has made the 
intentional decision to integrate the virtual world with the real-
world and through this connection create continuous value 
through customer business understanding with data drive 
services. The Not Available (N/A) group is an area where the 
customer is not operating in. This can be the decision to move 
out of this area or there is a barrier that prevents it from entering 
here.  

TABLE I.  MOBILE WORK MACHINE MANUFACTURERS (CATEGORY 1)  
OFFERING FOCUS 

Offering Type Category 1 

CAT1.1 CAT1.2 CAT1.3 CAT1.4 CAT1.5 

Stand Alone 
Equipment 

Core Core Core N/A N/A 

Systems Add-on Core Core Core Core 

Stand Alone 
Services 

N/A Add-on Core Add-
on 

Support 

Product Service-
Systems (PSS) 

N/A Core Core Core Core 

Integrated PSS N/A Concept Concept Core Core 

 

TABLE II.  HEAVY INDUSTRY MANUFACTURERS (CATEGORY 1) 
OFFERING FOCUS 

Offering Type Category 1 

CAT2.1 CAT2.2 CAT2.3 CAT2.4 CAT2.5 

Stand Alone 
Equipment 

Core Core Core Core Support 

Systems Support Core Core Support Support 

Stand Alone 
Services 

Add-on Core Core Core Support 

Product Service-
Systems (PSS) 

Concept Core Core Support Core 

Integrated PSS Concept Concept Support Concept Core 

 

When comparing Category 1 and Category 2 together, the 
conclusions is that all companies are moving towards integrated 
PSS and some have already done the transformation. However, 
the challenge lies with nature of the business where the asset that 
the customer is using has a long lifecycle that is measured in 
decades. This causes a situation where the equipment offering, 
and system offering have been defined first and typically the 
services has been added to support or extend the value of this 
area.  



It was also notable that the companies that had transitioned 
to the PSS or integrated PSS category had exited the equipment 
area or the systems part was supporting the current business 
model in generating value. In addition, the companies that had 
invested these areas had also created or seek a model where they 
were partners rather than suppliers. The companies that had or 
were making the transition to PSS had recognized the need to 
build service business due to the stagnation of the equipment or 
systems business.  

Both case categories rely on different business models and 
this is caused by the heterogonous offering. This was more 
evident in Category 2 where the customer solutions are 
engineered or configured to order based on the existing offering 
but also customized when needed to fulfill the customer needs. 
However, both categories did not manage their business models 
the same way they managed their offering. The relationship 
between strategy, business models and value propositions were 
not clearly documented. On the other hand, the relationship 
between the value proposition and offering was understood. 
However, the transition to move from “product functionality” 
centricity to customer driven value through new business 
opportunity and problem mitigation was not systematic.    

B. Data driven service and value 
 

TABLE III. is based on the research carried out with the 
different companies to understand what the current service foot 
print is and what is the future target state. Based on the 
framework, the companies in general are present in more than 
one area and there is a transition from PLS towards AES. The 
reason for this shift is to strengthen the relationship with 
customer and increase continuous service sales. In general, this 
drive is still more from the manufacturer’s viewpoint that a 
solely partnership driven strategy.  

TABLE III.  B2B SERVICE CLASSIFICATION FRAMEWORK APPLIED FOR 
CATEGORY 1 AND 2 COMPANIES (AS-IS è TO-BE) 

 Supplier Product 
Orientated Service  

Customer Process 
Orientated Service 

Service 
Class 

PLS AES PSS PDS 

Category 1  

CAT 1.1 As-Is ? Partly ? 

CAT 1.2 As-is Partly As-Is ? 

CAT 1.3 As-is Partly As-Is To-Be 

CAT 1.4 As-Is As-Is As-Is To-Be 

CAT 1.5 As-Is As-Is As-Is Partly 

Category 2 

CAT 2.1 As-is ? Partly ? 

CAT 2.2 As-Is Partly As-Is To-Be 

CAT 2.3 As-Is Partly As-Is To-Be 

CAT 2.4 As-Is Partly As-Is To-Be 

CAT 2.5 As-Is Partly  As-Is Partly 

 The desire to move from PSS or AES to fully fledged PDS 
is on most of the companies’ agendas, but the ongoing research 
is still ongoing and final conclusions is still to be made. 
Generally, the challenges to move to PDS are the associated risk 
and contractual commitments that the manufacturers would 
need to give to the customers. The issue is lack of visibility to 
the customer’s operations and the operational data related to this. 
That said, the companies are running demo or pilot projects with 
customers. One general observation is the customer readiness to 
seek this option.  

One limiting factor is the separation of the Business Model 
definition from the service lifecycle offering. The companies see 
the need to move to continuous service business relationship and 
create value for their customer operations, but the impact to the 
to their own and customer’s business models is fragmented. To 
define the data-driven services value for each company, this area 
still requires clarification and work. 

 

C. How Digital Twins and IoT will support the value 
creation? 

For the integrated PSS to create value to the customer and 
the manufacturer, deeper and continuous visibility to operations 
is needed. This will require continuous access to the ongoing 
operations that will require the visibility into the operating 
parameters in the form of collected data. However, all 
companies had differing opinions of the value that they could 
achieve through this approach. 

Currently, all companies have invested into or are intending 
to invest into IoT platform technology. The technology is being 
used currently to collect data and it used partially to understand 
the status of the installed base. CAT 1.5, CAT 2.3, CAT 2.4 and 
CAT 2.5 companies have a digitalization strategy and services 
where, through monitoring the IoT data, they are using different 
degrees of machine learning to understand the current situation 
of the installed base and managing the customer contract 
obligations. At present, the new opportunity management is not 
linked automatically, and this is still a manual process. The 
feedback from the installed based is still the driving factor to 
service delivery in the form of monitoring. In addition, the 
different business lines over the different companies had a 
fragmented view what is the level of commitment that they can 
or want to give to the customer. In other words, they have data 
and the business process understanding, but are lacking the 
means and insight what the customer is doing to commit outright 
AES or PDS. Also, it was noted that CAT 1.1 and CAT 2.1 did 
not have vision or strategy in this area.  

The Digital Twin (DT) was seen to be critical to build a 
better understanding of the installed base, but the definition of 
the Digital Twin varied extremely. All companies see that the 
digital twin can bring value to the service business, but how and 
the scope is still unclear based on the research. Also, the value 
that the DT can bring varies and often is still driven by the 
Product Lifecycle Management (PLM) system paradigm. CAT 
1.1 - CAT 1.3 companies have invested into real-time simulation 
technologies to extend their DT but currently this technology is 
used in product development and the opportunities to be applied 
to service business is still unclear. All of the companies do have 



the back-end systems to management the digital product data in 
PLM, ERP, CRM and MES systems. The challenge is still the 
system integration level and the data reliability. The PLM 
system that is core to manage Digital Twin was seen to be 
lacking behind when compared to the other back-end systems.   

V. CONCLUSIONS AND FURTHER RESEARCH 
Considering that the research project is still in progress, the 

result identified show that both company types can benefit from 
data-driven services that rely on the integrations of the real-
world PSS to the virtual counterpart. It is clear that IoT 
technologies are needed for this connection to be established. 
However, the two-direction integration between the virtual and 
real-world was not clearly part of the companies’ digitalization 
strategy.  

Typically, the companies in the two industry areas were 
concentrated on collecting data and offering, for example, 
monitoring services. Often these services were add-ons to the 
existing products and services. This approach was also more 
driven by the need to understand data instead of creating strategy 
to use Digital Twins and especially real-time simulation models 
to upfront run different use case scenarios.   

The nature of the companies’ business models caused 
interesting contradiction for the companies to solve. It is clear 
from the interviews that these areas should be further developed 
and researched and the relationship to the data-driven services, 
that is integrated PSS through the business model’s value 
proposition should researched further in the service business 
context.  The research should also raise the question how should 
an integrated PSS be developed in the future.  
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Abstract: 
The role of digital twins to create information-based services and digitally extended PSS can be based on 
realtime simulation and Internet of Thing (IoT), where the management system is Product Lifecycle 
Management (PLM). However, these areas are typically run apart from each other where realtime simulation 
and PLM are owned by R&D and IoT based services are owned by services. Companies are collecting sensor 
data from their installed base and using analytics to create e.g. monitoring services. This collective insight, 
forming the digital twin, is not used to develop product-service solutions that are based IoT collected 
information and realtime simulation models. The objective of the study is to understand the state of the case 
companies in these different areas and to collect evidence of digital twin-based services that are information 
intensive. The second area of interest is how the case companies are utilizing this insight to build better realtime 
simulation models that can be applied to services.  The study is based on semi-structured interviews with 8 
manufacturing companies to align the information-based service, simulation models and IoT strategies.  



Introduction 
 
The strategic driver of manufacturing companies for increased growth and improved margins is to 
focus on service business. The traditional approach of offering services as a transactional add-on to 
products or providing spare parts has been replaced with a systematic approach, which is seeing the 
servitisation (Kotamäki et. al., 2018) of products transitioning to a holistic Product-Service-System 
(PSS) (Baines, et. al., 2007). This Product-Service-System places demands on B2B manufacturing 
companies, but also creates new business opportunities for them. The challenge that they face can be 
divided into, for example, two areas; (1) engaging with the customer over the customer lifecycle and 
(2) moving from an asset-based view to understanding the customers business and value proposition. 
Also, the business opportunities that this approach offers are (1) deep relationship over the customer 
lifecycle and (2) the outsourcing of business process to the B2B manufacturing company. The 
introduction of information management technology has added an additional dimension to create 
extended digital service offerings that are based on the data or knowledge about how the PSS is being 
used or should be used creating a digitally extended Product-Service-System.  
 
Moving from an inside-out view of selling products as a transaction to a continuous customer 
lifecycle service requires that the B2B manufacturing company has continuous touchpoints along the 
lifecycle. These touchpoints can be realised by collecting lifecycle data from delivered products 
(assets) and simulating the behaviour of these assets in a virtual environment (Grieves, 2019). Product 
Lifecycle Management (PLM) offers a way to ensure that the digitally extended PSS offered, and the 
asset delivered can be managed systematically from the design phase all the way through operations 
phase and to its end-of-life (Donoghue et. al., 2017). However, PLM does not offer clear answers 
how this should be done but proposes that there should be a digital mirror of the real-world product 
(Grieves, 2006). The goal of PLM has been to create a management system that enables the 
continuous management of the product over the lifecycle with cross-functional responsibilities within 
the organisation (Stark, 2006).  However, these lifecycle phases are the responsibilities of different 
parts of the organization.  Typically, this creates a situation where they are managed and run 
separately from each, for example, where initially Product Development owns realtime simulation 
information, PLM design data and processes, followed by  Delivery owning marketing, sales and 
supply chain data and processes, and finally Services owning asset, service, IoT based services data 
and processes. 
 
In this research paper, the role of digital twins is to facilitate information-based services that are based 
on information from realtime simulation of the digitally extended PSS and data collected from assets 
in operation using. To enable alignment between the digital twin and the asset, connectivity should 
exist between the two parties that is realised through the Industrial IoT (IIoT) transferring data and 
information forming insight of the current status PSS so it can be optimized to achieve the desired 
performance outcomes.  
 
The goal of research is to understand the current state of the case companies in these different areas 
and to collect evidence of digital twin-based services that are information intensive. The second area 
of interest is how the case companies are utilizing this insight to build better realtime simulation 
models that can be applied to services.  The study is based on semi-structured interviews with B2B 
manufacturing companies to align the information-based service, simulation models and IoT 
strategies. 
 
This Chapter in structured and divided into the following sections where the first is the review of the 
related published research, followed with the research methology and approach for data collection, 



leading into the results of the research based on the interviews, and finally the discussion and 
conclusions from the study and suggestions further research directions.  

Related Research 
 
Baines et. al. (2007) regard a Product Service System (PSS) as a special case of servitisation where 
the value of the product to the customer is increased with the addition of services. This creates a 
concept focusing on outcome where the offering is sale-of-use not the product itself. Goedkoop et. 
al. (1999) define the key elements of a PSS as: (1) tangible physical commodity manufactured to be 
sold, (2) an activity done for or on behalf of the customer that has an economic value based on a 
commercial contract, and (3) creating a system that is a collection of elements and their relationship 
formed between the product and its services. Therefore, the customer pays for the sustainable use of 
the product that is enabled with the integration of services across the lifecycle. This creates a PSS 
that is a system of tangible products and intangible services that form the PSS. Mont (2001) extend 
the definition into the direction that can be interpreted to include information or data-based services 
and connectivity through the inclusion of the supporting networks and infrastructure. Mont (2001) 
also includes the satisfaction of customer needs and reduction in environmental impact along the PSS 
lifecycle. Therefore, the focus of PSS is to support business models that create continuous touchpoints 
with the customer after the initial tangible product and delivery service sales. This creates a Long 
Tail Business Model (Gassmann et. al., 2014) where the focus is on B2B manufacturing companies 
that sell small amounts of systems but have large portfolio of products and services that creates a 
solution delivered (asset) and also services that are needed to maintain the solution across its lifecycle. 
This creates an opportunity where the continued engagement with the customer can create continuous 
service sales over the lifecycle of the PSS and also sustained value to the customer.  
 
Saaksvuori (2019) has shown that the PSS can be extended to a Digitally Extended Product where 
the product can be divided into different domains as seen in Figure 1. Sääskvuori (2019) divides the 
physical product into several layers creating a PSS that is extended to digital services and data. 
Saaksvuori (2015) also sees that digitalisation changes the way product and services are designed and 
thus create more value for the manufacturer and customer. Digitalisation impacts the 
electromechanical composition of the PSS and how PSS are manufactured. It creates new ways to 
optimise supply chain and creates continuous touchpoint over the customer lifecycle facilitating 
continuous relationship.  
 

 
 

Figure 1. Digitally Extended PSS (Saaksvuori, 2019) example (©Krios Business Consulting OY)   



 
 
Grieves (2006) introduced the concept of the Digital Twin as described in Chapter 2. The Digital 
Twin has been part of the PLM vision and it is also seen as a key element to create new digital 
business models for business growth (Donoghue et. al., 2019). Grieves (2019) has extended his 
previous concepts with the introduction of a dual system that is defined as a Smart, Connected Product 
System (SCPS) that can exist in the real-world and the digital-world at the same time. Grieves (2019) 
argues that the Physical Twin and the Digital Twin are connected continuously throughout the 
lifecycle where operational data is collected from the Physical Twin and sent to the Digital Twin for 
verification that, for example, the SCPS operates within its performance parameters or identify when 
service activities should done to sustain the process performance of the PSS as agreed with the 
customer. On the other side, the Digital Twin can use, for example, Multibody Physics based Real 
Time Simulation (de Jalon et. Al., 1994) to model the anticipated behaviour of the Physical Twin 
before it exists or transmits information to the Digital Twin as, for example, software upgrades, setup 
changes or operational adjustments. Grieves introduces three Digital Twin definitions that are related 
to the PLM lifecycle concepts introduced by Stark (2006), Donoghue et. al. (2017) and Grieves 
(2006). These new definitions for the Digital Twin are (Grieves, 2019): (1) the Digital Twin Prototype 
(DTP) used for the development of the product and all its variants, (2) the Digital Twin Instance 
(DTI) is the digital copy of the instances delivered to the customer, and (3) the Digital Twin 
Aggregate (DTA) is the collection of all the DTI that are used to aggregate information about the 
versions and variants delivered to gain insight about their operational and service correlations. 
Donoghue et. al. (2019) conclusions suggest that for successful increase in digital twin-based 
operations, a B2B manufacturing company must find a balanced way of collecting data from the 
assets and how the digital twin is used to verify new services to minimise the risk of collecting too 
much data that cannot be aggregated, assessed and used for business to create value.  
 
Connectivity of SCPS (Grieves, 2019) or digitally extended PSS is a critical element to create value 
and new digital business models where the customer and B2B manufacturing company can cooperate 
through continuous touchpoint along the lifecycle (Donoghue et. al. 2019). This offers a way of 
working were time, location and employees are not hindering the co-operation. Verdugo et. al. (2017) 
prove that the PSS lifecycle value is increased when IoT is used to offer smart and digital services. 
The identified benefits were operational efficiency, risk minimisation, sustainability and value. To 
understand the role that IoT has in supporting PSS driven business, Gubbi et al. (2013) definition of 
IoT and its role is:  
 
“Interconnection of sensing and actuating devices providing the ability to share information across 
platforms through a unified framework, developing a common operating picture for enabling 
innovative applications.” (Gubbi et al. 2013).  

Basirati et. al. (2019) see that IoT encourages the realisation of new ideas and it can simplify 
complexity of PSS development providing new digital business models, closed-loop lifecycle 
management and services provided via IoT for PSS. These opportunities can also be extended to the 
SCPS (Grieves, 2019) for B2B manufacturing companies collecting sensor data from their installed 
base (asset) for use in analytics creating, for example, monitoring services and providing autonomy 
of the SCPS or PSS. McEwan et. al. (2014) state connectivity is based on the Internet-of-Things (IoT) 
and can be thought as being dependant on the following aspect:  

IoT = PSS + integrated sensors, controllers, actuators + internet (+ Digital Twin) 



McEwan et. al (2014) did not focus on the what happens on the other side of the internet once the 
data was collected. In their model, they did not introduce the Digital Twin concept. This modified 
statement is based on Grieves (2019) concept for the SCPS to include Digital Twins. Grieves’ (2019) 
SCPS and Donoghue et. al. (2019) both highlight that IoT is essential for the connectivity and 
transmittal of bi-directional data.  Vergugo (2017), Grieves (2019) and Donoghue et. al. (2019) see 
that the smart product, PSS or SCPS also incorporate the smart to the concept in both the physical 
twin and digital twin forming a foundation for an intelligent, connected digital twin. Smart products 
and smart digital systems are not new concepts, but the connecting them together changes an isolated 
smart system into SCPS and a digitally extended PSS. The intelligence difference can be illustrated 
with the difference of a factory robot that is managed by central manufacturing execution system and 
internal local intelligence that can shut-down the robot when it malfunctions to  Unmanned Aerial 
Systems (UAS) that has edge machine learning and is connected to other UAS and operational 
systems that use AI that is  managed by a centralised intelligent digital twin (Grieves, 2019). 
 

Research Methology 
 
The research data and research methology is based on Chapter 2 of this book. For this paper, eight 
companies were selected from the research data collected and the companies were selected based on 
their best match to the research goals. For these companies, the selected research methology was 
qualitive research integrating theoretical and empirical case study data (Yin, 2013) through semi-
structured interviews. In addition to this research data, we utilised data for four companies collected 
between the years 2011 – 2019. The research method applied for these four cases companies was 
design research (Hevner, 2007) (Hevner et. al., 2004) and the data was collected using semi-structured 
interviews. The decision to use this approach was selected based on the desire to understand the case 
companies starting state and gain insight which companies were able to transition to information-
based services, digitally extended PSS or SCPS through the adoption of digital twins. This research 
process had two phases; (1) map as-is status of services and (2) change over time towards the 
information driven services or digitally extended products. The eight case companies used for this 
research are all B2B manufacturing companies that deliver complex PSS that are either delivered 
configure-to-order or engineering-to-order having long operational lifecycles.  

Results 
 
The results from the interviews were collected and organised into three categories that define the 
capability of the companies to create business value from digitally extended products, information-
based services or Smart-Connected-Product-Systems (SCPS). The method to categorise the 
company’s status is based on Saaksvuori (2019) digitalisation process that is divided into three areas 
of interconnected domains that facilitate digitalisation. Table 1 is divided into four columns where 
the first column is the Case Company column listing the anonymous case companies. The second is 
the Business Process Digitalisation capturing the state of the core business process digitalisation 
(PLM framework presented in Chapter 2), Information and Information System (IS) architecture. The 
third column is the Connected Smart Product Systems where data collection is from the Physical 
Twin and the Digital Twin is used for simulation and performance verification and used to send 
information back to the Physical Twin for performance adjustments and/or improvements. Finally, 
the fourth column is the Digital Services that are divided into three Tiers where: Tier 1 is 
Remote/Monitoring Services, Tier 2 PSS optimization based on digital twins, and Tier 3 for services 
that are offered to customers who are not part of the traditional clientele (information as-a-services). 



The goal of Table 1 is to build a picture what is the business capability in the different columns to 
understand their needs to leverage benefits from digitally extended products and gain insight how far 
they are currently from the SCPS (Grieves, 2019). The following criteria is used to map the current 
needs of the case companies where the capital letter (A – D) indicates the digitalisation characteristics. 
The number in the brackets (1–4) is used to define the numeric value that each company scores. In 
summary, D (1) indicates  data is not available to support the existence of this business capability. In 
C (2), the data shows that the capability is partially needed in more than one but less than half (49%) 
of the business lines. In B (3), the research data shows that the case company needs the capability for 
more than half of (50%) its business lines. In A (4), the research data shows that the company has 
more than 80% of the Business Line needing the capability. 
 
Table 1. Digitalisation Framework for Digitally Extended PSS and SCPS (Adapted from Saaksvuori 

2019)  
 

Case 
Company 

Business Process Digitalisation Connected Smart 
PSS 

Digital Services Points 

 Integrated 
Business 
Process 

Digital 
Interfaces 

Analytics 
for 

Steering 

Data 
Collection 

Digital 
Twin 

Tier 1 Tier 2 Tier 3 Total 

RO B(3) D(1) D(1) D(1) B(3) D(1) B(3) D(1) 14 
SD B(3) C(2) D(1) D(1) B(3) D(1) B(3) D(1) 15 
MN D(1) D(1) D(1) D(1) B(3) D(1) B(3) D(1) 12 
VA A(4) D(1) D(1) B(3) B(3) C(2) B(3) D(1) 18 
QE A(4) B(3) B(3) B(3) C(2) B(3) C(2) D(1) 21 
VI A(4) A(4) B(3) B(3) C(2) B(3) D(1) D(1) 21 
MT B(3) A(4) B(3) B(3) C(2) B(3) D(1) D(1) 20 
VL B(3) A(4) B(3) A(4) C(2) B(3) C(2) D(1) 22 
Max A(4) A(4) A(4) A(4) A(4) A(4) A(4) A(4) 32 

 
The results from Table 1 show that in the Business Process Digitalisation column the Integrated 
Business Process is a need that is an important requirement for all of the case companies scoring 
between B(3)–A(4). The result for Digital Interfaces is divided into two groups where the first group 
scores D(1) indicating that the questions or the interviews did not address this area. The second group 
scores A(4) and this is a need to create the foundation for integrated digital touchpoint throughput the 
case companies. The Analytics for Steering column results are divided also into two groups where 
the first four case companies score D(1) and the second four score B(3) indicating that there is a need 
to create Analytics to Steering. The questions collected from the first four companies indicate that 
the data did not contain insight to support the need or the questionnaires did not contain clear 
questions to uncover this need.  
 
The results from the from the column Connected Smart PSS is divided into two sub-areas that are 
Data Collection and Digital Twin. The results once again highlight that the research data collected 
from the different engagements differ, but in this area the results are not as polarised. For the first 
four case companies, the Data Collection need is not evident from the data apart from case company 
‘VA’. The Data Collection is focussing on the use of IoT to collect data from the assets and selected 
companies RO – MN data did not reveal this need scoring D(1). However, case company ‘VA’ results 
indicate that this is a need B(3). Nevertheless, when reviewing these companies’ webpages, the 
companies are offering these services to customers that is done with data collected from the assets. 
Cases Companies QE to VL score between B(3)-A(4) indicating that this is a need and they are 
already developing and offering this capability to customers. The sub-column Digital Twin result 
show that all of the companies have need for this area with results ranging from C(2)-B(3). This area 
is subject to how the case companies define the digital twin. The results for the first four companies 
indicate the need and they are implementing Digital Twins in the form of the Digital Twin Prototype 
(DTP) applying Real-time Simulation and PLM to address this need. The other companies are using 



different maturity levels of Digital Twins that include PLM and simulation elements. The 
connectivity, as Greives (2009) defines for SCPS, between the Digital Twin to the Physical Twin 
does not exist in a way that information is transmitted to the Physical Twin or data collected from the 
asset is used systematically in Real-time simulations. In this section, it is important to understand that 
the definition of the digital twin can vary between the different companies based on their maturity 
level.  
 
The last column Digital Services is divided into the three sub-headings Tier 1 to Tier 3. Tier 1 is 
Remote/Monitoring Services. The case companies from ‘VA’ to ‘VL’ show a need for these services 
C(2)-B(3), but ‘RO’ to ‘MN’ do not show this need. If the webpages of all companies are reviewed 
it is evident that all companies are offering these type services and there is ongoing work to develop 
these business capabilities as a customer offering. Tier 2 is PSS optimisation with the use of Digital 
Twins is seen as a business opportunity for companies ‘RO’-‘QE’ and ‘VL’. However, this 
opportunity emerges through the discussion in the interviews and was not something that the case 
companies identified themselves upfront before the free discussions occurred. For companies ‘VI’ 
and ‘MT’, there is no evidence from the research that this is a need. The last Tier 3 are services that 
offered to customers that are traditionally out-side of the case companies traditional customer 
segments. The data from the two different research areas do not address this need. Based on the 
interviews and discussions with the different case companies, this does not seem to be area were any 
activity is ongoing. 
 
It should be noted that the result D(1) indicates that the need cannot be identified from the existing 
data, but this does not mean that these areas are not needed, or no ongoing activities are present at 
this time. If the results for each case company from Table 1 are averaged against the maximum points, 
the situation for each company can be seen in Table 2. The over-all average for the companies is 
55.86% with the lowest average being 37.50% and the highest 68.75%. This result could indicate that 
the questions and the collected data vary because of the engagement types where the first four (‘RO’ 
to ‘VA’) were based on focused questions around realtime simulation and the other group (‘QE’-
‘VL’) design research based were the authors were actively involved the these case companies and 
gained better access to the internal goals of the companies over longer period of time.  
 

Table 2. Case Company averages based on the adapted framework  
  

Case 
Company 

Total 
Points  

Average 
(%) 

RO 14 43.75 
SD 15 46.88 
MN 12 37.50 
VA 18 56.26 
QE 21 65.63 
VI 21 65.63 
MT 20 62.50 
VL 22 68.75 
Average 32 55.86 

Discussion and Conclusions 
 
The main contributions of this chapter are the shift beyond the Multibody-Physics based Real-time 
Simulation to Digital Twins. After establishing this shift, the Chapter attempts to find the relationship 
between Product-Service-Systems (PSS) and Digital Twins. This link exists in the PLM vision (Stark, 
2015) (Grieves, 2006) (Donoghue et. al., 2017) and PSS research (Baines et. al., 2007). The objective 
to find a theoretical base for digitally extended PSS and SCPS exists based on the related research 
from Grieves (2019) and, Donoghue et. al. (2019) and Stark (2006) and the results of this paper. 



 
The framework that was applied from Saaksvuori (2019) to test the shift towards a digitally extended 
PSS and then towards and Smart-Connected Product System (SCPS) cannot be proven without doubt 
based on the research data. It did not include or support the needs of all elements presented in the 
framework. However, there is strong indication that the case companies are moving towards a 
digitally extended PSS and/or SCPS. In Figure 1, there is also evidence in Saaksvuori (2019) that one 
of the companies is clearly moving toward this strategy were the extended product can be divided 
into the hardware, software, product lifecycle services (PLS), asset efficiency services (AES), Digital 
Services and Data. 
 
The recommendations for business and entrepreneurs are having a holistic view how the different 
areas presented in this paper are related and how they need to be approached through continuous 
development roadmaps that are implemented consistently  to achieve a business model built on SCPS. 
Business must focus on getting their internal business process digitalised before they can move to 
digitally extended products and SCPS. Academia has a role to research this area further and find more 
established and verified concepts that business can apply in the area of digitally extended PSS and 
SCPS. It is evident that most companies are developing the different areas in silos and a strategy and 
roadmap is often missing. 
 
Finally, the related research presented are all looking at the same phenomena from different vantage 
points. Figure 2 proposes a model that companies can use to understand what are the logical elements 
when integrated form an intelligent Product Service System (iPSS) combines the Physical and Digital 
Twin with the IoT platform for connectivity and the integration of Machine Learning enabling the 
Digital Twin to simulate the real-world at realtime or faster than real-time to maintain solution 
performance and business sustainability. 
 

 
 
Figure 2. Intelligent Product-Service System (Crane Picture and 3D model courtesy of Mevea Oy) 

 
The conclusions that can be drawn from this chapter are that the Digital Twin is an integral part of 
the future success of B2B manufacturing companies' value can be achieved once the Physical Twin 
and the Digital Twin are connected, and data/information can flow in realtime or close to realtime. 
Because this transformation depends on the digital information and data that the B2B manufacturing  
company has, it places demands to integrate IS systems together with the SCPS or iPSS.  To achieve 
this, companies must create new capabilities changing the nature of the digitally extended PSS that 
they offer. An obvious step for the digitally extended PSS is to include Artificial Intelligence (AI) 
either for human-to-system interaction or between Machine-to-Machine (M2M) operations. In these 



cases, the Digital Twin can be used to simulate reality faster than the real-world giving insight what 
could happen and give time to take corrective actions before risks materialise.  
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Product Lifecycle Management Business
Transformation in an Engineering
Technology Company

I. Donoghue, L. Hannola and J. Papinniemi

Abstract The role of Product Lifecycle Management (PLM) in business transfor-
mation varies in scope and impact. PLM initiatives range from Information System
(IS) renewal to strategic business transformation, where often the capabilities to
implement PLM successfully are unclear. This case study explains, through a case
company example, the PLM concept journey from definition to implementation. It
explains the variables influencing PLM transformation in an engineering technology
company. This paper is based on an example carried out from 2011 to 2015 when
the company’s strategy transformed it from an engineering company to a product
and service company. The outcome show how a strategy-driven PLM transformation
impacts a company at many levels, and also why the first PLM initiative had limited
success due to focusing on IS driven process harmonisation. The case study also
highlights the importance of the knowledge of the products, services and enterprise
architecture, but also business models. The conclusions show PLM being at the core
of business transformation, a cross-functional activity impacting products, services
and customers.

Keywords Product lifecycle management · Product management · Enterprise
architecture · Business model · Business strategy

1 Case Company Background

The case company provides leading technologies, engineering solutions and services
to the mining, metal refining, energy, water and chemical industry. The solutions pro-
vided to the customers range from simple spare parts to operate and maintenance
services, and the delivery of equipment and complex production plants. The com-
pany’s history goes as far back as the beginning of the 20th century and its core
business was the mining and refining of different kinds of minerals and metals. Over
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the decades the company developed and acquired different types of technologies to
support its core business. These technologies were managed under a separate divi-
sion that gradually became autonomous and the case company offered its products
to customers around the world. Due to the company’s decision to focus on its core
business and diversify other areas, the technology division became an independent
and listed company in 2000.

The case company had a comprehensive portfolio of customers, technologies,
patents and solutions that ran as separate businesses with little in common about
how products and services were defined and managed. In addition, the full business
potential was not utilised in the different areas.

The company decided to define a new and independent business strategy that
changed significantly the way business would be done in the future. The strategic
goals for this transformation were to focus on customer experience and build a
deeper and continuous partnership with customers to strengthen and increase the
earnings of both. This also materialised as the need to be a lifecycle partner that
could offer different kinds of services. The second area was the utilisation of existing
technologies and the development of new technologies to remain at the forefront of
its selected industry area. Product competitiveness was at the forefront of this change
and the possibilities of strategic sourcing were seen as closely related to this area
that could further improve competitiveness. Finally, the newway ofworking required
a new operating model where the organisation, processes and information systems
were aligned.

2 The Starting Situation: The Issue Addressed; The
Objective

The business transformation initiative started in 2010 and the first steps to organise
around Product Lifecycle Management (PLM) development started in 2011. The
transformation was the responsibility of the dedicated internal development organi-
sation that was hierarchically equal to the business lines and business areas.

This business transformation focused on developing and implementing the first
operatingmodelwith the scope on core and supporting business process development
and IT applications needed in these process areas. This led to siloed process and IT
system development where different business process were not aligned and did not
work together. In addition, the supporting IT development was independent from the
processes that they were supposed to support. This first attempt to deploy PLM failed
due to process and IT application uncoupling. Only limited capabilities from the
operatingmodel could be brought into use. Amajor challenge was the business lines’
concerns that the new operating model did not support their business requirements.
This concern was especially directed at PLM. The result was a way of working that
did not support the business needs, and the deployment of the PLM system failed.



Product Lifecycle Management Business Transformation … 187

Fig. 1 Case company industry areas, technology, product, and service footprint

The case company’s product, service and technology portfolio was heterogeneous
and was managed independently by the product and technology managers. Most
customer deliveries, especially plants and process lines were based on past project
deliveries. Some product lines were using systems engineering and Configure-to-
Order (CTO) principles andwere found at the equipment level. Service productswere
managed as part of the product lines, but typically this was unstructured. Figure 1
illustrates the case company’s different industry areas and technology, products and
services that are to be managed over the entire lifecycle.

The case company’s need to improve its product competitiveness was critical. It
could be done in two ways where the first was to improve and align the way products
were managed, and secondly the improvement of the products to be reusable for
delivery and support services sales. The need for PLM was seen as a way forward.
However, the agreement on the objective or goals of PLM was unclear, as was
the scope of PLM. The situation was also difficult, because PLM system selection
and development had gone forward as part of the overall business transformation
initiative, but without agreement internally of common goals and scope.

Lessons learned from this first attempt to deploy PLM were the need to involve
the business and have people working fulltime in PLM and product management
development.
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3 What Happened, What Was Done

To make this transformation successful, a Product Management and Product Life-
cycle Management team was formed to focus on implementing these areas in the
organisation. The following short- and long-term goals were set:

• Strategic goals for PLM to justify the change.
• Product and Service Audit to understand the feasibility of the change.
• PLM Audit to understand the feasibility of the change.
• Product and Service Definition initiative to align products and services.
• PLMConcept to show the newway ofworking, and the feasibility of implementing
it in the case company.

• PLM Implementation program to bring the new way of working into practice.

Previously, one on the main challenges had been the ability to communicate the
goals for PLM and what was its scope. Therefore, one of the first topics was to agree
on the goals during the initial phase. They were defined as:

• Increase the reuse of products, services and their modules in delivery.
• Reduce the amount of engineering hours used in delivery projects.
• Increase service sales.
• Increase strategic sourcing to reduce the amount of supplier items used in design
and delivery to support services.

• Reduce the cost and number of different items bought from suppliers.
• Build a supplier relationship with fewer strategic and key suppliers.

In 2011, the scope of PLM and Product Management were still under debate. This
resulted in a productization audit to review the current state of the product and service
portfolio. This audit highlighted risks in: (1) product management maturity and the
variation between different product lines, (2) revenue generation in and between
products that occurred as different pricing and revenue transfer models between
product lines, (3) product and service definition was unstructured and missing in
areas causing inefficiencies in deliveries that used products from different product
lines, (4) product development carried out in delivery projects undermining the need
for product management and development and creating in some cases customised
solutions, (5) limited cross-product and service knowledge in the organisation to
create reusable customer lifecycle solutions. From these observations, a development
project was started that focused on the product definition development to support the
business transformation.

A separate audit was carried out to determine the PLMmaturity level and to review
the business needs that PLM should address. This led to the first PLM Concept that
tried to use and deploy the development already done. The focus of this PLMConcept
was a simplified product management process and PDM centric adaptation of the
business dimensions presented by Sääksvuori [1] and Stark [2]. This concept work
resulted in an improved system and process alignment, but the limiting factor was
still the applicability to the product and service lines due to the varying nature of
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the product portfolio. This resulted in a common product document management
solution rather than a true PDM capability in all product lines.

3.1 The Strategy Driven PLM Concept

The decision to create a corporate-wide PLM Concept and nominate a PLM Con-
cept owner was made in the spring of 2011. This decision made it possible for the
first time to align the business needs and the strategic goals in a PLM concept and
implementation program. The approach applied ideas presented in Sääskvuori’s [1]
and Stark’s [2] PLM Models. The PLM Concept work also integrated the product
and service definition work started earlier with the product lines that had applied a
modified method from Haines [3].

The first task that was done in the PLM Concept work was to define the maturity
model, levels and business logic of the different product lines in the case company.
The maturity levels varied across the company as did the business logic. Therefore,
a baseline and categorisation of the different products and services was made. Based
on the mapping in Fig. 1, the case company’s PLMMaturity Levels were categorised
for the different product lines, for example, with Kärkkäinen’s model [4] as shown
in Table 1.

The result highlighted that the corporate wide PLM maturity was at a chaotic
and unstructured stage. Also, it was evident that Equipment and Services were at a
higher maturity level than the Plants and Process island. This meant that the business
strategywould be difficult to achieve if investments in PLMwere not made to achieve
the goals placed on PLM.

The case company strategy was the driver and justification for the PLM initiative.
The alignment to the strategy and the strategic PLM objectives was essential to
progress in an organisation that was comprised of heterogeneous product lines. The
strategic drivers were defined further to:

• Increase revenue 3-fold by the year 2020.
• Improve return on investment for customers through efficient operating costs and
technology.

• Increase service business 4-fold from the current level.
• Reduce engineering hours in delivery projects.
• Increase the reuse of products, services and product modules in delivery projects.
• Increase the level of strategic sourcing to improve cost competitiveness.

The PLM initiative also supported several other strategic initiatives that were: (1)
customer centricity and lifecycle partnership, (2) customer and company earnings
logic, (3) leading technologies, and (4) product-service solution competitiveness.
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Table 1 PLM maturity levels models in the case company [4]

Maturity Description Product lines impacted

Level 1: chaotic Level of coordination is low – Corporate wide
– Industry areas with all
technologies, products and
services

– Chemical—plants and
process islands

– Next generation services

Level 2: conscientious stage Level of coordination is
mainly at functional level

– Metals refining—plants and
process islands

– Water treatment—plants
and process islands

– Energy—plants and process
islands

– Mineral processing—plants
and process islands

Level 3: managed stage Level of coordination is
reaching cross-functional and
company level

– Mineral
processing—equipment and
services

– Metals refining—equipment
and services

Level 4: advanced stage Level of coordination is
dyadic in inter-organizational
relationships

– None

Level 5: integration stage Level of coordination is
extensive, reaching
inter-organisational networks

– None

3.2 The Product Definition Work

The audit on the state of productization revealed the need to create a common product
and service definition within the case company. In addition, this work had to agree
on the terminology that was to be used to describe the elements of the product and
service portfolio. This led to the Product Definition concept that defined the infor-
mation to unify the products and services across the company. The definition was
divided in two dimensions. The first dimension being equipment product definition,
service product definition and plant product definition. The second dimension was
the productization maturity levels (A, B, C, D) that were defined for each product
and service. A-level being productised more than 80% and fully managed by product
management. D-level, where productization level was less than 20% and not man-
aged by product management actively. In addition, product and service management
defined what products and services were to be productised first based on business
prioritisation.
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Table 2 PLM maturity levels target example

Category Productization
level target

Products and services

Level A More than 80% – Mineral processing—equipment and services
– Metal refining—equipment and services
– Energy—equipment and services
– Mineral processing—next generation services

Level B Between 60 and
80%

– Water treatment—equipment and services
– Mineral processing—plant and process island
– Metals refining—plant and process island
– Energy—plant and process island

Level C Between 20 and
60%

– Water treatment—plant and process island
– Chemical—equipment and services

Level D Less than 20% – Chemical—plant and process island

The ProductDefinitionwas amodified version of the concepts presented inHaines
[3]. The productization categories that each product had to define for their prioritised
products and services were:

• Product and Business Management
• Sales and Marketing
• Engineering
• Delivery
• Services (pre-delivery, delivery and post-delivery)
• Quality, Environment, Health and Safety

Each of the above areas has a set of deliverables that must be available for the
products and services. Based on this available content, the product was given a pro-
ductization level in the current-state-analysis and a productization target based on the
product strategy (to-be). The productization work also prioritized what product defi-
nition areas were needed for each product and service based on the existing business
priorities. For example, new product introduction products had different business
priorities versus mature products focus areas. As an example, the productization tar-
get levels for the products and services, to support the product strategies, according
to the Productization Maturity Level [3, 5] are shown in Table 2.

The decision to set different target levels also reflected the current and anticipated
reuse-level of the products and services in each industry area, but also their appli-
cation across other industries that the case company worked in. This is typical, for
example, for automation systems that were applied to various business areas. This
also raised the need to define the product management roles and responsibilities of
the different products, services and the interfaces between them. The outcome was
the mapping of the product-in-product-in-service relationships with clear boundary
areas that each product and service included. For this to work in the case company, it
requires a product architecture that supports both Engineering-to-Order (ETO) and
Configuration-to-Order (CTO) approaches as presented in Forza and Salvador [6].
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Fig. 2 PLM product-in-product concept

Fig. 3 PLM product-and-service time-dimension

Due to the nature of the solution business that the case company is in, the product
definition andPLMconcept created two addition definitions thatwere the (1) product-
in-product concept (Fig. 2), and the product-and-service time-dimension (Fig. 3).

The first concept identified the relationships between (1) equipment and services,
(2) equipment and production processes, (3) processes and plants. Additionally, the
software system relationships were defined for the above products and services. The
product-and-service time-dimension defined three things: (1) the product platform
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relationship to scalable products, for example, size, and continuous improvement to
extend the product lifecycle. The second (2) defined the integration possibilities of
the products to create larger system. Finally (3), the relationship between the physical
product and the pre-delivery, delivery and post-delivery services.

3.3 Development of the Strategy Driven PLM Framework
in Case Company

The first challenge was the role and scope of PLM in the case company’s organisation
and operating model. Initially, PLM was regarded as a function that was part of the
Research and Development (R&D) Core Business Process. PLM was regarded as
having only a role in the R&D Process organisation and it was placed between
the Process and supporting IT systems. This position caused confusion and unclear
responsibilities. Based on (1) the productization audit, (2) the PLMMaturity analysis
and (3) the interviews carried outwith the product and business line heads, it was clear
that therewas a business need for a corporate Product LifecycleManagement concept
followed by an implementation project to change the current way of working. The
business lines support for this need was clear, but their emphasis was on the business
needs and benefits that should be achieved and the reluctance to have another IT
software implementation.

The first objective was to position PLM in the correct place of the organisation and
operating model under development. An overall framework was created to support
the PLM initiative based on Osterwalder [7] and TOGAF principles (Fig. 4). This
was used to argue the importance and organisational location of PLM, but it also
gave clarity to the whole enterprise architecture development.

The key building element missing was the business model that formed the bridge
between strategy and business capabilities that were needed to achieve the goals.
The business model is used to identify the existing and missing business capabili-
ties. For the PLM framework, these capabilities are categorised into three capability
domains: (1) PLM, (2) products and services, and (3) customers. The products and
services are core in the definition of the value proposition of the business model
[8]. Similarly, customer knowledge is the basis of defining the Customer Segments
[7] and channels how to serve the customer in the correct way over the lifecycle.
According to Osterwalder [7], a company uses customer segments to understand
what value is created and who are the key customers [7] and it also identifies how
this value is created using internal and external resources. The existing and missing
capabilities originate from the strategy and become evident in the business model.
The capabilities of the business model defined what PLM must do in the operating
model (Enterprise Architecture), and these PLM capabilities can be further broken
down into PLM features and requirements.

The capabilities are the parts of the enterprise architecture that are divided further
into convenient sized changes to the organization structure, processes, information
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Fig. 4 PLM impact on the enterprise architecture

and IT architectures (Fig. 4). The capabilities that drove the PLM concept and model
in the case companywere: (1) product, service andmodule reuse, (2) increase service
business, (3) reduce engineering hours in delivery, and (4) increase strategic sourcing
through less manufacturing items. One of the challenges was the need to develop
capabilities that were applicable for all or some business areas. The most challenging
were those capabilities that were totally unique for a certain business line (Fig. 5).
The identified business capabilities defined, for the case company, a PLM framework
that had 3 lifecycles phases and the interaction between the different product layers
that needed to be managed. The framework is an adaptation of the lifecycle phase
presented by Stark [2] (Fig. 6).

Once this PLMFramework was defined, the development and deployment project
could be scoped with understandable business capability sets to support prioritised
business needs in one of the three PLM lifecycle phases, and product and service
areas. The following stages from here were typical process, information and IT
system development that also included the deployment and change management to
on-board the organisations. The approach was a Minimum Viable Product approach
that used agile development methodologies to ensure consistent feedback from the
business organisation that would use the new operating model.

The implementation project focusedfirst on the development of the capabilities for
the equipment products and the deployment to the product lines verifying the solution
with a pilot product. This was followed with development and implementation for
services and plants. However, based on the equipment product and service product
implementation, the need for a dedicated plant PLM Concept was identified. Even
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Fig. 5 Capabilities that define the PLM section of the enterprise architecture

Fig. 6 Product-in-product lifecycle model
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though this was based on the equipment and service product concept, there were
significant addition to methods for example how the plant structures were defined
using system engineering logic to a higher degree to include inter-linked feature,
logical, physical and location structures. A key success factor was the time used on
training and supporting the product lines hands on from the beginning of the piloting
to ensuring that the product lines can continue independently the productizationwork
to fully adopt the PLM operating model.

4 The Results and the Benefits Achieved from the PLM
Concept

The objectives that were set on the beginning of the new PLM concept were to:

• Increase reuse of products, services and modules
• Reduce the number of engineering hours in delivery
• Increase services
• Increase the role of strategic sourcing

A product definition that covered all product types from equipment, service to
plants was achieved. The evidence of the reuse of the products and services was
based on the structure flow that could be used over the 3 lifecycle phases starting
from offering structures that led to sales and delivery structures to finally installed
base structures that can be used to maintain the installed base. Once the structures
were in place that were used to base the offer and delivery on, the time to create
quotations that led to sales order reduced.

Based on the availability of the agreed product definition and product structures,
the amount of engineering hours was reduced and one significant factor was the exis-
tence of a common component library with approved items. In addition, the possibil-
ity to send approved manufacturing bills of materials to manufacturing shortened the
purchasing order cycles before manufacturing started. Another significant improve-
ment that was possible was the interface between equipment products that formed
the process lines that comprised the plants. The need to redesign the equipment is not
needed from the plant and process engineers, but only the equipment specification
to fulfil the process requirement.

One of the main improvements occurred through the effort the whole organisation
put on the service business development. Through the service definition work done
in the program, the case company was able to structure its services and categorise
according to how they supported the different lifecycle phases and product and pro-
cess types they supported. This PLM implementation was not solely or even directly
responsible for the service business growth however, it played a role in supporting
the continued growth that reached the investment market expectations.

The foundation for sourcing to succeed was the introduction of a common item
concept that defined how to manage all items in the case company. The implementa-
tion of this concept made it possible for the organisation to eliminate duplicate items
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and identify competing manufacturer items that were previously purchased based
on delivery project needs. The concept also started the discussion internally about
which suppliers should be strategic and key suppliers. This consolidation to selected
items through the different product lines also made it possible for services to better
support customer spare part and other service needs in the future.

In addition to these achievements, the implementation of the PLM concept played
a fundamental role in creating a common way of working within the case company
and it served as the platform for product management functions and roles to gain
recognition as a career path. Finally, the improvement to the response times to the
customer, for example, quotation times, validated that PLM played a role to improve
customer satisfaction.

5 The Foreseen Changes and Disrupters to the Existing
PLM Concept

How can PLM development succeed with the emergence of new business models
and technologies, or how will PLM roles change in the future?

When the PLM Concept was defined (c. 2012–2103) for the case company, the
impact and the opportunities of these emerging technologies was unclear and could
not be incorporated due to the risk of creating a too complex concept based on
immature and unproven technologies. The emergence of the Industrial Internet of
Things (IIoT), digital twins, multibody full physics real-time simulation, or machine
learning based artificial intelligence offer great possibilities today at the concept
level, and they open new areas that the case company’s PLM concept must include in
the future revisions. It is evident, not only for the case company, but other companies
in the same industry that the adoption of these new technologies will disrupt this
industry sector.

6 The Lessons Learned in the Case Company

In the case company, PLM was started solely as an Information Management PDM
initiative to improve the operating model that supported only the R&D business
process digitalisation. After limited benefits were gained with this approach, the
decision to move to a PLM business transformation initiative that implemented the
strategic drivers through product and service definition and corporate wide PLM
strategy, created value by realisation of the corporate and business unit strategies.

The most important aspect that was learned in the development and implementa-
tion of the PLMConcept, in the case company, is the misconception that one concept
defining a common operating model with one set of processes and IT systems will
work in a company that hasmultiple business models that have differing value propo-



198 I. Donoghue et al.

sitions to the customer based on a heterogenous product and service portfolio. This
initial vision of a simplified One Company concept set the transformation program
back by 12 months and involved loss of considerable IT development resource and
funds.

One of the main challenges was also the lack of senior and middle management
understanding of what PLM is and what in can do for a company in a business
transformation. In hindsight, the education and briefing around PLM should have
started much earlier and it should have been even more visible throughout the case
company. The initial decision to separate the PLM concept and the product definition
work from each other was a decision that created misalignment, but luckily this was
changed early in the work, but it still caused overlapping work and misalignment
in the team. The PLM organisation must be a business-critical initiative and have
the support and involvement of a cross-functional team that has the mandate to
proceed from the executive management team and should report directly to senior
management.

The case company’s PLM drivers were efficiency orientated and drove PLM from
an inside-out view point of view. This approach does not focus on the customer’s
voice or insight to understand the customer’s business need and selection of the
correct solution to achieve their business objectives over a sustainable lifecycle that
was already emerging in the service business. The inside-out approach creates an
environment where PLM is seen to implement short-term benefits rather than long-
term benefits through sustainable and evolving customer relationships. By nature,
PLM is a strategic initiative and the improvements it creates are realised on the long
term. Benefits from PLM work are measured in years, and effort and commitment
must be constant, systematic and along an evolution path from one maturity level to
the next.

Therefore, we believe that the PLM Concept cannot succeed without understand-
ing of the relationship between strategy, business models, products, services, tech-
nologies and how the enterprise architecture is built. PLM can drive product excel-
lence and innovation, but the case company did not have an internal structure and
execution framework that included the customer dimension alignedwith strategy and
business models. However, we see that the addition of these dimensions is essen-
tial for PLM to support future needs. As a theoretical contribution of the study in
Donoghue et al. [8], a rough framework was proposed as shown in Table 3. This
framework includes these missing areas. This model also introduces the relationship
with strategy and business models.

7 Recommendation and Advice

This case study focused on the models that were applied to the case company where
the business is complex solution deliveries that require deep technology and engi-
neering capabilities. This low-volume high-mix solution is typical for many Euro-
peanmanufacturing companies. The challenge that these engineering and technology
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companies face when implementing PLM are dependent on the product, service and
PLM maturity level. The business characteristics are often project driven Engineer-
ing, Procurement andConstruct (EPC) solution deliveries. The case company applied
and implemented PLM to transform to a product-service company and the approach
should be applicable in certain part to other companies of the same nature.

PLM is a key initiative for many companies, but methods used, and results
achieved from PLM initiatives are most often conflicting. The promised value from
PLM initiatives is not always realized or even evident after the PLM implementa-
tion. Due to the rapid pace of digitalization and the emerging services and platform
economy, PLM is under pressure to deliver on its promise and go even further in the
future due to the emerging technologies of industry 4.0 [9].

From a practical point-of-view, PLM can have two different approaches in com-
panies. The first is the traditional approachwhere PLM is information system centric,
and very often only PDM centric. In this case the benefits are typically efficiency
focused. The second approach is business-driven where PLM is a strategic initiative
that covers the operating model, products and services from the customer lifecycle
point-of-view, and this offer the possibility to create a disruptive business model.

It is important for a company to understand what their PLMmaturity level is, and
what type of change they are trying to achieve, not only with their products, services

Table 3 The extended global PLM model for manufacturing [8]

Operating model
(PLM)

Product-service Customer Dependency

Strategy Strategy
alignment and
PLM strategic
goals

Strategy
alignment and
product and
service strategic
goals

Strategy
alignment and
strategic
customer goals

All

Business model
and business
capabilities

Business model
PLM capability
identification

Business model
product/service
capability
identification

Business model
customer
capability
identification

All

Operating model
dimension

• Management
and control

• Organisation
architecture
and culture

• Process
architecture

• Information
architecture

• IS architecture

• Product and
service
definition [5]

• Customer
definition

• Segmentation
• Channels
• Customer
relationship
management

All

Maturity model Sääksvuori [1] A, B, C, D model
[5]

Kärkkäinen [4]

Implementation Stark [2] Stark [2] Stark [2]
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and PLM management system, but also the customer segments and customers. All
of these areas must be developed together, and the products and services are at the
core of this work. This leads us to the question if PLM should be driven from an
outside-in approach that starts from customer insight and strategy. If the approach
is changed to outside-in, then the needs and insight of the customers would drive
PLM over their lifecycle. This would lead to products and services that better fulfil
the customers evolving requirements and improve the customer experience over the
complete lifecycle. This would also lead to better understanding of how services
and digitalization could be implemented in companies, and how service design and
customer experience could be integrated with PLM.

For a PLM transformation to succeed, it is important to understand the differ-
ent areas that must be taken into consideration before and during the PLM initia-
tive. Therefore, the current state, the company’s objectives and readiness need to be
mapped from the following viewpoints:

1. What are the strategic objectives for the PLM change?
2. What is the definition level of the products and services?
3. What is the current state of the company operating model (enterprise architec-

ture)?
4. What are the products and services definition change that is needed to achieve

the objectives?
5. What are the changes that are needed in the operating model (enterprise archi-

tecture) to achieve the business capabilities?
6. How to implement change in an organization (program and change manage-

ment)?
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ABSTRACT. Background: The aim of this study is to introduce a framework, which describes a customer-oriented 
approach for developing data-driven services by the Internet of Things (IoT), also known as "Smart Services" in 
manufacturing business. 
Methods: A literature review presents a background for IoT, data and digitalization of services, as well as the role of 
simulation technologies for the development process of Smart Services. For the empirical study, an agricultural tractor 
manufacturer case company was analyzed utilizing Customer Needs Assessment tools to determine the new service 
requirements. 
Results: The agricultural industry is also adopting the IoT related technologies to deliver services which are able to track 
crop environments in order to optimize crop yields and develop sustainable outcomes.  
The results obtained from the Need Interpretation Table and the Trace Matrix show that farmers need Smart Services to 
be able to connect their tractors and implements to the Internet for a better understanding of agricultural operations. They 
also demand a personalized everyday working plan based on data analyzed on previous work shifts.  From the case 
company side, it is important to collect and analyze usage data, such as temperature, humidity and pressure of tractor 
environment, as well as data related to determine root causes and failure rates.  
Conclusion: The scientific contribution demonstrates the relationship between Product Lifecycle Management and IoT, 
and how it can leverage Smart Services. The practical contribution was based on the empirical study results by delivering 
smart service propositions in a tractor company, such as operation and remote failure tracking, showing customer 
demands for machine productivity, time saving and sustainable resource optimization. 

Key words: industrial product service systems, product lifecycle management, Internet of things, smart services, 
customer needs assessment. 

INTRODUCTION 

The complexity of businesses in the current 
economic environment has transformed the 
way organizations deliver value to customers 
by shifting an approach a networked and 
shared value creation [Möller et al., 2005]. 
Organizations in several product processes 
from different value chains are creating an 
ecosystem where participants’ business 
activities are linked to a platform [Muegge, 
2011]. Muegge [2011], defines a platform as 
a group of entities with interconnected assets, 

which can utilize such resources to deliver 
interrelated products or services. 

Industrial companies are opting to offer 
product-related services throughout the product 
lifecycle due to the increasing input costs and 
competition [Herterich et al., 2015]. This 
practice is known under the term 
“servitization”, a service-oriented practice 
continuously growing among manufacturers, 
which is changing their offer from selling 
solely tangible products to complementary 
services customized to the product [Baines et 
al., 2009]. Hence, the combination of 
“servitization” and the traditional practice 
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of selling tangible products is referred as 
Product-Service Systems (Aurich et al., 2006). 
Industrial Product-Service Systems (IPSS) 
refer to the industrial field of such product and 
service bundles [Mikusz, 2014]. 

The term “Internet of Things” (IoT) refers 
to a “global network infrastructure where 
physical and virtual objects are discovered and 
integrated seamlessly” [Kiritsis, 2011]. These 
embedded technologies, in the form of sensors, 
actuators, and radio-frequency identification 
tags (RFIDs), monitor and gather data related 
to the behavior, conditions, and environment of 
a single item or product [Pankakoski, 2015]. 
The data is later analyzed to transform it into 
valuable insights and information, used to 
optimize product processes during lifecycle. 
The Industrial Internet of Things (IIoT) is the 
field of IoT related to respond to product 
information requirements in manufacturing 
environments [Bras, 2009]. Utilizing IIoT for 
delivering PSS, also known as “Smart” or 
digital services, will allow different 
stakeholders to acquire more flexibility by 
responding faster to changes in customer needs 
and product requirements [Gomez et al., 2009].  

The objective of this study is to present 
a new framework for developing product and 
service bundles with embedded technologies 
and the IoT. The research question is defined 
as: How manufacturing companies can 
leverage the Internet of Things from 
a customer-oriented perspective for developing 
smart services? 

Based on this question, the expected 
outcome for this study is to determine the way 
the IoT facilitate manufacturing companies to 
develop customer-oriented services. According 
to Abramovici, Göbel, and Neges [2015], there 
is an important gap of tools for engineering 
Smart Services based on data and ICT. 
Through a literature review and an empirical 
case study, the expected result is to show the 
foundations for developing data-based services 
in the manufacturing business. 

RELATED RESEARCH 

Information flows along product lifecycle   

Product Lifecycle Management (PLM) is 
a strategic approach with three essential 
dimensions [Kiritsis, 2011]. The first one 
related to managing accessibility and use of 
product definition information, the second 
aims to maintain the integrity of such 
information, the last chases to achieve and 
maintain business processes used to create, 
store, share and use information [Kiritsis, 
2011].  

Information systems allow stakeholders to 
create and use data within PLM systems, since 
they can track, manage and control product 
information at any phase of the lifecycle. 
Facilitating horizontal and vertical information 
flows [Kiritsis, 2011, Terzi et al., 2007]. 

There is a generalized desire from value 
partners to develop solutions to deal with the 
problem presented when product information 
flow is interrupted when it is used, maintained, 
serviced or recycled [Kiritsis, 2011]. Closed-
loop Product Lifecycle Management (CL2M) 
is an extended PLM approach for improving 
product design, manufacturing, use, and 
disposal through data collected and used by 
technologies (IoT) in a networked environment 
[Främling et al., 2013]. The IoT goal within 
CL2M is to solve the problem by eliminating 
the gaps and interruptions among lifecycle 
phases.  

IoT for product lifecycle value creation  

For closing information flows, it is 
necessary to have the appropriate technology 
able to monitor and track lifecycle information. 
Emerging “embedded” technologies, also 
known as smart devices, are intelligent control 
units “embedded” to devices in forms of 
sensors and actuators, able to monitor products 
and their environment. [Kiritsis, 2011, 
MacDougall, 2014]. 

The concept of IoT has been recently 
obtaining considerable attention within several 
industries. The IoT can be defined as a global 
network of interconnected embedded devices 
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able to sense, communicate, identify and 
collect data from their environment by the 
employment of technologies such as sensors, 
actuators and radio frequency identification 
(RFID), known as “Smart” devices or Cyber-
Physical Systems (CPS) [Gomez et al, 2013, 
CERP-IoT Cluster, 2009]. Such data (big data) 
is then stored and mined using “smart 
algorithms based on correlations and 
probability calculations” [Kagermann, 2015], 
for obtaining valuable knowledge.  

The Industrial IoT came to enhance 
efficiency and productivity within 
manufacturing, farming, logistics, among other 
several straggler sectors. Integrating “smart” 
devices in the cloud to a machine, will allow 
such machine to be aware of its status and 
surrounding environment, e.g. detecting wears 
on the brakes or if some component needs to 
be replaced [8]. “The machine also knows how 
much time it has left before maintenance is 
required” [Pankakoski, 2015].  In addition, IoT 
benefits operators in the way it provides them 
feedback related to the optimal operation of the 
machine, working as a digital trainer and 
evaluator.  

Industry 4.0 is known as the following step 
of the third industrial revolution, characterized 
by the automation of production processes by 
IT and electronics [Kagermann, 2015]. It 
focuses on digitalization of manufacturing and 
industrial services by utilizing Smart devices in 
the IoT as the main means to connect 
productive entities among each other, being 
manufacturing the central point for all the 
“Smart” product lifecycle. This connection 
grants the most optimal actions based on data 
analyzed, synchronizing product processes 
with the IoT [Kagermann, 2015, MacDougall, 
2014]. 

The Industry 4.0 perspective is classified 
into two fields, macro and micro [Stock et al., 
2016].  The macro combines value chains and 
CPS, on a lifecycle point of view, where 
different value creation modules represented as 
“Smart Factories” exchange information, 
materials and energy among each other. Value 
creation modules are entities “cross-linked 
throughout the complete value chain of 
a product lifecycle as well as with value 
creation modules in value chains of adjoining 

product lifecycles” [Seliger, 2007]. Value 
creation factors are defined by all the products, 
equipment, and people integrated into a value 
creation module.  

The micro perspective describes the internal 
environment of a particular value creation 
module. Represented by a production line, cell, 
module or any other productive entity within 
the “Smart Factory”.  In the micro perspective, 
the “Smart Factory” is always exchanging 
information in real-time with its factors and 
value chain activities. The micro perspective is 
graphically presented In Figure 1, as well as its 
interaction between external value chain 
activities. 

 
Source: Stock et al., 2016 

 
 Fig. 1. Micro perspective of the Industry 4.0  

Manufacturing industry participants are 
more concerned in offering customized 
services such as maintenance, repair, training, 
overhauling, and technical supporting, 
commonly known as “Servitization in 
manufacturing” [Lightfoot et al. 2013]  

It takes the “Servitization” approach from 
manufacturing companies to switch from 
a physical product-based business to a service-
oriented strategy. The term Product-Service 
Systems (PSS) has been an object of study of 
several authors, interested in the opportunities 
this new trend represents for the development 
of new sustainable business models. PSS are 
defined by a merchantable combination of 
products and services able to meet or surpass 
customers’ needs in a sustainable way 
[Goedkoop et al, 1999, Tukker, 2004]. For 
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Reim, Parida and Örtqvist [2015], the way 
a company operates and deliver value for 
stakeholders (Business model), depends on 
each company or value chain goals. They 
classify the service-oriented business model 
strategies as following:  

a) Product-Oriented: Selling product-related 
services in addition to the tangible product 
(Product maintenance, support, recycling) 

b) Use-Oriented: Selling accessibility and 
availability by renting the usage of 
tangible products and their intangible 
services. Commonly known by the 
periodic payments by contract. 

c) Result-Oriented: Selling results, outcomes 
or performance. No physical product or 
services are sold. Offering outcomes 
based on measurable results. (Reim et al., 
2015). 

The PSS product and service design has the 
characteristic of considering the whole product 
lifecycle as the primary reference for new 
developments [5]. According to Reim, Parida 
and Örtqvist [2015], for designing and 
developing customized services, it is firstly 
necessary to understand and assess product and 
service requirements.  

The Industry 4.0 has leveraged service-
oriented business models for manufacturers. 
CPSs embedded with industrial equipment 
allow service providers to improve their value-
added offers by improving efficiency in 
support, maintenance, and usage. Services 
processes such as condition monitoring, 
operations tracking, and predictive 
maintenance are only a few examples of how 
services could be provided to different 
customers in the value chain. Nowadays, the 
IoT allows users to identify and predict 
breakdowns and shutdowns in machinery, or to 
remotely fix and manipulate machines. 
Industrial Product-Service Systems (IPSS) are 
referred as PSS applied to “industrial context 
to such product-service bundles” [Mikusz, 
2014]. The following list represents diverse 
ISPS2s which can be applied on every stage of 
the product lifecycle. Such services can be 
delivered according to the activities, goals and 
strategies of each company. In addition, the 
presented list shows a summary of potential 
applications of Smart Services from the 
previous research taken and adapted from 

[Herterich, et al., 2015, Parida et al., 2014, 
Gelbmann et al., p. 53].  
− Beginning of life services: 

Manufacturability analysis, prototype 
design and development, simulation-aided 
prototyping, R&D support, problem 
analysis, feasibility studies, engineering 
with operational performance data. 

− Middle of life services: Operating sold 
products, product upgrade services, 
optimization of equipment operations, 
remote control and management of 
equipment, prediction and trigger services, 
remote diagnosis, and replace field service 
activities.  

− End of life services: Maintenance services 
by repairing, servicing and upgrading, 
recycling or reusing, component 
information services, close the product 
material cycle by taking products back, 
secondary utilization of usable parts in new 
products, and environmental effects report 
services. 

Simulation-aided services 

Digitalization of product and service 
development, as well as other important 
lifecycle processes have been gaining more 
importance in manufacturing businesses in 
recent years. Several stakeholders of diverse 
value chains are becoming less skeptical and 
more familiar with the technologies that 
replicate real behavior of machines and 
equipment, such as automobiles, tractors, 
cranes, assemblers, and other machinery within 
a diverse number of industries. Such 
replication can be obtained using simulation-
based solutions, where different physical 
conditions, variables and scenarios can be 
virtually experienced before the real processes 
are conducted.  

Simulations can leverage the knowledge 
and information generated by CPSs and other 
embedded technologies to create more accurate 
predictions from process variables. This 
integration could allow value partners to 
observe relevant information from diverse 
lifecycle processes to further contributing on 
the value co-creation of innovative PSSs. 
According to Mevea [2016], real-time 
simulation consists in a computer model which 
runs at the same rate at the real physical 
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system. Which means the model needs to 
obtain actual real-time data from the physical 
phenomena, which can be obtained through the 
use of IoT. Contrary to conventional 
simulation, real-time simulation possesses the 
ability to analyze user and system behavior in 
milliseconds “online”, instead of the long 
hours taken by the traditional technologies 
“offline” [Mevea, 2016].  

Real-time simulation allows product and 
service development teams to “virtually” 
produce prototypes. Allowing them to obtain 
predictions concerning user experience 
feedbacks, user behavior, potential risks, 
among other valuable data that would be 
considerable expensive producing physical 
prototypes. However, it is important to 
mention that the more real data is collected 
through CPSs and integrated into simulators, 
the more accurate and reliable real-time 
simulation will be. For Hu [2015], without the 
assimilation and integration of real-life data 
into simulators, the difference between real life 
operation and simulation is likely to grow 
continuously. 

RESEARCH APPROACH 

This study is based on a literature study and 
empirical analysis concerning the Smart 
Service development process from a user-
oriented point of view. Several topics 
including product lifecycle management, novel 
services on manufacturing industry, service 
engineering, smart products, customer needs 
analysis, business models, IoT, value chains 
and networks were reviewed. 

The empirical part employed a qualitative 
case study in a tractor manufacturing company, 
by performing semi-structured interviews 
[Hirsjarvi, 2004], which consider both the 
interviewee’s experience in a particular issue 
and the general knowledge of the situation 
from the interviewer.  

Interviews were arranged both personally 
and online-based with five representatives in 
the case company, covering the Engineering, 
Administration and Information Technology 
departments, all of them being key areas in 

charge of Smart Service development. Further 
on, the empirical part employed specific 
Customer Needs Assessment tools, chosen 
according to the applicability of the tool, 
resources and time assigned for the analysis.  

To begin the Customer Needs Assessment 
process, it is necessary to understand what the 
current situation of the company is. This means 
that analyzers should focus their efforts on 
identifying what are the real concerns and 
problems happening in the business and what 
are the primary goals concerning usability of 
information obtained [Kärkkäinen et al., 2004] 
Different tools can be applied to assess 
customers’ needs depending on organization’s 
goals, scopes of the analysis, availability of 
information, time and resources, among other 
factors to consider before starting to implement 
the tool. For purposes and scope of this study, 
as well as the goals defined by the interviewed 
collaborators of the case company, the selected 
tools were the Trace Matrix and the Need 
Interpretation Table. These tools are 
respectively used for detecting information 
demands of a company and for analyzing the 
“Voice of Customer”, to detect background 
needs and compile a structured analysis of 
customer information needs [Kärkkäinen et al., 
2004]. This paper forms  part of the thesis 
study by Verdugo Cedeno [2016]. More 
detailed literature and results can be reviewed 
in [Verdugo Cedeno, 2016]. 

FRAMEWORK FOR SMART 
SERVICE DEVELOPMENT 

Nowadays, there exists no appropriate 
methodologies for the engineering and 
development of smart products and services 
[Abramovici et al., 2015]. There is a lack of 
a combined tool for engineering product-
services bundles together with ICT 
technologies (systems). As well as engineering 
methods in the middle phases of product 
lifecycle. Thus, this study encounters the 
identifiable need of a methodology framework 
able to cover the product use, maintenance and 
support stages in the lifecycle. 

Despite the noticeable gap in availability of 
appropriate tools, Abramovici, Göbel, and 
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Neges [2015], consider four characteristics or 
requirements that a novel engineering 
approach for developing smart products, 
services and systems (Smart Engineering) 
should consider: 
− Generic Process Models: They have to 

contain generic processes with a strong 
focus on the early development phases, 
especially on the requirements engineering 
and functional design.  

− Multi-disciplinary networks: The 
methodology should consider the 
networked value chain, involving several 
value partners in the lifecycle.  

− User-oriented approach: Users have to be 
able to easily analyze, employ and share 
their outcomes with functional and intuitive 
systems. 

− Product use data and information:. The 
generated knowledge and insights from the 
data in the IoT can be used for the 
development of smart products and 
services.  

The following framework in Figure 2 
presents a procedure pursued for the 
development of digital PSS based on 
customers’ information needs. 

 
 Fig. 2. Framework for Smart Service development  

 

The framework considers the four 
characteristics, described by Abramovici, 
Göbel, and Neges [2015] for the Smart 
Engineering methodology, especially for the 
development of smart services for use, service, 
maintenance and support phases of the product 
lifecycle. However, it should not be considered 
as a methodology itself, yet a foundation to 
begin a Smart Engineering process. The aim is 

to follow a series of steps: starting from the 
description of the customer needs and 
particular information requirements through 
the use of Customer Needs Assessment tools, 
proceeding by the selection of a suitable 
business model and factors based on the macro 
and micro perspectives of value creation 
module, and finalizing by the selection of the 
respective “Smart” PSS.  

The framework presents a starting phase for 
a process re-engineering and smart engineering 
method based on the analysis of the “voice” of 
customer, as well as the operation insights 
obtained through data-analytics software, 
allowing them to make decisions based on both 
user behavior information and customer needs 
identification. As shown on Figure 2, the smart 
equipment will provide significant operational 
information at the same time the analyzer 
assesses customer needs. The continuous 
process feedback will create virtuous cycles for 
improving customers’ operations through the 
IoT and Customer Needs Assessment tools. 

RESULTS AND DISCUSSION 

This study aims to analyze the actual 
information needs presented in the industry for 
leveraging the IoT. In this case, the analyzed 
manufacturing company was named as Tractor 
Co, which is involved in the agricultural 
industry and food value chains. It provides 
value to customers through tailor-made 
services and solutions. Being one of the 
leading companies worldwide to offer highly 
customized tractors and tractor-related services 
to farmers and other stakeholders involved in 
the farming industry. The case company is 
interested in finding out what are the main 
opportunities that the IoT can provide in order 
to increase the value they deliver to their 
customers. 

The farming industry is not an exemption of 
the “smartization” era nowadays. Being called 
as “Precision” or “Smart” Farming, the 
agriculture industry is experimenting a new 
phase towards the IoT. “Smart Devices” are 
tracking the current crop environment and all 
the productive units interacting with it. This 
new trend for agri-food businesses represents 
multiple opportunities for optimizing crop 
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yield and producing sustainable products and 
services within various value chains involved.  

The Trace Matrix applied in this study 
identified several aspects, to be considered in 
the recommendations for service development 
phases. From the farmers’ point of view, it is 
important to connect their tractors and 
implements to their environment (crops) 
through the Internet. Starting from the fact that 
they are interested in performing optimal 
operations and save the most amount of 
resources (seeds, fertilizers, chemicals) 
possible. They demand valuable data regarding 
the processes made by different implements, as 
well as their conditions. Farmers also put 
emphasis on obtaining the everyday working 
plan based on data analyzed from previous 
work shifts, progresses, amount of chemicals 
used, amount of fertilizers and so on. 
Currently, paperwork is made by operators, 
causing time expenses and inaccuracy of 
information. In addition, the documentation is 
also a requirement from the EU.  Finally, 
farmers desire to keep their equipment working 
the most number of hours, avoiding repairing 
times when breakdowns occur, thus receiving 
failure predictions for components will add 
value to their operations. 

Concerning the Tractor Co, the valuable 
information that it can collect is related to 
measurements of product usage and support 
phases. The information that can contribute to 
product and service improvements is linked to 
minimize failure rates by monitoring 
component conditions. If a component fails, 
the most valuable information to obtain is the 
root cause. In this way, the company can focus 
its efforts on individual issues. The company 
could also be interested in collecting usage 
time and conditions, such as average 
temperature, humidity, and pressure of 
operation. The Trace Matrix for the case 
company is presented in Figure 3. 

 
 Fig. 3. Trace Matrix for the company’s and farmers’ 

information 
   

 
 

Table 1. Need interpretation table implements 

Voice of customer Customer need Information needs Potential Solution 

Farmers need to know:    what 
is happening in tractor 
implements 

Implement integration. 
Improve customer experience 
from tractors. 
Obtain information from 
different farming processes. 

Track implement operation and 
interaction with environment 

Remote monitoring of 
implement operations. 
Synchronization with farming 
environment. 

 
Table 2. Need Interpretation Table Working Plan 

Voice of customer Customer need Information needs Potential Solution 

Paperwork for making work 
plans and resource consumption 
reports takes too much time. 

Efficient work plan elaboration. 
Resource consumption reports  
Meeting EU-governmental 
requirements 
Resource optimization, reducing 
inputs and operative costs. 

Register work shift progress  
Collect resource consumpion 
records  
Identify areas which require 
resource application 
Track real-time resource 
consumption 

Automatic work plan generator 
Resource consumption reports 
Resource consumption 
optimizer 

 
More information needs were identified 

when creating the Need Interpretation Table, 
complementing the needs described in the 
Trace Matrix. In other words, company needs 
the information generated from farmers’ 
operations for product and service 
developments, while farmers need information 

generated from company’s technologies to 
increase productivity and reduce costs. 

In Table 1 and 2, there is presented one of 
the results obtained in the Need Interpretation 
Table, and it clearly shows the process from 
identifying a general need for describing 
a particular information need from the farmer’s 
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point of view. Once identified the information 
requirement, the following steps of the 
presented framework for smart service 
development consist in the selection of the 
business model, value creation factors and 
Smart service in question. 

As explained on Table 1, one of the main 
concerns from the farmers’ point of view is to 
perform optimal work with every implement 
they use in their tractors. Using embedded 
technologies to the implements and connecting 

them to the tractor and the whole environment 
could improve farmers’ operations and crop 
yields. Meanwhile, on Table 2 the “voice” of 
farmer is represented by the complain of 
spending too much time on non-value-added 
and bureaucratic activities for creating working 
plans, registering all the supplies used and 
filling governmental requirements. Such 
“voice” can be translated into information 
needs e.g. resource consumption real-time 
tracking and work shift progress registration. 

 
 

Table 3. Smart services for optimizing tractor-implement operations 
                                     Customer need: Farmers need implement integration with tractors 

Information needs • Track implement operation data 
• Track remote failure events 
• Track component condition 

Potential              

“Smart Services” 
• Product System: Highly integrated tractor with implements for optimal operations 
• Optimization of equipment operations: Implement operation optimized based on 
historic operation data 
• Remote diagnosis: Diagnosis accomplished remotely through remote service centers 
• Remote repairing: Non-complex repairs made by remote service centres 
• Predictive services: Trigger service activities based on current component condition 
Anticipated spare part orders by forecasting real-time demands 
• Real-time simulations: Simulate different tractor-implement operations for 
prototyping and testing purposes 

Business Model • Product-oriented 
Value creation   • Product and process 
Impacts 

 

 

• Highly integrated systems 
• Interoperability and synchronization between tractor and implements 
• Higher functionality and added value 
• Flexibility and response 
• Prevention of breakdown 

Implications • Technology investments 
• Development costs 
• Lack of system integration (APIs) 
• Customer adoption 

 
 

Table 4. Smart services for automating work plans 
                                     Customer need: Making the work plan elaboration more efficient  

Information needs • Track and record work progress and resource 
consumption 
• Database from activities “to do” and resources                                                     

Potential      “Smart 

Services” 
• Automatic work plan generator: Generate work plans according to current progress 
and available resources.  
• Real-time project manager: Track the current progress, forecast potential delivery 
times and resource consumption based on historic data.  

Business Model • Use-oriented 
Value creation   • Process 
Impacts 

 

 

• Save paperwork time to operators  
• Increase time for productive activities  
• Increase reliability of work plans  
• More accurate understanding on tasks “to be done”  
• Reports from work progresses and resources  

Implications • Investments on technology and development  
• Learning curves and training  
• Interoperability with current systems  

 
 

Following the presented framework for 
developing smart services, several Smart 
Services can be implemented as shown in 

Table 3 and 4. The potential services for 
meeting the need related to the 
interconnectivity of implement-tractor are the 
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following: remote monitoring of components 
for triggering maintenances, optimization of 
operations based on historic product usage 
data, remote diagnosis in case of breakdowns, 
even remote operation through a highly 
automated solution, among other services that 
can leverage operation outcomes.  Regarding 
the potential services for meeting the need of 
generating a customized automated work-plan 
are:  automatic work-plan generator for 
creating work plans according to current  
progress and resource available and a real-time 
project manager for tracking the current 
progress and resource consumption, and 
forecasting potential delivery times. 

CONCLUSIONS 

The presented study had a purpose to 
conduct a literature-based research and 
empirical analysis to prove that smart and 
digital services by the IoT can improve product 
processes through the whole lifecycle, more 
specifically in the use, service and 
maintenance phases. Such improvements are 
showed up in the form of resource 
optimization, maximizing efficiency of 
operations, reducing material and human risks, 
improving staff skills and qualification, 
increasing value-added tasks, among other 
benefits that increase value. Businesses are 
always looking for increasing profitability and 
higher economic outcomes, thus companies 
need more and more to cooperate with each 
other to develop new innovative business 
models based on smart and digital services.  

The theoretical contribution of this study 
lies in presenting the relationship between 
PLM and the emerging embedded technologies 
(IoT) for facilitating product traceability, by 
monitoring, storing and analyzing the 
information flows presented along business 
lifecycle processes in real-time. Traceability 
function can help organizations to create new 
service-based business models. The effective 
synergy of PLM systems (people, resources, 
processes and information) with the IoT will 
allow value partners to visualize and control 
product and user behaviour from all the phases 
of the lifecycle, achieving the so-called 
Closed-loop PLM. In addition, this paper 

contributes in presenting the initial phases of 
a Smart Engineering process. 

The practical contribution of this study is to 
illustrate the creation process and Customer 
Needs Assessment tools in designing new data-
based ‘smart’ services in a case company. The 
study also points out the possibility and 
importance of real-time data, collected by the 
IoT technologies and utilized e.g. in product 
development, maintenance and training 
processes. Finally, a list of smart services was 
ideated and analyzed for the case company. 
Starting from the services oriented to the 
development of new products by digital 
prototyping and simulation services, going 
through the use, support and maintenance 
services for predictive and remote assistance, 
for finally using the information tracked from 
the new technologies for the reuse, 
remanufacturing and recycle of components.  

Further research could focus on modelling 
the entire Smart Engineering methodology and 
process for the development of smart and 
digital services. Regarding the main concern of 
the case company, further research can focus 
on utilizing Smart Technologies and solutions 
to improve food traceability through the whole 
value chain, aiming the production of valuable 
information to customers in all the links of the 
chain, from the consumer to the tractor 
company as closed-loop lifecycles.  
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ROZWÓJ USŁUG TYPU SMART W OBRĘBIE INTERNETU RZECZY 
W BRANŻY PRODUKCYJNEJ 

STRESZCZENIE. Wstęp: Celem pracy jest wprowadzenie struktury, opisującej, zorientowane na klienta, podejście 
do rozwoju usług związanych z Internetem rzeczy, określanych jako usługi typu smart w działalności produkcyjnej. 
Metody: W przeglądzie literatury zaprezentowano ideę Internetu rzeczy, usługi związane z digitalizacją jak również rolę 
technologii symulacji dla procesu rozwoju usług typu smart. W części empirycznej, na podstawie przykładu producenta 
ciągników rolniczych określono zapotrzebowanie na nowe usługi poprzez zastosowanie narzędzia oceny potrzeb klienta. 
Wyniki: Technologie oparte na Internecie rzeczy zostały zaadaptowane również w przemyśle rolniczym w celu 
dostarczania usług umożliwiających śledzenie środowiska uprawianych plonów e celu optymalizacji uzyskiwanych 
plonów uprawianych zgodnie z zaleceniami gospodarki zrównoważonej. 
Wyniki otrzymane z tabeli analizy potrzeb oraz matrycy śledzącej wskazuje na zapotrzebowanie wśród rolników na 
usługi typu smart w celu lepszego wykorzystania swoich maszyn w różnych pracach związanych z rolnictwem. 
Oczekiwana była również przez nich dostępność codziennego planu roboczego opartego na analizowanych danych oraz 
wcześniej wykonywanych pracach. Z punktu widzenia tego typu przedsiębiorstwa, istotne jest zbieranie oraz analiza 
takich danych jak temperatura, wilgotność i ciśnienie otoczenia, w którym pracuje ciągnik jak również danych 
dotyczących wypadków i awarii. 
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Wnioski: Wykazano zależność pomiędzy zarządzaniem cyklem życia produktu a Internetem rzeczy oraz jego wpływu na 
usługi typu smart. Praktycznym rozwiązaniem było przygotowanie propozycji wdrożenia tego usług typu smart 
w analizowanym przedsiębiorstwie, takich jak śledzenie operacji oraz awarii, określanie zapotrzebowania na wydajność 
maszyn, oszczędność czasu oraz optymalizacja zasobów uwzględniająca rozwój zrównoważony. 

Słowa kluczowe: przemysłowe produkcyjne systemy usługowe, zarządzanie cyklem życia produktu, Internet 
rzeczy, usługi typu smart, ocena potrzeb klienta 

 

DIE ENTWICKLUNG VON SMART-DIENSTLEISTUNGEN IM 
INTERNET DER DINGE IN DER PRODUKTIVEN BRANCHE 

ZUSAMMENFASSUNG. Einleitung: Das Ziel der Arbeit ist es, die kundenorientierte Struktur einzuführen, die eine 
Herangehensweise an die Entwicklung der mit dem Internet der Dinge verbundenen Smart-Dienstleistungen in der 
produktiven Branche beschreibt.  
Methoden: In der Literaturübersicht projizierte man die Idee des Internets der Dinge, die mit der Digitalisierung 
verbundenen Dienstleistungen, sowie die Rolle der Simulationstechnologie im Prozess der Entwicklung der Smart-
Dienstleistungen. Im empirischen Teil ermittelte man auf der Grundlage des Beispiels eines Produzenten von 
landwirtschaftlichen Treckern den Bedarf für neue Dienstleistungen mittels der Anwendung eines Werkzeugs für die 
Bestimmung von Kundenbedürfnissen.  
Ergebnisse: Die auf das Internet der Dinge gestützten Technologien wurden auch in der landwirtschaftlichen Industrie 
zwecks der Bereitstellung von Dienstleistungen, die die Verfolgung von Pflanzenanbau zwecks einer Optimierung der zu 
erzielenden Erträge anhand von Empfehlungen der nachhaltigen Wirtschaft ermöglichen, adaptiert.   
Die aus der Analysentabelle und der Verfolgungsmatrix gewonnenen Ergebnisse bezüglich des Bedarfs seitens der 
landwirtschaftlichen Produzenten weisen auf die Nachfrage für die Smart-Dienstleistungen zwecks einer besseren 
Inanspruchnahme von Maschinen innerhalb von landwirtschaftlichen Einsätzen hin. Der Zugriff auf den täglichen, auf 
die analysierten Daten und die früher ausgeführten Arbeiten  gestützten Arbeitsplan wurde auch von ihnen erwartet. Aus 
dem Gesichtspunkt eines solchen landwirtschaftlichen Unternehmens sind die Ermittlung und Analyse der Daten wie: 
Temperatur, Luftfeuchte und -druck, Gegebenheiten der Umwelt, in denen der Trecker arbeitet, sowie die Angaben  
bezügl. der Ausfälle und Havarien äußerst wichtig.  
Fazit: Es wurde auf die Abhängigkeit zwischen dem Management des Produkt-Lebenszyklus und dem Internet der 
Dinge, sowie dessen Einfluss auf die Smart-Dienstleistungen  hingewiesen. Eine praktische Lösung stellte die 
Ausarbeitung eines Vorschlags für die Einführung im betreffenden Unternehmen der folgenden Smart-Dienstleistungen, 
wie: die Verfolgung von Operationen, Einsätzen und Maschinenausfällen,  die Festlegung des Bedarfs für die 
Maschinenauslastung, Zeitersparung und Ressourcen-Optimierung, die die nachhaltige Entwicklung berücksichtigt, dar. 

Codewörter: industriemäßige Produktions- und Dienstleistungssysteme, Management des Produkt-Lebenszyklus, 
Internet der Dinge, Smart-Dienstleistungen, Bestimmung von Kundenbedürfnissen  
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